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Abstract

Neurogenic detrusor overactivity (NDO) is a complication of multiple sclerosis, spinal cord injury (SCI), stroke, head injury, Q
other conditions characterized by damage to the upper motor neuronal system. NDO often leads to high bladder pressure that
may cause upper urinary tract damage and urinary incontinence (Ul). Prior to the use of onabotulinumtoxinA, oral anticholinergics
and surgical augmentation cystoplasty were the treatment options. Overactive bladder (OAB) is non-neurogenic and affects a
much larger population than NDO. Both NDO and OAB negatively impact patients’ quality of life (QOL) and confer high health
care utilization burdens. Early positive results from pioneering investigators who injected onabotulinumtoxinA into the detrusor of
patients with SCI caught the interest of Allergan, which then initiated collaborative clinical trials that resulted in FDA approval of
onabotulinumtoxinA 200U in 2011 for NDO and 100U in 2013 for patients with OAB who inadequately respond to or are intolerant
of an anticholinergic. These randomized, double-blind, placebo-controlled trials for NDO showed significant improvements in
Ul episodes, urodynamic parameters, and QOL; the most frequent adverse events were urinary tract infection (UTI) and urinary
retention. Similarly, randomized, double-blind, placebo-controlled trials of onabotulinumtoxinA 100U for OAB found significant
improvements in Ul episodes, treatment benefit, and QOL; UTI and dysuria were the most common adverse events. Long-
term studies in NDO and OAB showed sustained effectiveness and safety with repeat injections of onabotulinumtoxinA, the
use of which has profoundly improved the QOL of patients failing anticholinergic therapy and has expanded the utilization of
onabotulinumtoxinA into smooth muscle.

Abbreviations: AEs = adverse events, AUA = American Urological Association, CDC = Centers for Disease Control and
Prevention, CIC = clean intermittent catheterization, FDA = Food and Drug Administration, IDC = involuntary detrusor contraction,
[-QOL = Incontinence Quality of Life Questionnaire, MS = multiple sclerosis, NDO = neurogenic detrusor overactivity, OAB =
overactive bladder, PVR = post-void residual urine volume, QOL = quality of life, SCI = spinal cord injury, Ul = urinary incontinence,
UTI = urinary tract infection, UUI = urgency urinary incontinence.

Keywords: botulinum toxin, neuromuscular agents
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1. Overview of neurogenic detrusor overactivity
and overactive bladder

Neurogenic detrusor overactivity (NDO; formerly called
detrusor hyperreflexia) is a common manifestation of neuro-
logic conditions including spinal cord injury (SCI) and multi-
ple sclerosis (MS), and may also occur after stroke, head injury,
and other conditions characterized by damage to the upper
motor neuronal system.?! This can lead to urinary inconti-
nence (UI), repeated urinary tract infections (UTIs), vesico-
ureteral reflux, and high bladder pressures that may result in
damage to the upper urinary tract.’*! NDO is estimated to
affect 50% to 90% of patients with MS, and 70% to 84% of
patients with SCL.B*!

In contrast to NDO, overactive bladder (OAB) is not caused
by an obvious neurological condition (often of unknown origin)
and is defined as “urinary urgency, usually accompanied by fre-
quency and nocturia, with or without urgency urinary inconti-
nence, in the absence of UTT or other obvious pathology.”'®l OAB
is predicted to affect over 500 million people worldwide,”! with
a high prevalence in the adult population, ranging from 17%
to 32% in various countries,®!!! that increases with age.!!!
Results from a number of studies suggest that the incidence is
the same among men and women,”'%25 although a few have
observed a higher incidence in women (39% vs 24% in men in
Colombial® and 30% vs 16% in men in the US'!). Of those
with OAB, more than one-third have UL

Although OAB is far more common than NDO, both con-
ditions cause a substantial burden, with negative impacts
on patients’ quality of life (QOL) and increased health care
resource utilization and costs.!'**°! Patients with OAB with Ul
have higher psychological stress, anxiety, and depression com-
pared with healthy controls or those with OAB with minimal
or no symptoms.!'72%211 The cost of OAB with urgency Ul in the
United States is estimated to be $82.6 billion in 2020, which
includes direct costs such as medical care and incontinence pads
and indirect costs such as losses in work productivity.?>?!

The following historical narrative was compiled based on
review of the literature and interviews with the authors, and the
quoted portions reflect the personal observations and reflections
of the individuals who were interviewed. In some instances, this
article describes uses for which Allergan has not sought and/
or received regulatory approval in individual countries and are
mentioned for historical context or background only.

2. Unmet need for the treatment of NDO and OAB

For NDO, the first line of treatment is oral anticholinergic (anti-
muscarinic) medication for patients with SCI, often in associ-
ation with the use of clean intermittent catheterization (CIC)
for those with emptying problems (detrusor sphincter dyssyner-
gia).?Y MS patients usually begin with behavioral therapy and
lifestyle changes along with anticholinergic or p3-adrenoceptor
agonist medication. In more advanced cases with coexistent
detrusor sphincter dyssynergia, MS patients may eventually
progress to CIC use. Prior to the use of onabotulinumtoxinA for
NDO, the next treatment option for patients who failed anti-
cholinergics was an invasive surgical augmentation cystoplasty
procedure. This major reconstructive surgery involves enlarging
the bladder, usually with a segment of bowel, and can lead to
serious complications such as cystoplasty perforation, urinary
tract stones (with excess mucus production), bowel distur-
bances, and electrolyte abnormalities.’!

Dr. Schurch, who was the Head of Neuro-Urology at the
Swiss Paraplegic Centre, University Hospital Balgrist in Zurich,
Switzerland when she conducted the first work using onabotu-
linumtoxinA in patients with NDO: There was no intermediate
treatment between conservative treatment (antimuscarinics and
behavioral therapy) and cystoplasty. There was a need to find
something in between.
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Dr. Chancellor, who was a Professor of Urology at the
University of Pittsburgh, Pittsburgh, PA when he first used
onabotulinumtoxinA for the treatment of patients with NDO: If
the pills didn’t work, which was very frustrating, you essentially
had to jump right to bladder augmentation... Bladder augmen-
tation is a major reconstructive surgery, and sometimes the solu-
tion is worse than the problem... patients needed a safer, simpler
solution. Many patients would rather put up with a diaper and
incontinence rather than have a major reconstructive operation.

Intravesical instillations of the vanilloids capsaicin?®?71 and
resiniferatoxin?®=% showed some initial promise for NDO, but
capsaicin caused pain, hematuria, and autonomic hyperreflexia
in some patients?*?73! and did not receive regulatory approval.
Resiniferatoxin was withdrawn from the market because it
adhered to its plastic packaging.*?! Oxybutynin instillations also
showed some effectiveness'*! but were not widely used due to
limited availability of commercial preparations.’*!! Thus, there
was a great unmet need in the NDO population for treatment of
raised bladder pressures and UI.

There was a great unmet need prior to onabotulinumtoxinA
in the OAB population as well. The first-line treatment for OAB
is behavioral therapy, but it is difficult to maintain patient par-
ticipation over the long term.* Oral medications, including
anticholinergics and, more recently, 33-adrenoceptor agonists,
are commonly used as a next step because most patients’ treat-
ment goals are not met with behavioral therapy alone. However,
adherence to anticholinergics is poor, which may be due to a
lack of efficacy or incidence of side effects such as dry mouth
and cognitive dysfunction.**3¢l Furthermore, exposure to anti-
cholinergics over time is associated with an increased risk of
dementia®” and of falls and fractures in patients with OAB,
especially in elderly patients.8!

3. Early use of onabotulinumtoxinA as a treatment
for NDO and OAB and its development program

Dr. Schurch, along with Drs. Daniel Schmid and Manfred
Stohrer, was the first to attempt treatment of NDO with
onabotulinumtoxinA.5!

Dr. Schurch: It was always on my mind that it should be pos-
sible to treat NDO because I was aware, from the literature, of
historical work from Justinus Kerner who described the evolu-
tion of botulism and also described bladder paralysis.*" I also
read a lot of papers on basic science on the effect of botulinum
toxin on the release of acetylcholine in smooth muscle. My pri-
mary idea was when I inject Botox into the bladder, it would
block the acetylcholine release which is responsible for bladder
contraction.

The idea also coincided with research in which investigators
injected onabotulinumtoxinA to treat detrusor-sphincter dys-
synergia*!l and palmar hyperhidrosis.*?! In November 1997,
Dr. Schurch’s group submitted a protocol to her institution’s
ethics committee to inject onabotulinumtoxinA for neurogenic
bladder in patients with SCI who were using CIC and were
non-responders to anticholinergics. The group began cautiously,
utilizing a protocol similar to the one used for palmar hyperhi-
drosis,*?! but amended their protocol to increase the dose and
number of injections when they saw no result with 30U, eventu-
ally increasing to 300U.

The results from this initial study in 21 patients were pre-
sented at the Joint Meeting of the International Continence
Society (ICS), the International Urogynecological Association,
and the International Children’s Continence Society in Denver,
Colorado in 1999%1 (Fig. 1) and were published in full in
2000.5%#1 At week 6 following injection, 17/19 patients were
completely continent, and significant improvements from base-
line in urodynamic parameters were observed.

Dr. Haag-Molkenteller, who was the Vice President of Global
Drug Development and Therapeutic Area Head for Urology at
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B. Schurch

Figure 1. Dr. Schurch presenting her talk, “Botulinum A toxin in the treatment
of detrusor hyperreflexia in spinal cord injured patients: a new alternative to
medical and surgical procedures?,” at the Joint Meeting of the International
Continence Society, the International Urogynecological Association, and the
International Children’s Continence Society in August 1999 in Denver, CO.
Photo provided by Dr. Schurch.

Allergan during the registrational studies for onabotulinum-
toxinA treatment of NDO and OAB: [Dr. Schurch] received a
standing ovation from the ICS audience in Denver for this idea.

Dr. Schurch: The abstract had a really fascinating impact to
all people who read it and heard the talk, and all the people after
this meeting said, “We want to start; we want to try.”

Allergan became interested in this use for onabotulinumtox-
inA and sponsored the phase 2 study for NDO, which tested
two onabotulinumtoxinA doses (200U and 300U) and placebo
in a total of 59 patients.*’ This small study showed similar effi-
cacy and safety with both doses, which led Allergan to test both
doses in the phase 3 program, even though testing two doses led
to the need for a greater number of patients for the trials. In the
context of this trial, an acceptable safety profile was observed,
with UTI rates of 21%, 32%, and 14 % for onabotulinumtoxinA
300U, onabotulinumtoxinA 200U, and placebo, respectively.

At this time, awareness of the work of Dr. Schurch and her
colleagues spread, and other physicians began to use onabotuli-
numtoxinA off-label in their own practices.

Dr. Kennelly, who was the Director of Urology at the
Charlotte Institute of Rehabilitation in Charlotte, NC when
bhe first used onabotulinumtoxinA for the treatment of patients
with NDO: After reading Drs. Schurch, Stohrer, et al initial
manuscript regarding Botox for the use of neurogenic detrusor
overactivity,®>* [ was very intrigued. Subsequently, I got the
opportunity to meet with Dr. Stohrer at the 2000 SIU [World
Congress of the Société Internationale d’Urologie], where we
talked in depth about the article and logistics of performing
intradetrusor Botox. And after doing my research I began
offering intradetrusor Botox in January 2001 for my SCI and
MS patients who were scheduled to undergo an augmentation
cystoplasty. These patients were on maximal anticholinergic
medications but still they were having leakage of urine and
high bladder pressures. In order to get a better quality of

S86

Medicine

life and improve their kidney reserve, they were planning to
undergo an irreversible surgical augmentation cystoplasty pro-
cedure. As Botox is a minimally invasive procedure, I thought
it could possibly be an alternative and fulfill an unmet medical
need for these patients. For the first 10 patients, I basically
replicated the original trial study design utilizing Botox 300U
as was mentioned in the article.

Results from Dr. Kennelly’s initial work on 10 patients
were published in a paper that showed significant urodynamic
improvements. Further, 5/10 (50%) patients were continent
without anticholinergics and 3/10 (33%) restarted anticholiner-
gics but at less than half the dose at week 12.14¢

Dr. Chancellor: 1 was in charge of urinary dysfunction in neu-
rourology at the University of Pittsburgh. I had three female
patients with MS, but I didn’t know how to treat them since
they did not want surgery. I'd heard of the toxin; I think I'd read
Brigitte’s paper. But it was really the neurologist who heads up
the MS center [at the University of Pittsburgh], who was per-
forming Botox [injections for spasticity] at the time, said, “Mike,
have you thought about using Botox on these [patients|?” So
then 1 researched it on my own and then found out it seems
reasonable... I injected these three women the next week, and
obviously they were a home run or otherwise I wouldn’t have
continued it.

The success of these three patients spurred Dr. Chancellor to
investigate the mechanisms of action of botulinum toxin on the
bladder through laboratory experiments on rats.!#7:4]

Dr. Chancellor: Everybody says, “benchtop to bedside” but
I did the exact reverse. The three women did wonderfully, so
I went right to Professor William de Groat, who has been the
foremost neuropharmacologist in the world for 30 years now,
and I shared with him my experience... So the week after the
women got much better, we started doing rat experiments. We
were looking at muscle contractility strip studies and acetylcho-
line, norepinephrine, and ATP release. We found that the blad-
der smooth muscle relaxed better than the skeletal muscle from
the urethra. So it was because of the initial patient success and
my good fortune to work with one of the best scientists in the
world that we were able to start a whole slew of rat experiments.

Although NDO can occur in patients with various neuro-
logical disorders, the MS and SCI populations were chosen
for the onabotulinumtoxinA developmental program. From a
trial design perspective, enrolling two representative popula-
tions with NDO was more amenable than a diverse population.
However, while it was encouraging that other physicians were
adopting the use of onabotulinumtoxinA to treat their patients
with NDO, the non-approved use made it difficult to recruit
patients for the phase 3 NDO trials. That is, patients were not
willing to enter a study in which they might receive placebo
when they could obtain off-label onabotulinumtoxinA treat-
ment from their physician. In addition, the original protocol for
the phase 3 trials mandated that all patients had to be already
utilizing CIC to avoid the potential risk of urinary retention,
which was an issue because not all MS patients were catheteriz-
ing. To improve recruitment, the protocol was later amended to
include all MS and SCI patients with NDO.

Allergan worked to design the phase 3 NDO program with
key opinion leaders, who then suggested expanding the develop-
ment program to include patients suffering from OAB. Despite
conventional treatment with oral anticholinergic agents, the
experts indicated that there were a number of people who were
not adequately managed, and onabotulinumtoxinA could pro-
vide another treatment option for these patients.

Dr. Nitti, who was Professor of Urology and Obstetrics
and Gynecology and the Vice Chairman of the Department of
Urology at New York University Langone Medical Center in
New York, NY at the time of the registrational trials for onabot-
ulinumtoxinA treatment of OAB: We have the seriousness of
the NDO condition, for which Botox offered, we thought, a
great potential, and then we had this other condition, OAB,
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where there were potentially millions of people, a much larger
number of people, that were affected in more of a quality of
life way than what can be perceived as a threat to their health,
which was the case in NDO. Based upon an early key opin-
ion leader meeting in 2004, enough of an impression was left
with the Allergan leadership where... the seed was planted that,
maybe we really ought to consider going ahead with an OAB
program as well.

Dr. Schurch: We were convinced from our first experience
with Botox in OAB™! that onabotulinumtoxinA might be an
option for this condition as it was for NDO.

In contrast to the NDO trials, enrollment for the OAB tri-
als was faster than anticipated, reflecting a high unmet medical
need in this patient population that was not adequately man-
aged by anticholinergics. However, study design was a big chal-
lenge for the trials, especially in identifying the optimal doses
and in finding a good balance among efficacy, safety, and clinical
judgment for issues such as anesthesia during treatment and cri-
teria for use of CIC. In some instances, the mechanism of action
of onabotulinumtoxinA may cause the detrusor to become too
relaxed, resulting in incomplete emptying of the patient’s blad-
der and requiring the patient to perform CIC to remove residual
urine (this adverse event [AE] was coded as “urinary retention”
in the trials). From the perspective of protocol design, it was
therefore important to define the volume at which CIC should
be initiated, as well as other clinical aspects, in a somewhat stan-
dard way but to also allow the physician’s clinical judgment in
management of their patient.

Dr. Haag-Molkenteller: This was a challenge: How do you
implement the study? What is the antibiotic coverage? What
is the local anesthesia or is general anesthesia needed? What
is the appropriate follow-up period? That was challenging.
There were no fully explored treatment paradigms for an
injectable drug to treat NDO and OAB since Botox was the
first injectable therapy for these conditions. Different centers
used different treatment paradigms and different doses, but for
drug development one needed to establish a global treatment
paradigm and define the doses to be studied, as regulatory
approvals are based on broad efficacy and safety information.
The diverse approaches various physicians were using in their
clinics and that Botox was the first injectable drug for NDO
and OAB were challenging for a regulatory development pro-
gram. At Allergan we needed to develop the drug for global
regulatory approvals so patients could be treated according to
a standardized approach and following comprehensive efficacy
and safety information.

Dr. Nitti: I've never been in a situation where there was that
kind of collaboration [between a pharmaceutical company and
investigators]. The way that the experts were listened to and the
way that their many thoughts and opinions were implemented
was really like nothing I'd ever seen. And maybe that’s because
it was such unchartered territory, because you really had to
understand this balance of safety and efficacy, particularly in the
overactive bladder population. It was one of the most reward-
ing projects that I've participated in in my career. It was a very
exciting time.

Allergan conducted a dose-finding, phase 2 study for OAB
that tested onabotulinumtoxinA 50U, 100U, 150U, 200U,
and 300U versus placebo.®” The onabotulinumtoxinA dose
groups >100U exhibited efficacy in the primary and secondary
outcomes as well as in urodynamic and QOL outcomes.5%5!
Patients treated with onabotulinumtoxinA also exhibited higher
patient satisfaction scores and greater goal achievement com-
pared with placebo.®3! A dose-dependent effect on the propor-
tion of patients with post-void residual urine volume (PVR)
>200mL was observed, and increases in CIC use and UTI rates
were higher in those patients with PVR >200 mL.

Dr. Brin, who is the Chief Scientific Officer at Allergan,
an AbbVie company: In the phase 2 study, the 100U dose
had the most favorable benefit-risk profile. 1 asked one of
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our statisticians, Jihao Zhou, to explore a way to express the
risk:benefit, or safety:efficacy relationship among the tested
doses. Although 1 asked him to come back to me later in the
week, I found the analysis in my inbox the next morning. This
analysis was important, and we went with the 100U dose, antic-
ipating statistical efficacy once we had greater power and addi-
tional design elements in place for the phase 3 protocol.

Thus, onabotulinumtoxinA 100U was chosen as the dose for
the phase 3 studies for OAB. A number of experts were sur-
prised that 100U worked so effectively since many had been
using 200U off-label for OAB, highlighting the importance of
randomized, controlled trials to the scientific community.

4. Efficacy and safety highlights
4.1. NDO

Beginning in 2011, onabotulinumtoxinA received regulatory
approvals for UI due to NDO in adults who had an inadequate
response to or are intolerant of an anticholinergic in the US;
Canada; most major European, Middle Eastern, and South
American countries; and many Asia-Pacific countries.** This
indication was based on the results of the randomized, dou-
ble-blind, placebo-controlled phase 3 trials, which showed sig-
nificant decreases from baseline in the number of UI episodes/
week as well as significantly higher proportions of patients who
were responders for both onabotulinumtoxinA 200U and 300U
versus placebo (Fig. 2).571 Both onabotulinumtoxinA doses
significantly increased maximum cystometric capacity versus
placebo, with similar increases in patients with MS or SCI and
in patients who were or were not using anticholinergics.*8! In
patients who had an involuntary detrusor contraction (IDC),
the maximum detrusor pressure during IDC also significantly
decreased from baseline versus placebo, again regardless of eti-
ology or anticholinergic use.

Ms. Jenkins, who was the Clinical Program Lead at Allergan
during the registrational studies for onabotulinumtoxinA treat-
ment of NDO and OAB: [At the meeting to review the topline
data] I remember our statistician just being ecstatic and saying,
“I have never seen data as good as this. I've never worked on a
product that hit every single primary and secondary endpoint.”
There was just no question about the data.

In addition to the efficacy endpoints, large positive effects
on QOL were observed, of particular importance since these
patients had not been adequately treated with the available
drug therapies. Patients treated with onabotulinumtoxinA
200U or 300U in either of the pivotal phase 3 trials showed
significant improvements compared with placebo and exceeded
the minimal important differences in several QOL and patient
satisfaction outcome measures, including the Incontinence-
QOL Questionnaire (I-QOL), the OAB Patient Satisfaction
with Treatment Questionnaire, and the Patient Global
Assessment.”°1 A pooled analysis of the pivotal trials found
that significantly more onabotulinumtoxinA-treated patients
achieved their self-determined treatment goals compared with
placebo regardless of etiology or use of CIC.[¢!

The 200U dose of onabotulinumtoxinA was approved for
NDO based on its similar efficacy to 300U but with an improved
safety profile. For example, the proportion of patients who ini-
tiated CIC due to urinary retention was higher in those who
received the 300U dose (44%) compared with the 200U dose
(31%).581 The most commonly reported AEs in the first 12 weeks
following treatment with onabotulinumtoxinA 300U, 200U, or
placebo in the NDO development program were UTI (30%,
24%, and 17%, respectively) and urinary retention (21%, 17%,
and 3%).54%% The rate of urinary retention showed a dose-de-
pendent increase in patients with MS who were not catheter-
izing at baseline (nearly all patients with SCI were using CIC
at baseline). Of the patients with MS who received onabotuli-
numtoxinA 200U, 31% initiated CIC during the first treatment
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Figure 2. Pooled data from the two pivotal trials of onabotulinumtoxinA treatment of NDO. (A) Mean change from baseline in Ul episodes/week (primary
endpoint) in patients with MS or SCI. (B) Responder rates for >50% and 100% reductions in Ul episodes at week 6 in the MS and SCI subpopulations. MS =
multiple sclerosis; NDO = neurogenic detrusor overactivity; OnabotA = onabotulinumtoxinA; SCI = spinal cord injury; Ul = urinary incontinence. *P <.001, tP <.05
vs placebo. Reprinted with permission from Ginsberg D, Cruz F, Herschorn S, et al. Adv Ther. 2013;30:819-33. https://doi.org/10.1007/s12325-013-0054-z.

cycle, and they showed the same satisfaction with treatment as
those who did not need to initiate CIC.’” In contrast, 47% of
those with MS treated with onabotulinumtoxinA 300U initi-
ated CIC during treatment cycle 1, and significant decreases in
satisfaction with treatment were observed between those who
initiated CIC and those who did not.

Since the 200U dose was the one submitted for and ulti-
mately received regulatory approval for NDO, this was the dose
received by patients who continued in the open-label, long-term
extension study of the two pivotal NDO trials that followed
patients for up to 4 years.[>%4 Results from this study showed
that after repeat treatments with onabotulinumtoxinA, Ul epi-
sodes were consistently decreased from baseline, with about half
of patients achieving dryness.l®l Improvements in QOL were
also sustained, and the median duration of effect for onabot-
ulinumtoxinA 200U was 9.0 months. A post hoc analysis of
this trial showed that long-term benefits continued in patients
who achieved a 250% reduction in Ul episodes after their first
treatment with onabotulinumtoxinA, and that of the 17% of
patients with <50% reduction in Ul episodes after the first treat-
ment, nearly 40% achieved >50% reductions in Ul episodes in
subsequent treatments.[®!

A post-approval, randomized, double-blind, placebo-con-
trolled study tested onabotulinumtoxinA 100U in patients with
MS whose NDO was inadequately managed with anticholiner-
gics and were not using CIC at baseline. With this lower dose,
significant decreases from baseline in Ul episodes relative to
placebo were observed, as were improvements in urodynamics
and QOL, exceeding the minimal important difference for the
latter. In addition, significant improvements were seen in urinary
urgency with onabotulinumtoxinA, an endpoint not measured
in the earlier studies. Similar to the pivotal trials with 200U,
the most common AEs were UTI (26% versus 6% for pla-
cebo), residual urine volume (17% versus 1% for placebo), and
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urinary retention (15% versus 1% for placebo). Notably, 15%
of onabotulinumtoxinA 100U treated-patients initiated CIC in
this study, lower than the 31% seen in the MS subpopulation of
the pivotal trials who were treated with onabotulinumtoxinA
200U0.57

Of note, dosing for onabotulinumtoxinA is not interchange-
able with that of other botulinum toxin products due to dif-
ferences in manufacturing, formulation, and assays used to
determine activity.3*¢7!

4.2. OAB

OnabotulinumtoxinA received regulatory approvals beginning
in 2013 in the US; Canada; most major European, Middle
Eastern, and South American countries; and many Asia-Pacific
countries for the treatment of OAB in adults who had an
inadequate response to or are intolerant of an anticholinergic
medication.** The two pivotal, randomized, double-blind, pla-
cebo-controlled phase 3 trials each showed significant improve-
ments from baseline with onabotulinumtoxinA 100U compared
with placebo in the co-primary endpoints of change from
baseline in UI episodes and positive response on the Treatment
Benefit Scale at week 12 (Fig. 3).1%61 A pooled analysis of the
pivotal OAB studies showed that at week 12 following treat-
ment, onabotulinumtoxinA conferred significant improvements
in multiple efficacy endpoints versus placebo regardless of the
number of prior anticholinergic treatments and whether patients
discontinued anticholinergics due to insufficient efficacy or side
effects.”” In addition to the improvements in efficacy endpoints,
recent papers indicate that among other treatments, including
sacral nerve stimulation, percutaneous tibial nerve stimulation,
anticholinergics, and mirabegron, intradetrusor onabotulinum-
toxinA was the most cost-effective treatment for refractory
OAB.[71,72]
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Figure 3. Data from the pivotal trials of onabotulinumtoxinA for the treatment of OAB. (A, D) Change from baseline in mean urinary incontinence episodes/
day (co-primary endpoint), (B, E) responder rates for >50% and 100% reductions in Ul episodes at week 12, and (C, F) proportion of patients with a positive
response on the Treatment Benefit Scale (co-primary endpoint) at week 12 following treatment with onabotulinumtoxinA 100U or placebo. OAB = overactive
bladder; OnabotA = onabotulinumtoxinA; Ul = urinary incontinence. *P <.001 vs placebo. Panels A, B, and C are reprinted with permission from Nitti VW,
Dmochowski R, Herschorn S, et al. OnabotulinumtoxinA for the treatment of patients with overactive bladder and urinary incontinence: results of a phase 3,
randomized, placebo controlled trial. J Urol. 2013;189: 2186-93. Official Journal of the American Urological Association: https://www.auajournals.org/. Panels
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Pages 249-56, Copyright 2013, with permission from Elsevier. Official journal of the European Association of Urology: https://www.europeanurology.com/.

Significant improvements in multiple measures of QOL
were observed with onabotulinumtoxinA treatment, including
exceeding the minimal important differences by several fold on
both the I-QOL and King’s Health Questionnaire./*’! These
results were noteworthy because these patients had not been
satisfactorily treated with prior drug therapies. A pooled anal-
ysis of the pivotal OAB trials showed that these improvements
in QOL persisted whether patients were using CIC or had a
UTL™

An open-label extension of the pivotal OAB trials showed
that improvements in both efficacy and QOL endpoints were
sustained over multiple treatments spanning 3.5 years, with a
median duration of effect of 7.6 months of onabotulinumtoxinA
100U.7+71 This extension trial initially allowed a dose increase
to 150U beginning at treatment 3, but only the 100U dose was
allowed after a planned interim statistical analysis showed no
additional efficacy with the higher dose.

Unlike in the NDO trials, in which initiation of CIC was based
on investigator assessment, patients in the OAB trials were to
initiate CIC if the PVR was 2200 to <350 mL with associated
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symptoms that the investigator deemed as requiring CIC, or if
PVR was >350mL regardless of symptoms. In the combined
pivotal trial population, 36/552 (6.5%) of those treated with
onabotulinumtoxinA initiated CIC based on these criteria for a
median of 63 days, compared with 2/542 (0.4%) for placebo.*

The most common AEs in the combined onabotulinumtox-
inA groups in the first 12 weeks of both pivotal OAB trials
were UTI (18%), dysuria (9%), and urinary retention (6%).5*
Region-specific information regarding safety and efficacy can be
found in local labeling.

A post-approval, double-blind, randomized study compared the
efficacy and safety of onabotulinumtoxinA 100U, the anticholiner-
gic solifenacin (5 mg but could be titrated to 10 mg), and placebo.”!
Although both onabotulinumtoxinA 100U and solifenacin 5/10mg
significantly reduced the number of daily UI episodes at week 12
(co-primary endpoint) compared with placebo, a post hoc analysis
showed that the reduction of Ul episodes was significantly greater
for onabotulinumtoxinA versus solifenacin. Significantly higher
proportions of patients achieved 100% reduction in daily UI epi-
sodes at week 12 (co-primary endpoint) with onabotulinumtoxinA
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(33.8%) or solifenacin (24.5%) treatment compared with placebo
(11.7%). The rates of UTI in the first 12 weeks were similar to
those in the pivotal trials, with 19%, 6%, and 10% for onabotuli-
numtoxinA, solifenacin, and placebo, respectively.

4.3. Onset, duration, and immunogenicity

Onset of efficacy has not been specifically explored in con-
trolled clinical trials of onabotulinumtoxinA for NDO or OAB.
However, a recent trial showed significant reductions from base-
line in UI episodes in the onabotulinumtoxinA group versus pla-
cebo as early as one week following treatment.””!

The duration of onabotulinumtoxinA noted in the long-
term NDO (median 9.0 months)!®l and OAB (median 7.6
months)"! trials is substantially longer than the 3.5- to
4-month duration usually reported following skeletal mus-
cle injections for indications such as cervical dystonia and
glabellar lines."#-% The duration differences seen in these
indications may result from the tendency of neurons inner-
vating skeletal muscles to sprout;!®'! axonal sprouting in the
smooth muscle of the bladder of patients treated for NDO
does not differ before first treatment or after treatment with
onabotulinumtoxinA.®#!

Dr. Brin: The long duration in overactive bladder confirmed
that the pharmacology of Botox is very much dependent on the
target tissue. This is similar to the 7-month duration reported in
axillary byperbidrosis,'®>* and in addition, some hyperbidrosis
patients experience benefit for at least a year following a single
injection cycle.l$4

Since onabotulinumtoxinA is a protein complex repeat-
edly administered to patients over time, immunogenicity is a
potential concern. However, the rates of neutralizing antibody
development were low in patients in the pivotal and open-la-
bel extension studies, in 3/300 (1%) of patients who received
onabotulinumtoxinA 200U for NDO and in 0/954 (0%) of
those who received onabotulinumtoxinA 100U for OAB.5*
Two of the three patients who seroconverted still experienced
improvements in Ul episodes, and no post-seroconversion data
were available for the third patient.

5. Impact of onabotulinumtoxinA on the broader
biomedical community

OnabotulinumtoxinA is now widely used in the urological and
urogynecological communities.

Dr. Chancellor: For years I did a course at the American
Urological Association annual meeting on how and why to use
onabotulinumtoxinA. 1 don’t need to do my AUA course any
more on the technique of toxin because urologists are trained in
it and residents are being trained in it. It’s [Botox has] become
a standard of care.

Perhaps the largest scientific impact of the use of onabotuli-
numtoxinA in the bladder is that it led to a greater understand-
ing of the mechanisms of action of onabotulinumtoxinA. Prior
to injection of onabotulinumtoxinA into the smooth muscle of
the bladder, it had primarily been injected into striated muscle
for other indications. The ability of botulinum toxin to inhibit
acetylcholine release in neurons and reduce muscle contraction
had been well documented. However, the observed reduction in
urgency following onabotulinumtoxinA treatment suggested an
additional sensory/afferent mechanism.

Sensory mechanisms in the bladder have been documented
in both laboratory and clinical studies. Botulinum toxin type
A reduced mechanoreceptor-stimulated ATP release from sen-
sory afferents in a laboratory model of spinal cord injury!®’
and reduced pain and release of calcitonin gene-related peptide
from sensory neurons in a model of bladder pain.B¢ In subu-
rothelial tissue from patients with detrusor overactivity, onabot-
ulinumtoxinA reduced transient receptor potential vanilloid
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cation channel (TRPV1)- and purinoceptor 3 (P2X3)-positive
fibers, returning them to levels that were comparable to those
of control patients.®”! The decreases in P2X3 receptors after
onabotulinumtoxinA treatment were significantly correlated
with improvements in sensations of urgency. These findings led
to further studies investigating ion channel receptors in nerve
membranes, finding that insertion of these channels is inhibited
by onabotulinumtoxinA. !

Dr. Brin: The translational work showing the importance of
TRPV1 and P2X3 channels was critical in understanding the
mechanism of action of Botox in the bladder®” Dr. Fowler,
who was subsequently honored as a Commander of the British
Empire by the Queen of England for establishing the new sub-
specialty uro-neurology, was instrumental in this study, which
was conducted at the Imperial College London.

6. Impact of treatment with onabotulinumtoxinA on
patients

In addition to the positive effects on QOL observed in the clin-
ical trials, patients have related their satisfaction with onabotu-
linumtoxinA treatment.

Dr. Schurch: The first patient I treated called me after three or
four days [following treatment with onabotulinumtoxinA] and
she told me, “I am reborn!”

Ms. Jenkins: On several occasions, emails were forwarded
to me from patients that were in the [NDO] trial that had
reached out to Allergan to thank the company for conducting
the study. The patients wrote that once they received Botox
in the study, their lives were so much better. And that really
motivated me, and it really has stuck with me throughout all
of the time that I've been working with Botox. The fact that
these patients worked so hard to get this message to us really
says a lot.

One of the most notable effects of the use of onabotulinum-
toxinA for the treatment of NDO has been the decrease in the
number of augmentation cystoplasty surgeries.*”!

Dr. Nitti: There is no question that the approval of Botox
in the NDO patients has saved a lot of patients major surgery.

Dr. Schurch: We saw a parallel decrease of the number of
enterocystoplasties concomitant to the increase of the number
of patients we injected with Botox.

Dr. Kennelly: 1 typically was doing between 25 and 30
augmentation cystoplasties, appendicovesicostomies a vyear...
Nowadays, I probably do one to two per year.

Dr. Chancellor: For the 10 years before 1998— before I used
toxin— I was doing at least one bladder augmentation a month.
For that period of time, I would have done 150 of them. For the
10 years after, I did a total of three.

Other advantages of onabotulinumtoxinA treatment for
NDO include removing some of the burden of patients” under-
lying disease by improving their UL

Dr. Chancellor: [There] is a patient I saw last week. This is
her 18" year of receiving onabotulinumtoxinA injections from
me... Her husband is a retired urologist now, so he must have
heard about what I was doing. His wife has MS, so he asked me,
“Can you go abead and do it?” It’s obviously gone well enough,
now they’re in their late 70s... She had her 36" injection. She
has them religiously, every 6 months, same dose, 18 years. If
be hadn’t [contacted Dr. Chancellor], 1 can’t imagine that she
would have the quality of life, being able to spend time with her
grandchildren, great-grandchildren.

For OAB, onabotulinumtoxinA has had a large impact on
patients’ QOL as documented not only via patient-reported
measures in clinical trials!®®¢%73751 but also observed in the
clinic.

Dr. Nitti: In the overactive bladder population, I think it
[onabotulinumtoxinA| has had a profound effect on those who
have been exposed to it. I think it’s been a real life-changer for
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a lot of people that have elected to use Botox when other things
haven’t worked for them... I'm grateful that I have it in my
armamentarium and still use it regularly and will continue to
do so.
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