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What is already known
about this subject
• The Institute for Clinical and
Economic Review (ICER) performed a
previous systematic literature review
and cost-effectiveness analysis to
evaluate the health and economic
outcomes of oral semaglutide, the
first oral formulation of a glucagonlike peptide 1 receptor agonist
approved in the United States, for the
treatment of type 2 diabetes mellitus.
• We previously found that semaglutide
(oral and injectable) reduced
the risk of 3-point major adverse
cardiovascular event more than
sitagliptin; no significant differences
were found between semaglutide and
liraglutide or empagliflozin.
• The previous economic analysis
showed that oral semaglutide had the
highest life-years (LYs) and qualityadjusted life-years (QALYs) gained
among comparators and, using a
placeholder cost for oral semaglutide,
was cost saving compared with
liraglutide, cost-effective compared
with background therapy alone
and sitagliptin, but cost prohibitive
compared with empagliflozin.
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METHODS: We estimated the lifetime cost-effectiveness of oral
semaglutide added to current antihyperglycemic treatment for T2DM
using a microsimulation model based primarily on the UK Prospective
Diabetes Study (UKPDS) Outcomes Model 2 (OM2) equations. Oral
semaglutide added to current antihyperglycemic treatment was
separately compared with (a) ongoing background antihyperglycemic treatment, (b) sitagliptin, (c) empagliflozin, and (d) liraglutide.
Comparators sitagliptin, empagliflozin, and liraglutide were added
to ongoing antihyperglycemic treatment. We applied hazard ratios
derived from a network meta-analysis for cardiovascular and renal
outcomes to the UKPDS OM2 estimated baseline rates. Health state
utilities and costs were derived from the published literature. We estimated total costs, life-years (LYs), quality-adjusted life-years (QALYs),
clinical events, and cost per major adverse cardiovascular event
(MACE) avoided, over a lifetime time horizon using discount rates of
3% for costs and outcomes.
RESULTS: The lifetime total cost for people treated with oral semaglutide was $311,300, with costs for the other comparators ranging
from $262,800 (background treatment alone) to $287,800 (liraglutide).
Oral semaglutide resulted in the fewest MACE, including the fewest
cardiovascular deaths. Among the 5 modeled treatment strategies,
oral semaglutide had the highest LYs gained (8.43 vs. 7.76 [background treatment alone] to 8.29 [empagliflozin and liraglutide]) and
the highest QALYs gained (4.11 vs. 3.70 [background treatment alone]
to 4.03 [empagliflozin]). Oral semaglutide would likely be considered
cost-effective compared with liraglutide (incremental cost-effectiveness ratio [ICER] = $40,100), and moderately cost-effective versus
background treatment alone ([ICER] = $117,500/QALY) and sitagliptin
(ICER = $145,200/QALY). The ICER for oral semaglutide compared with
empagliflozin was approximately $458,400 per QALY.
CONCLUSIONS: As modeled, oral semaglutide as an add-on therapy
to background antihyperglycemic treatment produced incremental
benefits in MACE avoided, along with greater QALYs compared with
background antihyperglycemic treatment alone. Oral semaglutide
use resulted in better outcomes than background treatment alone
or sitagliptin, and similar outcomes to liraglutide or empagliflozin
with overlapping 95% confidence ranges for QALYs. Oral semaglutide
was estimated to be cost-effective compared with liraglutide and to
have incremental cost-effectiveness ratios between $100,000 and
$150,000 per QALY versus sitagliptin and background therapy alone,
but it did not meet these thresholds compared with empagliflozin.

The vast majority of the 30 million people with diabetes
mellitus in the United States have type 2 diabetes mellitus (T2DM).1 People with diabetes experience elevated
blood glucose and are at increased risk of macrovascular and microvascular complications. These complications
frequently include damage to the eyes and kidneys, as well
as myocardial infarction (MI), stroke, limb ischemia, and
increased risk of cardiovascular death.2 Improving blood
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glucose control can reduce the risk of microvascular complications and, particularly in individuals newly diagnosed
with diabetes, may also reduce the risk of macrovascular
complications.3
The overall U.S estimated cost of diabetes (medical
costs and productivity loss) was approximately $327 billion
in 2018.4 At the individual level, diabetes also takes a significant financial toll. According to the Centers for Disease
Control and Prevention, a quarter of people with diabetes
have asked their health care providers to prescribe a lowercost medication, and 13% were nonadherent because of
out-of-pocket costs.5
T2DM management should be tailored to the individual
patient and typically begins with a foundation of medical
nutrition therapy and physical activity (lifestyle changes).
While these changes are sufficient to achieve adequate
glycemic control in some individuals, frequently antihyperglycemic medications are added to achieve and sustain
glycemic control.2,6 Pharmacotherapy typically follows a
staged approach, with metformin as the preferred first-line
medication option, followed by a variety of augmentation
strategies.2,6 Metformin has a favorable safety profile in that
it does not increase weight or the risk of hypoglycemia (low
blood glucose) when used as a single agent.2,6 Additional
pharmacotherapy options include oral (e.g., sulfonylureas,
thiazolidinediones, sodium-glucose cotransporter 2 [SGLT-2]
inhibitors, and dipeptidyl peptidase-4 [DPP-4] inhibitors)
and injectable medications (e.g., glucagon-like peptide 1
[GLP-1] receptor agonists and insulin).2,6
GLP-1 receptor agonists have been available as injectable
medications for several years in the United States, but
in September 2019, the first oral GLP-1 receptor agonist,
semaglutide (Rybelsus, Novo Nordisk), was approved for
the treatment of adults with T2DM. The injectable form of
semaglutide has been available in the United States since
2017.7 The manufacturer may also seek approval from the
U.S. Food and Drug Administration of a labeled indication to
reduce major cardiovascular events in adults with T2DM and
established cardiovascular disease.8 Since oral semaglutide
is the first oral formulation of a GLP-1 receptor agonist to
be approved in the United States, we sought to estimate its
incremental value to the U.S. health care system.

Methods
APPROACH

The primary aim of this analysis was to estimate the lifetime
cost-effectiveness of oral semaglutide added to current
antihyperglycemic treatment for T2DM, using a decision
analytic model. Oral semaglutide (14 mg daily) added to
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FIGURE 1

Microsimulation Model

Step 1: Individual Patient Selection

NHANES-reported
demographics and baseline
disease characteristics

Age, years since
Dx, weight, HbA1c,
comorbidities

Age, years since
Dx, weight, HbA1c,
comorbidities

Modeled events based on UKPDS
OM2 risk equations: CHF, IHD, MI
strokes, blindness, foot ulcers,
amputations, renal disease, and
mortality (not all are shown below
to conserve space).

Individual patient's lifetime cost,
QALYs, LYs, and number of events
are recorded once each modeled
patient dies.

Individual patients from Step 1
Trial efficacy, safety, treatment discontinuation, etc. modeled in cycle 1

Age, years since
Dx, weight, HbA1c,
comorbidities

Step 3: Individual and Overall Results

Each patient's history is updated
(←→) at the end of each annual model
cycle. Patient history impacts the
likelihood of future events.

Age, years since
Dx, weight, HbA1c,
comorbidities

Age, years since
Dx, weight, HbA1c,
comorbidities

Step 2: Event Microsimulation

Lifetime outcomes are then averaged
over the combined patient pool.

Lifetime cost,
QALYs, LYs, events
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Lifetime cost,
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Cycle k
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•
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✓

Lifetime cost,
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Amp = amputation; CHF = congestive heart failure; Dx = diagnosis; HbA1c = hemoglobin A1c; IHD = ischemic heart disease; LY = life-year; MI = myocardial infarction;
NHANES = National Health and Nutrition Examination Survey; QALY = quality-adjusted life-year; UKPDS OM2 = United Kingdom Prospective Diabetes Study
Outcomes Model 2.

current antihyperglycemic treatment was separately compared with 4 modeled comparators: (1) empagliflozin (an
SGLT-2 inhibitor, 10 mg or 25 mg daily); (2) liraglutide (an
injectable GLP-1 receptor agonist, 1.8 mg daily); (3) sitagliptin
(a DPP-4 inhibitor, 100 mg daily); and (4) ongoing background
antihyperglycemic treatment (e.g., metformin with or without sulfonylureas). Similar to oral semaglutide, comparators
empagliflozin, liraglutide, and sitagliptin are added to ongoing antihyperglycemic treatment. These comparators were
selected based on the ability to create network meta-analysis comparisons with oral semaglutide. The base-case
analysis used a health care sector perspective (i.e., direct

medical care costs only from all payment sources) and a lifetime time horizon. All costs and outcomes were discounted
at 3% per year. The model was developed in Microsoft Excel
for Office 365, version 1911 (Microsoft Corp., Redmond, WA).

POPULATION
We modeled adults with T2DM with inadequate glycemic
control despite being currently treated with antihyperglycemic agents. We used a U.S. population of people with
T2DM, drawing patient-level data from the National Health
and Nutrition Examination Survey (NHANES), which surveys approximately 5,000 people across the United States
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each year.9 A cohort with self-reported diabetes and hemoglobin A1c ≥ 7 from NHANES 2013-14 and 2015-16 surveys
(n = 362) served as the population for our microsimulations
(Supplementary Table 1, available in online article).

CARDIOVASCULAR AND RENAL OUTCOMES
DATA SYNTHESIS
We quantitatively synthesized data informing the comparison of oral semaglutide and comparators of interest on
cardiovascular and renal benefits in network meta-analyses
(NMAs).10 We analyzed 3-point major adverse cardiovascular events (MACE; a composite of cardiovascular death,
nonfatal MI, or nonfatal stroke); hospitalization for heart
failure (HF); and new or worsening nephropathy. Data from
the cardiovascular outcomes trials (CVOTs) of oral semaglutide (PIONEER 6) and injectable semaglutide (SUSTAIN 6)
informed the cardiovascular and renal effects of semaglutide11,12; we then conducted a random effects meta-analysis
of treatment effects from these 2 trials using the metafor
package in R.13 We subsequently performed NMAs using the
gemtc package in R14 to synthesize the results from the semaglutide meta-analysis with results from the CVOTs of the
comparators to obtain indirect estimates of outcomes for
semaglutide (as a molecule) relative to each comparator.15-17

MICROSIMULATION MODEL
We developed an individual patient-level, Monte Carlobased microsimulation of costs, quality of life, clinical
events, and mortality associated with T2DM among U.S.
adults diagnosed with the disease (Figure 1). Our model was
adapted from a published microsimulation model,18 which
used the United Kingdom Prospective Diabetes Study
(UKPDS) Outcomes Model 2 (OM2).19 The UKPDS OM2 risk
equations are widely used in diabetes simulation models
and have been shown to accurately predict results for the
population in which it was developed, as well as in other diabetes populations.19-21
The risk equations (13 T2DM complication equations and
4 mortality equations) include HF, ischemic heart disease
(IHD), first MI for females, first MI for males, subsequent MI,
first stroke, subsequent stroke, blindness, foot ulcer, first
amputation without prior ulcer, first amputation with prior
ulcer, subsequent amputation, and end-stage renal disease
(ESRD).19 The 4 mutually exclusive mortality risk equations
were death without history of complications, death in the
year of a clinical event, death in subsequent year of prior
events, and death with history of clinical events.19 People
were able to experience multiple and concurrent T2DM
complications during each modeled year. The mortality risk equations predict that previous T2DM-related
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complications (except foot ulcer and blindness) increase the
probability of death.
Three common modeling steps were used for each
individual: (1) individual patient simulation of PIONEER trial
results in the first cycle; (2) individual patient simulation of
lifetime macrovascular and microvascular events and associated costs and quality of life; and (3) calculation of mean
results from the pool of simulated persons’ lifetime outcomes. Each person was separately modeled as receiving
each comparator until they died with no further changes to
background therapy, at which point the lifetime outcomes
per person and per comparator were recorded.
Patients who discontinued initial treatment were
assumed to transition to insulin therapy to facilitate headto-head comparator evaluations, as opposed to evaluating
differences in multiple potential treatment pathways. 22
After cycle 1, we assumed that individuals treated with oral
semaglutide, empagliflozin, and liraglutide added insulin
therapy while remaining on their current treatment if their
A1c reached 8.5 or above, while sitagliptin-treated individuals were assumed to discontinue sitagliptin and transition
to insulin if their A1c reached 8.5 or above.
We assumed all people entering the model had no
previous history of amputations, blindness, foot ulcers, or
hypoglycemia, and we independently simulated histories of
atrial fibrillation and peripheral artery disease because of
a lack of this information in the NHANES data. Finally, we
omitted cost and disutility data for severe or serious adverse
events other than hypoglycemia, since the PIONEER trials
did not present adverse event data by type of event. 23-25

CLINICAL INPUTS
Short-term, trial-derived efficacy estimates from the
head-to-head PIONEER trials were applied in the first
model cycle to each person entering the microsimulation
(Table 1).23-25 These estimates included treatment-induced
changes from baseline in A1c and body weight, occurrences
of severe hypoglycemia, and treatment discontinuation due
to adverse events. Based on trial data, oral semaglutide had
greater reductions in A1c and body weight versus the other
4 comparators (with the exception of oral semaglutide and
empagliflozin having similar body weight reductions) but
a higher rate of treatment discontinuation due to adverse
events. Discontinuation was modeled by applying trialreported discontinuation rates for each treatment at the
end of cycle 1.
We used the hazard ratios (HRs) estimated from the NMA
of cardiovascular and renal outcomes that were previously
described to model long-term differences in these events
among comparators.10 The HRs were applied to the UKPDS
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TABLE 1

Model Parameters
Base Case

Lower

Upper

Probabilistic
Distribution

Source

PIONEER Trial Outcomes
Change in HbA1c (cycle 1)
Oral semaglutide

−1.24

−1.48

−0.99

Normal

PIONEER 2,3,423-25

Sitagliptin

−0.74

−0.88

−0.59

Normal

PIONEER 325

Empagliflozin

−0.84

−1.00

−0.67

Normal

PIONEER 224

Liraglutide

−0.94

−1.12

−0.75

Normal

PIONEER 423

Background Tx

−0.24

−0.28

−0.19

Normal

PIONEER 423

Oral semaglutide

−3.8 kg

−4.5 kg

−3.0 kg

Normal

PIONEER 2,3,423-25

Sitagliptin

−1.1 kg

−1.3 kg

−0.9 kg

Normal

PIONEER 325

Empagliflozin

−3.6 kg

−4.3 kg

−2.9 kg

Normal

PIONEER 224

Liraglutide

−2.5 kg

−3.0 kg

−2.0 kg

Normal

PIONEER 423

Background Tx

−0.5 kg

−0.6 kg

−0.4 kg

Normal

PIONEER 423

Oral semaglutide

0.002

0.001

0.002

Beta

PIONEER 2,3,423-25

Sitagliptin

0.007

0.006

0.008

Beta

PIONEER 325

Empagliflozin

0.002

0.001

0.002

Beta

PIONEER 224

Liraglutide

0.000

0.000

0.000

Beta

PIONEER 423

Background Tx

0.000

0.000

0.000

Beta

PIONEER 423

Oral semaglutide

0.111

0.089

0.133

Beta

PIONEER 2,3,423-25

Sitagliptin

0.049

0.039

0.059

Beta

PIONEER 325

Empagliflozin

0.046

0.036

0.055

Beta

PIONEER 224

Liraglutide

0.094

0.075

0.112

Beta

PIONEER 423

Background Tx

0.036

0.029

0.043

Beta

PIONEER 423

Oral semaglutide vs. placebo

0.76

0.63

0.93

Log Normal

NMA 10

Empagliflozin vs. oral semaglutide

1.13

0.89

1.44

Log Normal

NMA 10

Liraglutide vs. oral semaglutide

1.14

0.91

1.43

Log Normal

NMA 10

Sitagliptin vs. oral semaglutide

1.30

1.04

1.63

Log Normal

NMA 10

Oral semaglutide vs. placebo

1.03

0.76

1.40

Log Normal

NMA 10

Empagliflozin vs. oral semaglutide

0.63

0.42

0.95

Log Normal

NMA 10

Liraglutide vs. oral semaglutide

0.84

0.59

1.21

Log Normal

NMA 10

Sitagliptin vs. oral semaglutide

0.97

0.68

1.40

Log Normal

NMA 10

Change in weight (cycle 1)

Severe hypoglycemia (cycle 1)

Treatment discontinuation (cycle 1)

Macrovascular Hazard Ratios
Composite MACE

Heart failure

continued on next page
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TABLE 1

Model Parameters (continued)
Base Case

Lower

Upper

Probabilistic
Distribution

Source

Oral semaglutide vs. placebo

0.64

0.46

0.89

Log Normal

NMA 10

Empagliflozin vs. oral semaglutide

0.95

0.67

1.35

Log Normal

NMA 10

Liraglutide vs. oral semaglutide

1.22

0.85

1.75

Log Normal

NMA 10

Sitagliptin vs. oral semaglutide

1.00

0.80

1.20

Log Normal

NMA 10

0.800

0.755

0.845

Beta

Shao26

Congestive heart failure event

−0.089

−0.132

−0.046

Normal

Shao26

Congestive heart failure history

−0.041

−0.061

−0.021

Normal

Shao26

Ischemic heart disease history

−0.016

−0.026

−0.006

Normal

Shao26

Myocardial infarction event

−0.042

−0.073

−0.011

Normal

Shao26

Myocardial infarction history

−0.011

−0.023

0.001

Normal

Shao26

Stroke event

−0.204

−0.273

−0.135

Normal

Shao26

Stroke history

−0.101

−0.117

−0.085

Normal

Shao26

Blindness history

−0.057

−0.075

−0.039

Normal

Shao26

Foot ulcer event

−0.024

−0.034

−0.014

Normal

Sullivan27

Amputation event

−0.051

−0.108

0.006

Normal

Sullivan27

Renal disease history

−0.024

−0.055

0.007

Normal

Shao26

Hypoglycemia event

−0.036

−0.056

−0.016

Normal

Shao26

Hypoglycemia history

−0.033

−0.055

−0.011

Normal

Shao26

−0.054

−0.065

−0.043

Normal

Shao26

Congestive heart failure

$29,393

$23,514

$35,271

Normal

Ward31,32

Ischemic heart disease

$26,483

$21,186

$31,780

Normal

Ward31,32

Myocardial infarction

$69,832

$55,866

$83,799

Normal

Ward31,32

Stroke

$52,108

$41,687

$62,530

Normal

Ward31,32

$2,656

$2,125

$3,187

Normal

Ward31,32

$11,185

$8,948

$13,422

Normal

Ward31,32

Macrovascular Hazard Ratios
Nephropathy

Quality of Life
Baseline T2DM utility
Macrovascular complications

Microvascular complications

Hypoglycemia

Annual disutility for Tx injection
Clinical Costs
Year of event (per event)

Foot ulcer
Amputation
Hypoglycemia
Requiring hospitalization
Requiring ED visit
Requiring glucagon injection

Ward31,32
$20,386

$16,309

$24,463

Normal

Ward31,32

$1,622

$1,298

$1,946

Normal

Ward31,32

$218

$174

$261

Normal

Ward31,32
continued on next page
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TABLE 1

Model Parameters (continued)
Base Case

Lower

Upper

Probabilistic
Distribution

Source

Clinical Costs
History of complication (per year)
Congestive heart failure

$2,356

$1,884

$2,827

Normal

Ward31,32

Ischemic heart disease

$2,356

$1,884

$2,827

Normal

Ward31,32

Myocardial infarction

$2,356

$1,884

$2,827

Normal

Ward31,32

$19,226

$15,381

$23,071

Normal

Ward31,32

$3,541

$2,833

$4,249

Normal

Ward31,32

$88,723

$70,978

$106,467

Normal

Ward31,32

Oral semaglutide

$6,103

$4,883

$7,324

Normal

SSR Health, WAC 29,30

Sitagliptin (Januvia)

$1,360

$1,088

$1,632

Normal

SSR Health, WAC 29,30

Empagliflozin (Jardiance)

$1,965

$1,572

$2,358

Normal

SSR Health, WAC 29,30

Liraglutide (Victoza)

$5,149

$4,120

$6,179

Normal

SSR Health, WAC 29,30

$194

$155

$233

Normal

Laiteerapong18

$86

$69

$103

Normal

Laiteerapong18

Basal

$0.22

$0.17

$0.26

Normal

SSR Health29

Bolus

$0.28

$0.23

$0.34

Normal

SSR Health29

Premix

$0.14

$0.11

$0.17

Normal

SSR Health29

Stroke
Blindness
Renal disease
Treatment Costs
Add−on treatments (annual cost)

Background treatments
Metformin
Sulfonylurea
Insulin cost/unit

ED = emergency department; MACE = major adverse cardiovascular event; NMA = network meta-analysis; T2DM = type 2 diabetes mellitus; Tx = treatment.

OM2 estimated baseline rates, which were calculated from
each NHANES person’s individual characteristics, to derive
the MACE, HF, and nephropathy (ESRD risk equation) outcome rates for the add-on treatments.
Specifically, the NMA-derived HRs for oral semaglutide
versus placebo were applied to the baseline UKPDS OM2
equations to derive rates for oral semaglutide, while the
rates for empagliflozin, liraglutide, and sitagliptin were
derived by first applying the oral semaglutide versus placebo HRs, then applying each comparators’ HR versus oral
semaglutide (full league table of NMA results are shown in
Supplementary Table 2, available in online article).
We made several assumptions regarding our application of NMA HRs to the UKPDS OM2 equations. First, we
assumed that the incremental rates of MACE, HF, and
kidney function decline were independent of individual
characteristics, including A1c control, given that contemporary clinical trials have demonstrated an independent
relationship between MACE and renal failure beyond the

health effects based on changes in A1c. Second, we assumed
that MACE and HF risk were independent due to the UKPDS
risk equations; however, we acknowledge that these 2 conditions frequently co-occur. Third, we assumed the HR
adjustments were maintained over each person’s lifetime,
given that long-term effectiveness is currently unknown.
Fourth, we assumed relative risks between treatment
regimens were uniformly distributed across all people with
T2DM, not just those in the PIONEER program, allowing
us to apply the trial-derived HRs to the non-trial NHANES
population, since we did not have access to PIONEER
patient-level data. Finally, we conservatively assumed no
effect on nephropathy for sitagliptin because no data have
been published for this outcome. No HR calibration was
used for the background treatment comparator.

UTILITIES
We used consistent health state utility values across treatments evaluated in the model. Each person’s specific utility
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value for a given year was derived from a baseline utility
and applicable regression coefficients as estimated by Shao
et al. (2019) for (a) complications in the year of an event, (b)
history of complications, and (c) demographic characteristics.26 We added missing regression coefficients for foot
ulcer and amputation events by assuming values from a
recent diabetes utility study by Sullivan and Ghushchyan
(2016).27 In Shao et al., the Health Utilities Index Mark 3 was
used to measure heath utility in a sample of 8,713 people
from the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trial of people with T2DM with high risk of cardiovascular disease.26 Sullivan and Ghushchyan mapped
EQ-5D-3L questionnaire responses to the Short Form-12
health survey responses of 20,705 individuals with diabetes (types 1 and 2) in the Medical Expenditure Panel Survey
(MEPS) database from 2000 to 2011.27 Finally, we modeled an
annual disutility for daily injection of insulin (for people who
discontinue treatment) and liraglutide based on Boye et al.
(2011), who used standard gamble interviews of people with
T2DM in Scotland to estimate the utility values for injection-related attributes.28

COSTS
We obtained net drug pricing estimates from SSR Health,
which are net of discounts, rebates, concessions to wholesalers and distributors, and patient assistance programs, to
derive a net price.29 We estimated net prices by comparing
recent 4-quarter averages (i.e., first quarter of 2019 through
fourth quarter of 2019) of net prices and wholesale acquisition cost (WAC) per unit to arrive at a mean discount from
WAC for the drug.30 We applied this average discount to the
current WAC (accessed May 2020) to arrive at an estimated
net price per unit. For oral semaglutide, we applied the average discount from WAC for injectable semaglutide to arrive
at an estimated net price.
We obtained costs for T2DM-related complications and
hypoglycemia from Ward et al. (2014), who estimated direct
medical costs from data sources that included inpatient
and emergency department databases, national physician
and laboratory fee schedules, government reports, and
published literature.31 Complication costs in the year of the
event reflect acute care and any subsequent care provided
in the first year; history of state costs reflect annual
resource use for the ongoing management of complications in subsequent years.31 Costs were assessed from the
perspective of a comprehensive U.S. health care payer,
including patient cost sharing, and were inflated to May
2020 U.S. dollars.32 Other health care costs related to
diabetes monitoring were also included.
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ADDITIONAL MODULES
We applied pooled estimates of treatment discontinuation
due to adverse events in the first model cycle. People discontinuing their primary modeled treatment were assumed
to transition to insulin therapy to facilitate head-to-head
comparator evaluations, as opposed to evaluating differences in multiple potential treatment pathways.22 Insulin
treatment costs were based on a multivariate prediction
model for estimating long-term A1c change, weight change,
and hypoglycemic events associated with insulin rescue
medication.33 After the first cycle, clinical characteristics
for before and after insulin status were modeled using the
multivariate prediction model’s equations for A1c and weight
change, which then influenced the UKPDS OM2 complication risk equations for those people.33
Mild, moderate, and severe hypoglycemia were modeled
in subsequent cycles based on the previous UKPDS OM2
adaptation from Laiteerapong et al. (2018).18 People not yet
receiving insulin were assumed to have a 5% probability for
a severe hypoglycemic event and a 33% probability for a
mild or moderate event each year. People receiving insulin
were assumed to have a 21% probability of a severe hypoglycemic event and a 52% probability of a mild or moderate
hypoglycemic event each year. We assumed no more than
1 mild or moderate hypoglycemic event and 1 severe hypoglycemic event per year but allowed multiple hypoglycemic
events during each lifetime.
Finally, the UKPDS OM2 equations have coefficients
for atrial fibrillation and peripheral artery disease but
the NHANES dataset did not provide this information.
Therefore, we used age-based cumulative incidence estimates from the U.S. population and (for atrial fibrillation)
relative risk estimates based on individuals’ A1c to simulate these characteristics before each microsimulation.34,35
Peripheral artery disease and atrial fibrillation prevalence were modeled independent of existing person-level
characteristics.

MODEL ANALYSIS
The model estimated the lifetime average survival, qualityadjusted survival, number of T2DM complications, and drug
and T2DM complication costs for the 362 included NHANES
individuals. Unlike a traditional Markov cohort model with
deterministic base case results, the base-case result for
each model outcome was the average of all simulations, in
this case 15,000 microsimulations per person (5,430,000
total simulations). Time spent in each T2DM health state was
summed to provide estimates of life expectancy and quality-adjusted life expectancy. We calculated the incremental
costs, incremental life-years (LYs), incremental qualityadjusted life-years (QALYs), and incremental cost per LY
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FIGURE 2

Results of Network Meta-Analysis
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HR = hazard ratio; MACE = major adverse cardiovascular event.

gained and per QALY gained for oral
semaglutide versus each comparator
intervention. We also calculated the
annual cost of oral semaglutide that
was necessary to meet willingness-topay thresholds of $50,000 per QALY,
$100,000 per QALY, and $150,000 per
QALY against each comparator.

SCENARIO AND SENSITIVITY
ANALYSES
We performed scenario analyses
to explore the effect of our model
assumptions. First, we modeled a
modified societal perspective by adding age-specific annual estimates of
indirect costs related to the burden of
diabetes, accounting for age and work
status, in the following categories:
absenteeism, presenteeism, inability
to work, and decreased productivity
for those not in the workforce. These
4 categories of indirect cost were
abstracted from a previously published
analysis that produced estimates from
the National Health Interview Survey
and applied as summary estimates

separately for people aged 18-44
years ($5,580/year), aged 45-64 years
($5,320/year), and aged 65 years and
above ($1,480/year).1
Second, we modeled gradual
decreases in oral semaglutide’s longterm effectiveness on MACE and
renal outcomes over time by annually
increasing the MACE and nephropathy risk reductions starting in year 2
of the model. We created scenarios
specific to MACE and renal disease
that applied a 10% relative adjustment in the incremental effectiveness
per year until the HRs reached 1.00
(no incremental effectiveness versus
background treatment alone).
Third, we performed a threshold
analysis by systematically altering the
price of oral semaglutide to estimate
the maximum prices that would correspond to common willingness-to-pay
thresholds versus each comparator.
We performed one-way sensitivity
analyses to identify the key drivers of
model outcomes, using available measures of parameter uncertainty (i.e.,

standard errors) or reasonable ranges
for each model parameter described
above (see Table 1 for the ranges and
distributions used in the sensitivity analyses). In order to efficiently
operationalize the one-way sensitivity
analysis within the framework of the
person-level Monte Carlo microsimulation, we used a fixed random seed
set and performed a single UKPDS
equation simulation for each of 362
NHANES people for each parameter’s
low and high value in order to produce an estimate of uncertainty for
each high and low value. Therefore,
each low and high value represents
the average effect over 362 individual
simulations.
Probabilistic sensitivity analysis
was performed in conjunction with
the primary analysis by jointly varying
all model parameters, accounting for
sampling uncertainty and parameter
uncertainty over 15,000 individual
simulations for each person, then
calculating 95% credible range (CR)
estimates for each outcome based on
the results.36

Results
EVIDENCE SYNTHESIS RESULTS

Results from our NMA showed that
semaglutide (oral and injectable) significantly reduced the risk for 3-point
MACE compared with background
treatment alone (HR = 0.76; 95% credible interval [CrI] = 0.63-0.93) and
sitagliptin (HR = 0.77; 95% CrI = 0.610.96; Figure 2 and Supplementary
Table 2, available in online article).
Results also showed a nonsignificant risk reduction of semaglutide for
MACE compared with empagliflozin
(HR = 0.88; 95% CrI = 0.69-1.13) and liraglutide (HR = 0.87; 95% CrI = 0.70-1.09).
Empagliflozin significantly reduced
the risk for HF compared with semaglutide (HR = 0.63; 95% CrI = 0.42-0.95).
There were no significant differences
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TABLE 2

Model Results
Cost

Oral semaglutide
95% CR
Empagliflozin
95% CR
Oral semaglutide vs. empagliflozin (incremental)
95% CR

QALYs

LYs

$311,300

4.11

8.43

($285,000-$338,900)

(3.92-4.30)

(7.99-8.87)

$275,819

4.03

8.29

($250,723-$302,090)

(3.84-4.23)

(7.85-8.73)

$35,500

0.08

0.14

($3,000-$68,400)

(−0.17-0.32)

(−0.41-0.70)

Liraglutide

$298,600

3.80

8.29

95% CR

($272,900-$325,500)

(3.61-3.97)

(7.86-8.73)

Oral semaglutide vs. liraglutide (incremental)
95% CR

$12,686

0.32

0.13

(−$20,726-$44,744)

(0.08-0.54)

(−0.42-0.68)

Sitagliptin

$266,603

3.80

7.88

95% CR

($241,715-$292,529)

(3.62-3.99)

(7.46-8.30)

Oral semaglutide vs. sitagliptin (incremental)
95% CR
Background Tx
95% CR
Oral semaglutide vs. background Tx (incremental)
95% CR

$44,689

0.31

0.55

($11,793-$77,062)

(0.07-0.54)

(0.00-1.08)

$262,765

3.70

7.76

($237,955-$288,540)

(3.52-3.88)

(7.35-8.18)

$48,527

0.41

0.67

($17,022-$80,578)

(0.18-0.65)

(0.12- 1.21)

ICER

$458,400

$40,100

$145,200

$117,500

CR = credible range; ICER = incremental cost-effectiveness ratio; LY = life-year; QALY = quality-adjusted life-year; Tx = treatment.

with semaglutide and any of the active comparators of
interest on nephropathy.

MICROSIMULATION
The lifetime mean total cost for people treated with oral
semaglutide was $311,300 (95% CR = $285,000-$338,900)
and costs for the other comparators ranged from $262,800
(background treatment alone) to $298,600 (liraglutide;
Table 2 and Supplementary Table 3, available in online article). Oral semaglutide resulted in the fewest MACE (0.643
per person vs. 0.663 [liraglutide] to 0.714 [background treatment alone]), including the fewest cardiovascular deaths
(0.073 per person vs. 0.090 [empagliflozin] to 0.095 [background treatment alone]). Among the 5 modeled treatment
strategies, oral semaglutide had the highest LYs gained (8.43
[95% CR = 7.99-8.87] vs. 7.76 [background treatment alone]
to 8.29 [empagliflozin and liraglutide]), as well as QALYs
gained (4.11 [95% CR = 3.92-4.30] vs. 3.70 [background treatment alone] to 4.03 [empagliflozin]).
Oral semaglutide was cost-effective compared with liraglutide, with an ICER of $40,100, and was between $100,000
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and $150,000 per QALY when compared with background
treatment alone (ICER = $117,500/QALY) and sitagliptin
(ICER = $145,219/QALY; Table 2 and Supplementary Table 4,
available in online article). The ICER for oral semaglutide
compared with empagliflozin was approximately $458,400
per QALY. The estimated costs per MACE avoided for oral
semaglutide were $782,500 versus sitagliptin, $997,600 versus empagliflozin, $650,700 versus liraglutide, and $685,100
versus background treatment alone.

SCENARIO ANALYSES
Adding productivity costs to the model resulted in similar
ICERs for oral semaglutide versus each of the comparators
as the base case without these societal costs (Table 3). Small
differences in ICERs compared with the base case were
due to incremental societal costs that largely canceled out
between comparators except for incremental survival differences. When we gradually reduced the efficacy of oral
semaglutide for MACE and renal outcomes by 10% per year,
this increased the lifetime incidence of MACE and renal
outcomes, leading to increased cost and decreased LYs and
QALYs for oral semaglutide.
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TABLE 3

Results of Scenario Analyses

Comparison
Oral semaglutide
vs. empagliflozin

Oral semaglutide
vs. liraglutide

Oral semaglutide
vs. sitagliptin

Oral semaglutide
vs. background
treatment alone

Scenario
Base case
$50K threshold annual cost = $5,487

Incremental Cost

Incremental QALYs

ICER

$35,500

0.08

$458,400

$3,900

0.08

$50,000

$100K threshold annual cost = $5,562

$7,700

0.08

$100,000

$150K threshold annual cost = $5,636

$11,600

0.08

$150,000

Modified societal perspective

$36,700

0.08

$459,300

10% annual OS MACE efficacy decline

$33,600

0.02

$1,521,700

10% annual OS nephropathy efficacy decline

$37,200

0.06

$618,900

Base case

$12,700

0.32

$40,100

$50K threshold annual cost = $6,170

$15,800

0.32

$50,000

$100K threshold annual cost = $6,478

$31,600

0.32

$100,000

$150K threshold annual cost = $6,787

$47,400

0.32

$150,000

Modified societal perspective

$13,100

0.32

$41,400

10% annual OS MACE efficacy decline

$10,800

0.26

$40,800

10% annual OS nephropathy efficacy decline

$14,000

0.30

$47,200

Base case

$44,700

0.31

$145,200

$50K threshold annual cost = $5,533

$15,400

0.31

$50,000

$100K threshold annual cost = $5,834

$30,800

0.31

$100,000

$150K threshold annual cost = $6,134

$46,200

0.31

$150,000

Modified societal perspective

$46,000

0.31

$149,500

10% annual OS MACE efficacy decline

$43,600

0.26

$170,200

10% annual OS nephropathy efficacy decline

$46,000

0.29

$158,000

Base case

$48,500

0.41

$117,500

$50K threshold annual cost = $5,562

$20,700

0.41

$50,000

$100K threshold annual cost = $5,965

$41,300

0.41

$100,000

$150K threshold annual cost = $6,369

$62,000

0.41

$150,000

Modified societal perspective

$50,100

0.41

$121,300

10% annual OS MACE efficacy decline

$47,000

0.36

$129,900

10% annual OS nephropathy efficacy decline

$50,000

0.40

$125,700

ICER = incremental cost-effectiveness ratio; MACE = major adverse cardiovascular event; OS = oral semaglutide; QALY= quality-adjusted life-year.

In general, ICERs tended to increase for oral semaglutide versus each comparator. The annual cost of oral
semaglutide needed to reach a cost-effectiveness threshold
of $50,000 per QALY gained ranged from $5,487 (vs. empagliflozin; 95% CR = $4,307-$6,726) to $6,170 (vs. liraglutide;
95% CR = $4,834-$7,577). The annual cost needed to reach
a threshold of $100,000 per QALY gained ranged from
$5,562 (vs. empagliflozin; 95% CR = $4,376-$6,812) to $6,478
(vs. liraglutide; 95% C = $5,096-$7,937; see Table 3 and
Supplementary Table 4, available in online article, for complete scenario results).

SENSITIVITY ANALYSES
Across comparisons, the parameters with the greatest effect
on incremental cost were MACE HRs, add-on treatment
costs, and HRs for HF and nephropathy (Supplementary
Figure 1, available in online article). The parameters with
the greatest effect on incremental QALYs were MACE HRs,
short-term trial-derived changes in A1c, HRs for HF and
nephropathy, the annual disutility for injectable treatments
(for the comparison vs. liraglutide), and utility parameters (in the comparison vs. background treatment alone;
Supplementary Figure 2, available in online article).
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In the probabilistic sensitivity analysis, oral semaglutide
was predicted to be cost-effective compared with liraglutide at thresholds above $100,000 per QALY and to have
a more than a 50% chance of being cost-effective against
sitagliptin or background treatment alone at a threshold of
$150,000 per QALY or higher. However, even at a threshold
of $250,000 per QALY, oral semaglutide had only a 27%
chance of being cost-effective compared with empagliflozin
(Supplementary Figure 3, available in online article).

Discussion
We developed a patient-level microsimulation (adapted
from previous models18,19) to compare the clinical and economic impact of 5 different treatment strategies for people
with T2DM. Oral semaglutide as an add-on therapy to
background antihyperglycemic treatment was estimated
to produce incremental benefits in MACE avoided and
incremental QALYs compared with background antihyperglycemic treatment alone. Oral semaglutide was estimated
to result in better outcomes than background treatment
alone or sitagliptin and similar outcomes to liraglutide or
empagliflozin. At an estimated net price of $6,103 per year,
oral semaglutide was estimated to be cost-effective compared with liraglutide and to be moderately cost-effective
versus sitagliptin and background therapy alone, with ICERs
between $100,000 and $150,000 per QALY. Oral semaglutide was not found to be cost-effective compared with
empagliflozin.
The primary justification for adding oral semaglutide to
a health plan formulary is the advantage of having an oral
option for GLP-1 receptor agonist therapy. Many people
with T2DM are hesitant to move to treatment with injectable medications. However, many people cannot achieve
their target A1c using lifestyle modification and other oral
medications alone. Oral semaglutide therefore is likely to
allow many people to remain on oral treatment who would
otherwise require either an injectable GLP-1 receptor
agonist or insulin.
Our base-case results represent averages over sufficient simulations to achieve statistical convergence. Result
uncertainties are reflected in statistical variance in the
model input parameters and risk equations, as shown in
the probabilistic sensitivity analyses, and in the additional
uncertainties from the NMA caused by concerns about
whether effect modification could result from differences in
the underlying cardiovascular outcomes trials. In addition,
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all results assume the same net price discount from WAC
for oral semaglutide as for injectable semaglutide. If the
actual net price is different, these results would change.

LIMITATIONS
As with all decision modeling exercises, the limitations of
our approach and assumptions should be considered when
interpreting these findings. The principal limitation of our
model is the complexity of T2DM, its comorbidities, and its
person-specific clinical management. Because it is difficult
to expect regression equations to reliably predict any one
person’s actual outcomes, we undertook a large number of
sensitivity and scenario analyses to avoid depending on a
single deterministic output.
Second, the cardiovascular and renal outcome estimates
for our model could only be estimated from indirect treatment comparisons (by NMA) that are potentially susceptible
to effect modification. We also assumed that the cardiovascular benefits observed in the trials that targeted MACE as
the primary outcomes remained constant for each person’s
lifetime. With a lack of data on longer term follow-up for
these events or real-world evidence of adherence and its
relationship with such benefits, we were required to make
this assumption. Scenario analyses showed that a gradual
decrease in long-term efficacy led to increased cost and
decreased LYs and QALYs for oral semaglutide, and ICERs
tended to increase versus each comparator.
Third, the utility values for events modeled from the risk
equations were drawn from 2 sources (and different instruments) because of the lack of a single comprehensive source
of health-related quality of life inputs.
Finally, people with T2DM are treated based on clinical guidelines, which had been muted for this modeling
exercise. We assumed that all persons discontinuing their
initial treatment received insulin in order to provide direct
head-to-head estimates of value for those initial treatment
decisions. However, individuals would likely experience
a cascade of different treatments upon discontinuation,
which could have different costs and outcomes for that
person than what were modeled.

Conclusions
We found that at its estimated net price, oral semaglutide is
likely cost-effective versus liraglutide, is moderately costeffective compared with sitagliptin and background therapy
alone, but is not cost-effective compared with empagliflozin.
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