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Abstract

Naltrexone/bupropion extended release (ER), a new drug for the management of obesity, will be avail-
able in Greece soon. The potential of the drug to reduce body weight is related to its ability to stim-
ulate pro-opiomelanocortin (POMC) neurons. A number of clinical studies have shown that naltrex-
one/bupropion ER administration is associated with a decrease in body weight by 3.2-5.2% compared
with placebo, while approximately half of treated patients experience a greater than 5% decrease in

body weight. In diabetic patients a decrease of glycated hemoglobin by approximately 0.5% was also

noticed. The most common adverse effects of the drug include nausea, vomiting and headache. Due

to potential interactions with a number of drugs, special attention should be given in patients receiv-

ing concomitant medications.
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Introduction

The number of people who are considered over-
weight or obese is climbing.! Many factors contribute
to obesity, such as dietary intake, inadequate exercise
or sedentary lifestyles, various medical/metabolic
conditions, or medications. Thus treatment of obesity
needs a multifactorial approach. Obese patients usu-
ally have difficulties losing weight with diet alone and
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maintaining their weight loss in the long term. Phar-
macotherapy with antiobesity drugs assists to achieve
greater weight loss and maintenance compared with
diet alone.? However, in the recent past antiobesity
drugs such as sibutramine and rimonabant, despite
their beneficial effects on weight loss and associated
cardiovascular risk factors, were withdrawn due to
cardiovascular adverse effects and increased risk of
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Drug combination results in a profound increase in POMK activity leading to substantial weight loss

Figure 1. Mechanism of action of naltrexone/bupropion.

a-MSH: A melanocyte stimulating hormone. MC4-R: Melanocortin-4 receptors. POMC neurons: Pro-opiomelanocortin neurons

MOP-R: p-opioid receptors

suicide, respectively.>® Until recently, orlistat, an in-
testinal lipase inhibitor, was the only antiobesity drug
available.”™ Nowadays, a number of newer genera-
tion antiobesity drugs have been developed, such
as naltrexone/bupropion combination, liraglutide,
lorcaserin, and phentermine/topiramate combina-
tion.? Naltrexone/bupropion Extended Release (ER)
combination will be available soon in Greece.">" It is
a combination of naltrexone and bupropion, which
have been previously used for other indications. Thus,
bupropion (a dopamine and norepinephrine reuptake
inhibitor) is used as antidepressant and smoking ces-
sation agent, while naltrexone (an opioid receptor an-
tagonist) has been used for the management of alco-
hol and opioid dependence.””" The aim of this short
review is to describe the mechanisms of action, the
effects on body weight and cardiovascular risk factors
and the adverse effects of naltrexone/bupropion ER
combination.
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Mechanism of action

Bupropion can stimulate the hypothalamic pro-opi-
omelanocortin (POMC)-producing neurons resulting
in the release of a-melanocyte stimulating hormone
(a-MSH), which then binds to melanocortin-4 recep-
tor (MC4R) leading to reduced energy intake but also
to increased energy expenditure.” However, when
a-MSH is released, POMK neurons also release p-en-
dorphin, which is an endogenous agonist of the p-opi-
od receptors on POMK neurons, resulting in a reduc-
tion of a-MSH release (negative feedback loop). The
simultaneous administration of naltrexone can block
this inhibitory feedback loop'™, thus a more potent
and longer-lasting activation of POMK neurons is ob-
served leading to a greater effect on body weight regu-
lation (synergistic action of the two drugs) (Figure 1).”

Pharmacokinetic properties of the drug
The pharmacokinetic data of the drug are sum-
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Table 1. Pharmacokinetic profile of naltrexone/bupropion extended release

Absorption (>90%) in the gastrointestinal tract

Increased blood levels with a high-fat meal are observed (the drug should not be administered with high fat meals)

Protein binding: naltrexone 21% /bupropion 84 %

The half-life of naltrexone is 5h and its active metabolite 6-Beta-naltrexone 13h, while the half -life of bupropion is 21 hours,

and its active metabolites 20-37 hours.

Naltrexone: undergoes extensive metabolism by non-cytochrome-mediated dehydrogenase; the main metabolite (6-Peta-
naltrexone) contributes to the total drug activity. The drug and its metabolites undergo renal excretion.

Bupropion: undergoes extensive metabolism to three active metabolites; the cytochrome 2B6 is the main enzyme involved in
the production of hydroxybupropion. Furthermore, bupropion is also a strong CYP2D6 inhibitor. The drug is also excreted

by the kidneys and the feces.

marized in table 1. The pharmacokinetics of this
drug are not affected by age and sex. Since there
are limited data in elderly patients careful admin-
istration is suggested in patients > 65 years of age,
while the drug should not be given in patients
> 75 years who are more sensitive to the central
nervous system adverse effects. Pharmacokinetic
studies in patients with renal or hepatic failure are
lacking. Thus, in the EU, the drug is contraindi-
cated in patients with end-stage renal failure, in
those with severe renal or liver impairment and is
not recommended in patients with moderate renal
disease or mild/moderate hepatic disease. How-
ever, according to the manufacturer recommenda-
tions, 1 tablet in the morning and evening can be
administered in patients with moderate renal im-
pairment, while 1 tablet in the morning is suggest-
ed in patients with liver impairment. Furthermore,
the drug is contraindicated during pregnancy or
in nursing mothers or in patients younger than 18
years of age.?*?!

Effects of the drug in clinical trials

A number of clinical trials (table 2) have clearly
shown that long-term treatment (56 weeks) with
naltrexone/buproprion ER (32/360mg/d) re-
duced body weight by 3.2-5.2% compared with
placebo in obese or overweight adults; thus signif-

icantly more drug-treated patients experienced a
>5% decrease in body weight compared with pla-
cebo-treated patients (44.5%-66.4% vs. 16%-18.9%,
respectively).?% No significant by group interac-
tions for sex, ethnicity baseline body mass index
(BMI), hypertension, dyslipidemia, or smoking
status were noticed in these trials. A pooled anal-
ysis of the 4 phase III trials (1=3,362) showed that
naltrexone/bupropion ER decreased body weight
by 4.7% compared with placebo, while over half of
the treated patients experienced a greater than 5%
decrease in body weight at week 56 (53 % vs. 21 %).%
Interestingly, patients with an early response (a
decrease in body weight >5% at week 16) exhibited
an additional decrease in body weight (by 11.7%
at week 56) compared with patients without such
a response.”

Drug treatment is associated with a significant
decrease in waist circumference, insulin levels and
homeostasis model assessment of insulin resistance
(HOMA) index.?® In COR-1 and II trials a signifi-
cant reduction in high-sensitivity C-reactive protein
(hsCRP) by 12.3% and 20.5% was observed. How-
ever, no significant changes in hsCRP was found in
the other trials of naltrexone/buproprion ER. Small
favorable change in serum lipid parameters have
been also noticed (an increase in high-density lipo-
protein cholesterol by 3-5mg/dl and a decrease of
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Table 2. Key Phase III Trials of naltrexone/bupropion extended release
NUMBER OF PATIENTS BODY REDUCTION (NB32) MAIN SIDE
TRIAL PATIENTS (TREATMENT FROM BASELINE EFFECTS IN DRUG
DURATION) (vs PLACEBO) GROUP
Obese or overweight
COR-I 1,742 patients with dyslipidemia -6.1% (vs. -1.3%) Nausea (32%)
or controlled hypertension
(56 weeks)
Obese or overweight Nausea (29.2%)
COR-II 1,49 patients with dyshplderpla 6.4% (v5. -12%) 1 episode of seizures
or controlled hypertension 1 acute myocardial
(56 weeks) infarction
Kty Nause 0419
COR-BMOD 793 P ysupiaer -9.3% (vs. -5.1%) 2 episodes of
or controlled hypertension cholecvstitis
(56 weeks) ¥
Type 2 diabetes mellitus
COR- with BMI 27-45kg / m?, -5% (vs.-1.8%)
DIABETES 505 HBA,_7-10% and fasting (a decrease in HBA1cby 0.5% Nausea (42.3%)
blood glucose <270mg/ dl was also shown)
(56 weeks)

NB32: 32mg of naltrexone /360mg of bupropion
BMI: body mass index
HBA, : glycated hemoglobin

triglycerides by 11-15mg/dl and low-density lipo-
protein cholesterol by 1-4mg/dl).?%

Interestingly, in the COR-Diabetes trial a sig-
nificant decrease in glycated hemoglobin (HbA )
by 0.5% compared with placebo was observed
in patients received naltrexone/bupropion ER,
resulting in the achievement of HbA < 7% in a
significant greater proportion of treated patients
compared with placebo (44.1% vs. 26.3%).” The
decrease in HbA . correlated significantly with
the decrease in body weight (¥=0.509). Further-
more, fewer diabetic patients receiving naltrex-
one/bupropion ER required modifications of the
antidiabetic drugs to achieve HbAlc < 7% com-
pared with placebo treated patients (22.3% vs.
35.2%).%

A pooled analysis of patient-level data from
four randomized controlled Phase 3 studies of na-
ltrexone/bupropion ER (n= 3362) evaluated the
changes at 56 weeks in quality of life, measured
by the Impact of Weight on Quality of Life-Lite
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(IWQOL-Lite) questionnaire.” The total Improve-
ments in IWNQOL-Lite Total Score were greater in
subjects treated with naltrexone/bupropion ER
compared with placebo [11.9 points, standard er-
ror (SE) 0.3 vs. 8.2 points, SE 0.3, p < 0.001], corre-
sponding to weight loss of 7.0% (SE 0.2) and 2.3%
(SE 0.2), respectively. The improvement in qual-
ity of life was associated with weight loss since
subjects who lost > 15% of their baseline body
weight experienced the greatest improvement in
IWQOL-Lite Total Score in both groups. A greater
percentage of patients treated with naltrexone/
bupropion ER compared with placebo achieved
clinically meaningful improvements in IWQOL-
Lite Total Score (50% wvs. 32.3%, odds ratio 2.09,
95% confidence interval 1.79-2.44).%

Principles of drug administration

The drug is available in extended-release tablets
containing 8mg naltrexone HCL and 90mg bupropi-
on HCI, which should be taken in the morning and
evening. A careful dose titration is recommended
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bupropion extended release

Table 3. Drugs metabolized by the CYP2D6 with increased possibility of interaction with naltrexone/

Selective Serotonin Reuptake Inhibitors

Tricyclic antidepressants

Antipsychotics (haloperidol, risperidone, thioridazine)
B-blockers (metoprolol)

Antiarrythmic drugs (type IC) [propafenone/flecainide]

within 4 weeks to avoid nausea. Thus, one tablet in
the morning for week 1 is followed by one tablet
twice for week 2, two tablet in the morning and 1 in
the evening for week 3 and two tablets twice daily
for week 4 and onward. However, if 16 weeks after
drug initiation a decrease in body weight > 5% has
not been achieved, drug treatment should be dis-
continued.®* According to the EU label, annual re-
assessment of the need of continuation of treatment
is necessary.'6?%

Side effects and drug interactions

The most common side effect of the drug is nau-
sea (observed in up to 32.5% of patients in clinical
trials). Nausea is usually observed at the initiation
of therapy, is transient and has mild to moderate
intensity.®® Metformin-treated patients are more
sensitive to experience nausea in clinical trials. Oth-
er common side effects include vomiting and head-
ache (up to 10.7% and 17.6%, respectively). Other
side effects are constipation or diarrhea, dizziness,
insomnia, anxiety, hot flush, dry mouth, fatigue,
tinnitus and tremor.?*

A randomized controlled trial which assessed
the cardiovascular safety of the drug was unfor-
tunately terminated early.*® However, in this high
risk overweight/obese patients no evidence of an
increased cardiovascular morbidity or mortality
was noticed after 50% of the planned events was
recorded. It should be mentioned that a small in-
crease in systolic and diastolic blood pressure by
approximately 1mmHg was found, which was
decreased to baseline values by week 12 and then
decreased by 1mmHg by weeks 24-56 compared

with baseline. At the same time a weight loss-in-
duced decrease in BP by 2-3mmHg was observed
in the placebo group®. Furthermore, in the COR
trials an increase in SBP by 1.1 to 2.6mmHg was
noticed compared with placebo, while heart rate
also increased with naltrexone/bupropion (+0.8 to
1.1 beats/min). Thus, the drug is contraindicated
in patients with uncontrolled hypertension; blood
pressure and pulse rate should be measured during
treatment at regular intervals especially in hyper-
tensive patients.?**** The drug is also contraindicat-
ed in patients with a history of seizures, since bu-
propion has been previously related with seizures.
Concurrent administration of drugs that lower the
threshold of seizures, such as antidepressants, an-
tipsychotics, systemic corticosteroids and theophyl-
line should be carefully assessed.?®?** The drug is
contraindicated in patients receiving monoamine
oxidase inhibitors (MAQi) (due to an increased risk
of hypertensive reactions) or long-term opioid anal-
getics. Additionally, the drug is contraindicated in
patients receiving opioid agonists or partial agonist
therapy (including antitussives and antidiarrheal
medication) or undergoing opioid analgesics with-
drawal. It has been emphasized that MAOi should
be discontinued for at least 14 days before naltrex-
one/bupropion initiation. Furthermore, after drug
discontinuation the patients are sensitive to even
small doses of opioids.*

The bupropion and its active metabolite can in-
hibit CYP2D6 and thus can increase the concen-
tration of certain drugs (table 3). Thus, in patients
treated with naltrexone/bupropion ER the lowest
dose of drugs metabolized by the CYP2D6 should
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be administered at the initiation of treatment and
a careful titration of the dose should be attempted.
Furthermore, careful monitoring is advised in pa-
tients receiving drugs that are transported by the
renal organic cation transporters 2(OCT-2), such as
amantadine, dopamine, metformin and ranitidine.
Bupropion and its metabolite are inhibitors of this
transporter leading to decreased renal clearance
and increased concentrations of drugs transport-
ed by the renal OCT-2.2?' On the other hand, since
bupropion is primarily metabolized by CYP2B6,
inhibitors, such as ticlopidine or clopidogrel, can
increase the concentrations of bupropion. In such
cases, accordingly to the USA label the dose of the
drug should be reduced to one tablet twice daily.
It should be acknowledged that CYP2B6 inducers
(ritonavir, lopinavir, efavirenz) can decrease bu-
propion levels and thus should be avoided or used
with caution. Since in diabetic patients a decrease in
blood glucose levels is observed, careful monitoring
of insulin and oral antidiabetic drugs is indicated to
avoid the risk of hypoglycemia and seizures. Final-
ly, since decreased alcohol tolerance and even neu-
ropsychiatric adverse effects have been observed in
patients consuming alcohol beverages during drug
administration, alcohol drinking is contraindicated.
Naltrexone/bupropion ER should not be given in
individuals undergoing abrupt discontinuation of
alcohol, benzodiazepines, barbiturates or antiepi-
leptic drugs.

Naltrexone has been used for the treatment of
alcohol dependence; thus, the use of naltrexone/
bupropion may be particularly useful in obese pa-
tients who also consume large amounts of alcohol.®
Moreover, in two open-label studies complete to-
bacco abstinence with naltrexone/bupropion ER
was reported in a considerable proportion of smok-
ers (30-40%), along with minimization of the tobac-
co abstinence-associated weight gain.**’

It should be mentioned that in clinical trials the
incidence of suicidality was not different between
naltrexone/bupropion and placebo treated pa-
tients. However, both FDA and EMA have provid-
ed box warnings concerning the risk of neuropsy-
chiatric reactions, including suicidal thoughts and
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behaviors in patients treated with bupropion. On
the other hand, an open-label pilot study showed
that the drug can improve depressive symptoms in
obese patients with major depressive disorders.*

Discussion

The use of antiobesity drugs offers a considerable
weight loss in addition to dietary treatment. Na-
Itrexone/bupropion ER assists obese patients to
achieve greater weight loss compared with place-
bo and to maintain this loss at least for two years
as placebo-controlled trials have shown.*” Weight
loss is associated with improvement of cardiovas-
cular risk factors and possibly of cardiovascular
events.”’ In this context, naltrexone/bupropion ER
may be beneficial in terms of cardiovascular risk,
but data specifically examining this matter are
not currently available since the relevant trial has
been terminated early. It should be mentioned that
data assessing the effects on cardiovascular events
of the other currently available antiobesity drugs
are also missing. Another concern is the effects of
centrally-acting antiobesity drugs on the mood
and suicidality. Although placebo-controlled tri-
als have not shown an increased risk of suicidality
with naltrexone/bupropion ER, the drug should
be used with caution in patients with symptoms
or history of depression. Placebo-controlled tri-
als have shown that naltrexone/bupropion ER is
generally safe if it is avoided in patients with un-
controlled hypertension, a history of seizures or
receiving certain medications, such as MAOi or
long-term opioid analgetics.?*** If these precau-
tions are followed, naltrexone/bupropion ER may
be a very useful drug for obese patients, especially
those with diabetes mellitus.

Conclusions

The careful administration of naltrexone/bupropi-
on ER could be a particular useful therapy for the
management of obese patients, including patients
with diabetes mellitus.
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