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Abstract

Obijective: Our objective was to model the potential cost-effectiveness of tirzepatide
as an alternative to lifestyle modification (LSM) for the management of obesity and
overweight.

Methods: An individual-level discrete event simulation was implemented in Microsoft
Excel linking short-term outcomes from the SURMOUNT-1 trial to key obesity-related
complications to estimate costs and health benefits of tirzepatide (5-mg, 10-mg, or
15-mg doses) and LSM over a lifetime time horizon. Treatment-related changes in cardi-
ometabolic factors were modeled using data from SURMOUNT-1; the relationship
between patient status and risk of obesity complications was obtained from published
literature. Modeled complications included cardiovascular events, onset of type 2 diabe-
tes, cancer, osteoarthritis, and sleep apnea. The model simulated 1000 adult patients
with overweight or obesity over their lifetimes, applying a 3% annual discount rate to
cost and health outcomes. Only direct medical costs were considered.

Results: Tirzepatide 5, 10, and 15 mg provided 0.54, 0.55, and 0.61 additional
quality-adjusted life years (QALYs) and additional costs of $79,288, $70,453, and
$75,839 versus LSM, yielding incremental cost-effectiveness ratios of $146,331,
$127,644, and $125,053 per QALY gained, respectively.

Conclusions: The model predicted that all doses of tirzepatide represent cost-
effective alternatives to LSM for management of overweight and obesity at a
willingness-to-pay threshold of $150,000 per QALY.

chief drivers of disability-adjusted life years (LYs) among people

with obesity, according to a 2015 Global Burden of Disease

Obesity is a chronic disease characterized by abnormal levels of
body fat that promote adipose tissue dysfunction, resulting in
adverse metabolic, biomechanical, and psychosocial health conse-
quences [1, 2]. People with obesity experience increased risk of
other diseases compared with people without obesity, including
cardiovascular disease (CVD) and type 2 diabetes (T2D), the

study [3].

The World Health Organization (WHO) first recognized obesity
as a global epidemic in 1997 [4]; its current estimated global preva-
lence is 15% [5]. The prevalence of obesity in the United States is
more than double the global average; a 2020 analysis estimated it to

be approximately 40% for men and women [6].
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Highly effective pharmacotherapy options for obesity are cur-
rently limited. The most commonly used intervention is lifestyle modi-
fication (LSM; i.e., diet and exercise). Although LSM may lead to
meaningful weight reduction, regain is common. In a meta-analysis of
29 dietary interventions for obesity, by year 5, average weight reduc-
tion was just 3% [7].

Tirzepatide is a long-acting glucose dependent insulinotropic
polypeptide and glucagon-like peptide-1 receptor agonist approved
by the Food and Drug Administration (FDA) for adults with obesity or
overweight with weight-related complications [8]. The SURMOUNT
trial program demonstrated tirzepatide’s efficacy: In SURMOUNT-1
(people without T2D at baseline) and SURMOUNT-2 (people with
T2D at baseline), people treated with tirzepatide and LSM lost signifi-
cantly more weight over 72 weeks than those on LSM alone [8, 9].
Both trials showed promising 72-week results for improvement in
other metabolic factors with tirzepatide.

Clinical and payer decision-makers may be interested in the
long-term clinical and economic value of tirzepatide. Thus, the
objective of this study was to evaluate the cost-effectiveness of 5-,
10-, and 15-mg doses of tirzepatide versus LSM over patients’ life-
times. The default analysis adopts a US commercial third-party

payer perspective.

METHODS
Model overview and structure

A discrete event simulation was developed to project obesity-related
events over a lifetime. The model tracked patients’ levels of metabolic
factors over time, specifically as follows: body mass index (BMI), waist
circumference, high-density lipoprotein, triglycerides, systolic blood
pressure, and fasting plasma glucose. These factors were then used to
estimate risk of key obesity-related complications (see online Support-
ing Information Methods). The individual-level simulation captured
patient heterogeneity in baseline characteristics and medical history
and allowed for flexible and simple tracking of onset timing for multi-
ple complications. The model was implemented in Microsoft Excel
(Microsoft Corp.) using the previously described discretely integrated
condition event method [10].

Upon entering the model, a patient profile initiated treatment
with tirzepatide 5, 10, or 15 mg or LSM. Identical sets of profiles
received each treatment, simulating a perfectly balanced randomized
controlled trial. The model then tracked BMI and other metabolic fac-
tors affected by treatment; these were updated every 6 months for
the first 6 years of the model simulation and every 2 years thereafter
and assumed to change linearly across updates. Patients may have
developed obesity-related complications any time in the model based
on current metabolic factor levels and demographic criteria (e.g., age,
sex, smoking status). Modeled obesity-related complications included
cardiovascular (CV) events, T2D, cancer, sleep apnea, and osteoarthri-
tis (Figure 1). Inclusion of these complications was based on a targeted

review of published economic models in obesity. Complications

Study Importance
What is already known?

o Obesity is a chronic, progressive disease that is increas-
ingly prevalent in the United States. People with obesity
are subject to increased risk of various complications,
including cardiovascular events and type 2 diabetes.

e Lifestyle modification (LSM; i.e., diet and exercise) is the
current mainstay of treatment for obesity, but even with
intensive lifestyle interventions, most individuals are not
able to maintain weight loss. Therefore, alternative treat-

ments for obesity are needed.

What does this study add?

e Our model, which employs an individual-level simulation
approach with results driven by the full published out-
comes from the SURMOUNT-1 trial (including cardiome-
tabolic factor change), suggests that tirzepatide may be a
cost-effective alternative to LSM based on typical US
willingness-to-pay thresholds ranging from $100,000 to
$150,000 per quality-adjusted life year.

How might these results change the direction of
research or the focus of clinical practice?

o Tirzepatide is a first-in-class glucose dependent insulino-
tropic polypeptide and glucagon-like peptide-1 receptor
agonist approved by the Food and Drug Administration
for treatment of type 2 diabetes and obesity. In the SUR-
MOUNT-1 trial, the mean change in body weight at week
72 with tirzepatide 15 mg was —22.5%, compared with
—2.4% with placebo.

e To understand the potential implications of tirzepatide in
clinical practice, estimates of its long-term economic and

clinical impacts are needed.

previously shown to be strongly associated with obesity or key long-
term cost drivers were included in the model.

Outcomes tracked by the model included time to onset of
obesity-related complications, costs (total and by category), LYs,
quality-adjusted LYs (QALYs), and incremental cost-effectiveness
ACost or AAQCXS(). Cost and health outcomes

were discounted by 3% per year, following recommendations from

ratios (ICER; calculated as

the Second Panel on Cost-Effectiveness in Health and Medicine [11].

Treatment phases

The model simulated five treatment phases based on weight loss and

metabolic factor trajectories observed in clinical trials [8] (Figure 2).
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Treatment-Related
Treatment
Adverse Events

Patient Characteristics*
« Patient history: Age, sex, ethnicity, smoking, T2D, family history of T2D, History of MI, stroke,
revascularization
*  Metabolic factors: BMI, waist circumference, FPG, SBP, HDL, triglycerides
Specific characteristics used to inform risk i onrisk |

) - ————— -
\
. | Implicitly captured 1
through utility: mental |
‘I illness, low quality of
life, physical functioning |
J |

Death
(CV/non-cv)

* Patient characteristics drive the calculation of risks and the application of costs and utilities.

** Direct treatment effect on BMI and other metabolic risk factors. These in turn effect rates of complications.

FIGURE 1 Model diagram. CV, cardiovascular; CVD, cardiovascular disease; FPG, fasting plasma glucose; HDL, high-density lipoprotein; M,
myocardial infarction; SBP, systolic blood pressure; T2D, type 2 diabetes. [Color figure can be viewed at wileyonlinelibrary.com]

Current BMI

weight quickly Patients lose

weight slowly applied

Time
Initial Loss Attenuated Maintenance Regain Natural History
Patients lose Loss Patient weight loss is Patient returns to Patient slowly gains

maintained; natural
history weight gain

baseline, adjusted for weight over time

natural history gain

FIGURE 2 Diagram of BMI trajectory over time. [Color figure can be viewed at wileyonlinelibrary.com]

First was the initial loss phase, wherein patients quickly lost weight and
experienced rapid improvement in metabolic factors. Next, patients
moved to the attenuated loss phase, wherein they continued to lose
weight and other metabolic factors improved but more slowly than in

the first phase. Third was the maintenance phase, wherein patients

continued treatment, maintaining most metabolic factor improvement
and weight loss achieved in the loss phases, but began regaining a small
amount of weight annually (at a rate equivalent to what would be
expected if untreated, i.e., according to natural history), until treatment

discontinuation. Following discontinuation, patients moved to the

85UB017 SUOWILIOD 3AIIR.1D 3deotdde au Aq pauseAob ke DI VO ‘85N JO'S3|NJ 04 AKeIq1T8UUO /8|1 UO (SUORIPUOD-PUR-SWLS) LD A8 | 1M ARe.q1BU1|UO//SANY) SUORIPUOD Pue swie | 8y} &8s *[5202/20/52] uo Areiqiauliuo A8|Im ‘911uD 8ueiyp0d Aq 0TEYZ Ad0/200T 0T/I0pALI0D A8 | Im AReiq 1 U1 |UO//SRY W04 PAPROIUMOQ ‘L ‘GZ0Z ‘X6EL0E6T


http://wileyonlinelibrary.com
http://wileyonlinelibrary.com

COST-EFFECTIVENESS OF TIRZEPATIDE FOR OBESITY

ESRVIBSE Obesity (ol

TABLE 1 Change in metabolic factors at the end of both loss periods per SURMOUNT-1, MMRM for efficacy estimand.

Comparator BMI WC, cm HDL
TZP 5 mg, % -16.0 -12.90 7.00
TZP 10 mg, % —-214 —16.90 8.60
TZP 15 mg, % -225 —17.40 8.20
LSM, % -24 -2.98 0.20

Triglycerides SBP, mm Hg FPG, mmol/L
—24.30 —5.66 —-8.07
—27.00 —6.62 —-10.16
—31.40 -6.18 -11.12
—6.30 —-0.98 0.94

Abbreviations: FPG, fasting plasma glucose; HDL, high-density lipoprotein;
systolic blood pressure; TZP, tirzepatide; WC, waist circumference.

regain phase, wherein they regained weight until they return to their
baseline BMI, plus any weight they would have been expected to gain
if untreated, which was assumed to happen over 3 years. Subsequently,
patients entered the natural history phase, wherein BMI increased over
time as patients aged. Additional details on the metabolic factors

tracked by the model are in Table S1.

Inputs
Patient characteristics

The National Health and Nutrition Examination Survey (NHANES)
informed baseline patient characteristics representative of the US pop-
ulation (Table S2). Profiles were filtered to match FDA eligibility criteria
for antiobesity medications (i.e., adults with BMI 230 kg/m2 and adults
with BMI 227 kg/m? with at least one obesity-related complication).
Patients with T2D at baseline were excluded.

Treatment efficacy and natural history

Tirzepatide and LSM efficacy outcomes were based on efficacy esti-
mands from the SURMOUNT-1 trial [8]; LSM was based on the pla-
cebo arm. Efficacy rather than treatment estimands were used
because the impact of treatment discontinuation was considered in
the treatment estimand; our model simulated discontinuation and its
consequences explicitly. The change in weight and metabolic factors
achieved at the end of the loss phases is summarized in Table 1. Dur-
ing the maintenance and natural history phases, patients gained a
small amount of weight annually based on natural history data, which
vary by sex. Men and women were estimated to gain 0.1447 and
0.1747 kg/m? in BMI per year, respectively [12]. Changes in other
metabolic factors during this phase followed patients’ BMI; each met-
abolic factor increased a specific amount per 1-kg/m? increase in BMI
(Tables S3 and S4).

Treatment duration and discontinuation

No maximum treatment duration was applied for tirzepatide or LSM, but

longitudinal all-cause discontinuation was modeled using observed trial

LSM, lifestyle modification; MMRM, mixed model for repeated measures; SBP,

data (online Supporting Information Methods). Annual discontinuation
probabilities for tirzepatide and LSM, based on 72-week data from
SURMOUNT-1, were 11.2%, 12.2%, 10.6%, and 19.9% annually for tir-
zepatide 5, 10, and 15 mg and LSM, respectively.

Safety

Adverse events (AEs) identified in SURMOUNT-1 as attributable to
either tirzepatide or LSM are generally manageable with treatments
that incur no cost to the payer (e.g., nausea and diarrhea, both of
which are often manageable with over-the-counter medication); thus,
these events minimally impacted the model results. Treatment discon-

tinuation due to AEs was captured in the all-cause discontinuation.

Complications and mortality

When possible, complication risk was modeled using published risk
equations. Risk equations were sought that included the impact of
change in BMI on the event of interest. Such equations were available
for CV events and T2D [13, 14]. Risk equations to estimate onset of
osteoarthritis, cancer, and sleep apnea that included the impact of
BMI were unavailable; therefore, a baseline annual rate of onset was
modeled, and the rate was adjusted over time on the basis of patients’
current BMI relative to baseline. Because source data only illustrated
the relationship between increase in BMI and increase in risk, we con-
servatively assumed the hazard does not decrease when BMI
decreases below baseline (i.e., the rate of these events was only
updated when BMlI increases).

CVD risk was estimated based on the Framingham 10-year equa-
tions (for primary CV events) [13] and the Long-Term Intervention
with Pravastatin in Ischemic Disease Randomized Controlled Trial
(LIPID-RCT) study (for secondary CV events) [15]. At the time of a CV
event, the specific event was assigned, based on data collected by the
University of Sheffield that reported the distribution of patients
across types of CV events, stratified by primary versus secondary
events [16]. CV events captured in the model were stroke, myocardial
infarction (M), and heart failure (HF). Patients may have experienced
stroke or MI as primary and/or secondary CV events. Patients may
have experienced HF as their primary CV event (potentially in combi-

nation with Ml or stroke, per the Framingham 10-year equation) or
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TABLE 2 Key cost and utility inputs.

Treatment
TZP (5-, 10-, and 15-mg doses)
LSM

First year

Subsequent years
Concomitant medications

Lisinopril (SBP
>130 mm Hg)

Metformin and glimepiride
(diabetes or FPG >126 mg/
dL)

Simvastatin (prior CV event
or HF)

Event
Nonfatal Ml
Hospitalization
First 3 mo of follow-up
Long-term annual follow-up
Nonfatal stroke
Hospitalization
First 3 mo of follow-up
Long-term annual follow-up
Nonfatal HF
Annual follow-up
CV death
Diabetes complications
Foot ulcers
Amputation
Diabetic retinopathy
Renal disease
Osteoarthritis
Sleep apnea

Event

Primary Ml
First year
Subsequent years
Primary stroke
First year
Subsequent years
Secondary Ml
First year
Subsequent years
Secondary stroke
First year
Subsequent years
Event
HF

Cost (2023 USD)
$1060/package

$1570/yr
$1515/yr

$14/yr

$1087/yr

$23/yr

Cost (2023 USD)

$20,196
$40,484
$6841/yr

$18,833
$28,478
$7929/yr

$31,592/yr
$20,113

$17,887
$29,126
$1008/yr
$4873/yr
$6299/yr
$2548/yr

Utility Multiplier

Male Female

0.8677 0.8953
0.8917 0.9200

0.7629 0.7875
0.8095 0.8355

0.5221 0.5388
0.8404 0.8678

0.6017 0.6218
0.7915 0.8174
Utility decrement
—0.1034

(Continues)

Ol HAD o WILEY L *

TABLE 2 (Continued)

Treatment Cost (2023 USD)
Foot ulcer —0.024
Amputation —-0.051
Diabetic retinopathy —0.058
Renal disease —0.04
Breast cancer —0.06
Colon cancer —0.06
Endometrial cancer —0.03
Kidney cancer —0.048
Esophageal cancer -0.06
Pancreatic cancer —0.06
Osteoarthritis —0.101
Sleep apnea —0.049

Abbreviations: CV, cardiovascular; FPG, fasting plasma glucose; HF, heart
failure; LSM, lifestyle modification; MI, myocardial infarction; SBP, systolic
blood pressure; TZP, tirzepatide; USD, US dollars.

following a prior Ml (i.e., patients with Ml are subsequently at risk of
developing HF; this risk persists until death). The risk of the latter was
informed by Sulo et al. [17]. CV events may be fatal; nonfatal CV
events incurred ongoing costs for disease management and a health
utility decrement for the event. In addition to mortality associated
with CV events, other causes of mortality were captured using US Life
Tables [18], adjusted to exclude CV deaths [19].

The onset of T2D was estimated using the Reasons for Geo-
graphic and Racial Differences in Stroke (REGARDS) risk equation [20].
After developing T2D, patients received metformin and glimepiride,
remaining on treatment for the rest of their lives. Patients with T2D
face increased risk of CVD, per the Framingham 10-year equation,
and may also experience diabetes complications, including amputa-
tion, diabetic retinopathy, renal disease, and ulcers [21, 22]. The onset
of diabetes-related complications was based on incidence rates col-
lected from patients with T2D; patients with complications incurred
additional costs and utility decrements.

The model included cancers shown to have the strongest link
with obesity (the top four for each sex), based on a published meta-
analysis [23]. Specifically, these were as follows: colon, kidney, esoph-
ageal, pancreatic, endometrial, and breast cancer. Patients were
assumed to develop at most one type of cancer during the simulation.
Baseline rates of cancer were based on Surveillance, Epidemiology,
and End Results (SEER) data [24]. Patients with cancer incurred man-
agement costs and a utility decrement. The impact of included cancers
on survival was captured using mortality estimates from SEER. Cancer
mortality was not excluded from the Life Tables because they do not
differentiate across types of cancers. Consequently, the mortality due
to cancer may have been overestimated.

Sleep apnea and osteoarthritis were modeled with a baseline rate
of developing the condition and an increase in the hazard of onset
corresponding to an increase in BMI. Patients with sleep apnea or
osteoarthritis incurred management costs and a utility decrement.

Baseline rates and hazard ratios associated with each 1 kg/m? of BMI
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TABLE 3 Scenario analyses.

Scenario

CV event, HF, and T2D only

Description

costs and utility effects)

Diabetes-San Antonio
onset of diabetes

Diabetes-Framingham
onset of diabetes

Societal perspective

Prediabetes

Obesity class IlI

Pessimistic TZP
discontinuation
Optimistic TZP

discontinuation
10-y time horizon Run simulation for 10 y

20-y time horizon Run simulation for 20 y

Consider updated White
House Guidance on Discount annum
Rates [44]

100% smokers at baseline

100% nonsmokers at baseline
at baseline

Simulate only CVD and T2D onset (and their attendant

Use the San Antonio study equation [43] to simulate

Use the Framingham study [14] equation to simulate

Include the costs of reduced productivity at work and
additional sick time for patients with obesity

Include only patients with prediabetes

Include only patients with BMI of at least 40

Use TZP discontinuation rate of 50%

Run simulation with discount rates set to 2% per

Simulate a cohort of patients who smoke at baseline

Simulate a cohort of patients with no smokers included

Rationale

Assess the relative impact of CVD and T2D vs.
other complications

Multiple risk equations for onset of diabetes
available from the literature; assess the impact of
their use

Assess the impact of a broader perspective that
includes productivity costs in addition to the
direct medical costs for patients with obesity

Assess the impact of restricting TZP treatment to
patients afflicted with more severe disease
relative to the SURMOUNT-1 trial inclusion
criteria

Explore the impact of discontinuation rates on
the model result

Patients on TZP do not discontinue for any reason

Explore the impact of shorter time horizons,
which may be of interest to US payers given that
patients typically do not keep the same insurer
for their entire life

Understand the impact of updated White House
guidance on appropriate discount rates for CEA,
compared with the current 3% guidance

Understand the impact of treating smokers vs.
nonsmokers

Abbreviations: CEA, cost-effectiveness analysis; CVD, cardiovascular disease; HF, heart failure; TZP, tirzepatide; T2D, type 2 diabetes.

gain for osteoarthritis [25, 26] and sleep apnea [27] were obtained

from the literature.

Costs

All cost inputs were based on or inflated to 2023 US dollars. A treatment
cost of $13,826 per year (Table 2) was applied while patients received
tirzepatide. Because the unit cost of tirzepatide was equal across doses,
costs were consistent during titration. The cost of LSM considered
counseling for obesity, aligned with the SURMOUNT-1 protocol, esti-
mated to be $1570 in year 1, decreasing to $1515 in subsequent years
due to the higher cost of the first in-person counseling visit [28].

Patients received additional treatment based on the complica-
tions they experienced in the model. Patients initiated lisinopril if their
systolic blood pressure was higher than 130 mm Hg, patients with
a previous CV event or HF received simvastatin, and patients with
T2D or fasting plasma glucose >26 mg/dL received metformin/glime-
piride. Medication costs are shown in Table 2 and Table S5. Table S6
contains details on treatment and event cost sources.

For CV events, costs were linked to the type of event experi-

enced. An acute hospitalization cost was initially applied, and

additional follow-up costs were applied from event onset until death
for medical care required after the event (Table 2).

Patients may have experienced multiple diabetes-related compli-
cations, incurring multiple costs (Table S7). Costs for foot ulcer and
amputation were applied once at the time of the event. Annual costs
for diabetic retinopathy and renal disease were applied until death.
Chronic kidney disease stage Ill management cost was assumed to be
representative of the cost of renal disease (Table 2).

Cancer management costs were stratified by age, sex, and first
and subsequent years of treatment. Terminal care costs were applied
for patients who died of cancer (Tables S8 and S9).

Patients who experienced osteoarthritis or sleep apnea incurred
an ongoing management cost until death or the end of the model time
horizon, estimated to be $6299 annually [29] and $2548 annually [30],

respectively.
Health utility
Baseline utility considered patient sex and BMI (Table S10). When

patients lost weight, they experienced a utility increment while their

BMI was below baseline. This increment was lost when patients
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returned to BMI equal to or greater than their baseline value. The util-
ity increment was calculated using regression equations described
previously [31].

The utility impact of Ml and stroke was applied using a multiplica-
tive approach, which considered patient sex and history of CV events
[32]. Other utility decrements (for HF [33], osteoarthritis [34], sleep
apnea [35], cancer [33, 34, 36], and diabetes-related complications
[37-39]) were additive: a flat decrease was applied to the utility calcu-
lated from baseline (including the impact of patient CVD history). Util-

ity inputs are summarized in Table 2.

Analyses

In all analyses, 1000 patients (Figures S1 and S2) were simulated over
a lifetime horizon, unless otherwise specified. Scenario analyses
assessed the impact of different patient populations, risk equations,
time horizons, and treatment discontinuation rates (Table 3). Scenario
results were presented for a pairwise comparison of tirzepatide
10 mg, as a representative of the three possible tirzepatide doses,
against LSM.

Deterministic sensitivity analysis (DSA) was also conducted,

changing key parameters to reflect low or high values (informed by

TABLE 4 Discounted results.

Absolute results TZP 5 mg
Mean time to key events, yr
Onset of T2D 18.61
Primary Ml 20.21
Primary stroke 22.65
Secondary Ml 24.88
Secondary stroke 23.01
Key cost outcomes, $
Treatment costs 86,480
CV event and HF costs 20,939
Cancer management and terminal costs 9575
Diabetes management and complication costs 6512
Osteoarthritis costs 6979
Sleep apnea costs 19,572
Total costs 157,110
Health outcomes
LYs 19.80
QALYs 15.06
Incremental results TZP 5 mg vs. LSM
Incremental costs, $ 79,288
Incremental LYs 0.09
Incremental QALYs 0.54
ICER/QALY, $ 146,331

Obesity [o ERYY 15 AVd B

95% confidence interval [Cl] values where available, otherwise as
+20% from baseline) to determine drivers of the model results. The
DSA also compared tirzepatide 10 mg versus LSM.

Finally, a probabilistic sensitivity analysis was also conducted.

Details are available in the online Supporting Information Methods.

RESULTS
Base case

In the base-case analysis, tirzepatide delayed onset of key obesity-
related complications, particularly onset of T2D and primary and sec-
ondary CV events. This led to improved discounted LYs and QALYs
versus LSM. Specifically, 0.09, 0.09, and 0.10 LYs and 0.54, 0.55, and
0.61 QALYs were gained with tirzepatide 5, 10, and 15 mg, respec-
tively. The additional discounted costs of tirzepatide over LSM were
$79,288, $70,453, and $75,839 for the 5-, 10-, and 15-mg doses,
respectively. The driver of additional costs was the increased treatment
cost of tirzepatide relative to LSM, although this increase was mitigated
by reduced incidence of obesity-related complications. The incremental
cost of tirzepatide 10 mg versus LSM was lower than the incremental

costs of tirzepatide 5 mg and 15 mg versus LSM due to the higher

TZP 10 mg TZP 15 mg LSM
18.96 18.91 17.23
20.21 20.33 19.81
2247 22.75 21.52
24.97 25.15 24.71
2291 23.47 20.14
77,544 82,947 5538
20,821 20,696 21,615
9795 9939 9687
6379 6323 7142
6988 6983 6915
19,642 19,652 19,600
148,274 153,661 77,821
19.80 19.81 19.71
15.07 15.12 14.51

TZP 10 mg vs. LSM TZP 15 mg vs. LSM

70,453 75,839

0.09 0.10

0.55 0.61

127,644 125,053

Abbreviations: CV, cardiovascular; HF, heart failure; ICER, incremental cost-effectiveness ratio; LSM, lifestyle modification; LY, life year; MI, myocardial
infarction; QALY, quality-adjusted life year; TZP, tirzepatide; T2D, type 2 diabetes.
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TABLE 5 Scenario results: discounted (all results are TZP 10 mg vs. LSM).

Incremental
Scenario Costs, $
Base case 70,453
CVD and T2D only 71,096
Diabetes-San Antonio 66,530
Diabetes-Framingham 63,384
Societal perspective 63,954
Prediabetes 66,033
Obesity class Il 72,810
Pessimistic TZP discontinuation 15,779
Optimistic TZP discontinuation 256,482
10-y time horizon 57,739
20-y time horizon 68,139
2% discount rate for cost and health outcomes 74,426
100% smokers at baseline 69,315
100% nonsmokers at baseline 69,065

LY QALY ICER/QALY, $
0.09 0.55 127,644
0.09 0.55 128,461
0.12 0.59 112,013
0.17 0.65 97,391
0.09 0.55 115,870
0.09 0.51 129,347
0.07 0.64 113,640
0.00 0.09 172,950
0.39 214 120,130
0.02 0.38 150,887
0.05 0.51 133,228
0.11 0.60 124,906
0.10 0.61 114,396
0.04 0.52 132,342

Abbreviations: CVD, cardiovascular disease; ICER, incremental cost-effectiveness ratio; LSM, lifestyle modification; LY, life year; QALY, quality-adjusted

life year; TZP, tirzepatide; T2D, type 2 diabetes.

discontinuation rate observed for the 10-mg dose in SURMOUNT-1.
The resulting ICER versus LSM was $146,331, $127,644, and
$125,053 for tirzepatide 5, 10, and 15 mg, respectively (Table 4).

Scenarios

Scenario analyses were consistent with the base-case analysis; tirzepa-
tide delivered increased LYs and QALYs at additional costs relative to
LSM (Table 5). Only two analyses produced an ICER above the com-
monly used US willingness-to-pay threshold of $150,000 per QALY.
Results accounting only for the impact on CVD and T2D produced
similar incremental QALYs, LYs, and costs to the base case, suggesting
that improvement in CVD and T2D outcomes is a driver of the eco-
nomic value of tirzepatide, with the remaining complications having
more marginal impact. Among T2D risk equations, both alternates
decreased the ICER relative to the base-case result, suggesting that the
use of REGARDS is conservative. The Framingham analysis yielded the
largest difference in patients developing T2D, producing the lowest
ICER of $97,391 per QALY versus LSM. Accounting for indirect costs
led to improved results for tirzepatide, reducing incremental cost to
$63,954, yielding an ICER of $115,870 per QALY. Scenario results sug-
gested that targeting tirzepatide for patients with at least class Ill obe-
sity would be more cost-effective, with an estimated ICER of $113,640
for these patients. Extreme assumptions on discontinuation rates had a
notable impact on both cost and QALY outcomes. An optimistic sce-
nario in which patients remained on tirzepatide indefinitely showed a
similar ICER to the base case, with significantly higher incremental costs
and QALYs, indicating a stable and proportional relationship between

ongoing treatment costs and QALYs gained in the long term. In the

pessimistic scenario in which all patients discontinued treatment
quickly, the result was significantly lower incremental QALYs and costs,
resulting in an increased ICER. The accelerated discontinuation rate is
unlikely to occur in the real world given that this scenario causes most
patients to discontinue treatment prior to realizing its maximum effect.
The increased ICER observed with restricted time horizons supported
the hypothesis that the economic benefits of tirzepatide are best cap-

tured over a lifetime.

Sensitivity

The DSA showed that key result drivers are the cost of tirzepatide, dis-
count rates for costs and health, the clinical efficacy of tirzepatide, and
the clinical efficacy of LSM (Figure 3).

The probabilistic sensitivity analysis showed that tirzepatide
10 mg would have a 23% probability of cost-effectiveness at a willing-
ness to pay of $100,000, increasing to 57% at a willingness to pay of
$150,000.

DISCUSSION

The Institute for Clinical and Economic Review considers medications to
be cost-effective at an ICER between $100,000 and $150,000 per QALY
[40]. In this model, all doses of tirzepatide were cost-effective alterna-
tives to LSM, with the ICER falling below the upper bound of that range.

In this analysis, each individual tirzepatide dose was directly com-
pared with LSM for the sake of transparency, rather than being pre-
sented as a fully incremental analysis. In practice, all three doses are
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FIGURE 3 DSA tornado diagram. DSA, deterministic sensitivity analysis; CV, cardiovascular; FPG, fasting plasma glucose; HDL, high-density
lipoprotein; ICER, incremental cost-effectiveness ratios; TZP, tirzepatide. [Color figure can be viewed at wileyonlinelibrary.com]

included in the approved prescribing information, each with the same
unit cost. Patients are likely to titrate through multiple dose levels,
ultimately stabilizing at the maximum tolerated dose. Consequently,
no formulary should cover only a single dose of tirzepatide, and it is
unlikely medical decision-makers will face a scenario where they
must choose between prescribing two doses of tirzepatide. The
DSA illustrated that result drivers include discounting rates, the
cost of tirzepatide, and the clinical efficacy of tirzepatide and LSM.
As the cost of tirzepatide is unlikely to be subject to uncertainty
and the 72-week efficacy and discontinuation rates were explored
in the SURMOUNT-1 trial, this suggests that future research should
focus on developing long-term estimates of tirzepatide's efficacy
and discontinuation rates.

Scenario analysis indicated that a key driver of the economic
value of tirzepatide is the reduction in the number of patients devel-
oping CVD and T2D and that the choice of risk equation to model
those developing T2D in the base case is conservative. An optimistic
scenario in which patients did not discontinue tirzepatide for any rea-
son produced an ICER similar to the base case, whereas a scenario in
which patients discontinued tirzepatide quickly yielded a notably
higher ICER than the base case, suggesting long-term adherence is an
important treatment goal. Inclusion of societal perspective costs and
restricting the patient population to those that have more severe obe-
sity (class ) led to improved cost-effectiveness results. The other
scenario that yielded an ICER above $150,000 per QALY was the 10-
year time horizon scenario, which was slightly above this threshold.
The short time horizon is insufficient to fully recognize the benefit of
tirzepatide in terms of reduced complication rates.

To provide context, we compared our results with recently pub-
lished cost-effectiveness analyses in obesity, particularly the model
assessing semaglutide 2.4 mg published by Kim et al. [41] and the
analysis published by the Institute for Clinical and Economic
Review [42]. Our model estimated higher incremental costs and

QALYs for tirzepatide compared with the model by Kim et al., which

predicted that semaglutide 2.4 mg would yield incremental QALYs of
0.18 and incremental costs of $22,138 (ICER: $122,549/QALY) versus
LSM. An important difference between that analysis and ours is treat-
ment duration. In Kim et al., the model assumed a maximum treatment
duration of 2 years for semaglutide, whereas our model has no fixed
treatment duration. We hypothesize that application of similar treat-
ment rules in the semaglutide model could produce incremental costs
and QALYs more consistent with our analysis.

In the recently published evidence report for antiobesity medi-
cations by the Institute for Clinical and Economic Review [42], Drug
X (i.e., tirzepatide, based on top-level findings of the SURMOUNT-1
trial and assuming an annual price of $13,618) was estimated to yield
0.48 LYs and 1.30 QALYs at an incremental cost of $188,000 over
LSM. Our analysis has two important differences: first, we leveraged
published SURMOUNT-1 data, which estimated a BMI decrease
greater than the 17.8% used by the Institute for Clinical and Eco-
nomic Review; second, our model captures longitudinal discontinua-
tion. Specifically, their model only considered discontinuations due
to AEs rather than discontinuation due to any cause as in our model.
Further, their model did not consider discontinuations over time;
instead, the impact of discontinuation was applied only during the
first cycle. The incremental costs and QALYs for the optimistic dis-
continuation scenario in our model (Table 5) are more similar to their
result. The same limitations around discontinuation and its applica-
tion apply to the Institute for Clinical and Economic Review analysis
of semaglutide, which in their model was found to yield higher LYs,
QALYs, and incremental costs compared with LSM than any dose of
tirzepatide in our analyses.

The results of this analysis should be interpreted with respect to
its limitations, which relate primarily to the availability of data for the
target population, the long-term uncertainty, and the model's “indi-
rect” approach to complication estimation.

In terms of data availability, the model uses risk equations devel-

oped using populations including patients with and without obesity.
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Although BMI and other metabolic factors were included as risk
factors, it is possible that the impact of these covariates may differ in
a population composed exclusively of individuals with obesity. Fur-
thermore, detailed risk equations were unavailable for sleep apnea,
osteoarthritis, and cancer. To assess the impact of the T2D risk equa-
tions, alternates were explored in scenario analyses. Alternates to the
CVD risk equations, Framingham 10-year and LIPID-RCT, suitable for
the model could not be identified, so the impact of their use could not
be assessed. Additionally, long-term treatment adherence to tirzepa-
tide is not currently known. The discontinuation rates used in this
model were based on trial data, which captured discontinuation for
reasons related to patients’ overall experience of treatment but did
not capture discontinuation for reasons related to access. Future
research could incorporate real-world evidence on adherence into the
model once such data become available.

Long-term uncertainty in the model is driven primarily by the
availability of data to inform the treatment effect of tirzepatide from
SURMOUNT-1. Although trial data followed patients up to 72 weeks,
our model sought to understand the lifetime BMI trajectory of simu-
lated patients. Therefore, we supplemented the data with several key
assumptions, namely the following: BMI loss persists until patients
stop treatment, excepting natural history growth, and patients gain a
small amount of weight each year when they stop active treatment.
The model could be improved with evidence indicating how the treat-
ment effect of tirzepatide persists in the long term for patients who
continue to stay on treatment.

A third limitation of this model is the use of an “indirect”
approach to treatment effect, in which the impact on complication
development is mediated via the change in BMI and other metabolic
characteristics. It would be preferable to instead directly capture the
impact of tirzepatide on CV events; to that end, a CV outcomes trial
for tirzepatide is currently in progress.

Despite the noted limitations, the model’s structure lends several
strengths to the analysis. First, the individual-level approach is well
suited to capture patient heterogeneity, in terms of complication sta-
tus and metabolic factor levels at baseline. Additionally, the
individual-level approach allows for flexibility to specify population
subsets using multiple selection criteria. The individual-level approach
simplifies the tracking of comorbidities compared with commonly
used state-based approaches. In state-based models, all health states
must be defined in such a way that they are mutually exclusive, which
necessitates the inclusion of many health states; this may in turn
increase the difficulty of implementing and verifying the model [41].
In comparison, an individual-level model may simply “enable” the
presence of a complication for a given patient and estimate conse-
quences based on the new complication plus any previously existing
complications. Finally, compared with previous models, our model
allows for flexibility in the approach to treatment discontinuation: It
can capture longitudinal discontinuation over time and its impact on
both costs and complication risks, which were not considered in either
the Kim et al. model or the Institute for Clinical and Economic Review

model. A list of model assumptions is presented in Table S11.

CONCLUSION

According to this simulation, tirzepatide may be considered a cost-
effective alternative to LSM for the treatment of obesity, with our
model predicting increased LYs and QALYs over LSM with all doses
and yielding an ICER below $150,000 per QALY.O
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