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Abstract: The prevalence of pediatric obesity has increased exponentially over the past four decades. The American Academy of
Pediatrics recently released updated clinical practice guidelines highlighting the importance of identifying pediatric obesity as
a chronic disease. The guidelines support consideration of concurrent treatment with intensive lifestyle interventions, obesity
pharmacotherapy, and bariatric surgery. The dramatic rise in pediatric obesity has spurred interest in utilizing obesity pharmacotherapy
to support sustained weight reduction in pediatric cohorts, in the hopes of preventing the emergence of later-appearing, significant co-
morbidities. Despite the enormous demand, the obstacles posed by performance of needed clinical trials in the pediatric population
markedly limits available pharmacotherapy for the treatment of obesity in pediatrics. Currently, there are five medications approved by
the Food and Drug Administration for use in youth with obesity. In 2022, the phentermine/topiramate (PHEN/TPM), once-daily,
controlled-release, combination product received FDA approval, for the indication of chronic weight management, in youth with
obesity, ages 12 years and older. The objectives of this narrative review are to: (1) Review the mechanism of action of phentermine and
topiramate, (2) Summarize the safety and efficacy data of topiramate and phentermine use as both monotherapies and in combination,
and (3) Discuss clinical practice guidelines and clinical implications, for the use of these agents in youths with obesity.
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Introduction
The prevalence of pediatric obesity has increased exponentially over the past four decades.'*> Youth-onset obesity is
associated with comorbidities previously seen only in adult populations, such as type 2 diabetes, hypertension,
dyslipidemia, nonalcoholic fatty liver disease, and obstructive sleep apnea.” * Obesity-related comorbidities, that occur
in childhood, are more aggressive and more rapidly progressive than are those seen in adult onset obesity.”> The
American Academy of Pediatrics (AAP) recently released updated clinical practice guidelines to highlight the importance
of identifying pediatric obesity as a chronic disease.” The AAP guidelines provide evidence in support of concurrent
treatment for pediatric obesity with intensive lifestyle interventions, obesity pharmacotherapies, and bariatric surgery.*®’
Currently, there are five medications approved by the Food and Drug Administration (FDA) for use in children and
adolescents with obesity.® However, prior to 2022, there were just three medications with FDA approval for the treatment

of pediatric obesity: orlistat (approved for adolescents 12 years and older),”"°

phentermine (approved for a 12-week
course, in youth 16 years and older),"" and liraglutide 3 mg daily (approved for adolescents 12 years and older).'* In
July 2022, the FDA approved the use of phentermine/topiramate (PHEN/TPM), a once-daily, controlled-release,
combination product, for chronic weight management in adolescents with obesity, age 12 years and older.'*'* Most
recently, in January of 2023, the FDA approved the use of once weekly semaglutide, 2.4 mg per week, a glucagon-like

peptide-1 (GLP-1) receptor agonist, for chronic weight management in youth with obesity, ages 12 years and older.'®
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For many children living with obesity, lifestyle modifications alone result in only modest weight reduction, with the weight
frequently regained after an initial period of success.'®'® This observation has fueled the growing interest in utilizing obesity
pharmacotherapy to achieve more sustained, durable weight reduction in pediatric cohorts.™'**° Despite the immense interest and
demand, the current use of pharmacotherapy for the treatment of obesity in the pediatric population is limited.*”'7*' A number of
reasons have been proposed to explain this.® First, pediatric obesity is generally not perceived as a chronic medical condition, and
thus, obesity treatment is still often considered optional by healthcare providers, patients, families, payers, and policy makers.
Secondly, obesity medicine is not a staple of most medical school curriculums,'® and thus, clinicians in training do not uniformly
receive formal education into the diagnosis, evaluation, and management of pediatric obesity, and the available (and evolving)
obesity pharmacotherapies.'*° The result is too-few practitioners armed with the requisite experience and expertise to prescribe
these agents most effectively.?' Thirdly, there are significant challenges procuring insurance authorization and coverage, and
supply issues which limit access to these agents for families dealing with pediatric obesity.*"'"*! To overcome these barriers and
to ensure that pediatric patients living with obesity have access to, and receive appropriate treatment, further investigation into the
safety and efficacy of these agents in pediatric cohorts is needed, often limited by the difficulty in recruiting study participants and
garnering human subjects approval for the conduct of clinical trials in this population.'® In addition, comprehensive educational
programs are needed to support clinicians on the proper way in which to incorporate these treatment regimens into their standard
practice as potential options for the care of a pediatric patient with obesity. The goal of this narrative review is to help bridge those
gaps in knowledge. The specific objectives are: (1) Review the mechanism of action of phentermine and topiramate, (2)
Summarize the safety and efficacy data of topiramate and phentermine as monotherapy and in combination in youth with obesity,
and (3) Discuss clinical practice guidelines and clinical implications for the use of these agents in the pediatric population.

Phentermine Monotherapy
Phentermine is FDA-approved for the treatment of obesity in adolescents, ages 16 years and older, whose body mass index (BMI)

exceeds 30 kg/m? or exceeds 27 kg/m? with an additional risk factor, such as hypertension, diabetes, or hyperlipidemia.** >

Mechanism of Action

The exact mechanism of action by which phentermine works to reduce obesity remains obscure, and has not been well elucidated
in humans.?’2° Most of the data on the mechanism of action of phentermine is derived from animals or in-vitro studies.”**%
Phentermine is an indirect-acting sympathomimetic agent, that both increases the release of norepinephrine from presynaptic
vesicles in the lateral hypothalamus, and inhibits norepinephrine reuptake.’’> Phentermine also stimulates the release of
serotonin and dopamine from nerve terminals and acts as a weak, reversible monoamine oxidase and serotonin reuptake
inhibitor.>>?***>° The resultant increase in norepinephrine concentration within the synaptic cleft in turn stimulates B-2
adrenergic receptors and inhibits appetite.””*****! Some reports propose that phentermine inhibits neuropeptide Y, whose

signaling pathway is integral to the induction of hunger, although the exact mechanism remains unknown.?’

Side Effect Profile and Prescribing Considerations

Phentermine is well absorbed from the gastrointestinal tract and 80% is excreted in the urine intact (unmetabolized). Phentermine
is metabolized by cytochrome P450 (CYP) 3A4%° and has a half-life of 20 h.** Phentermine is distributed into all tissues,
including the brain.** The FDA has classified phentermine as a schedule IV controlled substance.?” Although phentermine is not
an amphetamine, it does have a similar chemical structure, and thus has the potential for abuse and addiction.*' Emerging
evidence in adult cohorts treated with phentermine for weight loss has not shown that phentermine monotherapy is associated
with abuse or addiction.*> The most common side-effects of phentermine monotherapy, reported in both adult and pediatric
patients, are tachycardia, palpitations, hypertension, anxiety, dizziness, insomnia, headache, dryness of the mouth, and gastro-
intestinal complaints.>>**%4445 Although the dopaminergic and serotonergic effects are deemed clinically insignificant, patients
are still advised against using phentermine within 14 days of having taken monoamine oxidase inhibitors or concurrent use with
serotonin reuptake inhibitors.**~>~* Phentermine is contraindicated when sympathomimetic drug administration may pose
a significant risk, such as in patients with hyperthyroidism, unstable cardiovascular disease, or moderate-to-severe
hypertension.*>** Many adult and pediatric treatment protocols recommend close monitoring of blood pressure during the
first 3 months of treatment initiation.**
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Phentermine Monotherapy as Treatment of Obesity in Pediatric Populations

Despite FDA approval being granted over six decades ago (1959), the literature contains few studies investigating the use
of phentermine monotherapy for obesity treatment in youth (Table 1).*° In 1966, Lorber et al conducted a 12-week,
3-parallel-arm trial in 68 patients with obesity, ages three to fifteen.*® Patients were randomized to one of the three
treatment arms for the study duration: 1) Phenmetrazine 12.5 mg daily (a long-acting amphetamine), 2) Phentermine
15 mg daily, or 3) Placebo. All participants were instructed to not eat snacks between meals and to avoid desserts and
sugar sweetened beverages for the duration of the study. By week 4, patients in the phenmetrazine arm demonstrated
a mean weight loss of 3.4 kg compared to 2.2 kg lost by participants in the phentermine arm, and 2.1 kg lost among
placebo recipients. By week 12, both the phenmetrazine and phentermine groups had lost an additional 3 kg, whereas the
placebo group had begun to regain weight. One patient in the phentermine arm withdrew from the study due to
insomnia.*® Of note, pediatric obesity studies from that time frame (1959 and on) utilized only changes in absolute
body weight to assess efficacy of obesity treatment.*” However, this metric fails to take into account either height
velocity or BMI.*” Nevertheless, at week 4, there was no statistically significant reduction in weight when comparing
phentermine monotherapy to placebo, whereas by week 12, continued weight reduction in the phentermine group was
observed, whereas the placebo group had begun to regain weight. These findings are consistent with the sustained weight
reduction reported, at that time, in adults taking phentermine monotherapy, with continued weight loss observed during
the recommended 12-week treatment course.

In 1968, Rauh et al cond ucted a 12-week, randomized controlled trial of chlorphentermine versus placebo in thirty
adolescents with obesity.*® Developed in 1962, chlorphentermine, the 4-chloro derivative of phentermine, is a highly
selective serotonin releasing agent®* which acts as a serotonergic appetite suppressant.”® Participants did not receive any
specific instructions about diet or exercise. Patients randomized to the chlorphentermine group received 65 mg of this
chlorinated phentermine analog daily and by week 12 had experienced an average weight loss of 6.7 kg, in contrast to the
average weight gain of 0.5 kg observed in the placebo group (p < 0.001). In a 12-week, open-label extension, eight of the
patients assigned to the chlorphentermine group remained on the study agent and lost an additional 14.5 kg at week 24,
when compared to baseline. No adverse events were reported among participants receiving the study drug.*® Similar to
the previous study, there was a significant weight reduction in the chlorphentermine group compared to placebo, most
notable by week 24, further illustrating the sustained effect of phentermine-based treatments with prolonged use, as
compared to the natural history of weight among patients with obesity.'**° Of note, chlorphentermine is an agent more
akin to fenfluramine with respect to its mechanism of action and acts primarily as a serotonin releasing agent, perhaps
suggesting an explanation for the greater weight reduction observed with this agent than with other agents in the previous
studies, similar to the robust effects of fenfluramine seen in adult studies. 22326

Between 1968 and 2017 there was a paucity of published studies on the use of phentermine for obesity treatment in
pediatric populations. In 2017, a retrospective chart review reported a single center experience with 25 adolescents
with obesity (mean baseline BMI 41.2 + 6.9 kg/m?) prescribed phentermine 15 mg per day as an adjunct to standard
lifestyle modification therapy (LMT), compared to age-matched controls completing LMT only. The adolescents on
phentermine demonstrated a significantly greater percent change in BMI at weeks 12 and 24 compared to LMT alone
(Week 12: —2.9%; 95% CI (—4.5%, —1.4%); p<0.001; Week 24: —4.1%; 95% CI (-7.1%, —1.0%); p = 0.009). At week
12, 40% of participants in the phentermine group achieved a greater than 5% reduction in BMI compared to only 9%
in the LMT alone group; by week 24, 64% in the phentermine vs 21% in the LMT alone had achieved > 5% BMI
reduction. There were no significant differences in blood pressure between groups over the study period. At all three
time points, patients in the phentermine group did have an increase in heart rate that was significantly greater than that
observed with LMT alone (+8.53 beats per minute; 95% CI (1.59, 15.47); p = 0.02)."" Despite the intrinsic limitations
of this study due to its retrospective study design and small study size, this was the first study in the 2000’s to
highlight the benefit of phentermine in combination with intensive lifestyle modification therapy for weight reduction
in pediatric patients. The study results suggested that phentermine monotherapy was both safe and effective in
yielding clinically meaningful weight loss in patients with severe obesity when compared to lifestyle modification

alone.
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Table | Summary of Trials of Phentermine, Topiramate, and PHEN/TPM for Obesity Management in Pediatrics

placebo) RCT
Outcome measure: %BMI

change

Study Design Sample Age Main Dose Duration Efficacy Safety Quality
Size (n) (yr) Inclusion of
Criteria Evidence

Phentermine
Lorber et al 3-parallel-arm 68 3-15 BMI>95th% Phenmetrazine 12-wk Phentermine vs Phentermine Arm: Low
(1966)* (Phenmetrazine vs 12.5 mg daily placebo: -0.1 kg Insomnia (n=1)

Phentermine vs Placebo) Phentermine

RCT I5 mg daily

Outcome measure:

Weight change (kg)
Rauh et al 2-parallel-arm 30 12-18 BMI>95th% Chlorphentermine | 12-wk Phentermine vs No SAEs Low
(1968)*® (Chlorphentermine vs 65 mg daily placebo: —6.7 kg

Placebo) RCT

Outcome measure:

Weight change (kg)
Ryder et al Retrospective chart 25 12-18 BMI>95th% Phentermine 24-wk Phentermine vs Phentermine arm: Increased Moderate
(2017)¥ review I5 mg/day placebo: —4.1%BMI blood pressure, heart rate

Outcome measure: %BMI

change
Ali Ibrahim Retrospective chart 30 12-18 BMI>95th% Phentermine 8- 24-mo Youth taking phentermine | AE (n=6): agitation, sleep Low
et al (2022)* review 37.5 mg/day had mean reduction in disturbances, increased blood

Outcome measure: %BMl g5 of —15% pressure, anxiety,

%BMl 95 change photophobia, dehydration
Topiramate
Fox et al Retrospective chart 28 14-18 BMI>95th% Topiramate 25 to 24-wk Topiramate vs lifestyle No SAEs Low
(2015)*° review 125 mg/day modification: —4.9%BMI

Outcome measure: %BMI

change
Fox et al 2-parallel-arm (Topiramate | 21 14-18 BMI>120% of Topiramate 75 mg/ | 24-wk Topiramate vs No SAEs Low
(20I6)50 + meal replacement vs the 95th% day placebo: —1.9%BMI
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Consoli et al 2-parallel-arm (topiramate | 62 1545 Prader Willi Topiramate 8-wk %BMI Change: Topiramate | No SAEs Low
(2019)°' vs Placebo) Syndrome 50-200 mg/day vs Placebo: No difference

RCT Youth: Hyperphagia scores:

Outcome measure: %BMI BMI>95th% Topiramate vs Placebo:

change Adult: BMI > significant reduction in

30 kg/m? topiramate group

Berman et al Case series 5 8-12 BMI>95th% Topiramate 16-wk Topiramate group mean 4/5 No SAEs Low
(2023)*2 Outcome measure: Developmental 100 mg/day reduction in %BMl95 — I/5 drowsiness

%BMl 95 change delay 12%
PHEN/TPM
Kelly et al 3-parallel-arm (PHEN/ 223 14-18 BMI>95th% PHEN/TPM 56-wk High Dose PHEN/TPM: — | 3 SAEs: bile duct stone, High
(2022)%3 TPM 7.5 mg/46 mg, vs 7.5 mg/46 mg 10.44%BMI vs Low Dose depression, suicidal ideation

PHEN/TPM 15 mg/92 mg PHEN/TPM 15 mg/ PHEN/TPM: -8.11% vs

vs Placebo) RCT 92 mg +0.1% Placebo

Outcome measure: %BMI

change

:sdyy

6T1

Abbreviations: %BMIl;o5, BMI in excess of the 95th percentile; BMI>95th%, body mass index greater than the 95th percentile; RCT, randomized controlled trial; AE, adverse event, SAE, serious adverse event; HbAlc, hemoglobin Alc;
BMI, body mass index; Gl, gastrointestinal.; Gl, gastrointestinal; LDL, low density lipoprotein, PHEN/TPM, Phentermine/topiramate extended release product; TG, triglycerides.
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In 2022, a second, single-center retrospective chart review reported on 30 adolescents with obesity (mean age 15.6 + 1.9 years;
mean BMI of 37.7 + 6.3 kg/m?) treated with phentermine monotherapy, in doses ranging from 8 to 37.5 mg, for a period ranging
from 0.5 to 24 months (mean of 10 months). There was a mean reduction in BMI in excess of the 95th percentile (%BMl,s) of
15% in patients taking phentermine, with 70% of patients achieving a > 5% reduction in %BMlos 4 within an average of 11
months (5-24 months). Six participants (20%) developed side effects, including agitation, sleep disturbances, increased blood
pressure, anxiety, photophobia, abdominal pain, and dehydration.** Although there clearly exists a paucity of studies investigating
the use of phentermine monotherapy in youth cohorts, these two retrospective studies provide support for its use as adjunct to
lifestyle modification. In contrast to the weight reduction seen with lifestyle modification alone, which rarely achieves clinical

significance (defined as weight or BMI reduction of > 5%),>>>°

phentermine monotherapy in these 2 cohorts resulted in clinically
and statistically meaningful BMI reductions. Although the quality of this evidence is low due to the retrospective nature of these
study designs, the data do add to our appreciation of the benefits possible when phentermine monotherapy is implemented in

cohorts of youth with obesity.

Topiramate Monotherapy

Topiramate, a well-established, second-generation anti-epileptic agent, was first FDA-approved for pediatric epilepsy in
1996, and for pediatric migraine prophylaxis in 2014.*> It is currently indicated as initial monotherapy or adjunctive
therapy for patients > 2 years of age with partial onset or primary generalized tonic-clonic seizures, patients > 2 years of
age with seizures associated with Lennox-Gastaut syndrome, and patients > 12 years of age for use as prophylaxis for
migraines.>® Weight loss and appetite suppression are well-characterized effects of topiramate monotherapy in pediatric
cohorts,” leading to studies to evaluate its efficacy as an obesity pharmacotherapeutic agent.*>** Topiramate is not an
FDA-obesity pharmacotherapeutic, although pediatric obesity medicine specialists continue to utilize it off-label for the
treatment of obesity in youth.?' Pediatric providers have historically used topiramate off-label for other chronic

conditions such as alcohol use disorder, binge eating disorder, and bulimia nervosa.>®

Mechanism of Action

Topiramate is a sulfamate-substituted monosaccharide that modulates excitatory voltage-activated calcium and sodium channels
and y-aminobutyric acid (GABA)-A receptors, while simultaneously antagonizing alpha-amino-3-hydroxyl-4-isoxazole-
propionic acid kainite (AMPA/KA) receptors.””**°! Animal studies demonstrated that food intake was significantly increased
following administration of GABA-B and GABA-A antagonists into the nucleus accumbens shell and ventral tegmental area.®'-*>
Specific blockade of ionotropic GABA-A receptors in the lateral hypothalamus elicits eating behavior in satiated rodent
models.®"** The exact mechanism by which topiramate suppresses appetite is unknown. Extrapolating from animal data, it has
been hypothesized that the anorectic action results from a combination of carbonic-anhydrase inhibition of taste and activation of
GABA-A receptors in the lateral hypothalamus known to interact with the leptin pathway.®'~®* In 2006, Liang et al, investigated
the molecular effects of topiramate in rodents, demonstrating that topiramate regulates hepatic expression of genes involved in
lipid metabolism, resulting in reduced plasma glucose and triglyceride levels.***> Animals treated with topiramate produced
decreased messenger RNA for sterol regulatory element-binding protein-1c, stearoyl-coenzyme A desaturase-1, choline kinase,
and fatty acid coenzyme A ligase long chain 4, and diminished expression of acetyl-CoA carboxylase 2 and stearoyl-CoA
desaturase-1.%* Topiramate also upregulated three genes which are involved in cholesterol synthesis independent of reduced food
intake.**

Side Effect Profile and Prescribing Considerations

Topiramate is well absorbed from the gastrointestinal tract and partially excreted in the urine with peak plasma levels
being attained 3 hours after ingestion.*” The half-life is 25 hours in healthy volunteer individuals. The bioavailability
exceeds 80% following an oral dose and is not significantly affected by food.*? Topiramate is distributed into all tissues,
including the brain.** Topiramate, like other carbonic anhydrase inhibitors, may produce central and peripheral nervous
system effects, such as paresthesia, acute myopia, blurred vision, redness of the sclera, photophobia, fatigue, somnolence,
depression, and difficulties with concentration and memory.***”>® The most common adverse effects associated with
topiramate treatment for obesity are dose-related and include paresthesia/hypoesthesia, taste perversion, psychomotor
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impairment/concentration difficulty/memory impairment, anorexia, nervousness, visual disturbance, dry mouth, mood
problems, constipation/dyspepsia/nausea/abdominal pain/diarrhea, dizziness, back pain, insomnia, upper respiratory tract
infection, and migraine.’” In a pooled meta-analysis of topiramate treatment, in the adult population with obesity, there
were no reports of cardiovascular events or any other major adverse events.****%® Topiramate does have a mild
diuretic effect and thus can induce mild weight loss, independent of a reduction in blood pressure.”® Topiramate is
classified as Pregnancy Category D and use during pregnancy has been linked to a significantly increased risk of birth
defects, affecting orofacial, cardiac and urogenital development.®”’" In addition, topiramate can reduce the estrogen
component of oral contraceptive medications, thus precautions must be provided for females of reproductive age.*?

Topiramate Monotherapy as a Treatment of Obesity in Pediatric Populations

The literature contains reports of the weight loss-promoting effects of topiramate in pediatric cohorts, both with and
without obesity (Table 1). In 2003, Mikaeloff et al, reported a prospective study of 207 patients with epilepsy, without
obesity (median age 6.5 years), treated with topiramate (starting dose 4.7 mg/kg/day) for seizure control.”” Patients were
followed for an average of 5.6 months. Twelve percent of patients reported anorexia, 10% reported decreased appetite,
and 7% reported weight loss over the study period. Other adverse effects included drowsiness (10.5%), fatigue (8.5%),
and hyperactivity (7.5%).”* Similarly, in 2005, Winner et al conducted a randomized controlled trial of topiramate for
migraine prevention in 162 patients without obesity, ages 6 to 15 years, identifying anorexia and weight loss in one third
of study participants receiving topiramate compared to the placebo group.”® A 2015 retrospective chart review of patients
without obesity treated with either topiramate or zonisamide at a clinic treating psychiatric conditions reported a mean
reduction in BMI of 6.1 kg/m* (n=47 patients) despite concurrent antipsychotic medication use, many of the latter known
to cause weight gain.”®’*

Thus, there appears to be both consistently observed appetite suppression and consequent weight reduction in
adolescent patients treated with topiramate monotherapy for both seizure control and migraine prophylaxis, analogous
to what has been described among adult patients on topiramate. Given this literature, clinical research sought to
investigate topiramate as a pharmacotherapeutic agent in pediatric obesity. In 2019, Consoli et al conducted an eight-
week, double-blind, randomized, placebo-controlled trial of topiramate (50—200 mg/day) in 62 individuals (both youth
and adult, mean age of 24 years) with Prader Willi syndrome.”' While there were no significant reductions in mean BMI
in the topiramate group compared to placebo, there was a significant improvement in the Dykens Hyperphagia
Questionnaire (DHK) scores among the topiramate treated when compared to the control group.”!

In 2015, Fox et al conducted a retrospective chart review of 28 youth with obesity (mean baseline BMI of 46.2 +
10.3 kg/m?) attending a pediatric weight management program, on topiramate (25 to 125 mg daily) for six months in
addition to LMT. At week 12, there was a significant decrease in %BMI of 2.5%, with an addition reduction by week 24
of 2.4% (p<0.001).*° In 2016, this same study group conducted a double-blinded, randomized, placebo-controlled trial of
meal replacements followed by topiramate and compared to placebo, for the treatment of adolescents with severe obesity
(n=21).° Youth first underwent four weeks of meal replacement therapy, and then commenced 24 weeks of topiramate
75 mg daily or placebo. There were no significant differences in mean change in %BMI between topiramate and placebo
at week 24 compared to baseline: —1.9% (p=0.3).°° Unfortunately, all three of these studies were of low quality due to
small sample sizes and inadequate power to determine efficacy of topiramate compared to placebo; however, they do
provide some indication of the benefits topiramate may provide in the management of pediatric obesity.

Phentermine/Topiramate Extended-Release Combination Therapy

Given the efficacy of individual phentermine and topiramate monotherapies for the treatment of obesity, a once-daily
combination product was developed that allowed for use of both agents at lower doses, improving safety profiles, while
also enhancing efficacy.’®’ This combination provides both immediate release phentermine for appetite reduction early
in the day, and extended release [ER] topiramate for appetite reduction later in the day and into the evening.”>’® The
combination phentermine/topiramate ER product is currently FDA approved at the following doses for chronic weight
management in both adult and pediatric populations: 3.75 mg/23 mg, 7.5 mg/46 mg and 15 mg/92 mg (Table 2).*°
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Table 2 Overview of Phentermine, Topiramate, and PHEN/TPM

2| 6yo for short-term use

2 years old for seizures

[\

12 years old for migraine prophylaxis

Agent Phentermine Topiramate PHEN/TPM
Obesity Approval | Yes No Yes
Status 3

2 |2 years old

Weight Loss
Mechanism of
Action

® Norepinephrine reuptake inhibition

® |ncreases the release of norepi-
nephrine in the central nervous
system by releasing norepinephrine
from presynaptic vesicles in the
lateral hypothalamus

® Stimulates release of serotonin and
dopamine, from nerve terminals

® Monoamine oxidase and serotonin
reuptake inhibitor

® [nhibits neuropeptide Y

Modulation of GABA

® Antagonizes alpha-amino-3-hydroxyl-
4-isoxazole-propionic acid kainite
receptors

® Carbonic-anhydrase inhibition

Combination of phentermine and

topiramate mechanism of action

Mode of
Administration

Oral
8 mg, 15 mg, 30 mg, 37.5 mg

Oral
Up to 200 mg twice daily (obesity

Oral
Oral

Adult Weight
Loss Efficacy

Data from small, uncontrolled
studies: 3—4% reduction in body
weight in short-term trials

Data from small, uncontrolled studies:
5-8% reduction in body weight for
doses ranging from 96mg to 256mg

and Dose Daily in morning dosing varies widely); extended release | Mid-dose (phentermine 7.5mg/
formulation topiramate extended release 46mg)

High-dose (phentermine |5mg/
topiramate extended release 92mg)
Once daily in the morning

Controlled Yes No Yes

Substance Schedule IV Schedule IV

Summary of No RCTs No RCTs 7% for mid-dose and 9% for high- dose

in | year

Morbidities and
Risk Factors

Summary of No RCTs Limited Data 8% for mid-dose and 10% for high-
Pediatric Weight Data from small, uncontrolled dose in | year
Loss Efficacy studies: 4% reduction in BMI in short-
term trials
Effects on Co- Limited data Limited Data Pediatrics: Improved lipid profile; no

effect on quality of life

Side Effect Profile

Hypertension, tachycardia,
palpitations, pulmonary hypertension
agitation, restlessness, insomnia,
anxiety, euphoria/dysphoria, tremor

Headache, paresthesia, dizziness,
dysgeusia, cognitive impairment
potential seizure with abrupt
discontinuation, dry mouth, diarrhea,
constipation, fetal toxicity, acute onset
of decreased visual acuity, worsening
depression or suicidal thoughts,
metabolic acidosis, elevation of

creatinine, nephrolithiasis;

Hypertension, tachycardia, palpitations,
pulmonary hypertension

agitation, restlessness, insomnia, anxiety,
dysphoria, tremor headache, paresthesia,
dizziness, dysgeusia, cognitive impairment
potential seizure with abrupt
discontinuation, dry mouth, diarrhea,
constipation, fetal toxicity, acute onset of
decreased visual acuity, worsening
depression or suicidal thoughts, metabolic
acidosis, elevation of creatinine,

nephrolithiasis

(Continued)
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Table 2 (Continued).

Agent

Phentermine

Topiramate

PHEN/TPM

Contraindications

History of CVD or drug use; MAOI
use; hyperthyroidism; glaucoma;
agitated states; pregnancy

Pregnancy, glaucoma

Same contraindications recommended
for phentermine and topiramate
monotherapy

Use Cautions

High blood pressure, congenital heart
disease, use of SSRIs, SNRIs, insulin, or

Kidney stones, glaucoma, high risk for
pregnancy due to fetal toxicity,

Same use cautions recommended for

phentermine and topiramate

valproic acid, renal disease, metabolic metabolic acidosis, active suicidal monotherapy
acidosis, history of kidney stones, ideation, poor cognitive function
depression, suicidal ideation, high risk
for pregnancy
Cost Low Low Moderate

Patient Selection

Strong hunger; low energy

Poor satiety, food cravings, binge eating
disorder, weight gain due to atypical
antipsychotic medications, headaches,
seizures, mood dysregulation

Dual therapy
Insurance Coverage
Desire for synergist effect with daily

dosing

Abbreviations: %BMIP95, BMI in excess of the 95th percentile; BMI>95th%, body mass index greater than the 95th percentile; CVD, Cardiovascular disease; RCT,
randomized controlled trial; AE, adverse event, SAE, serious adverse event; HbAlc, hemoglobin Alc; BMI, body mass index; Gl, gastrointestinal.; Gl, gastrointestinal; LDL,
low density lipoprotein, PHEN/TPM, Phentermine/topiramate extended release product; TG, triglycerides.

Mechanism of Action

As described above, the exact mechanism of action by which phentermine and topiramate works to reduce obesity has
not been well elucidated in humans and thus the mechanism of action of the combination product remains uncertain as
well.?”2° It has been postulated that the combination of a noradrenergic agonist effect from phentermine, in conjunction
with topiramate, which acts on GABA-A receptors, induces greater decrease in caloric intake through appetite suppres-

sion than either taken as monotherapy.®®-°

Pharmacokinetics and Pharmacodynamics

Phentermine/topiramate pharmacokinetics is dose dependent.”” Phentermine is primarily metabolized by cytochrome
P450 (CYP) 3A4, whereas topiramate is metabolized by hydroxylation, hydrolysis, and glucuronidation. The phenter-
mine terminal half-life is about 20 hours, and the mean topiramate ER half-life is about 65 hours.>*>? In contrast to the
individual agents, Phentermine/topiramate ER is poorly bound by plasma proteins, does not undergo significant

metabolism through induction of cytochrome P450 isoenzymes, and is mainly excreted in the urine unmetabolized.”™”’

History of Combination Therapy in Obesity Treatment in Adults

In 1990, phentermine in combination with fenfluramine and dexfenfluramine became a popular weight-reducing agent for
the treatment of obesity in adult cohorts known as Fen-Phen®.?***2° Fenfluramine itself was FDA-approved as a weight
reduction agent in 1972, while dexfenfluramine was FDA-approved for weight loss monotherapy in 1996.° The
combination product, however, was for many years utilized off-label. In 1997, Connolly et al reported twenty-four
cases of women on fenfluramine-phentermine developing valvular heart disease, with eight of these cases found to have
new-onset pulmonary hypertension.*” By September 15, 1997, fenfluramine was withdrawn from the market and a black
box warning was applied due to these concerns.**** Follow-up studies performed on fenfluramine and dexfenfluramine
showed that over a third of individuals taking either agent developed abnormal cardiac valve findings which lasted for up
to 24 months after stopping the agent.®' The evidence showed increased levels of circulating serotonin hyper-stimulating
serotonin receptors on the cardiac valves, resulting in valve insufficiency, and leading to primary pulmonary hypertension

(PPH). However, there is no evidence that phentermine monotherapy causes similar PPH,2>26-80-81
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Phentermine/Topiramate, Once-Daily, Controlled-Release, Combination Product in
Adults

In 2012, the phentermine/topiramate (PHEN/TPM), once-daily, controlled-release, combination product was FDA-
approved for obesity management in adults.’**3 Containing both the immediate-release phentermine and the extended-
release topiramate as a single daily dose, the following formulations are available: 3.75 mg/23 mg, 7.5 mg/46 mg,
11.25 mg/69 mg, and 15 mg/92 mg (phentermine/topiramate, respectively). This agent is indicated for adults with a BMI
> 30 kg/m? or > 27 kg/m? with at least one weight-related comorbidity. To date, there have been three large, Phase III
clinical trials exploring the efficacy, safety, and adherence of PHEN/TPM as a pharmacologic agent in the treatment of
adult obesity, the studies frequently referred to by their trial names: EQUIP,** CONQUER,** and SEQUEL.*’

EQUIP was a 56-week, randomized placebo-controlled trial with 1267 adults with obesity (mean BMI 42.0 kg/m?)
randomized to one of three treatment arms: 1) PHEN/TPM 3.75/23 mg; 2) PHEN/TPM 15/92 mg; or 3) placebo. At week
56, compared to baseline, based on intention-to-treat analysis, both PHEN/TPM groups had a significant reduction in
body weight of 10.9% in high dose and 5.1% in low dose, when compared to the 1.6% reduction in the placebo group.
67% of the high dose and 45% of the low dose participants achieved at least a 5% reduction in body weight compared to
only 17% in the placebo group (p<0.0001). The high dose group experienced significant weight loss in the first 4 weeks,
reaching 8—10% weight loss by week 12. There were no significant differences in heart rate profiles between groups over
the study period. In contrast to baseline, there was a significant decrease in blood pressure in the treatment arms
compared to placebo at week 56. Adverse effect-related dropouts were 8.4% in the placebo group, 11.3% in the low dose
group, and 16.0% in the high dose group. The adverse events most commonly reported included paresthesia, dry mouth,
constipation, dysgeusia, and insomnia and were reported in higher percentages in the high dose group compared to either
the low dose or placebo.®®

CONQUER was a 56-week, randomized, placebo-controlled trial with 2487 adults with obesity (mean BMI 36.6 +
4.5 kg/m?) randomized to one of three treatment arms: 1) PHEN/TPM 7.5 mg/46 mg; 2) PHEN/TPM 15 mg/92 mg; or 3)
placebo.®* At week 56 (compared to baseline), based on intention-to-treat analysis, both PHEN/TPM groups had
a significant reduction in body weight, 9.8% in the high dose group, 7.8% in the mid dose group, and only 1.2% in
the placebo group.70% of the high dose group and 62% of the mid dose group achieved at least a 5% reduction in body
weight compared to only 21% in the placebo group (p<0.0001). Unlike EQUIP, there was a significant increase in heart
rate over the study period of +1.7 beats per minute in the high dose group compared to both mid dose and placebo groups
(p<0.01 and p = 0.003). Dose-related adverse events leading to discontinuation of the agent occurred at a rate of 9% in
the placebo group, 12% in the mid dose group, and 19% in the high dose group. The most reported adverse events
included paresthesia, dry mouth, constipation, dysgeusia, and insomnia and, as in the EQUIP study, were found in higher
percentages in the high dose group compared to the mid dose or placebo groups.®

SEQUEL was an extension of the afore mentioned CONQUER trial, in which 676 adults with obesity in the
CONQUER trial remained in the trial for an additional 52 weeks.®> By the end of this extension period, at a total
study length of 108 weeks, the previously noted trends were maintained. At week 108 (compared to baseline), based on
intention-to-treat analysis, there was a significant reduction in total body weight percentage of 10.5% in the high dose
group, 9.3% in the mid dose group, and only 1.8% in the placebo group (p<0.001). Significantly more participants in the
high (79%) and moderate (75%) dose PHEN/TPM groups were able to achieve 5% weight loss compared to placebo
(30%; p<0.001) with more than 50% of the PHEN/TPM groups achieving >10% weight loss, and more than 24%
achieving >15% weight loss.®® The treatment groups were found to have improvements in cardiometabolic variables,
decreased triglycerides, decreased fasting glucose and insulin values, reduction in waist circumference, decreased
incidence of diabetes, and decreased need for concomitant anti-hypertensive, lipid-lowering, and diabetes medications
in comparison with the placebo group.®> The high dose PHEN/TPM group had a significant reduction in in systolic blood
pressure of 1.2 mm Hg with an associated increase in heart rate of 2.4 beats per minute (mean heart rate 72.1 £ 9.9 beats
per minute) compared to the placebo group.™®

All three of the studies described above are considered to present high quality evidence, based on the Cochrane risk-
of-bias 2.0 criteria. Four meta-analysis, and one systematic review of randomized controlled trials have been conducted
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investigating the efficacy and safety of PHEN/TPM in adults with obesity.***”** Together, these studies have shown that
PHEN/TPM results in statistically significant weight loss compared to placebo.®” All three studies emphasized a direct
correlation between PHEN/TPM dose and degree of weight loss over time. PHEN/TPM resulted in average weight loss
of 7-8 kg with associated improvement in cardiometabolic outcomes compared to placebo across all cohorts studied.
Yanovski et al showed that the proportion of individuals achieving at least 5% weight loss with high dose PHEN/TMP
was much greater than that for alternative oral obesity pharmacotherapies such as lorcaserin and orlistat.*® Shi et al
conducted a systematic review and network meta-analysis of randomized controlled pharmacotherapy for adults with
obesity and determined that the evidence supported phentermine-topiramate as the most effective agent for weight loss,
followed by GLP-1 receptor agonists.®” However, further post-hoc analysis revealed that semaglutide is the most
effective in achieving more than 5% weight reduction, when considering adverse events.®’

PHEN/TPM as a Combination Therapy in Treatment of Obesity in Pediatrics

In 2022, Kelly et al conducted a 56-week, randomized, placebo-controlled, double-blind trial of PHEN/TPM plus
lifestyle modification in adolescents with obesity.”> Adolescents with obesity (mean age of 14.0+1.4 years, mean BMI
of 37.8+7.1 kg/m?) were randomized to either 1) placebo (n=56); 2) PHEN/TPM 7.5 mg/46 mg (n=54); or 3) PHEN/
TPM 15 mg/92 mg (n=113) for the study duration. The primary end point was mean percent change in BMI from
randomization to week 56.%> At week 56 (compared to baseline), based on intention-to-treat analysis, there was reduction
in BMI percentage of 10.4% in the high dose group, 8.1% in the mid dose group, and a negligible 0.2% in the placebo
group (p<0.001). There was a significant reduction in triglycerides (21%) and increase in high-density lipoprotein
cholesterol (HDL-C; 10%) compared to placebo for both treatment arms. The study reported three serious adverse
events (bile duct stone, depression, and suicidal ideation) in two participants who were both randomized to the PHEN/
TPM 15 mg/92 mg group.

Side Effect Profile and Prescribing Considerations

The FDA has classified PHEN/TPM as a Schedule IV controlled substance. Common adverse events in clinical trials of
PHEN/TPM were paresthesia, dizziness, dysgeusia, insomnia, constipation, palpitations, tachycardia, and dry mouth.
Adverse events are generally dose related and mild to moderate in severity, occurring mostly during the titration period.
There were low rates of serious adverse events reported, primarily classified as cardiac disorders. The contraindications
for PHEN/TPM are comparable to those of phentermine and topiramate individual therapies. This medication should not
be discontinued abruptly, as there is an increased risk of seizures. As with topiramate monotherapy, there is a teratogenic
risk; thus, female patients of childbearing age should be apprised of the risk of birth defects and be strongly advised to
utilize birth control.>*7

Prescribing Practices and Considerations in Pediatrics

Access

Given the increase in available obesity pharmacotherapies, their availability and cost across all cohorts and communities
must be considered.® Prescribing rates of obesity pharmacotherapies in pediatric cohorts remains under-studied. In 2021,
members from the Pediatric Obesity Weight Evaluation Registry (POWER), in the United States published data regarding
prescribing practice from 30 pediatric weight management programs.”' According to this data, in 2017, 53% of programs
offered obesity pharmacotherapy, an increase of 19% when contrasted to the prescribing rates from the same programs in
2014. Metformin was reported as the most used agent in 2014, but by 2017, topiramate had ascended to the top spot. The
largest reported increases in use over time were for topiramate and phentermine monotherapy.>'

Despite phentermine having FDA approval for the treatment of obesity in adolescents ages 16 years and older, many
insurance plans still do not cover its cost.”® As phentermine monotherapy has been available for many decades,
phentermine tends to be fairly cost effective, allowing for many families to purchase this agent out-of-pocket.
However, these out-of-pocket costs vary by country.*>*° In contrast, although topiramate does not have an FDA obesity
indication in pediatrics, many insurers will cover it, given its other 2 pediatric indications. As with phentermine and
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owing to its historical usage and availability, topiramate tends not to be cost-prohibitive for many families opting to
purchase it out-of-pocket if not covered under their insurance plan.®>*° For many payers, updates to their formularies and
changes to the policies to add new medications and indications to their plans is both complicated and time-consuming.
Although the combination product has recently obtained FDA approval, many payers have not yet included it on their
formularies. In addition, many of these new agents have high baseline costs, requiring payers to determine how best to
factor those baseline cost into their coverage analyses.”” PHEN/TPM is available in several different dose combinations,
with escalating out-of-pocket costs which vary in relation to the dose increases. Thus, many clinicians elect to prescribe
the agents separately, as a cost-saving approach.”®

As an example, in the United States, a family can purchase a 30-day supply of phentermine 15-mg tablets, for $15/
month, and a 30-day supply of topiramate, for $40/month. Whereas, a 30-day supply of the combination product, can cost
up to $300/month.”® These prices certainly vary by country, region, patient age, and insurance; however, this example
highlights the challenges to access faced by patients and their families, despite robust data regarding safety and efficacy
of these agents. Nevertheless, it must be emphasized that, among the available obesity pharmacotherapy in pediatrics,
phentermine and topiramate remain cost-effect options when compared to the newer GLP-1 agonists.

Dosing, Safety, and Monitoring

Currently, there are no universal dosing and monitoring guidelines for obesity pharmacotherapy in pediatric
populations.>' Many institutions utilize single center protocols that incorporate consistent themes with regards to dosing
and monitoring for these agents (Table 2).'® Phentermine monotherapy is available in 8 mg, 15 mg, 30 mg, and 37.5 mg
tablets or capsules. Many clinicians opt to start at lower doses of 8 or 15 mg daily and monitor response to determine
need for titration to a higher dose.'>' Monitoring frequency differs by program. Many pediatric weight management
programs will monitor blood pressure and heart rate trends over the first three months and assess BMI trajectory every
one to three months to assess efficacy.!” Topiramate is titrated up slowly over 4-8 weeks, per standard practices
outlined in pediatric neurology guidelines. Frequently, the patient is started on 25 mg nightly, increasing by 25 mg
nightly each week, until reaching a target dose of 75 to 100 mg nightly, while being serially assessed for tolerability and
efficacy.**’* Typically, a maximum dose of 200 mg daily is set for pediatric obesity treatment. While there are no
standard discontinuation rules for obesity pharmacotherapy, if the BMI continues to increase, or the patient experiences
adverse side effects, most clinicians will transition to an alternative treatment modality.?'

Discussion
Pediatric obesity is a multi-factorial, complex, chronic disease, that requires concurrent and frequently combination
treatment with lifestyle modification, obesity pharmacotherapy, and bariatric surgery.>®’ The increasing availability of
FDA-approved obesity pharmacotherapies for pediatric weight management provides clinicians with new and effective
tools to treat this complex disease. While monotherapy with either phentermine or topiramate has been available for
decades, PHEN/TPM is a once-daily, controlled-release, combination product that has a recent pediatric FDA indication,
is safe, effective, and accessible as a treatment option for youth with obesity. The efficacy data is robust when compared
to orlistat and phentermine monotherapy, the other two oral agents with FDA approval in this age group.”'® The BMI
reduction data for the combination product is only slightly inferior to the efficacy found with the GLP-1 agonists
liraglutide (mean %BMI reduction 12%) and semaglutide (mean %BMI reduction 16%).">*> Given the great hetero-
geneity of responses noted in obesity treatment, having multiple agents available allows clinicians to adopt a more
personalized, precision medicine approach to identify the agent that is best suited for the individual youth and family.
Despite growing interest in the use of these agents in pediatric cohorts, the evidence remains limited and of generally low
quality. There is an urgent need to design and conduct robust controlled trials to further investigate the safety, efficacy, and
mechanism of action(s) of these agents in pediatric populations, both as monotherapy and in combination. The lack of high-
quality evidence results in ongoing lower rates of utilization, despite additional agents obtaining pediatric FDA approval and
clinical practice guidelines recommending their use as first-line treatment.”’ This discrepancy appears to be related to the
combination of limited medical training in (pediatric) obesity management, lack of clinical comfort with prescribing these
agents, particularly in pediatrics and without satisfactory long-term safety and efficacy data, and both high costs and
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inadequate insurance coverage. Even though the efficacy and safety data of the available pharmacotherapy for obesity is
promising, clinicians still demonstrate reluctance to prescribe these agents. These obstacles must be counteracted, by
providing clinicians with suitable education regarding the efficacy data, safety of administration of these agents in pediatric
cohorts, and the current FDA indications. Clinical workflows and increased comfort in prescribing these agents must be
supported by increased advocacy to enable patients to obtain these much-needed agents at a reasonable cost and inclusive of
all payers. Insurers must then see actuarial data that buttresses the argument that earlier and more aggressive intervention (in
pediatrics) is preventative of later, devastating comorbidities (and their attendant costs to the healthcare system). Thus,
enhanced awareness, both at the policy and clinical guidelines levels, must be encouraged and leveraged to support an
equitable and accessible implementation of these agents into pediatric clinical care.
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