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Abstract

Glucagon-like peptide-1 receptor analogs (GLP-1 RAs) have been an innovative and instrumental drug class in the man-
agement of both type 2 diabetes and obesity. Tirzepatide is a novel agent that acts as an agonist for both GLP-1 receptors
and gastric inhibitory polypeptide (GIP) receptors, another incretin that lowers glucose and appetite. Although previous
studies showed a lack of therapeutic benefit for GIP agonists, current studies show that the glucose lowering and weight
loss effects of tirzepatide are at least as effective as GLP-1 RAs with a similar adverse effect profile. Some studies, though
not conclusive, predict that tirzepatide may in fact be more potent than GLP-1 RAs at reducing weight. A thorough review
of the studies that led to tirzepatide’s approval allows for comparisons between tirzepatide and GLP-1 RAs; it also allows
for predictions of tirzepatide’s eventual place in therapy - an agent used preferentially over GLP-1 RAs in patients with or

without diabetes desiring to lose weight.
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1 Introduction/background: role of incretins
in diabetes and weight

Incretins are endogenous proteins responsible for multiple
bodily functions including the moderation of blood glu-
cose and the feelings of satiety [1]. After being produced
by enteroglucagon-producing L cells in the lower gut in
response to food intake, incretins travel to various receptors
including the pancreas and cause glucose-dependent insu-
lin release causing lowering of elevated blood glucose [1].
Incretins are also responsible for other functions both inside
and outside the pancreas. The main functions of incretins are
shown in Fig. 1 and are summarized in detail below.

The 2 major incretins found in the body are gastric-
inhibitory-polypeptide (GIP) and glucagon-like-peptide-1
(GLP-1) [2]. Glucagon-like-peptide-2 (GLP-2) is a similar
compound that is typically not considered an incretin due
to its lack of glycemic effects. Though similarities exist in
their structure and function, each incretin has some differing
effects. In order to lower glucose, GIP travels to beta cells

< John Andraos
jandraos @westernu.edu

College of Pharmacy, Western University of Health
Sciences, 91766 Pomona, CA, USA

2 Touro College of Pharmacy, 94592 Vallejo, CA, USA

in the pancreas and activates GIP receptors (GIPr) via
class-II G-protein coupled receptors causing an increase
in intracellular cAMP and calcium leading to a release of
insulin [3]. Though the exact mechanism is unclear, GIP
levels can become raised without inducing hypoglycemia in
normoglycemic patients [4]. GIP’s other functions include
fat metabolism and promoting beta cell proliferation [5]. The
hormone also decreases the parietal cell’s secretion of gastrin
and stomach acid, proliferates the bone’s osteoblasts and
inhibits osteoclasts, and may be involved in neuro-signaling
as evidenced by widespread expression of GIPr in the brain.
Though their function is unclear, GIP receptors are also
present in other organs such as the heart, kidneys, and skin [6].

Similarly, GLP-1 binds to GLP-1-receptors (GLP-1r) and
causes the same glycemic effect as GIP on the pancreas. Ago-
nists attach to G-protein coupled receptors causing an increase
in intracellular cAMP and calcium leading to a release of insu-
lin [7]. Other effects of GLP-1 include inhibiting gastric empty-
ing, decreasing food intake, and decreasing glucagon secretion
resulting in a decrease in endogenous glucose production [7-9].
GLP-1 has also been shown to protect beta cells from apoptosis
and stimulate beta-cell proliferation [10, 11]. The mechanisms
of these effects are largely unknown.

Much of the appetite suppression studies have occurred with
GLP-1 which causes appetite suppression in a multifactorial
way. First, GLP-1 causes an increase in satiety and a decrease
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in hunger leading to decreased food intake [11]. Additionally,
incretins seem affect the vagus nerve in the central nervous sys-
tem (CNS) to decrease GI motility decelerating gastric emptying
[12]. This leads to a delayed feeling of fullness and decreased
acid production. It is proposed that GIP works similarly but may
also affect lipid metabolism enhancing the weight loss effects
[13]. GIP affects the ability of the body to expand its white
adipose tissue storage in a healthy way allowing for increased
lipid breakdown and decreased lipid spillover and ectopic fat
accumulation in various organs [13]. Decreasing ectopic lipid
accumulation also may promote insulin sensitivity [13].
GLP-2’s effect predominantly resonates in the gut and
the protein does not seem to directly affect glucose levels
[14]. Although each of these peptides differ from each other,
similarities also exist. Apart from being produced in similar
locations and having some overlapping functions, all three
of these proteins are traditionally not orally bioactive [4].
Recently, however, semaglutide, a GLP-1 receptor analog
(GLP-1 RA), has been formulated in a way to allow for oral
absorption [15]. Additionally, they are all broken down simi-
larly by dipeptidyl peptidase-4 (DPP-4) though GIP break-
down occurs at a slower rate than GLP-1 breakdown [16].

2 Introduction/background: history
of incretin mimetics medications

GIP was the first incretin isolated and characterized
in the 1970’s though most modern therapies focus on
GLP-1 [17]. This was because the function of GIP in the
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pathophysiology of diabetes was historically question-
able. Most scientists previously believed that GLP-1
levels were deficient in patients with diabetes [18].
Though recent studies show this may not be true, the
belief led to the development of agents to overcome
GLP-1 deficiencies [19].

On the other hand, GIP deficiency did not seem to be
pathogenic of diabetes leading to the peptide being mostly
ignored after initially being discovered and isolated [20].
Further evidence has increased the understanding of
GIP showing that GIP likely still has a role in diabetes
despite normal or sometimes elevated concentrations. This
research theorized that hyperglycemia can lead to a down-
regulation of GIPr causing decreased GIP response despite
therapeutic or even supratherapeutic levels of GIP [21].
Patients with diabetes seem to have a lower response to
GIP regardless of the concentration of the hormone [21].
This discouraged researchers from pursuing GIP as a ther-
apeutic target. GIP supplementation was also shown to be
ineffective in the 1990s when intravenous (IV) GIP was
introduced to hyperglycemic patients with no effect on
their blood glucose though physiologic rather than phar-
macologic concentrations were supplied [20]. However,
when the experiments were done with GLP-1, blood glu-
cose was reduced [22].

Prior to formulating incretin mimetics, two administration
issues had to be resolved - their lack of oral bioavailability
and their short half-lives [23]. The aforementioned studies
were completed through IV administration of proteins which
is not feasible in the treatment of a chronic disease. Another
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barrier is that following production in the body, DPP-4 rap-
idly breaks down incretins. In fact, DPP-4 inhibitors, aimed
at elongating effect of endogenous incretins, are available
for the treatment of type 2 diabetes though the glycemic
effect of these medications are comparatively modest [24].
Thus, in order to have GLP/GIP analogs with lasting effects,
alterations of the peptides needed to be made in order to
prevent their rapid metabolism by DPP-4 and oral adminis-
tration could not be used.

Subcutaneous injections resolved the oral bioavailabil-
ity issues of incretins while the short half-life barrier was
resolved when researchers identified other animals that also
produce similar GLP-1 molecules [25]. The salivary glands
of gila monsters produce a GLP-1 peptide that does not have
a DPP-4-recognized site leading to the first therapeutic incre-
tin, exenatide - a twice daily subcutaneous injection [25]. The
phase 3 trials showed not only success in the lowering of
glucose, but also the reduction in weight. Other manufactur-
ers began synthesizing GLP-1 analogs with altered DPP-4
binding sites that bypassed degradation and remained in the
body for weeks at a time [26]. A longer-acting version of
exenatide (weekly), liraglutide (daily), dulaglutide (weekly),
and both injectable (weekly) and oral (daily) semaglutide
were approved in the coming years. [27-31]. Other GLP-1
RA have also been approved but either no longer exist on the
market or are not as frequently used. This novel class of med-
ications currently yields one of the largest reductions in A1C
[32]. Since the medication causes glucose-dependent insu-
lin release and did not cause hypoglycemia but suppressed
appetite, liraglutide and semaglutide were both approved for
weight loss in patients without diabetes [33, 34].

Another significant benefit of the medication class is its
ability to reduce cardiovascular risk in patients with type 2
diabetes. Several of the medications showed that patients with
a history of cardiac disease or risk factors for cardiovascular
disease had lower risks of heart attacks, strokes, and myocar-
dial infarctions when taking these agents compared to patients
taking standard of care regardless of A1C lowering [35-37].

The American Diabetes Association now recommends
GLP-1 RAs for patients with established ASCVD regard-
less of their A1C and regardless of if the patient is taking
metformin, the historically first line medication for T2DM
[38]. The guidelines also recommend using the medication
in patients with a compelling need to minimize weight gain,
patients prone to hypoglycemia, and patients who need a
substantial A1C reduction [38]. The guidelines support the
medication class’s positive effects of slowing the progression
of chronic kidney disease though the effects are likely not as
strong as SGLT2i, another class of diabetes medications [39,
40]. Alternatively, the guidelines recommend choosing alter-
native glucose lowering therapies if cost is a major issue for
a patient as these brand-name medications are highly priced
[38].

As previously mentioned, two GLP-1 RAs are available
for the management of weight even in patients who do not
have diabetes [33, 34]. GLP-1 RAs are one of the most
potent weight-loss agents while also not being stimulatory
like most other weight loss medications. However, these
agents can be expensive for patients whose insurances do
not cover the medications.

Following the successes of GLP-1 RAs, manufacturers
have worked to produce similar outcomes with newer agents
that affect the incretin pathways including not only GLP1
receptors but also GIP and glucagon receptors. Though sev-
eral molecules, such as mazdutide, a GLP/glucagon dual
agonist, are being studied in various phases, the first agent
targeting incretins other than just GLP-1 was approved in
2022 — tirzepatide [41].

3 Introduction/background: a novel dual
incretin analog

Despite historical research stating GIP did not assist in low-
ering blood glucose even with supratherapeutic levels, the
success of GLP-1 RAs has led to the approval of a novel
GLP-1/GIP RA, tirzepatide [42]. The medication is a single
molecule that targets both incretin receptors, GLP-1r and
GIPr. When activated with GLP-1r, GIP seems to potenti-
ate not only the weight loss mechanism of the incretin but
also the glucose lowering effects [13]. GIP activation may
additionally potentiate the insulin secretion effects of GLP-1
activation on the pancreas and the weight loss effects of
GLP-1 activation on CNS [13]. GIP activation may also
provide complimentary mechanisms by potentiating the
expansion of white adipose tissue and lipid handling [13].
Finally, GIPr agonism may decrease the nauseating effects
of GLP-1 agonism through area postrema inhibitory neurons
potentially allowing for higher therapeutic doses of GLP-1
analogs with decreased adverse effects [13].

3.1 Tirzepatide effects: glucose lowering effects
of tirzepatide

Tirzepatide, a once-weekly subcutaneous injection, was FDA
approved in May 2022 as an adjunct treatment with diet and
exercise to improve glycemic control in adults with Type 2 dia-
betes [43]. Its approval was preceded by the outcomes of five
phase III trials, which are summarized in Tables 1 and 2, each
of which compare tirzepatide at 5 mg, 10 mg, and 15 mg to
other medications comparing similar clinical endpoints. These
trials demonstrated its efficacy and safety in Type 2 diabetes
with or without other anti-diabetic agents [42, 44—47]. Apart
from characteristics noted in the study designs, baseline traits
including age, race, and gender were similar among all of the
SURPASS trials and did not impact outcomes [42, 44—47].
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Table 2 Comparison of Tirzepatide to Other Antidiabetic Agents

Trial Sample size (n) Trial Tirzepatide Comparator Additional Anti- Mean treatment Mean treatment
duration doses (mg) diabetic regimen difference in Alc  difference in weight
(weeks) versus comparator versus placebo
SURPASS-1 478 40 5 Placebo None —1491% (95% CI —6¢3 kg (95% CI
10 —2018 to —163), —T7e8 to —47),
15 —1493% (221t0  —Te1 kg (-8<6 to
—1465), —505),
—2011% (2039to  —8e8 kg (—10e3 to
—1483) —7¢2)
(all P<040001) (all P<0+0001)
SURPASS-2 1,879 40 5% Semaglutide 1 mg Metformin -0.15% (95% CI, —-19kg (95% CI,
10 —0.28 to —0.03; —2.8t0 —1.0),
15 P=0.02), -3.6kg(—4.5t0
—0.39 % (-0.51 to =2.7),
—0.26; P<0.001), —5.5kg (6.4 to
—0.45 % (-0.57 to —4.6)
—0.32; P<0.001) (all P<0.001)
SURPASS-3 1,444 52 5 Insulin degludec ~ Metformin +/- -0.59% (95% CI, -9.8 kg (95% CI,
10 SGLT?2 inhibitor -0.73 to -0.45), -10.8 to -8.8),
15 -0.86% (-1.00 to -13.0kg (-14.0 to
-0.72), -11.9),
-1.04% (-1.17 to -15.2kg (-16.2 to
-0.90), -14.2),
(All P<0.001) (All P < 0.001)
SURPASS-4 2,002 52 5 Insulin glargine Metformin +/- -0.80% (97.5% CI, -9.0kg (95% CI, -9.8
10 sulfonylurea +/- -0.93 to 0.66) to -8.3),
15 SGLT?2 inhibitor  -0.99% (-1.13 to -11.4 kg (-12.1 to
-0.86), -10.6),
-1.14% (-1.28 to -13.5kg (-14.3 to
-1.00), -12.8),
(Al P < 0.001) (Al P < 0.001)
SURPASS-5 475 40 5 Placebo Insulin glargine +/- -1.30% (95% CI, -7.8kg (95% CI,-9.4
10 Metformin -1.52 to -1.07), to -6.3),
15 -1.66% (-1.88 to -9.9kg (-11.5 to
-1.43), -8.3),
-1.65% (-1.88 to -12.6 kg (-14.2 to
-1.43), -11.0),
(Al P < 0.001) (Al P < 0.001)
SURPASS-6 1,428 Ongoing 5,10, 15 Insulin lispro Insulin glargine +/- Ongoing Ongoing
Metformin
[44-49]

In depth inclusion and exclusion criteria are also included in
Table 1. SURPASS-1 shows that tirzepatide alone, at all doses,
was superior to placebo and revealed a dose-dependent reduc-
tion of HbAlc by up to 2.07% (p < 0.0001) from baseline to
week 40 [47]. SURPASS-3, -4, and -5 are comparisons of
HbA ¢ reduction between tirzepatide and other anti-diabetic
agents [42, 44, 45]. When trialed in patients who were already
taking either insulin degludec or glargine, tirzepatide achieved
about double the percentage of A1C lowering effects (differ-
ence of up to 1.14%) [42, 45]. Tirzepatide is currently being
studied in an ongoing trial as an alternative to prandial insulin in
patients currently on a basal insulin to treat type 2 diabetes [48].

Tirzepatide was also compared to GLP-1 RA’s. SUR-
PASS-2 studied tirzepatide versus 1 mg semaglutide, a

once-weekly injectable GLP-1 RA, in patients taking
metformin monotherapy [46]. Over 40 weeks, the esti-
mated difference between the 15 mg tirzepatide group and
the semaglutide group was -0.45 percentage points (95%
CI, -0.57 to -0.32; P<0.001). Tirzepatide showed further
efficacy in Alc lowering when all doses outperformed
placebo and higher doses (10 and 15 mg) outperformed
dulaglutide 1.5 mg by 1.1%, another once-weekly GLP-1r
injectable in a phase II randomized-controlled trial [50].
Since the trials, higher doses of dulaglutide (3 mg, 4.5
mg) and semaglutide (2 mg) have become available. Still,
the ADA has included tirzepatide in its list of agents with
“very high efficacy” along with semaglutide and high dose
dulaglutide [38].

@ Springer



1096

Reviews in Endocrine and Metabolic Disorders (2023) 24:1089-1101

3.2 Tirzepatide effects: weight loss effects
of tirzepatide

Aside from assessing glucose-lowering effects in the SUR-
PASS trials, tirzepatide was studied for weight loss and obe-
sity in the SURMOUNT trials. SURMOUNT-1 assessed the
efficacy and safety of tirzepatide compared to placebo in
people with a BMI of 30 or more or a BMI of 27 with at-
least one weight related complication, excluding diabetes.
Tirzepatide was dosed at 5 mg, 10 mg, and 15 mg. The mean
percentage of change in weight from baseline was 15.9%,
19.5%, and 20.9% (p < 0.001) respectively when compared
with placebo. The trial showed that tirzepatide not only
causes a dose-dependent lowering of blood glucose, but also
a dose-dependent lowering of weight [48]. SURMOUNT-2
reached completion in April 2023 and aimed to assess the
efficacy and safety in patients with both obesity and type 2
diabetes. This trial evaluated the use of 10 mg and 15 mg
tirzepatide in 938 adult participants. Tirzepatide achieved up
to 15.7% weight loss compared to placebo though the data
evaluation of the trial is still in progress; the manufacturer
will continue to evaluate the results and present them in the
coming months. [51]. Tirzepatide’s approval for weight loss
is anticipated though the results of SURMOUNT -3 and -4
trials are also being conducted.

Weight loss was also measured as a secondary endpoint
in the SURPASS trials (also included in Table 2). In the
trials versus insulin, the tirzepatide group achieved approx-
imately 7-10 kg weight loss compared to approximately
2.3 kg weight gain in the insulin group (p < 0.0001) [44].
Though direct comparisons are lacking, tirzepatide seems
to be more potent at lowering weight than any other weight
loss medication available. In SURPASS-2, tirzepatide 15
mg resulted in a 11.2 kg reduction in body weight versus
5.7 kg with 1 mg semaglutide (p < 0.001) [46]. Similarly,
the higher doses of tirzepatide resulted in greater weight
loss than dulaglutide [50]. Again, new doses of semaglu-
tide and dulaglutide have since been approved and direct
comparisons of these higher doses to tirzepatide are lack-
ing. Additionally, the comparative studies were done only

in patients with diabetes limiting the generalizability of
any conclusions made.

Table 3 lists FDA-approved weight loss medication
regardless of diabetes status along with their average reduc-
tions of body weight. Prior to tirzepatide being on the market,
semaglutide showed the largest amount of placebo-subtracted
weight loss in comparison to other drugs. In addition to glu-
cose lowering and weight loss, it is important to note that
tirzepatide is a non-sympathomimetic drug, unlike some
other FDA-approved weight loss drugs containing phenter-
mine and bupropion. ADA 2023 emphasizes the importance
of losing weight stating >10% weight loss can be disease
modifying and may even lead to disease remission [38]. The
SURPASS and SURMOUNT trials have led the ADA to con-
sider tirzepatide, along with semaglutide, to be “very highly
efficacious for weight loss” [38].

3.3 Tirzepatide effects: cardiovascular, renal,
hepatic, and other metabolic effects
of tirzepatide

Due to concerns that type 2 diabetes medications increased
cardiovascular risk, the FDA issued guidance for pharma-
ceutical companies to perform cardiovascular outcomes tri-
als for new diabetes medications. As mentioned previously,
liraglutide, dulaglutide, albiglutide, and semaglutide have
been shown to reduce the risk of cardiovascular events in
patients with diabetes and either established ASCVD or
high-risk characteristics in randomized controlled trials [35,
36, 49]. Diabetes guidelines recommend these GLP-1 RA’s
as pharmacologic agents in patients with ASCVD or with
high-risk indicators for cardiovascular disease. These agents
are integral in clinical practice to improve cardiovascular
outcomes in patients with diabetes.

A meta-analysis of 42,920 participants from five rand-
omized trials demonstrated that GLP-1 RA’s are associated
with a significant reduction in the risk of the composite car-
diovascular disease in patients with diabetes and established
ASCVD [53]. While the impact of GLP-1 RA’s on cardio-
vascular outcomes has been shown to be directly correlated

Table 3 FDA Approved Weight

Loss Medications and Their Drug Year Approved Dosage Dosage form Placebo- )
Efficacios subtracted weight
loss (%)
Semaglutide 2021 2.4 mg once weekly Injection 12.4
Phentermine-Topiramate 2012 15/92 mg once daily Oral 8.6
Liraglutide 2014 3 mg daily Injection 54
Bupropion-naltrexone 2014 360/32 mg once daily Oral 4.8
Phentermine 1959 30 mg once daily Oral 4.4
Orlistat 1999 120 mg three times a day Oral 3.8
[52]
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with the reduction in Alc, these agents exhibit pleiotropic
effects [54]. These include reduction of systolic and diastolic
blood pressure, body weight, vascular inflammation, and
improvement of endothelial function [55-58]. Additionally,
a phase 2 trial of patients with type 2 diabetes has shown
tirzepatide improves cardiovascular biomarkers [59, 60].

The SURPASS-4 trial is the first randomized controlled
trial assessing cardiovascular outcomes with Tirzepatide
[45]. Tables 1 and 2 summarized the details of the study
along with the glucose-lowering effects of tirzepatide as
compared to insulin glargine. Additionally, the study looked
at cardiovascular outcomes as a pre-specified secondary
analysis which included a four-point composite endpoint
of cardiovascular death, myocardial infarction, stroke, and
hospitalization for unstable angina. Adjudicated MACE-4
events occurred in 109 participants and were not increased
on tirzepatide compared with glargine (HR 0-74, 95% CI
0-51-1-08). These results suggest there is no excess cardio-
vascular risk with tirzepatide and are consistent with the
improvements of numerous surrogate markers of cardio-
vascular health, including weight reduction, glycemic con-
trol with less hypoglycemia, blood pressure reduction, and
improvements in the lipid profile. While SURPASS-4 was
not powered to evaluate differences in MACE-4 incidence
between tirzepatide treatment groups and glargine, it was
designed to fulfill the MACE-4 non-inferiority analysis
requested by regulatory authorities to evaluate the cardio-
vascular safety of new glucose lowering medications.

Sattar et al. conducted a pre-specified cardiovascular
meta-analysis that included all seven randomized con-
trolled trials with a duration of at least 26 weeks from the
SURPASS trials [61]. The primary objective of this meta-
analysis was the comparison of the time to first occurrence
of confirmed four-component major adverse cardiovascular
events including cardiovascular death, myocardial infarction,
stroke and hospitalized unstable angina between tirzepatide
groups and control groups. 4,887 participants treated with
tirzepatide and 2,328 control participants were analyzed and
142 participants had at least one MACE-4 event. The HRs
comparing tirzepatide versus controls were 0.80 (0.57-1.11)
for MACE-4; 0.90 (0.50-1.61) for cardiovascular death;
and 0.80 (0.51-1.25) for all-cause death. The cardiovascu-
lar safety demonstrated by tirzepatide in this analysis and
SURPASS-4 paved the way for a large-scale cardiovascular
outcomes trial.

SURPASS-CVOT is a phase 3 study enrolled approxi-
mately 13,000 patients at least 40 years of age and have
a diagnosis of type 2 diabetes, confirmed atheroscle-
rotic cardiovascular disease, HbAlc >7.0% to <10.5%
and a body mass index (BMI) >25 kilograms per meter
squared (kg/m?). Patients were excluded if they had a
major cardiovascular event within the last 60 days, type
1 diabetes mellitus, history of pancreatitis, or a history

of severe hypoglycemia. The primary endpoint is a three-
point major adverse cardiovascular event endpoint that
includes death from cardiovascular causes, non-fatal
myocardial infarction (MI), or nonfatal stroke over a
study period of 54 months. The study compares tirzepa-
tide with the long-acting GLP-1 RA, dulaglutide for non-
inferiority and superiority, and is currently in progress
[61]. SURPASS-CVOT will not compare tirzepatide to
placebo as commonly done. SURPASS-CVOT is unique,
in that it compares the dual incretin agonist with a GLP-1
RA that has been shown to have cardiovascular benefit in
people with type 2 diabetes and high risk ASCVD. The
results of the SURPASS-CVOT will define the impact
of tirzepatide on cardiovascular disease. Currently, the
ADA does not include tirzepatide as part of their agents
with cardiorenal benefit [38].

In addition to cardiovascular and renal effects, tirzepatide
has shown promising hepatic effects. In a 26-week study,
tirzepatide was studied to determine its effect on biomark-
ers of nonalcoholic steatohepatitis (NASH) and fibrosis in
patients with T2DM. When compared to dulaglutide and
placebo, tirzepatide statistically significantly displayed
improvement in ALT and AST from baseline. Other NASH-
related biomarkers were decreased, and adiponectin was
increased in patients with T2DM [62].

SURPASS-3 MRYI, a sub-study of the phase-3 SURPASS-3
trial assessed tirzepatide administered once per week versus
insulin degludec on liver fat content (LFC). A total of 296 par-
ticipants without a history of significant alcohol consumption
were randomly assigned to active treatment. The study looked
at the change from baseline in LFC as assessed by MRI-proton
density fat fraction (MRI-PDFF) at week 52. The absolute
reduction in LFC at week 52 was significantly greater for the
tirzepatide 10 mg and 15 mg group versus the insulin deglu-
dec group. The reduction in LFC was significantly correlated
(p<0.0006) with baseline LFC (p=-0.71), reductions in visceral
adipose tissue, and abdominal subcutaneous adipose tissue in
the tirzepatide groups [63].

Although these findings explore surrogate endpoints for
liver disease, the results offer a promising future for tirze-
patide in NASH and NAFLD populations. A randomized,
double-blind, placebo-controlled phase 2 study comparing
the efficacy and safety of tirzepatide versus placebo in 196
patients with nonalcoholic steatohepatitis (SYNERGY-
NASH) with or without diabetes is currently underway and
is estimated to complete in 2024. The primary outcome is
the percentage of participants with absence of NASH with
no worsening of fibrosis on liver histology [64].

With improved weight loss and the additional pleio-
tropic benefits of GIP, other metabolic risk factors are
improved with tirzepatide. In a post-hoc analysis of
the published SURPASS trials, the change in systolic
blood pressure was greater for tirzepatide versus the
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comparators of the trials (tirzepatide 5 mg: -5.1 to -1.3
mmHg, tirzepatide 10 mg: -6.5 to -1.7 mmHg, tirzepa-
tide 15 mg: -11.5 to -3.1 mmHg) [65]. The authors stated
changes in SBP were primarily, but not solely, mediated
by weight loss showing a weak (r = 0.18 — 0.22), but
significant (p< 0.001), correlation between changes in
body weight and SBP [65]. Additionally, a difference was
seen between some doses of tirzepatide and semaglutide 1
mg when SURPASS-2 was reviewed. The 10 mg dose of
tirzepatide showed greater weight reduction versus sema-
glutide 1 mg by -1.8 mmHg (-3.4 to -0.1) while the 15 mg
dose of tirzepatide reduced an additional -3 mmHg (-4.6
to -1.3) compared to semaglutide [65].

Tirzepatide also showed improvements in lipids and
cardiovascular risk factors compared to dulaglutide 1.5 mg
and placebo. In a double-blind, placebo-controlled, phase
2b trial, patients with diabetes were administered all doses
of tirzepatide, dulaglutide, or placebo. Blood samples of
these patients were collected at baseline, week 4, week
12, and week 26. At week 26, LDL-C was reduced by
19.0% (-36.0% to -1.9%, p=.029) in the tirzepatide 15 mg
group compared to placebo while it was reduced by 17.8%
(-33.7% to -2.0%, p= 0.028) in the dulaglutide 1.5 mg
group compared to placebo though differences between
the 2 medications were not seen [60]. Triglycerides were
significantly reduced at all doses of tirzepatide compared
to placebo. Additionally, along with lowering triglycerides
against placebo, tirzepatide 10 mg (-23.6%, CI: -34.3% to
-10.5%, p<.001) and 15 mg (-27.9%, CI: -38.9% to -15.0%,
p<.001) reduced triglycerides compared to dulaglutide 1.5
mg [60]. HDL-C did not change between tirzepatide and
either placebo or dulaglutide [60]. Tirzepatide 10 and 15
mg also decreased large triglyceride-rich lipoprotein par-
ticles, small low-density lipoprotein particles, and lipo-
protein insulin resistance score [60]. Finally, the study
found that the largest predictor of triglyceride lowering in
the tirzepatide groups was change in apoC-III levels and
not body weight [60].

Lastly, a post-hoc analysis of the aforementioned
26-week trial analyzed biomarkers to assessed insulin
sensitivity and beta-cell function. Homeostatic model
assessment (HOMA) 2-B provides a validated tool to
assess beta-cell function. The study showed significant
decreases in HOMAZ2-B scores, proinsulin/insulin ratios,
and proinsulin/C-peptide ratios in both tirzepatide (all
doses) and dulaglutide compared to placebo [66]. Addi-
tionally, tirzepatide 10 mg decreased HOMAZ2-IR, a tool
that measures insulin resistance, compared to both pla-
cebo and dulaglutide [66]. Multiple linear regression
analysis showed that weight loss significantly (p<.028)
explained only 13% of HOMAZ2-IR improvement for tirze-
patide 10 mg and only 21% of improvement for tirzepatide
15 mg [66].

@ Springer

3.4 Tirzepatide effects: adverse effects
of tirzepatide

Gastrointestinal adverse effects of tirzepatide are similar
to GLP-1 RAs, which include nausea and vomiting likely
caused by the appetite-suppressing mechanism of incretins
[47]. Other common adverse effects include diarrhea, con-
stipation, dyspepsia, abdominal pain, and decreased appetite
[47]. 6.6% of patients discontinue tirzepatide due to adverse
effects during its phase 3 trial [47]. It is important to note
that as with GLP-1 RAs, adverse effects of tirzepatide are
dose-dependent. Hypoglycemia is a potential adverse effect
though this is rare given the glucose-dependent mechanism
and is usually seen in patients taking insulin or insulin secre-
tagogues [47]. Other rare adverse effects include pancreatitis
and cholelithiasis; the medication should be used with cau-
tion in patients with a history of either of these conditions
[45]. Adverse effects are similar in patients using the medi-
cation for diabetes to those using the medication for weight
loss [67]. Finally, similar to GLP-1 RAs, the medication
should not be used in patients with a history of medullary
thyroid carcinoma (MTC) or Multiple Endocrine Neoplasia
syndrome type 2 (MEN 2) [31, 43].

3.5 Cost-comparison of tirzepatide

Although very effective, GLP-1 RA’s are among the highest
cost class of medications for the treatment of diabetes. Tirze-
patide has a slightly higher cost than GLP-1 RAs for diabe-
tes. Although cost to patient will differ based on insurance,
Table 4 shows the average wholesale price (AWP) of tirze-
patide compared to other diabetes drug classes. One example
from each of the common diabetes classes is listen in Table 4
since other medications in the same class typically have
similar costs. Despite likely being a similar tier as GLP-1
RAs and SGLT2is for many patient insurances, this elevated
AWP is important to note for patients with co-insurances,

Table 4 Lowest Average Wholesale Price (AWP) of a Sample of
Antidiabetic Agents

Medication Average Wholesale
Price (28 day supply)
Tirzepatide $1,169.20
Semaglutide SC (GLP-1 RA) $1,070.46
Semaglutide PO (GLP-1 RA) $999.04
Empagliflozin (SGLT-21) $638.96
Metformin® (biguanide) $1.96
Glipizide® (sulfonylurea) $16.80
Pioglitazone® (thiazolidinedione) $2.80

#Prices of generics are variable. The lowest generic AWP is shown
[68]
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Table 5 Lowest Average Wholesale Price (AWP) of FDA-Approved
Weight Loss Agents

Medication Price (28
day supply)
Tirzepatide® $1,169.20
Semaglutide $1,618.84
Phentermine/topiramate $223.44
Bupropion/naltrexone $175
Orlistat (Rx) $242.76
Orlistat (OTC) $16.52

"This table assumes that the cost of tirzepatide for weight will be the
same as the cost for diabetes

[68]

deductibles, the Medicare coverage gap, patients without
insurance, and for the total cost of healthcare.

Table 5 also shows the cost of tirzepatide compared to
other weight loss medications. It is important to recall that
tirzepatide for weight loss is not yet approved and this table
assumes that the cost of tirzepatide for weight loss will be the
same as the cost for diabetes though this may not be as in the
case of semaglutide. It is also important to note that combina-
tion weight loss products are brand name but are sometimes
split into their generics by practitioners, an off-label method
of getting similar doses and weight loss at a lower cost.

4 Concluding remarks, place in therapy,
and future perspective

Tirzepatide is a novel agent that is approved for the treat-
ment of type 2 diabetes and will likely be approved for
weight loss. Its novel mechanism allows the peptide to
act as an agonist for both GLP-1 and GIP receptors. The
clinical effects of the medication are similar to GLP-1
RAs. Although comparison studies with GLP-1 RA's have
been conducted in the past, new doses have since been
approved, making it difficult to compare tirzepatide to
GLP-1 RA's based on previous studies. However, tirzepa-
tide seems to be at least as potent as GLP-1 RAs at lower-
ing blood sugar in those with diabetes. The larger benefit
with the additional agonism of GIPr seems to be its effect
on weight loss. Tirzepatide has been shown to be as potent
or more potent than GLP-1 RAs in patients with or without
diabetes. Although not yet completed, cardiovascular out-
comes of tirzepatide will likely be similar to GLP-1 RAs
based on the mechanism of the drug. Adverse effects of
tirzepatide are similar to GLP-1 RAs.

This novel medication will likely be used in instances
similar to GLP-1 RAs especially in patients with diabetes
with high A1Cs and patients with diabetes with a compel-
ling need to lose weight. Until further evidence is provided,

GLP-1 RAs will likely be used preferentially in patients
with cardiovascular disease or cardiovascular risk factors.
Once studied, the cardiovascular effects of tirzepatide will
likely be similar to GLP-1 RAs. Patients without diabetes
but with obesity will likely be eligible for using this medi-
cation especially if the patient is looking for a potent agent
with no stimulatory adverse effects. While this medication
remains branded, its use will be limited by its cost. Future
research will focus on the benefit of tirzepatide in patients
with chronic kidney disease and non-alcoholic fatty liver
disease. If cardiovascular outcomes of tirzepatide are similar
to GLP-1 RAs, the medication may be used by practitioners
preferentially prior to using GLP-1 RAs in patients with or
without diabetes who desire weight-loss. Further research
will clarify tirzepatide’s place in therapy.
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