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ABSTRACT

BACKGROUND: The rising prevalence and 
associated public health burden of obesity 
has led to advancements in pharmaceuti-
cals for weight management. Semaglutide 
2.4 mg, an anti-obesity medication (AOM) 
recently approved by the US Food and Drug 
Administration, has demonstrated clinically 
relevant weight loss in its phase 3 clinical 
trials. Economic evaluation comparing sema-
glutide 2.4 mg with other available weight 
management therapies is essential to inform 
payers for decision-making.

OBJECTIVES: To assess the cost-effectiveness 
of semaglutide 2.4 mg in the treatment of 
adult patients with obesity (ie, body mass 
index [BMI] ≥ 30) and adult patients who are 

overweight (ie, BMI 27-29.9) with 1 or more 
weight-related comorbidities from a US third-
party payer perspective.

METHODS: A cohort Markov model was con-
structed to compare semaglutide 2.4 mg with 
the following comparators: no treatment, 
diet and exercise (D&E), and 3 branded AOMs 
(liraglutide 3 mg, phentermine-topiramate, 
and naltrexone-bupropion). All AOMs, includ-
ing semaglutide 2.4 mg, were assumed to be 
taken in conjunction with D&E. Changes in 
BMI, blood pressure, cholesterol level, expe-
rience of acute and chronic obesity-related 
complications, costs, and quality-adjusted 
life years (QALYs) were simulated over 30 
years based on pivotal trials of the AOMs and 
other relevant literature. Drug and health 
care prices reflect 2021 standardized values. 

Cost-effectiveness was examined with a will-
ingness-to-pay (WTP) threshold of $150,000 
per QALY gained. Sensitivity analyses were 
conducted to test the robustness of the cost-
effectiveness results to plausible variation in 
model inputs. 

RESULTS: In the base-case analysis, treat-
ment with semaglutide 2.4 mg was estimated 
to improve QALYs by 0.138 to 0.925 and 
incur higher costs by $3,254 to $25,086 
over the 30-year time horizon vs compara-
tors. Semaglutide 2.4 mg is cost-effective 
against all comparators at the prespecified 
WTP threshold, with the incremental cost 
per QALY gained ranging from $23,556 to 
$144,296 per QALY gained. In the sensitivity 
analysis, extended maximum treatment dura-
tion, types of subsequent treatment following 

Plain language summary

Having obesity can be expensive given 
the high risk of many related health 
conditions. Semaglutide 2.4 mg is a new 
medication for obesity that resulted in 
more weight loss in clinical trials than 
other approved obesity medications. 
This study found that semaglutide 2.4 
mg was a cost-effective treatment. 

Implications for  
managed care pharmacy

Given the rising prevalence and profound 
economic burden associated with obesity 
and the evolving landscape of treatment 
options for weight management, 
comprehensive economic evaluations 
are crucial to inform decision-making 
for payers. Under a willingness-to-pay 
threshold of $150,000, semaglutide 2.4 
mg was estimated to be cost-effective 
compared with no treatment, diet and 
exercise, and anti-obesity medications 
over a 30-year horizon. This finding may 
support coverage and reimbursement 
decisions for patients with obesity 
or overweight and weight-related 
comorbidities.
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Obesity (body mass index [BMI] ≥ 30 [calculated as weight 
in kilograms divided by the square of height in meters]) and 
overweight (BMI 25-29.9) raise considerable public health 
concerns of global significance given their high prevalence 
and disease burden.1,2 Obesity and overweight are signifi-
cantly associated with incidence of a wide spectrum of 
health conditions (eg, type 2 diabetes [T2D], gallbladder dis-
ease, cardiovascular disease, colon cancer, breast cancer, 
and endometrial cancer), which lead to impairment in qual-
ity of life for patients and substantial health care costs.3,4 

The United States is among the countries with the high-
est prevalence of obesity and overweight, with prevalence 
rates projected to increase to nearly 50% and 30% by 2030, 
respectively.5 It is estimated that individuals with obesity 
and overweight in the United States incurred $1.72 trillion in 
total direct health care and indirect costs in 2016.6

Prevention and management of obesity and overweight 
are often challenging, as the etiology is complex and mul-
tifactorial, involving genetic, physiological, behavioral, and 
environmental factors.3,7 Emerging treatment options now 
allow physicians and patients to personalize treatments. 
Guideline-recommended therapies include lifestyle and 
behavioral interventions, pharmacotherapy, and bariatric 
surgeries.8,9 Although lifestyle interventions (ie, diet and 
exercise [D&E]) can result in significant health benefits, 
patients typically only achieve weight loss of up to 8 kg over 
6-12 months of frequent and comprehensive treatment, 
and weight regain is common because of challenges with 
metabolic adaptation and maintaining D&E and ongoing 
counseling.10

For patients who struggle with weight management, 
treatment with an anti-obesity medication (AOM) (eg, 
naltrexone-bupropion, phentermine-topiramate, and lira-
glutide 3 mg) may be considered as add-on treatment to 
D&E.9,11 Semaglutide 2.4 mg, approved in 2021 by the US 
Food and Drug administration (FDA), is a long-acting, 
glucagon-like peptide-1 analogue that promotes weight loss 
via increased satiety and satiation and reduced hunger.12,13 

In the pivotal, phase 3, placebo-controlled Semaglutide 
Treatment Effect in People with Obesity (STEP) 1 trial, 
semaglutide 2.4 mg had clinically significant weight loss (at 
least a 5% reduction in weight from baseline level) compared 
with placebo (weight reduction: 14.9% vs 2.4% at week 68; 
P < 0.001).11,14-16 The STEP 2 trial demonstrated similar weight 
loss benefits among adults with overweight/obesity and 
T2D,17 whereas the STEP 4 trial highlighted the contin-
ued weight loss achieved among patients who completed 
68 weeks of treatment of semaglutide 2.4 mg vs patients who 
withdrew from semaglutide 2.4 mg at week 20.18 

As weight management strategies evolve, it is important 
to estimate the cost-effectiveness of new medications to 
support coverage and reimbursement decisions. In this 
study, we aimed to estimate the cost-effectiveness of 
semaglutide 2.4 mg in the treatment of adult patients with 
obesity (ie, BMI ≥ 30) and adult patients with overweight (ie, 
BMI 27-29.9) and 1 or more weight-related comorbidities 
(ie, hypertension, dyslipidemia, obstructive sleep apnea, or 
cardiovascular disease).

Methods
MODEL OVERVIEW
A cohort Markov model (Figure 1) was developed in Microsoft 
Excel to estimate the cost-effectiveness of semaglutide 
2.4 mg vs comparators in patients with obesity and over-
weight from a US third-party payer perspective. The model 
design for the current study was informed by a review of 
prior health technology assessment submissions and pub-
lished economic evaluations for the management of obesity 
and overweight.19-22 Comparators considered in the model 
included no treatment, D&E alone, and branded AOMs that 
are standard-of-care for long-term weight management (ie, 
liraglutide 3 mg, phentermine-topiramate, and naltrexone-
bupropion).3 AOMs that have been withdrawn from the US 
market were not included in the analysis. All AOMs, includ-
ing semaglutide 2.4 mg, are used in conjunction with D&E. 
Bariatric surgery was evaluated as an acute event, rather 
than as a comparator, because it is recommended only for 
patients with more severe obesity (ie, BMI ≥ 40 or ≥ 35 with 
obesity-related comorbidities).9

Patients’ physiological parameters, obesity complica-
tions, health care costs, and utility were simulated over 
30  years, which allows the model to capture outcomes 
along patients’ disease course from treatment initiation (at 
age of 46 years based on STEP 1 trial data) to reaching stable 
weight (approximately age 65-70 years).14,23 A cycle length 
of 3 months was applied in the first year, allowing for more 
accurate representation of treatment effects immediately 

therapy discontinuation, and weight-rebound rates were identified as 
key drivers for model results. The estimated probability of semaglu-
tide 2.4 mg being cost-effective compared with comparators ranged 
from 67% to 100% when varying model parameters and assumptions. 

CONCLUSIONS: As a long-term weight management therapy, 
semaglutide 2.4 mg was estimated to be cost-effective compared 
with no treatment, D&E alone, and all other branded AOM 
comparators under a WTP threshold of $150,000 per QALY gained 
over a 30-year time horizon. 
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before the 2-year maximum treatment duration, at which 
point all patients were assumed to stop AOM treatment. 
This assumption was based on the real-world observation 
that the majority of patients discontinued AOM treat-
ments within 2 years.29 Patients discontinuing AOMs were 
assumed to continue lifestyle intervention (ie, D&E) until 
death or the end of the 30-year model time horizon. 
After AOM treatment discontinuation, weight loss benefit 
(represented by BMI reduction) is expected to diminish (ie, 
weight rebounds) at a more rapid rate than natural weight 
gain.21 The rebound rate was applied until patients’ BMI 
returned to the baseline level.21 After returning to baseline 
BMI, patients experienced natural weight gain until age 
68 years.23 Other physiological parameters also returned 
to baseline level after treatment discontinuation but were 
assumed to maintain at baseline levels until death or the 
end of the modeled time horizon. For D&E, we assumed 
patients would benefit from lifestyle intervention with 
weight loss for approximately 2 years. Afterward, patients' 

following treatment initiation. Annual cycles were applied 
after the first year. Half-cycle correction was applied to 
estimate occurrence of state transitions in the middle 
of each cycle. An annual discount rate of 3% was applied 
to costs and quality-adjusted life expectancy, as recom-
mended in the Institute for Clinical and Economic Review 
reference case.24 Key model assumptions are described in 
Supplementary Table 1, available in online article.

Efficacy (ie, changes in weight, blood pressure, and cho-
lesterol) was applied for all patients receiving semaglutide 
2.4 mg from treatment initiation and for responders to 
comparator AOMs on response evaluation. The response 
evaluation periods for comparator AOMs were based 
on corresponding prescribing information, including a 
nonresponder stopping rule, which was not required for 
semaglutide 2.4 mg based on the FDA label.25-28 Drug 
costs were incurred throughout the treatment duration, 
including during the response evaluation period. Patients 
could discontinue AOM treatment because of any reason 

FIGURE 1 Model Structure and Schematic

ACS = acute coronary syndrome; BMI = body mass index; MI=myocardial infarction; T2D = type 2 diabetes. 
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https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
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Cohort inputs Value Source

Baseline cohort characteristics

Age, y 46.0

Wilding et al,14 2021

Female sex, % 74.1

Male sex, % 25.9

BMI 37.9

SBP, mmHg 126.0

Total cholesterol, mg/dL 190.4

HDL cholesterol, mg/dL 49.4

Proportion with prediabetes, % 43.7

History of cardiovascular disease, % 9.8

Clinical inputs

Minimum BMI for bariatric surgery 35.0 American Society for Metabolic  
and Bariatric Surgery49

Annual incidence of bariatric surgery, % 1.1 English et al,50 2020

Natural weight increase per year, kg 0.5 Ara et al,21 2012

Cost inputs (2021 USD)

Cost of bariatric surgery  
(including costs associated with 
preoperative management,  
procedure, postsurgery follow-up,  
and complications)

$31,965.23 Weiner et al,51 2013; Kizy et al,52 2017;  
Alsumali et al,53 2018; Lee et al,39 2020

Cost of obesity monitoring per year $622.50 CMS Physician Fee Schedule 2021

Utility inputs

BMI-specific utility Utility range as 0.97-0.93 for the  
BMI domain of 30-42  

(higher BMI is associated with lower utility)
Pi-Sunyer et al,35 2015

Comorbidity disutilities

T2D −0.07 Shah et al,54 2020

Post-ACS −0.02 Bhatt et al,55 2020

OSA −0.24 Pietzsch et al,56 2015

Cancer −0.07 Gough et al,57 2009

Poststroke −0.07 Bhatt et al,55 2020

Acute event disutilities

Bariatric surgery −0.22 Campbell et al,58 2010

ACS −0.03 Bhatt et al,55 2020

Knee replacement −0.18 Shah et al,54 2020

Stroke −0.09 Shah et al,54 2020

TIA −0.07 Bhatt et al,55 2020

TABLE 1 Key Clinical, Utility, and Cost Inputs

continued on next page
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A BMI adjustment factor estimated by meta-analysis was 
applied to age-sex–stratified natural mortality to estimate 
mortality risk.30

Health care costs for obesity treatment, consultation, 
management of comorbidities, and obesity treatment-
related adverse events (AEs) were included in the base-case 
analysis. A scenario analysis from the societal perspective 
considering both medical costs and costs of BMI-related 
productivity loss was also explored. BMI-specific utility and 
disutility weights (ie, quality-of-life decrement) of obesity-
related comorbidities were included in the model. Model 
outputs included life-years (LYs), quality-adjusted life-years 
(QALYs), and total and disaggregated costs (in 2021 US 
dollars). Incremental cost-effectiveness ratios (ICERs) were 
calculated in terms of incremental cost per QALY gained.

MODEL INPUTS
Key clinical, utility, and cost inputs are summarized in 
Table 1 and Supplementary Table 3.

Clinical Inputs. Treatment efficacy of AOMs and D&E 
were captured by changes in BMI, systolic blood pressure, 
high-density lipoprotein cholesterol, and total cholesterol. 

BMI were assumed to rebound back to baseline and experi-
ence natural weight gain. For the no treatment arm, 
patients experienced natural weight gain from model start 
until they reached stable weight at age 68 years.

Chronic conditions associated with obesity were cap-
tured by health states. Acute conditions and procedures 
were captured as events that could occur within health 
states. Patients could transition between the follow-
ing 5 mutually exclusive categories of health states: no 
comorbidity (ie, normal glucose tolerance or prediabetes), 
single comorbidity (ie, postacute coronary syndrome, T2D, 
poststroke, and cancer), dual comorbidity, multicomorbid-
ity, and death. Health events and acute complications 
considered in the model included bariatric surgery, acute 
coronary syndrome (myocardial infarction and angina), 
stroke (including transient ischemic attack), obstructive 
sleep apnea, and knee replacement. Transition probabilities 
between health states and the incidence of health events 
were derived from published risk equations accounting 
for factors such as physiological parameters (eg, BMI), 
medical history, and demographics. Additional details and 
equations are further described in Supplementary Table 2. 

Treatment-specific inputs
Semaglutide 

2.4 mg
Liraglutide  

3 mg
Phentermine-

topiramate
Naltrexone-
bupropion D&E

Clinical inputs

Source Wilding et al,14 
2021

Pi-Sunyer et al,35 
2015, NNI data 

on file

Gadde et al,32 
2011; Garvey  
et al,33 2012

Greenway et al,34 
2010; Apovian  

et al,31 2013

Wilding et al,14 
2021

Percentage change in BMI, % from baseline, mean (SE)

Month 6 −11.7 (0.2) −7.4 (0.1) −8.7 (2.2) −7.8 (0.2) −2.8 (0.2)

Year 1 −14.9 (3.7) −8.0 (0.1) −9.6 (2.4) −8.2 (2.1) −2.4 (0.6)

Year 2 −17.6 (4.4) −7.1 (0.2) −9.3 (2.3) −9.7 (2.4) −2.8 (0.7)

Response evaluation period, wk 21 16 14 15 12

Titration period, wk 16 5 2 3 0

Proportion of patients achieving response, % — 68.4 55.3 45.4 24.9

Years required to rebound to baseline weight after  
treatment discontinuation, y 3 2 2 2 1

Cost inputs (2021 USD)

Source IBM Redbook 2021,59 FDA Package Label 2021,25,28 FDA Package Label 2020,26,27

Titration period treatment cost, $ 1,939.22 632.26 43.40 106.26 —

Annual maintenance treatment cost, $ 17,597.48 16,459.72 2,264.55 3,696.33 —

BMI was calculated as weight in kilograms divided by the square of height in meters.
— = not applicable; ACS = acute coronary syndrome; BMI = body mass index; D&E = diet and exercise; FDA = US Food and Drug Administration; HDL = high-density 
lipoprotein; IBM = International Business Machines Corporation; OSA = obstructive sleep apnea; SBP = systolic blood press; TIA = transient ischemic attack;  
T2D =  type 2 diabetes; USD = United States dollar; wk = weeks; y = years.

TABLE 1 Key Clinical, Utility, and Cost Inputs (continued)

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
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increase, accounting for age, prior history of heart disease, 
hypertension, and smoking status using patient-reported 
outcome scores from the SCALE trial for liraglutide 3 mg, 
which were mapped to utility scores.35 Disutility weights 
associated with comorbidities, acute events (including 
bariatric surgery), and treatment-related AEs were also 
accounted for and were informed by the literature (Table 1 
and Supplementary Table 6).

Cost Inputs. The model considered costs of drug acquisi-
tion, bariatric surgery, health states, acute events, and AEs 
(Table 1 and Supplementary Table 7). Cost inputs were con-
verted to 2021 US dollars, as necessary, using the consumer 
price index for medical services.36

SENSITIVITY ANALYSES
Deterministic sensitivity analysis (DSA) and scenario anal-
yses were conducted to examine the influence of specific 
inputs and assumptions on model results (Supplementary 
Tables 8 and 9). Key model parameters were varied by the 
95% CI if such information was reported; if 95% CI was 
not available, model parameters were varied by ± 25% of 
the base-case value. Scenario analyses were performed 
to explore alternative treatment discontinuation assump-
tions, maximum treatment durations, bariatric surgery 
consideration, time horizons, discount rates, treatment 
discontinuation rates, baseline utilities by BMI, and natural 
weight-gain rates. A scenario analysis was also conducted 
from the societal perspective to account for the impact of 
treatment on indirect costs due to estimated BMI-related 
productivity loss, including absenteeism, presenteeism, 
disability benefits, and workers' compensation. In addition, 
the cost-effectiveness of semaglutide 2.4 mg was examined 
among subgroup populations, including patients with BMI 
class I (30 ≤ BMI < 35), BMI class II (35 ≤ BMI < 40), BMI class III 
(BMI ≥ 40), or T2D.

A probabilistic sensitivity analysis was conducted using 
a Monte-Carlo simulation, with 1,000 iterations to estimate 
the probability of semaglutide 2.4 mg being cost-effective 
compared with comparator treatments under a willingness-
to-pay (WTP) threshold of $150,000 per QALY, based on the 
value assessment framework of the Institute for Clinical and 
Economic Review.24 In each iteration, inputs were randomly 
drawn from specified distributions, using standard errors 
from original data sources, where available. In the absence 
of data on the variability around point estimates, variability 
was assumed as 25% of the mean value. The probabilistic 
sensitivity analysis results were presented in a cost-effec-
tiveness acceptability curve comparing semaglutide 2.4 mg 
with each comparator (distributional assumptions are 
described in Supplementary Table 10).

Response evaluation periods for AOM comparators were 
informed by US prescribing information, and efficacy inputs 
for the AOMs and D&E arms were informed by their respec-
tive pivotal phase 3 trials (Supplementary Table 4).14,31-35 
Given the limited availability of long-term efficacy data 
from AOM trials, assumptions based on the latest time point 
for which data were available were applied when data for 
specific time points were unavailable (detailed assumptions 
and extrapolation methods are described in Supplementary 
Table 2). 

Treatment discontinuation rates were obtained from 
the STEP 1 and Satiety and Clinical Adiposity–Liraglutide 
Evidence in Nondiabetic and Diabetic Individuals 
(SCALE) trials for semaglutide 2.4 mg and liraglutide 3 
mg, respectively (Supplementary Table 5).14,35 Given the 
limited longitudinal data regarding treatment discon-
tinuation in the phase 3 trials of naltrexone-bupropion 
and phentermine-topiramate, treatment discontinuation 
for these AOMs were derived using hazard ratios (HRs) 
of treatment discontinuation among patients prescribed 
with liraglutide 3  mg, phentermine-topiramate (HR vs 
liraglutide 3  mg = 1.56), and naltrexone-bupropion (HR vs 
liraglutide 3 mg = 2.08) observed in a real-world study and 
trial-observed rates for liraglutide 3 mg.29,35 Discontinuation 
rates were extrapolated to the maximum treatment dura-
tion modeled in the base case (ie, 2 years). Patients were 
assumed to continue D&E throughout the modeled time 
horizon in the AOM and D&E groups in the base case.

The annual weight-rebound rate was defined as the pro-
portion of the trial-observed efficacy benefit that diminished 
per year after treatment discontinuation. Weight-rebound 
rates were estimated based on total weight loss reported 
from the corresponding trial of each treatment14,31-35 and 
the weight increase per year observed in the STEP 4 trial 
in the base case18 or the STEP 1 trial for a scenario analysis 
evaluating discontinuation of both AOMs and D&E.14 Natural 
weight gain (0.47 kg/year) used in the model was estimated 
by Ara et al, using the General Practice Research Database.21

All-grade AE rates sourced from prescribing information 
were included. Since severity of AEs was not reported for 
the other AOMs and severe AE rates were required for 
the model, a percent severity multiplier was applied to 
capture the proportion of patients with severe AEs, which 
was based on the STEP 1 and STEP 2 trials of semaglutide 
2.4  mg.14,17 It was assumed that the proportion of patients 
with severe AEs would be consistent across all treatments.

Utility Inputs. Utility varied by BMI level and comorbid con-
ditions occurring throughout the modeled time horizon. In 
the base case, BMI-associated utility was estimated based 
on a linear model with a fixed utility decrement per unit BMI 

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
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note, if all patients discontinued D&E, in addition to AOMs, 
after the 2-year maximum treatment duration, ICERs 
ranged from $7,287 (vs liraglutide 3 mg) to $51,025 (vs phen-
termine-topiramate). The ICERs for the comparisons with 
liraglutide 3 mg and no treatment were consistently below 
the $150,000/QALY WTP threshold over a 30-year horizon 
under all scenarios examined in the DSA. The results for the 
cost-effectiveness of semaglutide 2.4 mg among subgroup 
populations are described in Supplementary Tables 11-14. 
Notably, semaglutide 2.4 mg was estimated to be particu-
larly cost-effective compared with D&E, no treatment, and 
other AOMs in the subgroup of patients with obesity class 
III (ICERs ranged from $8,094 for liraglutide 3 mg to $85,024 
for phentermine-topiramate). In contrast, ICERs for sema-
glutide 2.4 mg was higher in the subgroup of patients with 
T2D (ranging from $87,211 for liraglutide 3 mg to $225,171 for 
phentermine-topiramate). 

At a WTP threshold of $150,000 per QALY, the estimated 
probability of semaglutide 2.4 mg being cost-effective was 
82% compared with D&E, 98% compared with liraglutide 
3 mg, 64% compared with phentermine-topiramate, 74% 
compared with naltrexone-bupropion, and 100% com-
pared with no treatment over a 30-year horizon (Figure 3, 
Supplementary Figure 3). 

Discussion
Semaglutide 2.4 mg has demonstrated a well-tolerated 
safety profile and rapidly achieved and sustained weight loss 
in pivotal clinical trials.14 In the phase 3 STEP 1 trial, average 
weight loss was 14.9% after 68 weeks of semaglutide 2.4 mg 

This article followed the Consolidated Health Economic 
Evaluation Reporting Standards Checklist for reports of 
economic evaluations of health interventions.

Results
BASE-CASE RESULTS
Estimated mean BMI trajectories over the modeled 
time horizon for each treatment arm are presented in 
Supplementary Figure 1. Total and breakdown costs, LY, 
QALY, and ICER estimates for each treatment arm are 
depicted in Table 2. Treatment with semaglutide 2.4 mg 
was estimated to be cost-effective against the current stan-
dard of care, D&E, with an ICER of $122,549 given improved 
QALYs of 0.181 and additional costs of $22,138 over a 30-year 
horizon. Semaglutide 2.4 mg was also estimated to be cost-
effective compared with no treatment and other AOMs, with 
ICERs ranging from $27,113 (vs no treatment) to $144,296 (vs 
phentermine-topiramate). 

SENSITIVITY AND SCENARIO ANALYSES
Across all scenarios evaluated, the ICER for semaglutide 
2.4  mg ranged from $30,540 to $253,206 compared with 
D&E. The model was most sensitive to maximum treat-
ment duration and time horizon, followed by regimen after 
treatment discontinuation, weight-rebound rate, and sema-
glutide 2.4 mg efficacy on BMI. The tornado diagram in 
Figure 2 presents the 20 most influential sensitivity analyses 
in the comparison between semaglutide 2.4 mg and D&E. 
DSA results for semaglutide 2.4 mg compared with other 
comparators are described in Supplementary Figure 2. Of 

Semaglutide 
2.4 mg

Liraglutide  
3 mg

Phentermine-
topiramate

Naltrexone-
bupropion D&E

No  
treatment

Total costs, $ (2021 USD) 130,040 126,786 109,078 109,977 107,902 104,954

Obesity treatment costs 26,399 20,455 2,249 3,021 0 0

Obesity monitoring costs 11,928 11,818 11,691 11,724 11,660 0

Costs of chronic complications 75,628 77,711 78,408 78,441 79,329 87,509

Costs of acute events 16,085 16,802 16,730 16,790 16,913 17,445

Total QALYs 13.492 13.354 13.347 13.335 13.311 12.567

Total LYs 17.071 17.018 17.022 17.015 17.010 16.601

Incremental costs, $ (2021 USD) — 3,254 20,962 20,063 22,138 25,086

Incremental QALYs — 0.138 0.145 0.157 0.181 0.925

ICER, $ (incremental cost per QALY) — 23,556 144,296 127,518 122,549 27,113

— = not applicable; D&E = diet and exercise; ICER = incremental cost-effectiveness ratio; LY = life-year; QALY = quality-adjusted life-year; USD = United States dollar.

TABLE 2 Base-Case Cost-Effectiveness Results

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21477-1651256994.pdf
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evaluated in a limited number of CEAs, though aside from 
phentermine-topiramate in one study and phentermine in 
another,38,39 most have not demonstrated cost-effectiveness 
compared with lifestyle and behavioral interventions.40,41

Deterministic and probabilistic sensitivity analyses 
indicate the cost-effectiveness estimates were robust, 
although results are subject to more variation because of 
changes in a few parameters and assumptions. ICERs of 
semaglutide 2.4 mg vs comparators increased over longer 
treatment durations in part because of the higher drug 
cost incurred in the semaglutide 2.4 mg arm and higher 
treatment persistence compared with other AOMs. ICERs 
also increased with a 5-year time horizon analysis, sug-
gesting that a short-term model may not capture the full 
and long-term benefits of semaglutide 2.4 mg treatment. 
Indeed, given that obesity is a complex and chronic disease 
associated with various long-term comorbidities, a shorter-
term time horizon is insufficient to capture the effects of 
obesity treatments on the risk of chronic comorbidities 

use, with 69% of patients achieving more than 10% weight 
loss.14 This represents clinically significant and greater 
weight loss than those of other approved AOMs, which 
reported lower proportions of patients achieving sustained 
weight loss from their respective pivotal trials (eg, propor-
tion of patients who achieved ≥ 10% weight loss at 1 year was 
28% for naltrexone-bupropion and 48% for phentermine-
topiramate).25,32 In addition, nonresponder stopping rules 
by regulatory agencies were only applied to other approved 
AOMs given the anticipated low success rates for nonre-
sponders to achieve clinically meaningful weight loss with 
continued treatment.37 Adding to the demonstrated clinical 
benefit, the current study found that semaglutide 2.4 mg 
was estimated to be cost-effective at the WTP of $150,000 
per QALY gained compared with all study comparators, 
including no treatment, D&E alone, and other AOMs over 
the 30-year horizon. 

To our knowledge, this is the first cost-effectiveness 
analysis (CEA) of semaglutide 2.4 mg. Other AOMs have been 

Maximum treatment duration: 10 years
Time horizon: 5 years

100% discontinue initial treatment to no treatment
Pessimistic weight rebound rate for semaglutide 2.4 mg: −1 year to rebound

Maximum treatment duration: 5 years
Percentage weight loss - semaglutide 2.4 mg ± 95% CI

Drug price - semaglutide 2.4 mg ± 25%
50%/50% discontinue initial treatment to D&E and no treatment

Time horizon: 10 years
Discount rate 0%-6%

Not consider bariatric surgery event
Maximum treatment duration: 3 years

Optimistic weight rebound rate for semaglutide 2.4 mg: + 1 year to rebound
Percentage weight loss at 1 year - bariatric surgery event ± 95% CI

Natural weight increase per year (kg) ± 25%
OSA ± 25%

Societal perspective (includes indirect costs)
Data source for natural weight gain after rebounding to baseline: Block 2013

Average HDL-cholesterol (mg/dL) ± 95% CI
Incidence of bariatric surgery per year ± 95% CI

0 100,000 200,000 300,000

Base case (2012 USD): $122,549

DSA = deterministic sensitivity analysis; HDL = high-density lipoprotein; ICER = incremental cost-effectiveness ratio; OSA = obstructive sleep apnea;  
QALY = quality-adjusted life-year; USD = United States dollar.

Increase in input value Decrease in input value

FIGURE 2 Tornado Diagram Based on DSA/Scenario Analyses for Semaglutide 2.4 mg vs Diet & Exercise
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over the natural course of disease were captured by 
health states or health events in the model. These comor-
bidities were identified via a systematic literature review 
of medical conditions with moderate to strong correlation 
with obesity. Incidence of chronic and acute comorbidities 
were estimated using well-established risk equations based 
on large-scale cohort studies and longitudinal metabolic 
parameters from phase 3 trials of AOMs. Costs and disutility 
values of obesity-related comorbidities based on published 
data were applied. 

Importantly, the unique design of the STEP trials allows 
us to estimate weight rebound posttreatment cessation, a 
key driver of the cost-effectiveness estimates. The STEP 
4 trial followed patients who received semaglutide 2.4 mg 
for 20 weeks and were subsequently randomly assigned 
to placebo with D&E for 48 weeks,18 thereby informing 
estimates of weight rebound for patients who discontinued 
AOM but remained on D&E. In the scenario analysis of 
patients who discontinued both AOM and D&E, data from 
the STEP 1 trial were used since the trial followed patients 
who received semaglutide 2.4 mg for 68 weeks and then 

in the long term and the associated impact on health care 
costs and quality of life.3,4 Thus, a 30-year time horizon 
was used to cover all relevant health outcomes and costs of 
obesity intervention. Additionally, since natural weight gain 
typically levels off at approximately 65-70 years,23 a 30-year 
horizon is sufficient to cover the time between treatment 
initiation (at age 46 years based on the STEP 1 trial)14 and 
this natural weight-gain plateau. Lastly, based on the 
scenario analyses, semaglutide 2.4 mg can be cost-effective 
below the $150,000 per QALY WTP threshold over a 30-year 
horizon when patients are assumed to also stop D&E after 
discontinuing AOMs, which may better reflect real-world 
practice. These findings have important implications in 
supporting the treatment decision-making process for 
payers.

This study contributes important insight to obesity 
management and economic evaluation by estimating the 
cost-effectiveness of semaglutide 2.4 mg with a model 
aiming to capture the real-world disease course of patients 
with obesity and overweight. In particular, a comprehensive 
list of key obesity-related comorbidities that may manifest 

FIGURE 3 Cost-Effectiveness Plane for Semaglutide 2.4 mg vs Diet and Exercise
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phase 3 trials were broadly comparable across semaglutide 
2.4 mg and other AOMs, differences in trial populations 
existed. Notably, the CONQUER and SEQUEL trials of 
phentermine-topiramate included patients with T2D at 
baseline,32,33 whereas patients with T2D were excluded 
from the trials for naltrexone-bupropion and semaglutide 
2.4 mg.14,31,34 Since weight loss efficacy is generally lower in 
patients with T2D,44 this may have impacted the compari-
son between phentermine-topiramate and semaglutide 
2.4 mg. In addition, the phentermine-topiramate trials 
excluded patients with uncomplicated obesity,32,33 whereas 
such patients were included in the trials for naltrexone-
bupropion and semaglutide 2.4 mg.14,31,34 Nevertheless, given 
the lack of head-to-head comparative studies of these 
AOMs at the time of analysis, the clinical efficacy inputs 
were deemed appropriate by clinicians. Long-term efficacy 
extrapolation was performed for all AOMs beyond the trial 
observation period, which was validated by clinicians and 
an academic methodologist. Studies of AOMs with extended 
follow-up periods and direct comparisons between AOMs 
are warranted to contribute longer-term efficacy data to 
the growing body of obesity literature, including the STEP 
5 trial; the findings of which were presented after comple-
tion of the current study and may be incorporated in future 
iterations of cost-effectiveness modeling.45

Moreover, real-world data on weight-rebound rates after 
treatment discontinuation were not available. Therefore, 
trial-based data were used, with an assumption that 
rebound rates remained constant until weight returned to 
baseline value. Additionally, although the 2-year maximum 
treatment duration was informed by real-world use of 
comparator AOMs,29 this may not reflect real-world use 
of semaglutide 2.4 mg, in which treatment duration may 
be extended given its favorable weight loss benefit and 
safety profile. Of note, our study used trial-based treat-
ment discontinuation rates in the base-case analysis, as 
these data correspond with the trial-observed efficacy 
data. However, treatment discontinuation was extrapolated 
using real-world HR-based derivation for phentermine-
topiramate and naltrexone-bupropion because of lack of 
longitudinal data from their respective phase 3 trial publi-
cations. Uncertainties may be introduced by the derivation, 
although the HR-based derivation is a well-established 
approach to extrapolate time-to-event variables when 
observed data are not available.46 

Assumptions that may not be reflective of the real-world 
situation were used in the model when lacking clinical 
data. For instance, patients were assumed to continue D&E 
throughout the modeled time horizon, irrespective of AOM 
treatments in the base case, although lifestyle interven-
tion may be challenging to maintain over the long-term. 

discontinued both semaglutide 2.4 mg and D&E for 7 weeks.14 

The STEP trial data are currently the only available data to 
inform posttreatment cessation weight-rebound rate.

Our model was developed following best practice guide-
lines with a comparable structure and design with the 
Core Obesity Model, which was validated by Lopes et al, 
per the International Society for Pharmacoeconomics and 
Outcomes Research and the Society for Medical Decision 
Making.42 The Lopes validation concluded that the disease 
course of obesity and obesity-related comorbid conditions 
were accurately predicted by the Core Obesity Model. 
Furthermore, implementation accuracy, including model 
structure, assumptions, and parameters, was validated 
by an academic expert in economic evaluation. External 
validation with a clinician specializing in obesity manage-
ment was also conducted to ensure the model reflected 
the clinical practice and outcomes in the United States, 
including inputs of observed and extrapolated efficacy, 
posttreatment discontinuation weight-rebound rates, 
utility, and costs. Moreover, the model took a conservative 
approach to estimate the cost of semaglutide 2.4 mg by 
incorporating a longer titration period of semaglutide 
2.4 mg (16 weeks) relative to the comparators and thus the 
associated additional titration costs. In addition, the cost-
effectiveness of comparator AOMs estimated in the current 
model are broadly aligned with prior economic evaluation. 
The extensive validation steps and the comparable results 
for other AOMs with literature indicate that the current 
model was well-designed and fit for the purpose of sup-
porting the economic assessment of semaglutide 2.4 mg vs 
relevant alternative strategies in the treatment of obesity. 

LIMITATIONS
Certain limitations apply to this model and the input data. 
Baseline cohort characteristics were based on the STEP 1 
trial population, which may not be representative of the 
general population with obesity. Treatment efficacies were 
derived from randomized controlled trials, with simulated 
results over 30 years, which may have limited generaliz-
ability to the real-world disease course of obesity. Naive 
treatment comparison based on respective pivotal trial data 
for semaglutide 2.4 mg and other AOMs was used to inform 
treatment efficacy as head-to-head and indirect treatment 
comparisons between semaglutide 2.4 mg and comparators 
were not available (the STEP 8 trial comparing semaglutide 
2.4 mg vs liraglutide 3 mg was published after study comple-
tion).43 Treatment inputs for D&E were derived from STEP 1, 
in which patients received individual counseling to support 
calorie reduction and increased physical activity, which 
may not be representative of typical D&E in the real world. 
Although trial design and target population of the pivotal 
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of $150,000, semaglutide 2.4  mg was 
estimated to be cost-effective relative 
to all comparators evaluated among 
adult patients with obesity and adult 
patients with overweight and 1 or 
more weight-related comorbidities. 
Semaglutide 2.4 mg has the potential 
to fulfill a significant unmet need and 
represents a cost-effective treatment 
option for adults with obesity in the 
United States. 
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