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Abstract

Background and Objective Tirzepatide, a novel, once-weekly, dual glucose-dependent insulinotropic polypeptide and gluca-
gon-like peptide-1 receptor agonist, is approved in the US as a treatment for type 2 diabetes and is under development for
long-term weight management, heart failure with preserved ejection fraction, and nonalcoholic steatohepatitis. This study
evaluated the pharmacokinetics and tolerability of tirzepatide in participants with hepatic impairment (with or without type
2 diabetes) versus healthy participants with normal hepatic function.

Methods Participants in this parallel, single-dose, open-label study were categorized by hepatic impairment defined by the
baseline Child-Pugh (CP) score A (mild impairment; n = 6), B (moderate impairment; n = 6), or C (severe impairment; n
= 7) or normal hepatic function (n = 13). All participants received a single subcutaneous 5-mg dose of tirzepatide. Blood
samples were collected to determine tirzepatide plasma concentrations to estimate pharmacokinetic parameters. The pri-
mary pharmacokinetic parameters of area under the drug concentration—time curve from zero to infinity (AUC,_) and
maximum observed drug concentration (C,,,,) were evaluated using an analysis of covariance. The geometric least-squares
means (LSM) and mean ratios for each group, between control and hepatic impairment levels, and the corresponding 90%
confidence intervals (CIs) were estimated. The analysis of the time to maximum observed drug concentration was based on a
nonparametric method. The relationships between the pharmacokinetic parameters and CP classification parameters (serum
albumin level, total bilirubin level, and international normalized ratio) were also assessed. Adverse events were monitored
to assess safety and tolerability.

Results Tirzepatide exposure, based on AUC,,_, and C,,,,, was similar across the control and hepatic impairment groups.
Statistical analysis showed no difference in the geometric LSM AUC,_, or C,,,, between participants in the control group
and the hepatic impairment groups, with the 90% CI for the ratios of geometric LSM spanning unity (AUC,,_,, ratio of geo-
metric LSM vs control [90% CI 1.08 [0.879, 1.32], 0.960 [0.790, 1.17], and 0.852 [0.699, 1.04] and C,,, ratio of geometric
LSM vs control [90% CI]: 0.916 [0.726, 1.16], 1.00 [0.802, 1.25], and 0.972 [0.784, 1.21] for mild, moderate and severe
hepatic impairment groups, respectively). There was no change in median time to C,,, of tirzepatide across all groups (time
to C,,.x median difference vs control [90% CI]: 0 [— 4.00, 12.00], 0 [- 12.00, 12.00], and O [— 11.83, 4.17], respectively).
There was no significant relationship between the exposure of tirzepatide and the CP score (p > 0.1 for AUC,_,, C,,.«> and
apparent total body clearance). Similarly, there was no clinically relevant relationship between the exposure of tirzepatide and
serum albumin level, total bilirubin level, or international normalized ratio. The geometric LSM half-life values were also
similar across the control and hepatic impairment groups. No notable differences in safety profiles were observed between
participants with hepatic impairment and healthy control participants.

Conclusions Tirzepatide pharmacokinetics was similar in participants with varying degrees of hepatic impairment compared
with healthy participants. Thus, people with hepatic impairment treated with tirzepatide may not require dose adjustments.
Clinical Trial Registration ClinicalTrials.gov identifier number NCT03940742.
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Tirzepatide is a novel, once-weekly, dual glucose-
dependent insulinotropic polypeptide and glucagon-like
peptide-1 receptor agonist, approved in the US as a
treatment for type 2 diabetes and under development

for long-term weight management, heart failure with
preserved ejection fraction, and nonalcoholic steatohepa-
titis.

Tirzepatide pharmacokinetics was similar in participants
with varying degrees of hepatic impairment (with or
without type 2 diabetes) compared with healthy partici-
pants.

People with hepatic impairment treated with tirzepatide
may not require dose adjustments.

1 Introduction

Type 2 diabetes (T2D) and its associated complications are a
major burden worldwide with increasing cases being linked to
comorbidities leading to increasing mortality [1]. Hepatic impair-
ment has a complex bi-directional relationship with diabetes [2,
3]. The liver is the prominent site of metabolism of most small-
molecule anti-hyperglycemia medications, and hence hepatic
impairment imposes several limitations on the use of these agents
or limits the dose in this population. Historically, the manage-
ment of T2D in people with hepatic impairment was compli-
cated by the propensity of small-molecule anti-hyperglycemia
medications to rely on the liver organ system for metabolism and
subsequent elimination.

The advent of the incretin era in T2D treatment has now
provided therapeutic options that have shown little to no
dependence on the liver for elimination. Incretin-based ther-
apies such as selective glucagon-like peptide-1 (GLP-1) are
largely composed of higher molecular weight drugs with
a peptide backbone. Thus, they are less dependent on the
liver as the single organ for their biotransformation. Most of
these drugs are simply broken down into smaller amino acid
fragments following proteolytic cleavage and subsequently
eliminated. Hepatic impairment studies for larger molecule
peptide agents such as GLP-1 receptor agonists, dulaglutide
and semaglutide have previously shown that the severity of
hepatic disease status does not impact the pharmacokinetics
(PK) of these drugs [4, 5]. Some other incretins, namely,
albiglutide and lixisenatide [6, 7], have not been included
in hepatic impairment studies because, based on known
metabolism pathways, it is expected that these peptide drugs
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would be broken down into smaller fragments by proteolytic
enzymes, and thus there was no expectation for their PK to
be influenced by hepatic impairment. Exenatide is under-
stood to be renally eliminated and therefore not considered
to be influenced by hepatic impairment [8].

Tirzepatide is a novel, dual glucose-dependent insuli-
notropic polypeptide and GLP-1 receptor agonist that is
approved in the US as a treatment for type 2 diabetes and
under development for long-term weight management, heart
failure with preserved ejection fraction and related comor-
bidities, and nonalcoholic steatohepatitis. In the phase III
SURPASS clinical trials in people with T2D, tirzepatide has
shown superior reductions in glycosylated hemoglobin with
23-62% of tirzepatide-treated participants achieving normo-
glycemia (glycosylated hemoglobin < 5.7%), accompanied
by reductions in body weight that ranged from 6.6 to 13.9%
[9-13], which is greater than what is currently noted with
approved selective GLP-1 receptor agonists.

Tirzepatide consists of a 39-amino acid peptide back-
bone attached to a C20 fatty diacid moiety. Tirzepatide is
metabolized via proteolytic cleavages of the peptide back-
bone, b-oxidation of the C20 fatty diacid moiety, and amide
hydrolysis. Tirzepatide is not metabolized via pathways
involving cytochrome P450 enzymes, sulfation, or glucuro-
nidation enzymes. Hence, the risk of drug—drug interactions
mediated via liver metabolism or transporter pathways is
intrinsically low. Additionally, tirzepatide is not a substrate
for renal or hepatic transporters commonly involved in drug
disposition (data on file, Eli Lilly and Company). Therefore,
based on a known understanding of tirzepatide metabolism
pathways, hepatic impairment is not expected to directly
influence tirzepatide PK.

Tirzepatide is highly bound to albumin (i.e., 99.06%
bound) in humans leading to a prolonged half-life of approxi-
mately 5 days. Albumin levels in people with hepatic impair-
ment can be lower than that observed in control participants.
As the patient population for tirzepatide may include people
with hepatic impairment, it is important to ascertain whether
tirzepatide can be prescribed to this population without a
dose adjustment. The aim of this study was to examine the
PK of tirzepatide in individuals with or without T2D and
varying degrees of hepatic impairment compared to healthy
participants.

2 Methods and Materials
2.1 Study Design and Participants
This phase I, parallel-design, open-label, multicenter, single-

dose study assessed the PK and tolerability of tirzepatide in
people with mild, moderate, or severe hepatic impairment
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and in people with normal hepatic function (control group)
[Fig. 1 of the Electronic Supplementary Material (ESM)].
Study eligibility included adults aged 18-85 years, inclusive,

with a body mass index > 19.0 and < 40.0 kg/m? at screen-
ing. Participants were required to meet additional criteria
associated with their degree of hepatic function, classified
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as a Child-Pugh (CP) score of A, B, or C (mild, moderate,
or severe hepatic impairment, respectively). Criteria for par-
ticipants with both T2D and hepatic impairment included
T2D controlled with diet or exercise alone or taking stable
doses of metformin for at least 8 weeks with a glycosylated
hemoglobin > 6.0 and < 11.0% at screening. Additional cri-
teria for the control group included healthy individuals as
determined by medical history, physical examination, and
other screening procedures, with clinically normal hepatic
function at screening.

Key exclusion criteria for all participants included organ
transplantation; personal or family history of medullary thy-
roid carcinoma or multiple endocrine neoplasia syndrome
type 2; a significant history of or presence of cardiovascular
(e.g., myocardial infarction, cerebrovascular accident, within
the past 6 months), respiratory, hepatic (applies to control
participants only), gastrointestinal, endocrine (except T2D),
hematological, or neurological disorders capable of signifi-
cantly altering the absorption, metabolism, or elimination of
drugs; of constituting a risk when taking the study medica-
tion; or of interfering with the interpretation of data; and
have estimated creatinine clearance < 50 mL/min (using the
four-factor Modification of Diet in Renal Disease) at screen-
ing. A full list of inclusion and exclusion criteria is provided
in the Appendix in the ESM.

Table 1 Baseline characteristics and demographics

Participants were assigned to groups of varying hepatic
impairment based on the CP score on day — 1, using the cri-
teria outlined in Table 1 of the ESM. People with T2D were
not included in the control group; however, people with T2D
were permitted to enroll in the hepatic impairment groups.

All study participants provided written informed consent
prior to the start of any study-related activities. The study
was conducted in accordance with the ethical standards of
the appropriate research committee and the Declaration of
Helsinki.

2.2 Tirzepatide Administration, Sample Collection,
and Other Assessments

A single subcutaneous injection of tirzepatide 5 mg (Lot
number: D065329) was administered. Blood samples were
collected and plasma was analyzed for tirzepatide using a
validated liquid chromatography/mass spectroscopy method
at Q2 Solutions (Ithaca, New York, NY, USA). Tirzepatide
was extracted from human plasma by immunoprecipitation
and measured by high-resolution mass spectrometry with a
Thermo Q-Exactive Orbitrap utilizing Heated Electrospray
Tonization™ (HESI) operated in the positive ion mode;
LCquan, version 2.9 was used for all data integrations. The
range of quantification was from 2.00 to 500.00 ng/mL. The

Normal hepatic function Mild hepatic impairment Moderate

Severe hepatic impairment Overall

N=13 N=6 hepatic impair- N=7 N=32
ment
N=6
Age, years 55.8+11.3 632 +4.5 51.3+154 60.4 + 6.6 57.4 +10.8
Sex, male 10 (76.9) 4(66.7) 5(83.3) 5(71.4) 24 (75.0)
Ethnicity
Not Hispanic or Latino 11 (84.6) 5(83.3) 5(83.3) 7 (100.0) 28 (87.5)
Hispanic or Latino 2(15.4) 1(16.7) 1(16.7) 0(0.0) 4(12.5)
Race
American Indian or 0 0 0 0 0
Alaska Native
Asian 0 1(16.7) 0 0 1(3.1)
Black or African Ameri- 2 (15.4) 1(16.7) 0 0 3(09.4)
can
Native Hawaiian or Other 0 0 0 0 0
Pacific Islander
White 11 (84.6) 4 (66.7) 6 (100.0) 7 (100.0) 28 (87.5)
Weight, kg 96.72 + 18.62 82.75 + 15.47 95.12 £ 21.31 88.56 + 16.14 92.01 + 18.08
Height, cm 176.48 + 9.40 167.55 + 12.48 177.08 £ 8.32 173.61 +10.17 174.29 + 10.15
BMI, kg/m> 30.88 +4.57 29.39 +3.63 30.11 £4.91  29.27 + 3.66 30.10 +4.14
Child-Pugh Score NA 55+0.5 7.8+ 1.0 11.0+1.2 NA
T2D, yes 0 3 (50.0) 0 0 3094

Data presented as n (%) or mean =+ standard deviation

BMI body mass index, NA not applicable, 72D type 2 diabetes
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inter-assay accuracy (% relative error) during validation
ranged from — 0.5 to 10.9%. The inter-assay precision (%
relative standard deviation) during validation was < 12.2%.

Plasma concentrations of tirzepatide measured pre-dose,
and at 8, 12, 24, 48, 72, 96, 168, and 336 hours post-dose
were used to determine the following PK parameters using
standard noncompartmental methods in a validated software
program (Phoenix WinNonlin Version 8.1): area under the
concentration—time curve from time zero to infinity (AUC
0-c0)» AUC time zero to time t (AUC,_y,), Where t is the last
timepoint with a measurable concentration, %AUC,_, that
is due to extrapolation from the last measurable concentra-
tion to infinity, the maximum observed drug concentration
(Cpay)» the time to Cp,, (f,.), the half-life associated with
the terminal rate constant (Az) in noncompartmental analy-
sis (t;,), apparent total body clearance of drug calculated
after extra-vascular administration (CL/F), apparent vol-
ume of distribution at steady state following extra-vascular
administration (Vss/F), and apparent volume of distribution
during the terminal phase after extra-vascular administration
(V,/F). Actual sampling times were used in the calculation
of all PK parameters. Concentration versus time profiles
were plotted using nominal times.

2.3 Safety Parameters

Safety parameters assessed included adverse events, hypo-
glycemic events, clinical laboratory parameters, including
serum amylase and lipase measurements, vital signs, and
injection-site reactions including edema, erythema, indura-
tion, itching, and pain. Hyperglycemia and hypoglycemia
events are defined in the Appendix in the ESM.

2.4 Statistical Analyses

PK parameter estimates for tirzepatide were calculated by
standard noncompartmental methods of analysis. The pri-
mary parameters analyzed were C,,,, and AUC,__. The
primary PK analysis was the evaluation of log-transformed
AUC,_, and C,,, using an analysis of covariance model
with hepatic function group as a fixed factor and body weight
as a covariate. The geometric least-squares means for each
group, geometric least-squares mean ratios between each
hepatic impairment level versus the control group, and the
corresponding 90% confidence intervals was estimated from
the analysis of covariance model. The analysis of the time
of maximum observed drug concentration was based on a
nonparametric method. Medians and differences in medians
for hepatic function groups were calculated. The relationship
between the PK parameters and CP classification parameters
(serum albumin level, total bilirubin level, and prothrombin
time) were assessed graphically. The PK parameters AUC
C...x» and apparent clearance were plotted against each

0—c0® “~max®

CP classification parameter separately. Safety data were
summarized using descriptive methodology.

3 Results

3.1 Baseline Characteristics and Demographics
and Patient Disposition

A total of 32 participants, 24 were male and eight were
female, aged 27-72 years, inclusive, participated in this
study (Table 1). Of the 32 participants, three had T2D (mild
hepatic impairment group). Participants were enrolled from
three sites all based in the USA and were assigned to the
control (normal hepatic function) or hepatic impairment
group based on individual CP classification scores. All but
one participant (severe hepatic impairment) completed the
study. This participant was lost to follow-up and subse-
quently replaced. There were no discontinuations because
of adverse events.

3.2 PKof Tirzepatide

Tirzepatide concentration—time profiles are shown in Fig. 1.
The mean profiles did not differ over time between partici-
pants with mild-to-severe hepatic impairment and partici-
pants with normal hepatic function following a single 5-mg
dose of tirzepatide (Fig. 1A). Individual participant profiles
for each group are shown in Fig. 1B-E.

The overall exposure to tirzepatide, based on AUC,_
AUC,_, and C,,,, was similar across the control and
hepatic impairment groups (Table 2). The geometric least-
squares mean half-life values were also similar across the
control and hepatic impairment groups.

Statistical analysis showed no difference in the geometric
least-squares mean C,,,, or AUC,__, between participants in
the control group and the hepatic impairment groups, with
the 90% ClIs for the ratios of geometric least-squares means
spanning unity (Table 3). There was no change in the median
tnax Of tirzepatide across all groups.

3.3 Relationship Between PK Parameters
of Tirzepatide and Hepatic Function at Baseline

There was no significant relationship between the expo-
sure of tirzepatide and CP scores, with the p values of
the regression line slopes being > 0.1 for each of the
PK parameters (C,,,, AUC,_, and apparent total body
clearance) (Fig. 2A—C). Similarly, there was no signifi-
cant relationship between the exposure of tirzepatide and
serum albumin level (Fig. 2D-F), total bilirubin level (Fig.
2G-I), or international normalized ratio (Fig. 2J-L).
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Table 2 Summary of the pharmacokinetic parameters of tirzepatide following a single 5-mg subcutaneous dose

Normal hepatic function »  Mild hepatic impairment » Moderate hepatic impair- n Severe hepatic impair- n

N=13 N=6 ment ment

N=6 N=17
AUC .6 ngeh/mL 82,200 (28) 13 98,500 (15) 6 80,500 (29) 6 75,200 (34) 6
AUC,_,,, ngesh/mL 84,300 (28) 13 102,000 (16) 6 82,000 (29) 6 77,000 (33) 6
%AUC, 5000 % 2.26 (44) 13 2.76 (38) 6 1.71 (50) 6 1.97 (64) 6
Cphax> NZ/mML 510 (28) 13 509 (18) 6 516 (44) 6 521 (23) 7
fnaxs N2 24.00 (8.00-72.00) 13 24.00 (8.00-48.00) 6 24.00 (8.00-24.00) 6 24.00 (12.00-24.47) 7
T\, hP 124 (101-158) 13 131 (120-156) 6 116 (98.7-131) 6 122 (98.6-150) 7
CL/F, L/h 0.0593 (28) 13 0.0493 (16) 6 0.0610 (29) 6 0.0650 (33) 6
V,IF,L 10.6 (27) 13 9.29 (13) 6 10.2 (24) 6 11.2(39) 6
Vss/F, L 10.7 (20) 13 9.79 (13) 6 10.2 (24) 6 11.3(29) 6

Data presented as geometric mean (geometric coefficient of variation %), unless otherwise indicated

AUC,_,, area under the concentration—time curve from time zero to infinity, AUC,_,,, area under the concentration—time curve from time zero to
time t, where t is the last timepoint with a measurable concentration, %AUC,,,, ,, percentage of AUC,, ., extrapolated, CL/F apparent total body
clearance of drug calculated after extra-vascular administration, C,,,, maximum observed drug concentration, N number of subjects, n number of
observations, 7% half-life associated with the terminal rate constant in a non-compartmental analysis, #,,,. time to C,,., Vss/F apparent volume

of distribution at steady state after extra-vascular administration, V/F apparent volume of distribution during the terminal phase after extra-
vascular administration

“Median (range)

YGeometric mean (range)

Table 3 Statistical comparison of the pharmacokinetic parameters of tirzepatide

Parameter Group n Geometric LSM Ratio of geometric 90% CI for the
LSM (vs control) ratio (lower,
upper)
AUC,,_, (ngeh/mL) Control (normal hepatic function) 13 87,520
Mild hepatic impairment 6 94,298 1.08 (0.879, 1.32)
Moderate hepatic impairment 6 84,057 0.960 (0.790, 1.17)
Severe hepatic impairment 6 74,551 0.852 (0.699, 1.04)
Chax (ng/mL) Control (normal hepatic function) 13 525
Mild hepatic impairment 6 481 0.916 (0.726, 1.16)
Moderate hepatic impairment 6 526 1.00 (0.802, 1.25)
Severe hepatic impairment 7 510 0.972 (0.784, 1.21)
toax (? Control (normal hepatic function) 13 24.0
Mild hepatic impairment 6 24.0 0 (—4.00, 12.00)
Moderate hepatic impairment 6 24.0 0 (= 12.00, 12.00)
Severe hepatic impairment 7 24.0 0 (—11.83,4.17)

Data presented as geometric LSM (ratio of the geometric LSM), unless otherwise indicated
AUC,_,, area under the concentration—time curve from time zero to infinity, CI confidence interval, C,,,, maximum observed drug concentration,

LSM least-squares mean, n number of observations, t,,,. time to C,,,

“Data presented as median, median of differences vs normal renal function and approximate 90% CI for the difference (lower, upper)

3.4 Safety Parameters the participant developed nausea and vomiting that lasted for 2

days. Because of continued vomiting, the participant was sent to
Safety parameters are presented in Table 4. No deaths occurred ~ the hospital and subsequently admitted on day 3. On day 5, the
during this study. One serious adverse event of worsening of  participant recovered and was discharged on the same day. The
hepatic encephalopathy occurred in one participant in the severe ~ participant returned to the study site and completed the study.
hepatic impairment group. Approximately 15 hours after dosing, ~ Tirzepatide was considered to have resulted in the participant
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Fig.2 Relationship between PK parameters of tirzepatide and hepatic
function. AUC,,_,, area under the concentration—time curve from time
zero to infinity, CI confidence interval, CL/F apparent total body

experiencing nausea and vomiting, which subsequently caused
the participant to be unable to take her lactulose. This ultimately
resulted in worsening of hepatic encephalopathy.

The incidence of all treatment-emergent adverse events
reported during the study was similar across all groups and

p-value for the slope = 0.8537

clearance of drug calculated after extra-vascular administration, C,,,,,
maximum observed drug concentration, PK pharmacokinetics

consistent with what was expected for this population and
study intervention. Of the 32 participants who received
tirzepatide, ten participants reported a total of 25 treat-
ment-emergent adverse events. A majority of the reported
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Table 4 Safety assessment

Event Normal hepatic Mild hepatic Moderate hepatic Severe hepatic Overall
function impairment impairment impairment N=32
N=13 N=6 N=6 N=7
Deaths 0 0 0 0 0
Serious adverse events 0 0 0 1(14.3) 1(3.1)
Treatment-emergent adverse events 4 (30.8) 2(33.3) 2(33.3) 2(28.6) 10 (31.3)
Nausea 3(23.1) 2(33.3) 0 1(14.3) 6 (18.8)
Vomiting 0 1(16.7) 2 (33.3) 1(14.3) 4 (12.5)
Constipation 2(15.4) 0 0 0 2(6.3)
Decreased appetite 0 1(16.7) 0 1(14.3) 2(6.3)
Abdominal discomfort 0 0 0 1(14.3) 1(3.1)
Abdominal distension 0 0 1(16.7) 0 1(3.1)
Diarrhea 0 0 0 1(14.3) 1(3.1)
Dyspepsia 0 1(16.7) 0 0 1(3.1
Flatulence 0 1(16.7) 0 0 1(3.1)
Headache 1(7.7) 0 0 0 1(3.1)
Hepatic encephalopathy 0 0 0 1(14.3) 1@3.1)
Hyponatremia 0 1(16.7) 0 0 1(3.1)
Influenza-like illness 0 1(16.7) 0 0 1(3.1)
Musculoskeletal stiffness 1(7.7) 0 0 0 1(3.1)
Urinary tract infection 0 0 0 1(14.3) 1(3.1)
Hypoglycemia (blood glucose < 70 mg/dL) 1(7.7) 0 0 0 1@3.1)
Severe hypoglycemia 0 0 0 0 0
Hypersensitivity reactions 0 0 0 0 0
Injection-site reactions 0 0 0 0 0

Data presented as n (%). Adverse events with a change of severity are only counted one time at the highest severity

N total number of participants in a specified treatment group, » number of participants in a specified category

treatment-emergent adverse events were gastrointestinal
related, including nausea and vomiting.

Overall, there were no clinically meaningful findings in
the clinical laboratory data, vital signs, physical examina-
tion assessments, electrocardiograms, or other observations
related to safety in this study (data not shown). The assess-
ments and observations were comparable across groups.
Although data from some measurements were outside the
appropriate reference ranges, these findings were generally
transient and occurred at isolated timepoints. One hypo-
glycemic event (blood glucose level of 62 mg/dL) was
reported in one participant from the control group. This
participant was asymptomatic, and promptly recovered
without the need for rescue therapy. There were no hyper-
sensitivity or injection-site reactions during this study.

4 Discussion
This parallel-design open-label study evaluated the PK

parameters of tirzepatide in participants with mild, moder-
ate, or severe hepatic impairment as classified by CP status,

A\ Adis

compared to control participants with normal hepatic func-
tion, after a single subcutaneous dose of tirzepatide 5 mg.
The tolerability and safety of tirzepatide in participants with
varying degrees of hepatic impairment were also assessed.
The overall exposure following a single 5-mg dose of
tirzepatide based on the assessment of area under the con-
centration—time curve and C,,,, showed that exposure was
similar across the control and hepatic impaired groups.
Statistical analysis showed no difference in the geometric
least-squares mean C,,,, or AUC,__, between participants
in the control group and the hepatic impairment groups,
with the 90% ClIs for the ratios of geometric least-squares
means spanning unity. In concordance, there was no sig-
nificant relationship between the exposure of tirzepatide
and the CP score when assessed as a continuous variable.
A single subcutaneous dose of tirzepatide 5 mg was well
tolerated by healthy participants and participants with
varying degrees of hepatic impairment (with or without
T2D) in this study. Given there were no relevant effects of
hepatic impairment on the PK of tirzepatide, dose adjust-
ment may not be required in people with hepatic impair-
ment. These outcomes are similar to the results for other
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incretin-based therapies, namely, dulaglutide and sema-
glutide, which also showed a lack of relationship between
the PK of GLP-1 receptor agonists and hepatic function
[14-16].

Tirzepatide is highly bound to albumin, thereby resulting
in a half-life of ~ 5 days enabling once-weekly adminis-
tration. Albumin levels in people with hepatic impairment,
especially those with cirrhosis, can be lower than in healthy
people with normal hepatic function. This leads to the
question of whether the lower albumin level, if any, among
people with hepatic impairment can impact the half-life of
tirzepatide and consequently its efficacy. While it is impor-
tant to acknowledge that effective albumin levels could be
lower and more variable in a hepatic impaired population,
it is also important to understand the relative abundance of
physiological albumin concentration versus tirzepatide expo-
sure. In our study, we did not note any relationship between
serum albumin levels and tirzepatide exposure. The normal
range of albumin levels in humans is approximately 3.5-5
g/dL (35-50 g/L) [17, 18]. The average steady-state tirze-
patide exposures following attainment of 15-mg tirzepatide
dose is expected to be approximately 1500 ng/mL (0.0015
g/L) [19]. Hence, under physiological conditions, the level
of albumin is expected to be in several folds excess of maxi-
mum possible tirzepatide concentrations. Even in condi-
tions where albumin levels can be low (e.g., hepatic impair-
ment, nephrotic syndrome), albumin is still not expected to
decrease to levels that could directly impact tirzepatide PK.

The study was conducted under the auspices of regula-
tory guidance for hepatic impairment studies [20, 21]. The
study included a relevant number of participants in the mild,
moderate, and severe impairment groups, while comparing
to an appropriately baseline matched and sized control refer-
ence group.

Limitations of this study include the single-dose study
design conducted in impaired participants with or without
T2D. Only three participants with T2D were enrolled. Fur-
thermore, the tirzepatide dose used in this study was 5 mg,
which is the maximum tolerated dose of tirzepatide when
administered as a single dose (i.e., without dose escala-
tion). The development program of tirzepatide involved the
examination of three maintenance dose levels; 5, 10, and
15 mg, which are achieved following a starting dose of 2.5
mg given for 4 weeks, followed by stepwise increments of
2.5 mg every 4 weeks to attain the final dose of 5, 10, or 15
mg. The nature of the stepwise escalation required to attain
higher dose levels of 10 and 15 mg does not permit us to
evaluate these doses in a single-dose hepatic impairment
study.

While a single 5-mg dose pharmacokinetic study can-
not provide long-term data, results from phase III studies
consistently showed decreases in mean alanine transami-
nase and aspartate transaminase values in people with T2D

treated with tirzepatide (mean percent changes from baseline
ranged from — 12 to — 33% for alanine transaminase and
— 1 to — 16% for aspartate transaminase) [9—13]. A post-
hoc analysis of the phase II study showed an improvement
in several non-alcoholic steatohepatitis-related biomarkers
after 26 weeks of treatment with tirzepatide [22]. In a sub-
study of the phase III SURPASS-3 study, participants treated
with tirzepatide had a significantly greater decrease in liver
fat content at 52 weeks compared with insulin degludec
[23]. Among the tirzepatide-treated participants, 67—81%
achieved a > 30% relative reduction in liver fat content at 52
weeks, a degree of response that has been associated with
improvements in liver histology [23-25]. All this evidence
suggests that tirzepatide may lead to improvements in liver-
related clinical markers, thus providing patients with thera-
peutic benefit.

5 Conclusions

The absence of any effects of hepatic impairment on the
PK of tirzepatide would suggest that a dose adjustment of
tirzepatide, based on PK parameters, may not be required in
people with hepatic impairment.
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