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Abstract

There is a growing need for treatments for patients who would benefit from further weight loss following bariatric surgery or
weight loss maintenance/long-term disease remission. Currently, therapeutic options are limited. Although largely dismissed
previously, advances in weight loss pharmacotherapy now offer the possibility of achieving clinically significant weight loss.
Historical comparisons drawn between the effects of medications vs surgery are generally inaccurate as novel classes of anti-
obesity pharmacotherapy have since been developed and moreover, reflect an outdated approach in comparing medicine with
surgery. Herein, we provide an overview of the most recently developed anti-obesity medications which may not only present a
potentially innovative approach to medical treatment of obesity but may also inspire renewed enthusiasm for investigating what

can be achieved through multimodal care.
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Introduction

Obesity is a complex, multifactorial disease a fact which is
reflected in the challenges of developing adequate treatment
options and strategies for long-term management. A wide
range of safe and effective treatment modalities are required
in order to successfully treat this disease and the growing
worldwide health epidemic it represents. Currently, the best
treatment approach with good evidence showing long-term
benefit in terms of both improved morbidity and mortality
has been bariatric surgery [1]. Although anti-obesity pharma-
cotherapy has long been available, its use remains limited as it
is perceived as costly, of limited efficacy and associated with
significant side effects. Compounding this view, drugs such as
rimonabant, sibutramine and flenfluramine have been with-
drawn from the market in the past as a result of safety concerns
while bariatric surgery has grown in popularity given the low
procedural morbidity and mortality. For many years, the only
widely available drug licensed for long-term use has been
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orlistat; however, evidence of its efficacy is limited with a
systematic review reporting the use of orlistat led to a 3%
weight loss relative to placebo [2]. The development of sev-
eral new classes of medications may present the opportunity
for a revolutionary change in the approach to the treatment of
obesity. Herein, we review the recent developments in phar-
macotherapy for weight management and discuss the rele-
vance and future implications for those involved in the provi-
sion of bariatric surgery.

Lifestyle Modification

Irrespective of the intervention—bariatric surgery, life-
style modification or anti-obesity pharmacotherapy, sig-
nificant weight loss is achievable but what remains the
real challenge is long-term weight loss maintenance.
Although there have been promising RCTs investigating
various lifestyle interventions demonstrating clinically
significant weight loss, there is no long-term data at pres-
ent to support that weight loss is maintained with a resul-
tant improvement in mortality or cardiovascular end
points. The Look AHEAD trial was the largest RCT to
date examining the effects of intensive lifestyle interven-
tion on weight loss in patients with obesity and T2DM.
Although patients in the intensive lifestyle modification
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group had a 6% weight loss at 10-year follow-up, the
primary end point of reducing the cardiovascular disease
event rate was not met and the trial stopped due to futility
after a median follow-up of 9.6 years. A systematic re-
view and meta-analysis of 11 RCTs found that in all aside
from two, at 12 months, weight loss was < 5% with no
evidence for benefit with regards to metabolic outcomes
[3]. There have been several RCTs investigating the effect
of weight loss medications using lifestyle intervention as
the control group which have demonstrated a clinically
significant weight loss > 5% with lifestyle intervention
alone. In all of these studies, the combination of pharma-
cotherapy in conjunction with lifestyle intervention pro-
duced a significantly greater weight loss.

Weight Loss Pharmacotherapy

Given the limited efficacy of currently available drugs
and the growing obesity crisis, there has been signifi-
cant research into the development of a new generation
of anti-obesity medications (AOMs). A number of novel
agents have recently undergone phase three clinical tri-
als and have demonstrated good tolerability and safety
while producing clinically significant weight loss in pa-
tients with obesity as compared with placebo (Table 1).

Table 1 Characteristics of available weight loss agents

Liraglutide

Initially prescribed for the management of type 2 diabetes
(T2DM), liraglutide is a GLP-1 analogue which has been li-
censed for use as an AOM, given as a 3 mg once daily sub-
cutaneous injection. GLP-1 analogues have both central and
peripheral action. The primary action of GLP-1 analogues and
the reason they are used in treatment of diabetes mellitus is the
inhibition of glucagon secretion, accompanied by a concom-
itant increase in insulin secretion which occurs in a glucose-
dependent manner, thereby reducing the risk of associated
hypoglycaemia [4, 5]. Additionally, liraglutide decreases the
rate of gastric emptying. Within the CNS, they are thought to
promote satiety, acting on receptors within the arcuate nucleus
in the hypothalamus and nucleus of the solitary tract [6]. GLP-
1 analogues produce powerful anti-diabetic effects as well as
play a significant role in moderating appetite and satiety, mim-
icking the early neurohormonal changes resulting in raised
GLP-1 within days of RYGB [7, 8]. In patients with a poor
GLP-1 response following RYGB or after procedures associ-
ated with a lower GLP-1 response, SG or LAGB, GLP-1
analogues may play a role in improving weight loss. The
SCALE trial was a 56-week double-blind, placebo-
controlled trial of 3731 patients 18 years or older without
T2DM and a BMI of at least 27 kg/m? given 3.0 mg
liraglutide. At the trial conclusion, 33.1% of the patients tak-
ing liraglutide vs 10.6% of the patients in the placebo group

Drug

Dosing

Mechanism of action

Expected weight loss

Common side effects

Liraglutide

Semaglutide

Phentermine/topiramate

Lorcaserin

Naltrexone/bupropion

Canagliflozin

Metformin

3 mg OD via SC injection

1 mg weekly via SC injection or

7.5 mg phentermine/46 mg
topiramate or 15/92 mg daily

10 mg BD
20 mg extended release OD

180 mg naltrexone/ 8 mg
bupropion BD

300 mg OD

Up to 2 mg daily

1GLP-1 analogue—insulin
secretion, satiety
1Gluconeogenesis, gastric emptying

1GLP-1 analogue—insulin
secretion, satiety

|Gluconeogenesis, gastric emptying

Phentermine—centrally acting
sympathomimetic

Topiramate—anti-convulsant

|Appetite via hypothalamus

5-HT),, agonist

| Appetite via hypothalamus

Naltrexone—p-opiod receptor
antagonist

Bupropion—norepinephrine and
dopamine reuptake inhibitor

|Appetite via hypothalamus

SGLT-2 inhibitor

|Renal glucose reabsorption

Biguanide

|Appetite via hypothalamus,

modulates insulin and leptin sensitivity

> 10% weight loss in 1/3 of
patients

— 4.9 kg after 104 weeks of

treatment

> 10% weight loss in 48% of
patients on high dose

> 10% weight loss in 22.6% of
patients

>10% weight loss in 28.3% of
patients

> 5% weight loss in 33% of
patients

1.1 kg weight loss—protective
against insulin-associated

weight gain

Nausea (39.3%)
Diarrhoea (21%)
Constipation (19%)
Vomiting (15%)
Nausea (24%)
Diarrhoea (11%)

Upper respiratory tract infection
(15%)

Constipation (4%)

Headache (5%)

Nasopharyngitis (16%)

Upper respiratory tract infection
(15%)

Headache (7%)

Diarrhoea (6%)

Nausea (29%)

Constipation (19%)

Headache (18%)

Insomnia (10%)

Genital mycotic infection (22%)
Urinary tract infection (8%)
Abdominal pain

Nausea

Diarrhoea
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lost > 10% of their body weight and 14% of patients lost >
15% vs 3.5% in the placebo group with an associated im-
provement in cardiovascular and metabolic outcomes [9]. A
follow-up study using the initial SCALE data found that > 4%
weight loss at 16 weeks was the strongest predictor of > 10%
weight loss at 56 weeks [10]. Furthermore, the LEADER trial
which was a double-blinded, placebo-controlled trial of 9340
patients > 50 years old with T2DM and an HbA1¢c>7% in
addition to at least one cardiovascular comorbidity and 3.8-
year median follow-up demonstrated a statistically significant
6.0% reduction in mortality secondary to cardiovascular
events as compared with placebo in patients with T2DM [11].

Semaglutide

Similar to liraglutide, semaglutide is also a GLP-1 analogue;
however, one of its potential benefits is that it is longer acting,
requiring once weekly dosing as opposed to once daily. Further
increasing its acceptability as a treatment for patients, an oral
preparation of semaglutide has recently been approved by the
FDA, unlike liraglutide which is only available in an injectable
form. In comparison with placebo, the SUSTAIN-1 trial demon-
strated a weight loss of 4.53 kg with 1.0 mg of semaglutide
(estimated treatment difference from placebo—3.5 kg) [12].
The subsequent SUSTAIN-6 trial looking at cardiovascular end
points in patients > 50 years and an HbA1¢>7% demonstrated a
statistically significant 26% lower risk of death from cardiovas-
cular causes in the semaglutide 1 mg once weekly group vs
placebo over a 2.1-year follow-up period in patients with
T2DM [13]. The results of a recent double-blinded, placebo
and active-controlled, phase two trial suggest that semaglutide
given at a dose of 0.05-0.4 mg daily may be an even more potent
agent for promoting weight loss than liraglutide [14]. The trial
involved 957 patients randomised to either placebo, 3.0 mg
liraglutide or variable doses of semaglutide. At 52 weeks, the
patients in the semaglutide groups given 0.2—0.4 mg daily expe-
rienced a significant weight loss from 11.2 to 13.8% as compared
with 7.8% in the group of patients taking liraglutide.

Phentermine/Topiramate

Phentermine promotes suppression of hunger as a centrally
acting sympathomimetic drug, part of the amphetamine class
of drugs. The second agent, topiramate, is used widely as an
anti-convulsant and is thought to promote weight loss through
reduced hunger and may affect energy balance; however, the
exact mechanisms remain unclear [15]. The combination of
phentermine/topiramate in the randomised blinded placebo-
controlled trial, CONQUER, included nearly 2500 patients be-
tween 18 and 70 years with a BMI of 27-45 kg/m? over a 56-
week period. Two different doses of phentermine/topiramate
were compared with placebo (PhT-7.5/46 mg or 15/92 mg)
with 37% of the patients on the lower dose and 48%

on the higher dose achieving > 10% weight loss as compared
with 7% in the placebo group [16]. The follow-up SEQUEL
trial was an extension of the original and followed-up partici-
pants continuing on the dose of phentermine/topiramate or pla-
cebo from the initial phase for a further 52 weeks. The trial
concluded at 108 weeks and found patients sustained a 9.3%
and 10.5% weight loss from baseline in the low- and high-dose
groups respectively as compared with 1.8% weight loss in the
placebo arm [17].

Lorcaserin

Lorcaserin is a selective 5-HT,. agonist which stimulates
proopiomelanocortin receptors (POMC) in the arcuate nu-
cleus of the hypothalamus, resulting in suppression of hun-
ger [18]. It was tested in the BLOOM and BLOSSOM
studies which investigated the use of variable doses of
lorcaserin. In the BLOOM study, 3182 patients aged 18—
65 and a BMI 30-45 kg/m* were assigned to either 10 mg
lorcaserin twice daily or placebo for 52 weeks [19]. At the
conclusion of the trial, those in the treatment arm were then
randomised either to continued lorcaserin at the same dose
or placebo. All patients had diet and exercise counselling.
At the completion of the trial, 22.6% in the lorcaserin
group vs 7.7% in the placebo group had lost more >
10% of their body weight. Of those in the lorcaserin group
who received a further 52 weeks of treatment, 67.9% of the
patients who had achieved an initial > 5% weight loss
maintained this weight loss as compared with 50.3% who
were re-randomised to placebo in year two. In the
BLOSSOM study, 4008 patients aged 18—65 with a BMI
30-45 kg/m* were assigned to variable doses of lorcaserin
(10 mg OD, 10 mg BD) as compared with placebo. At 52
weeks, significantly more patients treated with lorcaserin,
either 10 mg OD or 10 mg BD lost > 10% of their body
weight, 22.6% and 17.4%, respectively as compared with
9.7% in the placebo group [20]. A recent RCT of 12,000
patients with a BMI > 27 and established atherosclerotic
disease in women > 55 years old or men > 50 receiving
10 mg bd lorcaserin vs placebo looking primarily at car-
diovascular safety and efficacy found at 1 year, 14.6% of
the lorcaserin group had lost > 10% weight vs 4.8% in the
placebo group with a similar cardiovascular risk at 3.3-year
median follow-up [21]. Lorcaserin belongs to the same
class of drugs as fenfluramine which is no longer available
due to concerns of significant cardiovascular risks, specifi-
cally the rapid development of pulmonary hypertension and
valvular defects. Locaserin differs in that its activity is se-
lective at the 5-HT,. receptor whereas fenfluramine is pre-
dominantly a 5-HT,y, receptor agonist where it is thought to
mediate its adverse effect through stimulating increased mi-
totic activity and subsequent cell overgrowth within the
valve leaflets [22].
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Naltrexone/Bupropion

Naltrexone as monotherapy is commonly used in the treatment
of opioid addiction as its mechanism of action is primarily me-
diated by its effect as an antagonist at the p-opioid receptor.
Similarly, bupropion is also most well-known for its alternative
use as a smoking cessation aide and is a dual norepinephrine and
dopamine reuptake inhibitor. The combination is thought to work
synergistically. Buproprion acts centrally, activating POMC neu-
rons in the arcuate nucleus of the hypothalamus, resulting in -
MSH release which in turn reduces appetite. Buproprion binding
also results in activation of an auto-regulatory, negative feedback
mechanism, stimulating (3-endorphin release and suppressing
further activity of POMC neurons by binding to inhibitory opioid
receptors. Co-administration of naltrexone which is an opioid
antagonist is thought to attenuate this effect by blocking the effect
of B-endorphin at the POMC opioid receptors [23]. Given the
mechanism of action, neither drug is licensed for use as mono-
therapy for weight loss; however, a randomised, placebo-
controlled trial, COR-II, examined the combination of
naltrexone/bupropion in patients aged 18—65 years with a BMI
of 30-45 kg/m” or 27 kg/m” in those with HTN or dyslipidaemia
and found at 56 weeks 28.3% of the patients receiving
naltrexone/bupropion achieved > 10% weight loss as compared
with 5.7% taking placebo [24]. A randomised, double-blind,
placebo-controlled, non-inferiority study looking at major cardio-
vascular end points in 8910 patients aged 50 years or older in
men or 45 and over in women with increased cardiovascular risk
and a BMI 27-50 kg/m? showed an interim analysis HR of 0.59
(95% CI 0.39-90) after 25% of the major cardiac events of
interest had been accrued and 0.88 (99.7% CI 0.57-1.34) at
50%; however, the trial was terminated early after confidential
interim data was released publicly by the sponsor. A final anal-
ysis of the available data once the trial had been stopped after
64% of the end points had accrued showed a much less
favourable cardiovascular risk profile than the interim analysis
with an HR of 0.95 (99.7% CI 0.95-1.38) [25].

Canagliflozin

Although not specifically licensed for use as an AOM,
canagliflozin, an SGLT-2 inhibitor used in the treatment
of patients with T2DM has been shown in multiple studies
to produce clinically significant weight loss. SGLT-2 inhib-
itors act by decreasing renal glucose reabsorption, promot-
ing urinary excretion. A 12-week phase 2b study involving
376 patients without diabetes aged 18—65 years old and a
BMI between 27 and 50 kg/m® found that there was a
dose-dependent, statistically significant reduction in weight
compared with placebo with a least squares mean percent
change from baseline of — 2.2%, — 2.9% and — 2.7% for
canagliflozin doses of 50, 100 and 300 mg respectively as
compared with — 1.3% with placebo [26].

@ Springer

Metformin

Treatment of patients suffering from both obesity and T2DM is
inherently challenging given the most effective treatment for
regulating glycaemic control, insulin also promotes significant
weight gain. As a result, a joint guideline produced by the
Endocrine Society, the European Society of Endocrinology
and the Obesity Society recommends that in patients with
T2DM requiring insulin, a second anti-diabetic agent associated
with weight loss be prescribed to counteract the weight gain
associated with insulin [27]. Metformin is thought to promote
weight loss primarily as a result of decreased food intake me-
diated through its central effects in the hypothalamus regulating
appetite as well as modulating leptin and insulin sensitivity
[28]. Metformin is a common first-line choice given its well-
known safety profile and relative low cost with evidence from a
Cochrane Review to support its efficacy in limiting weight gain
when given in conjunction with insulin [29]. A systematic re-
view and meta-analysis found that metformin was associated
with a 1.1 kg weight loss although this was lower than other
medications given in conjunction with insulin such as GLP-1
analogues. Data from the Diabetes Prevention Programme sug-
gested that although metformin was associated with only a
modest weight loss, this effect was maintained over 10 years
whereas the more substantial initial weight loss through life-
style modification was not [30]. Evidence to support the use of
metformin in patients who do not have diabetes is lacking al-
though some small studies have suggested it can be safely used
to promote weight loss.

Pharmacotherapy for Obesity as an Adjunct
to Bariatric Surgery

A Cochrane review of 22 trials found bariatric surgery was
more effective in promoting weight loss, resulting in an im-
provement in associated comorbid conditions irrespective of
the type of surgery as compared with any non-surgical inter-
vention [31]. Moreover, the landmark Swedish Obese
Subjects (SOS) study, a 20-year prospective case-control se-
ries, demonstrated a reduction in all-cause mortality and de-
creased rates of fatal and non-fatal cardiovascular events in
patients undergoing bariatric surgery compared with matched
controls receiving usual care [1]. Despite the demonstrated
efficacy of bariatric surgery as a treatment for obesity and
related disease, there are well-recognised limitations to what
can be achieved and sustained in the long term. The introduc-
tion of the concept of using medication as an adjunct to sur-
gery allows us to identify several logical applications for phar-
macotherapy: neo-adjuvant treatment for preoperative optimi-
sation, pharmacotherapy combined with surgery to improve
overall weight loss/weight loss maintenance and finally as
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rescue therapy in patients with suboptimal weight loss or sig-
nificant weight regain.

Patients undergoing bariatric surgery are routinely
instructed to adhere to a diet and lifestyle programme preop-
eratively and may be asked to reach certain weight loss targets
which can present a significant challenge. A retrospective
analysis of patients prescribed a 4-week low-calorie diet pre-
surgery found weight loss of 8% was associated with greater
weight loss at 12 months and shorter mean hospital length of
stay [32]. The difficulty in achieving this goal however was
illustrated by the fact that nearly 37% of patients on the diet
were unable to reach the 8% weight loss threshold. This is
unsurprising given the overall reticence to prescribe AOMs
that their role in the preoperative management of patients is
rarely considered and limited evidence is available to justify
their use for this indication. Recent advances in pharmacother-
apy present a potentially beneficial application that should be
considered. There is only one controlled trial currently pub-
lished looking at the use of preoperative orlistat administration
to help patients achieve a target 10% weight loss prior to
Roux-en-Y gastric bypass (RYGB) [33]. The trial compared
the use of 60 mg orlistat up to three times daily vs placebo and
did not find that there was a statistically significant difference
between the groups at 3 months for BMI, excess weight loss
or percent excess weight loss. A second trial investigated the
use of mood stabilising medications in 75 patients giving ei-
ther fluoxetine, topiramate or a combination of the two and
found a statistically significant reduction in weight with the
use of either topiramate as monotherapy or topiramate co-
administered with fluoxetine after six months [34]. Although
no longer licensed for use, a trial investigating the use of
sibutramine to aid preoperative weight loss prior to RYGB
in 20 patients found a mean weight loss of 4.6 kg over six
weeks compared with the group given dietary advice alone
who gained a mean of 7.0 kg [35]. A recently completed phase
two trial investigated the use of extended release phentermine/
topiramate in patients undergoing sleeve gastrectomy (SG).
The study involved 13 patients with a BMI > 50 kg/m? who
were given phentermine/topiramate for at least 3 months pre-
operatively and continued in the postoperative period for a
further 2 years. In comparison with matched controls under-
going SG but given no additional weight loss medications,
those in the treatment arm had an 11.2% greater weight loss
at 2 years and a mean BMI of 33 kg/m* compared with 42 kg/
m? in the control group [36].

Long-term weight regain or weight loss plateau in patients
undergoing bariatric surgery is well recognised in a significant
proportion of patients, the reasons for which are complex and
multifactorial. Although the definition of ‘significant’ weight
regain varies from study to study, it is crucial to look beyond
the simple numbers to recognise whether it is weight regain
associated with the reappearance or new development of
obesity-related comorbidity. Despite this heterogeneity in

terms of quantifying weight regain, a recent meta-analysis of
patients undergoing RYGB reported that weight regain when
measured as a percentage of maximum weight lost was the
most closely correlated with clinical outcomes including pro-
gression of diabetes, hypertension and dyslipidaemia which
may serve as a guide for future studies [37]. At present, treat-
ment options are limited, including revisional bariatric surgery
which is infrequently considered as it is associated with higher
complication rates when performed out-with centres with sig-
nificant experience [38]. What remains to be established is the
role of ‘rescue’ pharmacotherapy in patients who have already
undergone bariatric surgery and have experienced weight re-
gain with associated recurrence of comorbidity. Research thus
far has for the most part been limited to retrospective studies
or very small prospective studies using a wide variety of
agents. The largest study to date comes from Stanford et al.
in 2017 which was a retrospective, multicentre review of 319
patients [39]. They included patients following RYGB or SG
receiving any form of weight loss pharmacotherapy (15 agents
in total evaluated) following inadequate weight loss or weight
regain at least 1 year after surgery. More than 50% of patients
achieved a clinically significant weight loss of > 5% of total
weight. Topiramate was the only agent shown to result in a
statistically significant weight loss with patients twice as like-
ly to lose > 10%. Positive predictive factors identified for
weight loss included patients undergoing RYGB vs SG,
higher BMI preoperatively and a history of psychiatric comor-
bidity. Similarly, another retrospective study of 209 patients
following bariatric surgery using four different agents (phen-
termine, phentermine/topiramate, locaserin and naltrexone/
bupropion) was carried out by Nor-Hanipah et al. in patients
who had experienced suboptimal weight loss or weight regain
[40]. Overall, 37% of patients lost > 5% of their total weight
after 1 year of medical treatment. There was a statistically
significant difference in weight loss observed between opera-
tive procedures with patients undergoing RYGB and adjust-
able gastric banding (AGB) losing 2.8% and 4.6% respective-
ly vs 0.3% in patients undergoing SG. The authors also found
patients with a higher BMI at the initiation of medical treat-
ment had a significantly greater amount of total weight lost at
1 year. A recent prospective study investigating the use of
3 mg liraglutide in 2092 patients with obesity, 188 of whom
had already undergone bariatric surgery, found that in those
completing > 16 weeks of treatment, 23% lost > 10% of their
weight from baseline and there was no observed difference
between the groups who were postmetabolic surgery and
those managed with medications alone [41].

The availability of prospective trials investigating the use
of rescue pharmacotherapy following bariatric surgery is lim-
ited with only four published studies to date, only one of
which included a control arm and all involved very small
numbers of patients. The agents used in each study were dif-
ferent and one included fenfluramine which has since been
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withdrawn. It is difficult to draw conclusions from these stud-
ies due to their significant limitations. The larger retrospective
studies while unable to necessarily account for the indication
for prescribing AOMs in the postoperative period would sug-
gest that these medications are well tolerated with only mild-
moderate GI side effects, warranting the development of larg-
er RCTs to investigate their potential for use in the wider
population [42-52].

Although there is limited evidence for lifestyle intervention
as a method for long-term weight loss in its own right, it
remains an important component in the overall management
of obesity. AOMs work via several distinct pathways; howev-
er, they are most effective in conjunction with lifestyle mod-
ification involving decreased caloric intake. These changes
are difficult to maintain in the long term; however, in conjunc-
tion with bariatric surgery, we may see a more sustained re-
duction in intake and improved efficacy. As highlighted by an
earlier review looking at anti-obesity pharmacotherapy, even
in patients who have undergone surgery, nearly 25% have
difficulty adhering to postoperative nutritional guidelines;
however, the addition of appetite suppressing medications
may prove to be beneficial [53].

Initiating and Stopping Pharmacological Treatment

It is essential prior to considering the addition of weight loss
pharmacotherapy following bariatric surgery that there is a
thorough MDT evaluation whereby any surgical, medical or
lifestyle/behavioural causes for poor weight loss or regain are
identified. In the absence of any modifiable factors, AOMs
should be considered. Given the relative novelty of most of
the newly developed AOMs and longstanding low prescribing
rates within primary care, it is worth considering whether
these medications should be initiated by the MDT with the
primary care physician to monitor ongoing use. There is a
significant amount of debate regarding the timing of treatment
and indication, i.e. should the clinician prescribe for primary
poor weight loss, weight loss plateau or weight regain.
Moreover, the indications for bariatric surgery are gradually
widening in recognition that BMI/weight alone is a poor
proxy indicator for the severity of the disease process and
the profound metabolic changes as a result of obesity. In light
of this, clinicians should be perhaps even more concerned by
the reappearance or persistence of the secondary effects of
obesity such as diabetes and should consider this as a further
indication to prescribe AOMs. Given the relative lack of high-
quality data investigating the use of AOMs in the postopera-
tive period, there is no clear consensus; however, it has been
observed in one of the larger retrospective studies that patients
appeared to have a better response in the context of weight
loss plateau rather than when treatment was initiated for
weight regain [39].

@ Springer

A trial period of 3 to 4 months is essential in determin-
ing if a patient is likely to experience a clinically signifi-
cant weight loss at 1 year. A lack of response in the early
phase of treatment should prompt the clinician to consider
discontinuing the medication to reduce the risk of
experiencing unnecessary side effects given the low like-
lihood of weight loss. In the USA and Europe, newly
approved AOMs are usually accompanied by ‘stopping
rules’ provided by the FDA and EMA to help clinicians
identify those who are most likely to achieve a weight loss
of > 5% within 1 year. There is some variability between
drugs; however, the general guideline is that a weight loss
of < 5% after 12 weeks of treatment on full-dose should
be an indication for stopping treatment. These stopping
rules are supported by data demonstrating early weight loss
with any medical intervention albeit lifestyle or pharmacother-
apy is a strong predictor of long-term outcomes [54-56]. The
finding that patients in most studies can be classified as re-
sponders or non-responders after a relatively short period on a
given medication raises the question whether a patient who
does not respond to one class of drug can be universally con-
sidered a ‘non-responder’ or whether a trial of another medica-
tion acting via a different pathway may be beneficial. These
novel agents work via distinct pathways and the development
of an individualised approach based on neuroendocrine/
hormone profiles may be on the horizon. Central to our under-
standing of the mechanisms which may contribute to the devel-
opment obesity and the effects of bariatric surgery is the recog-
nition and understanding of the complex neurohormonal path-
ways involved. The identification of a number of target path-
ways which appear to be implicated in obesity but vary from
patient to patient such as GLP-1 and PYY introduces the pos-
sibility of developing an individualised approach in terms of
delivering pharmacotherapy. Identifying patients who may be
deficient or resistant to the effects of certain hormones may
allow for a targeted, personalised treatment which we may see
developed in the future.

Discussion

Although bariatric surgery remains the most effective treat-
ment for obesity, it is evident that there are still limitations to
what can be achieved and significant improvements to be
made with regards to long-term management. The increasing
recognition of the possibility of using pharmacotherapy to
improve or maintain weight loss presents a potential new di-
rection in obesity care. Understandably, given the concerns
regarding the safety and efficacy of previously available
AOMs, it is not surprising that there is widespread reluctance
amongst primary and secondary care physicians to prescribe
these medications. In spite of this, it should be appreciated that
the newly developed agents show promise for use either as
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monotherapy or in conjunction with surgery, prompting clini-
cians to rethink their role in the management of patients suf-
fering from obesity. The majority of the current trials looking
at these newer agents are not used in the context of bariatric
surgery; however, as monotherapy, achieving a clinically sig-
nificant 10% reduction in weight has been demonstrated in
responders. It is worth noting that a significant proportion of
patients will be classified as non-responders and this may be a
contributory factor in the relative slow uptake of these medi-
cations in comparison with those for other chronic illnesses.
As a result of this observation in a subset of patients, guidance
on AOM prescribing is accompanied by stopping rules based
on percentage weight loss to prevent ongoing treatment in
patients who will not benefit from ongoing treatment.
Critically, studies investigating the secondary effects of
AOMs have shown benefit in terms of improving cardiovas-
cular risk factors including blood pressure and triglyceride
levels and promisingly, trials involving liraglutide have dem-
onstrated a long-term reduction in cardiovascular mortality in
patients with T2DM. Although newly used for weight loss,
several medications including topiramate, naltrexone and
bupropion have been used previously for other indications
with well-studied side effect profiles. A recent systematic re-
view of these agents, including orlistat, found that the main
side effects tended to be gastrointestinal disturbances with an
overall withdrawal rate of 10% due to adverse effects, the
exception being naltrexone/bupropion which was significant-
ly higher at 24.5% [57].

In spite of the advantages associated with surgical treat-
ment of patients with obesity in terms of efficacy and safety
as well as the recent promising developments in pharmaco-
therapy, access to appropriate care remains problematic.
Antiquated attitudes pertaining to the understanding of obesity
as a disease, recognition of the need for treatment and the
perceived efficacy of available therapies continue to restrict
patients receiving adequate care. This is evidenced in terms of
numbers of bariatric procedures performed as well as prescrib-
ing patterns for weight loss medication. Despite the increasing
prevalence of obesity and related burden of disease, the num-
ber of bariatric procedures performed in the UK has paradox-
ically fallen in recent years. In 2016/2017, there were a total of
6760 bariatric procedures recorded, down 23% from a peak in
2011/2012. Tt is estimated that less than 1% of patients who
would qualify and benefit from bariatric surgery receive any
treatment [58]. The prescribing of medications for the treat-
ment of obesity in England has seen an even sharper decline,
down 82% from a peak of 1.45 million items in 2009 to
450,000 in 2016 [59]. In the USA where there are a number
of AOMs available, prescribing is on the rise with regard to
agents indicated for short-term use but those for prolonged use
have fallen markedly [60]. Further evidence of the general
reluctance to prescribe AOMs was demonstrated by a study
comparing prescribing patterns of AOMs vs anti-diabetes

medications which found that only 2% of American patients
with obesity were prescribed AOMs in contrast to 86% of
those with T2DM, a disease predominantly affecting those
with obesity [61]. A SGLT-2 inhibitor introduced at a similar
time to a new weight loss medication showed a nearly expo-
nential adoption rate in comparison with the linear uptake for
the AOM, suggesting reluctance by general practitioners to
prescribe AOMs in contrast to anti-diabetic medications.
Given the inextricable link between T2DM and obesity, this
clearly presents a missed opportunity to recognise the poten-
tial to treat obesity as a significant contributory factor in the
development of T2DM and reduce the long-term effects of
poor disease control. Shifting the focus beyond traditional
end points such as glucose, BP and lipids and including active
weight control represents a possible additional treatment target
in the management of T2DM. Interestingly, an anecdotal ob-
servation from the same study found a cyclical prescribing
pattern with respect to AOMs, describing a low in December
followed by a dramatic increase in prescribing in January each
year. This trend may suggest that prescribing is possibly large-
ly patient driven and moreover may be motivated by a desire
to lose weight for reasons other than health improvement.
Increasing use and prescribing of AOMs is a challenge as it
requires moving beyond long-held perceptions of being an
unsafe and inefficacious in the treatment for obesity.
Moreover, in order to use AOMs to the greatest possible ben-
efit to patients, we must consider their role in addition to
surgery which would require a reconsideration of the current
approach to managing patients with obesity [62]. The current
view of adopting a stepwise approach to the management of
obesity is problematic. Patients are offered one treatment mo-
dality, i.e. lifestyle modification/pharmacotherapy followed
by bariatric surgery in the face of apparent treatment failure
with previous interventions often being discontinued. The
widely accepted dogma that obesity should be treated with
either medical or surgical intervention alone rather than a mul-
timodal approach is reflected not only in clinical practice but
the majority of the current research as well. Furthermore, bar-
iatric surgery is often seen as the final treatment option in this
pathway and that no further therapeutic options are available
following weight regain or recurrence of comorbidity which
occurs in a significant proportion of patients in the postoper-
ative period. Rather than accepting weight regain as an inev-
itability, we must consider moving to a multidisciplinary,
long-term approach to treating obesity as a disease whereby
patients are offered both a surgical and medical intervention if
required in order to facilitate weight loss, improving associat-
ed morbidity and mortality. Parallels can be drawn between
bariatric surgery and other domains such as the treatment of
breast cancer where multimodal therapy is the standard of care
with surgery forming just one element in the overall approach
to management. Similarly, in the treatment of other complex
multisystem diseases such as peripheral vascular disease, joint
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surgical and medical treatment is universally recognised as a
requirement to improve long-term outcomes, i.e. anti-platelet
medications are routinely given to help maintain graft patency
in the postoperative period. While evidence for the use of
adjuvant or rescue pharmacotherapy in the context of bariatric
surgery is not yet available, further research is warranted given
the promising results and demonstrated safety/tolerability thus
far using novel agents as monotherapy for weight loss and
control of comorbidities. There is good evidence that these
newer agents do result in a clinically significant weight loss
with acceptable side effect profiles; however, in order to in-
crease their use in the treatment of obesity, further trials are
required. What can be drawn from previous trials comparing
the use of pharmacotherapy vs bariatric surgery is limited
given the AOMs now come from a variety of new classes
and cannot be compared with historically available agents.
Moreover, the shifting attitude towards the adoption of a mul-
timodal treatment approach should be reflected in the direc-
tion of research with a move away from a direct comparison of
medicine vs surgery to investigate what can be achieved using
medicine as an adjunct to surgery. In order to achieve the
greatest effect of a combinational approach, further research
investigating the timing of initiating medical therapy in con-
junction with surgery is required. Bariatric surgery is associ-
ated with changes in the absorption of some drugs [63, 64].
While pharmacokinetic studies of weight loss medications
after bariatric surgery have not been done, changes in drug
absorption could result in decreased efficacy and differing
patterns of weight loss in comparison with non-operated pa-
tients. In addition to the newer agents currently available and
those in development, there is also the possibility of offering
patients individualised AOMs based on neurohormonal pro-
files delivering targeted therapy to optimise weight loss and
minimise unnecessary side effects, thereby providing preci-
sion treatment. Furthermore, we may in the future consider
the use of multiple agents for weight loss, targeting several
different pathways as our understanding of the multifactorial
causes of obesity improve, just as we have seen in diabetes
where glycaemic control is optimised through a combinational
approach to pharmacotherapy.

The recent developments in pharmacotherapy offer
the possibility of rethinking our approach to the treat-
ment of obesity as a disease requiring lifelong manage-
ment strategies. Patients suffering from obesity are fre-
quently undertreated for this disease; however, the use
of AOMs opens up the possibility of a number of new
treatment targets. Although it may be proven in the long
term to be highly effective as monotherapy for some
patients, given the evolution in thought towards treating
obesity as a chronic disease, we must also consider that
rather than seeing pharmacotherapy as a replacement for
surgery, it may be seen in a complimentary role to im-
prove or enhance what can be achieved with surgery.
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