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iabetes is a chronic disease that affects people world-
wide, including nearly 37.3 million Americans or about 
11.3% of the US population as of January 2022.1 Of 

this population nearly 95% have Type 2 Diabetes (T2DM). Risk 
factors for developing T2DM include poor diet, lack of exercise, 
tobacco use, and elevated body mass index (BMI).2 Without prop-
er diabetic management, medical complications can ensue and 
cause blindness, kidney failure, heart attack, stroke and even limb 
amputation.2  Thus, a multidimensional approach including proper 
lifestyle, diet, and medication management is crucial to combat-
ting the consequences of diabetes. The current American Diabe-
tes Association (ADA) treatment guidelines endorse use of met-
formin as a first-line therapy in addition to comprehensive life-
style modification.3 Yet, additional medications are often needed 
to achieve glycemic control. Other classes of approved antihyper-
glycemic drugs include sodium glucose co-transporter-2 inhibitors 
(SGLT-2i), sulfonylureas, thiazolidinediones, glucagon-like pep-
tide-1 (GLP) receptor agonists, as well as short and long-acting 
insulins.  Medication therapy is selected in accordance with guide-
line recommendations and further tailored on patient characteris-
tics such as renal function, cardiovascular risk, medication cost, 
potential side effects, and efficacy. 
        Incretin hormones such as glucagon-like peptide (GLP-1) 
and glucose-dependent insulinotropic polypeptide (GIP) play a 
large role in postprandial insulin release and ultimately both in-
crease glucose clearance, consequently lowering serum blood glu-

cose levels as part of normal pathophysiology. Patients with diabe-
tes often exhibit a decreased incretin effect due to lower levels of 
circulating GLP-1 mediated by either less secretion by the gut or 
increased clearance. Studies continue to investigate the underlying 
pathophysiology behind the diminished incretin effect.4 Currently 
marketed GLP-1 receptor agonists include exenatide (given twice 
daily), liraglutide, and lixisenatide (given daily), and once weekly 
agents such as exenatide extended-release, albiglutide, and dulag-
lutide.5 These agents reduce serum glucose levels by activating 
GLP-1 receptors in the pancreas, resulting in stimulated insulin 
release while reducing glucagon release. These mechanisms are 
glucose dependent resulting in a lower risk for hypoglycemia in 
patients using these agents for treatment.6  Additionally, select 
GLP-1 receptor agonists such as dulaglutide, have been shown to 
provide a reduction in cardiovascular events in adults with and 
without cardiovascular disease.7 As depicted in Figure 1, GIP 
plays a significant role in lipid metabolism, fat deposition as well 
as working in areas of the brain that are known to control appe-
tite.8 GIP has also shown direct effects on insulin sensitivity in 
those with T2DM.9 
        Mounjaro™(tirzepatide) is a novel dual GLP-1 (glucagon-
like peptide-1) and GIP (glucose-dependent insulinotropic poly-
peptide) receptor agonist, combining the actions of both incretins 
into one medication. This therapy is the first of its kind approved 
by the FDA. Tirzepatide was FDA approved in May 2022 for use 
in adults with type 2 diabetes mellitus, to be used in combination 
with diet and exercise to achieve improved glycemic control. This 
article aims to explore the clinical uses, pharmacological profile, 
and distinctive properties of tirzepatide.11 

        Tirzepatide was proven to enhance both first and second 
phase insulin secretion, while also reducing glucagon levels. Data 
showed that the pharmacokinetics between those without and 
with T2DM were similar. Steady state was achieved after 4 weeks 
of weekly administration, proportional increases with exposure. 
As seen in Table 1, the average steady state was 10.3 liters in 
T2DM patients with subcutaneous delivery. Patient characteristics 
such as age, gender, race/ethnicity, and weight did not show clini-
cal relevance to the pharmacokinetic profile of the drug.11 
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Figure 1  |  Comparison of GLP-1 and GIP Actions10 
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or semaglutide 1mg (n=469). Tirzepatide was started at 2.5mg 
once weekly and then increased by 2.5mg every 4 weeks until the 
randomized target dose was achieved and then maintained for the 
duration of the trial. Semaglutide was started at 0.25mg once 
weekly and then doubled every 4 weeks until mg dose was 
achieved and maintained for the duration of the trial. Key inclu-
sion criteria for this trial required adults 18 years of age or older, 
T2DM diagnosis that was uncontrolled with metformin, HbA1C 
of 7.0-10.5% and body-mass-index of greater than 25.13 Exclusion 
criteria consisted of patients with type 1 diabetes and history of 
pancreatitis.   
        Tirzepatide was found to be non-inferior and superior to 
semaglutide with regards to the primary endpoint which was the 
average change in HbA1C level from baseline to 40-weeks of fol-
low-up. The key secondary endpoints were the change in body-
weight from baseline to week 40 and the fulfillment of partici-
pants with HbA1C levels of 7.0% and 5.7%.13 
 
SURPASS-314 

        The SURPASS-3 clinical trial assessed the efficacy, safety and 
tolerability of tirzepatide at 5, 10 and 15 mg  in comparison to 
titrated insulin degludec. Patients were also being treated concom-
itantly with metformin and/or an SGLT2i for 3 months mini-
mum. The study design was an open-label, parallel group, multi-
center (122 sites), multinational (13 countries), phase 3 study. The 
participants were randomized (1:1:1:1) to once-weekly subcutane-
ous injection of tirzepatide 5, 10, 15mg or once-daily subcutane-
ous injection of titrated insulin degludec, and categorized accord-
ing to country, HbA1C and concomitant use of oral antihypergly-
cemic medications. The starting dose of tirzepatide was 2.5mg and 
titrated up by 2.5 mg to the assigned dose every 4 weeks. Insulin 
degludec was started at 10 units daily and titrated once weekly to a 
fasting self-monitored blood glucose level of < 90mg/dL. Key 
inclusion criteria for this clinical trial required patients greater than 
18 years of age with a baseline HbA1C of 7.0%-10.5% with a BMI 
of 25 kg/m2, and insulin naive status.14 Key exclusion criteria 
were patients with type 1 diabetes and history of pancreatitis.13  
        Tirzepatide at 5, 10, and 15 mg was shown to be superior to 
titrated insulin degludec. The primary endpoint was the mean 
change from baseline in HbA1C at week 52 to determine non-
inferiority of tirzepatide 10 mg or 15 mg, or both compared to 
insulin degludec. Key secondary endpoints were non-inferiority of 
tirzepatide 5mg compared to insulin degludec in mean change 

        In vitro studies showed a low incidence for tirzepatide to 
inhibit or induce CYP enzymes. Tirzepatide functions to delay 
gastric emptying and therefore influences the absorption of coad-
ministered oral medicines. This effect was demonstrated in stud-
ies, and showed that the extent of delayed gastric emptying was 
similar to selective long acting GLP-1 receptor agonists.18 The 
delayed gastric emptying was highest when a single 5 mg dose was 
given, however decreased after additional doses. As a result of 
delayed gastric emptying, caution should be used when taking 
concomitant oral medications, especially those with narrow thera-
peutic index such as warfarin. Additionally, patients taking oral 
hormonal contraceptives should be advised to switch to a non-
oral option, or add a barrier method for 4 weeks after starting 
tirzepatide and for 4 weeks with each dose increase.11 

        Five clinical trials, consisting of the SURPASS trial series, 
were conducted to establish tirzepatide efficacy as an add-on ther-
apy to diet and exercise to improve glycemic control in those with 
T2DM. In SURPASS-1, tirzepatide was studied as monotherapy 
while in SURPASS-2,-3, and -4 it was studied as an add-on thera-
py to metformin, sulfonylureas, and/or SGLT2i. SURPASS-5 
studied tirzepatide in combination with basal insulin with or with-
out metformin. In the respective trials, tirzepatide (5 mg, 10mg, 
15 mg) was compared with placebo, semaglutide 1 mg, insulin 
degludec, and/or insulin glargine. The following section will re-
view these trials with a summary of the reduction in HbA1C and 
changes in body weight shown in Table 2.  
 
SURPASS-112 

        The SURPASS-1 study was conducted as a 40-week, double 
blind, randomized, placebo-controlled, phase 3 study that took 
place over 52 medical research facilities and hospitals located in 
the United States, Japan, Mexico, and India. Inclusion criteria 
consisted of adults of at least 18 years of age who were type-2 
diabetic and uncontrolled with diet and exercise efforts. Eligible 
subjects were required to have a HbA1C of 7.0% to 9.5% and a 
body mass index (BMI) of 23 kg/m2 or more. The participants 
were naive to injectable diabetic treatments such as insulin and 
GLP-1 receptor agonists. Participants were randomly assigned 
(1:1:1) to receive a once-weekly subcutaneous injection of either 
tirzepatide 5 mg (n=121), 10 mg (n=121), 15mg (n=120)  or pla-
cebo (n=115). The doses of tirzepatide were titrated in a fixed 
2.5mg dose increment every 4 weeks until randomized target dose 
was achieved at week 4,12, and 20 in the respective tirzepatide 
groups.12 Key exclusion criteria included patients with Type 1 
diabetes and history of pancreatitis.12  
        Clinically significant results were indicated at a primary end-
point of mean change from baseline HbA1C at 40 weeks of treat-
ment with tirzepatide. The key secondary endpoints included 
mean change from baseline body-weight, mean change from base-
line in fasting serum glucose, and percent of subjects with HbA1C 
target less than 7.0% and less than 5.7%.12 
 
SURPASS-213 

        The SURPASS-2 clinical trial set out to discover the efficacy, 
safety, and tolerability of tirzepatide assessed in comparison to 
semaglutide 1 mg. The design of the study was an international, 
randomized, open-label phase 3 noninferiority trial that compared 
semaglutide to tirzepatide. The participants (n=1878)  were ran-
domly assigned in a 1:1:1 fashion to receive a subcutaneous injec-
tion of tirzepatide 5mg (n=470), 10mg (n=469), or 15mg (n=470) 

Table 1  |  Select Tirzepatide Pharmacokinetics11 

Absorption 
 

Tmax
a 8-72 hours 

Bioavailability 80% 
Distribution  

Vss
b 10.3 L 

Protein Binding 99% 
Metabolism  

T1/2
c ~5 days 

 Proteolytic cleavage 

Elimination  

 Urine 
 Feces 

aTime to maximum concentration; bSteady state volume of distribution; cHalf-life 

Clinical Trials 
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from baseline HbA1C at 52 weeks, superiority of all tirzepatide 
doses compared to insulin degludec in average change from base-
line HbA1C and body weight, as well as percent of participants 
with HbA1C of <7.0% at study completion.14 
 
SURPASS-415 

        The SURPASS-4 clinical trial was conducted over a period of 
52 to 104 weeks with the purpose of assessing the cardiovascular 
(CV) safety, efficacy and safety of tirzepatide in comparison to 
insulin glargine. The study design was an open-label, parallel 
group, phase 3 study conducted over 187 sites within 14 countries 
in 5 continents. The participants were randomized (1:1:1:3) to 
receive either a subcutaneous injection of tirzepatide 5mg (n=329) 
10mg (n=328),15mg (n=338) or glargine 100 U/mL (n=1000) 
titrated to attain fasting blood glucose of <100mg/dL. Tirzepatide 
doses were started at 2.5mg weekly and titrated by 2.5mg every 4 
weeks until target dose was reached and maintained. The inclusion 
criteria consisted of adults aged 18 years and older with T2DM, 
treated with any combination of metformin, sulfonylurea, or BMI 
of 25kg/m2 or higher, and an established CV disease or high risk 
of CV events. Key exclusion criteria were patients with Type 1 
diabetes and history of pancreatitis.15 The primary endpoint of 
change in HbA1C from baseline to 52 weeks showed greater re-
duction in tirzepatide as compared with glargine. Secondary end-
points included change in body weight from baseline to 52 weeks 
and reaching a HbA1C of <7.0%. The study found that tir-
zepatide did not possess excess CV risk according to the collec-

tion of major adverse cardiovascular events (MACE) such as CV 
death, myocardial infarction stroke, and hospitalization from un-
stable angina.15 
 
SURPASS-516 

        The SURPASS-5 study was conducted as a 40-week phase 3 
randomized trial taking place at 45 sites in 8 countries in those 
with uncontrolled T2DM. It assessed the efficacy of tirzepatide  in 
participants taking insulin glargine with or without metformin 
versus placebo. The study participants were randomized in a 
1:1:1:1 ratio to get a subcutaneous injection of 5mg (n=116), 
10mg (n=119) or 15mg (n=120) tirzepatide or a volume-matched 
placebo injection (n=120). The tirzepatide was started at 2.5mg 
weekly and titrated up by 2.5mg every 4 weeks until the target 
dose was reached. The inclusion criteria consisted of adults with a 
baseline HbA1C of 7.0-10.5% and BMI of at least 23kg/m2. Key 
exclusion criteria were patients with Type 1 diabetes and history 
of pancreatitis.16 
        The results of this study showed statistically significant im-
provements in glycemic control after 40 weeks in those treated 
with tirzepatide + insulin glargine versus placebo + titrated insulin 
glargine. The primary endpoint was average change from baseline 
in HbA1C at week 40, while secondary endpoints included mean 
change in body weight and percent of patients achieving HbA1C 
<7.0%. 16 
 

Table 2  |  Summary of Primary Outcomes12-16 

Trial Treatment Arms 
Mean HbA1c2 

Reduction from 
Baseline (%) 

Mean HbA1c 
Difference 

Mean Weight 
Loss from Base-

line (kg) 
Mean Weight Loss Differ-

ence 

SURPASS-112 

TZP1 5mg -1.87 -1.91 (p<0.0001) -7.0 -6.3 (p<0.0001) 

TZP 10mg -1.89 -1.93 (p<0.0001) -7.8 -7.1 (p<0.0001) 

TZP 15mg -2.07 -2.11 (p<0.0001) -9.5 -8.8 (p<0.0001) 

Placebo 0.04 —- -0.7 —- 

SURPASS-213    

TZP 5mg + metformin -2.01 -0.15 -7.6 -1.9 (p<0.001) 

TZP 10mg + metformin -2.24 -0.39 (p<0.001) -9.3 -3.6 (p<0.001) 

TZP 15mg + metformin -2.3 -0.45 (p<0.001) -11.2 -5.5 (p<0.001) 

Semaglutide 1 mg -1.86 —- -5.7 —- 

SURPASS-314 

TZP 5mg + metformin +/- SGLT2i3 -1.93 -0.59 (p<0.001) -7.5 -9.8 (p<0.001) 

TZP 10mg + metformin +/- SGLT2i -2.2 -0.86 (p<0.001) -10.7 -13.0 (p<0.001) 

TZP 15mg + metformin +/- SGLT2i -2.37 -1.04 (p<0.001) -12.9 -15.2 (p<0.001) 

Insulin degludec -1.34 —- -2.3 —- 

SURPASS-415 

TZP 5mg + metformin +/- SGLT2i or SU4 -2.24 -0.8 (p<0.0001) -7.1 -9.0 (p<0.001) 

TZP 10mg + metformin +/- SGLT2i or SU -2.43 -0.99 (p<0.0001) -9.5 -11.4 (p<0.0001) 

TZP 15mg + metformin +/- SGLT2i or SU -2.58 -1.14 (p<0.0001) -11.9 -13.5 (p<0.0001) 

Insulin glargine -1.44 —- -1.9 —- 

SURPASS-516  

TZP 5mg +/- metformin -2.11 -1.24 (p<0.001) -5.4 -7.1 (p<0.001) 

TZP 10mg +/- metformin -2.40 -1.53 (p<0.001) -7.5 -9.1 (p<0.001) 

TZP 15mg +/- metformin -2.34 -1.47 (p<0.001) -8.8 -10.5 (p<0.001) 

Placebo -0.86 —- -1.6 —- 
1Tirzepatide; 2Hemoglobin A1c; 3Sodium-glucose co-transporter 2 inhibitor; 4Sulfonylureas 
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Ongoing Clinical Trials 
        There are currently several ongoing clinical trials for as-
sessing tirzepatide use. SURPASS-6 is assessing tirzepatide as a 
potential alternative to initiating prandial insulin in those already 
taking basal insulin to treat T2DM with a primary endpoint of 
change in HbA1C after 52 weeks of treatment. Another trial, 
SURPASS-CVOT is investigating tirzepatide in the setting of 
patients with T2DM with underlying atherosclerotic cardiovascu-
lar disease and overweight status versus dulaglutide, which has a 
confirmed cardioprotection. Furthermore, the SURMOUNT tri-
als are investigating tirzepatide as a weight loss agent in those with 
obesity, with and without T2DM.17 

        The most common side effects of tirzepatide were related to 
gastrointestinal distress and included nausea, diarrhea, and vomit-
ing with the rate at which these side effects were experienced be-
ing dose dependent, as shown in Table 3.12-16 Other common 
adverse drug effects observed in tirzepatide was a decreased appe-
tite, ranging from 3.8% to 18.9% and 3% to 7% of tirzepatide 
patients reported injection site reactions, whereas only 1% report-
ed this in the placebo cohort.16 Regarding hypoglycemia risk, the 
incidence was low in both phase 2 and 3 trials. In SURPASS-3 
hypoglycemia was observed in 0.6% in the 5mg TZP group, 0.2% 
in the 10mg TZP group, and 1.7% in the 15mg TZP group. As 
far as those receiving semaglutide, there was a 0.4% report of 
hypoglycemia.17 

        Tirzepatide is contraindicated in patients with current and 
past personal or family history of Medullary Thyroid Carcinoma, 
with the FDA even listing this as a black box warning. Risk of 
thyroid C cell cancer was observed in both male and female rats at 
clinically relevant exposures. Patients should be counseled on the 
risk of MTC and symptoms of thyroid tumors.11 Additional warn-
ings associated with tirzepatide can be seen in Table 4.  

        There was no impact on PK with a dose of 5mg on those 

with mild, moderate, severe and ESRD as compared to those with 
normally functioning kidneys. Other doses have not been fully 
studied to date. For hepatic impairment, there was no relevant 
impact on pharmacokinetics with a 5mg dose in patients with 
mild, moderate, severe hepatic function as compared to those 
with normally functioning liver. Other doses have not been fully 
studied to date.11   
        In women who are pregnant or lactating, there is no current 
data on the presence of tirzepatide in breast milk or effects it may 
have on a breastfed infant. For tirzepatide use in pregnant wom-
en, current data is insufficient to evaluate risk for drug related 
birth-defects, miscarriage risk, and other maternal-fetal adverse 
effects. However, animal studies showed fetal risk from exposure 
to tirzepatide such as fetal growth reduction. Tirzepatide should 
only be used if the benefits outweigh the risks of the mother and 
fetus.11  

        Tirzepatide is dosed as a once-weekly subcutaneous  injec-
tion that can be administered at any time of day without regard to 
meals. Location of injection should be confined to the abdomen, 
thigh or upper arm. Sites should be rotated, and the medication 
should be inspected before injection, ensuring it is clear, color-
less/slightly yellow. Tirzepatide is supplied as a pre-filled, pre-
attached needle, single-dose pen that is stored in the refrigerator. 
11 If necessary, each pen can be stored at room temperature for up 
to 21 days. Tirzepatide should never be placed in a freezer.11  
        Tirzepatide pen injections are available in multiple strengths 
such as  2.5 mg/0.5 mL, 5 mg/0.5 mL,  7.5 mg/0.5 mL,  10 
mg/0.5 mL, 12.5 mg/0.5 mL, and 15 mg/0.5 mL.11 The starting 
dose is a 2.5 mg subcutaneous injection once a week for initiation 
of treatment only, and is not for glycemic control. After 4 consec-
utive weeks of this, the dose should be increased to 5mg subcuta-
neous weekly injection. If further glycemic control is necessary, 
then increase by 2.5mg after a minimum of 4 weeks on the cur-
rent dose. The maximum dose is 15mg subcutaneous injection 
weekly. If there is a missed dose, the patient should administer as 
soon as possible within 4 days after the missed dose. If >4 days 
have gone by, skip the missed dose and administer the next dose 
as regularly scheduled. The day of week can be changed as long as 
at least 3 days have passed between doses.11 

        Pricing is predicted to be around $5,500 to $7,500 annually 
and is thought to be a cost effective option according to the Insti-
tute for Clinical and Economic Review (ICER). In contrast, cur-
rent injectable GLP-1 receptor agonists are priced around $2,100-

Contraindications 

Table 3  |  Common Adverse Effects with Tirzepatide12-16 

Adverse Effect Incidence Rate 
Nausea 12 –24% 
Vomiting 2—12.5% 
Diarrhea 12—22% 

Cost and Availability 

Adverse Effects 

Dosage and Administration 

Table 4  |  Warnings and Adverse Reactions with Tirzepatide11 

Adverse Reaction Clinical Recommendation 

Pancreatitis Recommended discontinue use in patients with elevated triglycerides. Contraindicated in patients with history of pancrea-
titis.  

Hypoglycemia Noted with use of concurrent insulin or insulin secretagogues such as sulfonylureas. Recommend reducing dose of con-
comitant medications and counseling on symptoms of hypoglycemia. 

Hypersensitivity Discontinue use if hypersensitivity reactions such as eczema or urticaria occur. Use with caution in patient with history of 
angioedema and anaphylaxis.  

Acute Kidney Injury Manifested indirectly due to GI adverse effects (vomiting, diarrhea) leading to dehydration and eventual kidney injury if 
untreated. Caution use in malnourished patients. 

Severe GI Disease Not recommended in those with severe GI disease such as gastroparesis.  

Acute Gallbladder 
Disease 

Incidence of gallbladder disease (cholelithiasis, biliary colic, and cholecystectomy) seen in post-marketing reports. Cau-
tion use in patients with underlying conditions. 

Special Populations 
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$2,500 per year. Tirzepatide is currently available to be ordered by 
pharmacies, however insurance coverage will vary. Manufacturer 
coupons of $25 for 30 day supply are available to assist commer-
cially insured patients.19 

        Tirzepatide is a novel once-weekly medication for treating 
T2DM that demonstrates significant reductions in boh HbA1C 
and weight compared to multiple comparators. While the current 
FDA approval does not include weight loss, this effect was seen 
profoundly throughout the various SURPASS trials. Limitations 
of use include inability to be used in Type 1 diabetes and lack of 
studies for use in those with a history of pancreatitis. In conclu-
sion, the data collected from the SURPASS trials show that tir-
zepatide delivers safe, positive results for glycemic control and 
weight loss that could change the standards of best care for pa-
tients with T2DM. Future studies will uncover other potential 
uses and benefits.  
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Drug Update:  
New Indications and Dosage Forms 

June 2022 
Voquezna Triple Pak® (vonoprazan, amoxicillin, clar-
ithromycin) Oral Tablet 
New Molecular Formulation: Combination macrolide, penicil-
lin, and potassium-competitive acid blocker use for the 
treatment of H. pylori used twice daily for 14 days 
 
Vtama® (tapinarof) Topical Cream 
New Molecular Entity: An-aryl hydrocarbon receptor agonist 
indicated for the treatment of plaque psoriasis in adults; 
specific mechanism of action unknown 
 
Vivjoa® (oteseconazole) Oral Capsule 
New Molecular Entity: Azole antifungal indicated to reduce 
the incidence of recurrent vulvovaginal candidiasis (RVVC)
in females not of reproductive potential 
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