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Abstract

Background and Aims The pharmacokinetics (PK) and single-dose tolerability of tirzepatide, a dual glucose-dependent
insulinotropic polypeptide and glucagon-like peptide-1 receptor agonist being developed for once-weekly treatment of type
2 diabetes (T2D), weight management, and nonalcoholic steatohepatitis, was evaluated in subjects with renal impairment
versus healthy subjects with normal renal function.

Methods Forty-five subjects, categorized by baseline renal status, i.e. mild (n = 8, estimated glomerular filtration rate [eGFR] 60-89
mL/min/1.73m?), moderate (n = 8, eGFR 30-59 mL/min/1.73m?), severe renal impairment (n = 7, eGFR <30 mL/min/1.73m?),
end-stage renal disease requiring dialysis (# = 8), and normal renal function (n = 14, eGFR >90 mL/min/1.73m?), received a single
subcutaneous dose of tirzepatide 5 mg. Tirzepatide plasma concentrations up to 648 h postdose were measured to compute PK
parameters. The primary analysis evaluated the ratios of area under the plasma concentration—time curves (AUCs) and maximum
plasma drug concentration (C,,,,,) of renal impairment versus the normal renal function group (90% confidence interval [CI]). In
addition, the relationship between PK parameters and continuous variables of renal function was assessed by linear regression.
Results Tirzepatide exposure was similar across renal impairment groups and healthy subjects. The 90% CI of ratios of AUCs
and C,,,, comparing each renal impairment group versus normal renal function spanned unity, except for a 25-29% increase
in AUCs in the moderate renal impairment group. There was no significant relationship between tirzepatide exposure and
eGFR. Few adverse events were reported across the renal impairment and normal renal function groups. The majority were
mild in severity and of a gastrointestinal nature in the renal impairment groups.

Conclusion There were no clinically relevant effects of renal impairment on tirzepatide PK. Dose adjust-
ment may not be required for patients with renal impairment.

Clinical Trial Registration ClinicalTrials.gov NCT03482024.

1 Introduction

_ Approximately one-third of patients with diabetes melli-

Participant renal impairment status did not appear to tu.s (typ e L ortype 2) r eport d1abf:t1c nep h.rop athy [.1 - 21
. . . Diabetic nephropathy is characterized by either persistent
result in clinically relevant effects on tirzepatide pharma-

. . . albuminuria and/or progressive renal impairment. Renal
cokinetics following a single subcutaneous dose of 5 mg. . . . . . . .
impairment is associated with arterial hypertension and

A single dose of tirzepatide 5 mg was well-tolerated increased cardiovascular morbidity and mortality [3, 4] and
regardless of the degree of renal impairment. can eventually lead to end-stage renal disease (ESRD), in
which patients require dialysis or renal transplantation [5, 6].
The pharmacokinetics (PK) of standard antidiabetic
drugs, such as metformin, sulfonylureas, dipeptidyl pepti-
dase-IV inhibitors, sodium-glucose cotransporter-2 inhibi-
tors, and insulin, may be affected in subjects with impaired
renal function [7]. Reduced drug clearance due to renal
54 Shweta Urva impairment may lead to increased risk of adverse events
urva_shweta@lilly.com (AEs), such as hypoglycemia, in patients with type 2 dia-
betes (T2D) [8]. Some antidiabetic drugs are, therefore,

Treatment of type 2 diabetes, weight management, and
nonalcoholic steatohepatitis with tirzepatide in patients
with renal impairment, including patients undergoing
dialysis, may not require dose adjustment.
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unsuitable or are used with caution in this particular patient
group, thereby limiting their treatment options.

Newer therapies such as glucagon-like peptide-1 recep-
tor agonists (GLP-1 RAs) are increasingly being used in the
treatment of T2D. Previous studies have evaluated the effect
of renal impairment on the PK of the GLP-1 RAs exena-
tide [9], lixisenatide [10], liraglutide [11], albiglutide [12],
dulaglutide [13], and semaglutide [14, 15]. In patients with
mild-to-moderate renal impairment versus subjects with
normal renal function, observed PK changes of subcutane-
ous exenatide were reported as clinically acceptable, while
these PK changes were significant in patients with severe
renal impairment or ESRD [9]. There were no significant
differences reported in the PK of lixisenatide in patients with
mild-to-moderate renal impairment versus subjects with
normal renal function, but drug exposure may be increased
in patients with severe renal impairment [10]. The PK of
liraglutide and albiglutide were not significantly altered in
patients with mild-to-moderate renal impairment versus sub-
jects with normal renal function, but there is limited reported
evidence of experience in patients with more severe renal
dysfunction [11, 12]. The PK of dulaglutide was not influ-
enced by the extent of renal impairment [13]. The PK profile
of subcutaneous semaglutide has also been reported as simi-
lar between patients with mild-to-severe renal impairment
or ESRD and subjects with normal renal function, when
adjusted for differences in sex, age, and body weight [14].
Similar results were also noted for oral semaglutide, with
lack of impact of renal impairment on plasma PK [15].

Improving glycemic control has beneficial effects on the
development and progression of renal impairment [16—18].
In short-term studies, once-daily liraglutide reduced urinary
albumin excretion and increased urinary sodium excretion
[19, 20]. In the LEADER trial investigating the influence of
liraglutide on renal outcomes in patients with T2D, fewer
cases of new-onset persistent macroalbuminuria and fewer
cases of death due to renal disease occurred and the risk
of increased serum creatinine levels and the risk of ESRD
did not differ compared with placebo [21]. In addition, lira-
glutide reduced the risk of new or worsening nephropathy
by 21% and once-weekly semaglutide reduced the risk by
38% [22, 23]. In the AWARD-7 study investigating the
efficacy and safety of once-weekly dulaglutide in patients
with T2D and moderate-to-severe chronic kidney disease,
results showed that glycemic control in patients treated with
dulaglutide was similar to that in patients treated with insu-
lin glargine. Furthermore, treatment with dulaglutide was
associated with a reduced decline in estimated glomerular
filtration rate (eGFR) [24, 25]. Long-term use of dulaglu-
tide in patients with T2D was associated with reduced com-
posite renal outcomes (new macroalbuminuria, sustained
decline in eGFR of 30% or more from baseline, and chronic
renal replacement therapy), suggesting a protective effect
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of dulaglutide on renal outcomes [26]. In summary, there
appears to be a benefit associated with the use of GLP-1 RA
agents in patients with T2D and renal disease. Therefore, it
is imperative to understand the influence of renal disease on
drug PK before conducting these investigations.

Tirzepatide is a novel dual glucose-dependent insulino-
tropic polypeptide and GLP-1 RA that consists of a 39-amino
acid synthetic peptide. Tirzepatide is in development for the
treatment of T2D, chronic weight management issues, and
nonalcoholic steatohepatitis [27-29]. In a phase Ib study,
once-weekly administration of tirzepatide demonstrated sig-
nificant, dose-dependent reductions in body weight in both
healthy subjects and subjects with T2D (up to 4.52 kg reduc-
tion) and reductions of glycated hemoglobin Alc (HbAlc)
up to 0.84% (subjects with T2D only) following 4 weeks of
treatment [27]. In a phase IIb study, tirzepatide 5, 10, and 15
mg showed superior efficacy in HbAlc reduction compared
with once-weekly dulaglutide 1.5 mg in patients with T2D
(up to 2.4% vs. 1.1% reduction), while tirzepatide 10 and 15
mg demonstrated superior efficacy in body weight reduction
(up to 11.3 kg vs. 2.7 kg reduction) [28].

The molecular weight of tirzepatide is 4.8 kDa, which,
while greater than that of nonbiologic drugs, is still notably
lower than the glomerular filtration cut-off of 30-50 kDa.
Therefore, it is important to understand the impact of renal
impairment on tirzepatide PK.

The aim of this study was to examine the PK and toler-
ability of tirzepatide in subjects with or without T2D and
varying degrees of renal impairment compared with healthy
subjects. A 5-mg dose of tirzepatide was chosen for investi-
gation in this organ-disease study since this dose was previ-
ously identified as a maximum tolerated initial dose [27]
and can be administered as a single dose without stepwise
dose escalation.

2 Methods
2.1 Study Design and Participants

This phase I, parallel-design, open-label, multicenter, sin-
gle-dose study assessed the PK and tolerability of tirze-
patide in 45 subjects with mild (n = 8), moderate (n = 8),
or severe renal impairment (n = 7), or ESRD undergoing
dialysis (n = 8), and control subjects with normal renal func-
tion (n = 14). Study eligibility included adults aged 18-85
years inclusive, with a body mass index (BMI) >19.0 and
<40.0 kg/m? at screening. Subjects were classified into
groups of varying degree of renal function based on eGFR
values determined by the Modification of Diet in Renal Dis-
ease (MDRD) abbreviated equation [30] using serum cre-
atinine levels obtained at screening and on day — 1 (Fig. 1).
The renal function groups are normal renal function (eGFR
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>90 mL/min/1.73m?), mild renal impairment (eGFR 60—89
mL/min/1.73m?), moderate renal impairment (¢GFR 30-59
mL/min/1.73m?), severe renal impairment (éGFR <30 mL/
min/1.73m?, and not requiring dialysis), and ESRD (requir-
ing dialysis) [electronic supplementary Table 1]. Only
high-flux polysulfone membranes were used for dialysis
to eliminate potential variation between different types of
dialysis membrane. In addition, subjects were also re-cat-
egorized into renal function groups using eGFR calculated
by the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [31] and also using creatinine clearance
(CL(R) determined by the Cockcroft—-Gault equation [32]
for exploratory analyses (electronic supplementary Table 1).

The control subjects were selected in order that the mean
and distribution were comparable with each group with renal
impairment, as far as was practically possible, for age (+ 10
years), sex, race, weight (£ 10 kg), and BMI (+20%). Sub-
jects with T2D were not included in the control group but
were permitted to enroll in the renal impairment groups.
Subjects with renal impairment, including ESRD, and T2D
were allowed to be treated with stable doses of metformin
and/or insulins for at least 8 weeks. In addition, the use of
concomitant medications such as lipid-lowering, antihyper-
tensive agents, and aspirin was permitted for subjects with
renal impairment if treatment was stable for at least 4 weeks.

Key exclusion criteria for all subjects included organ
transplantation; personal or family history of medullary thy-
roid carcinoma or multiple endocrine neoplasia syndrome
type 2; significant history or presence of cardiovascular,
respiratory, hepatic, or gastrointestinal disorders; and pan-
creatitis or elevation in serum amylase or lipase.

All subjects provided written informed consent prior to
the start of any study-related activities. The study was con-
ducted in accordance with the ethical standards of the appro-
priate research committee, the Declaration of Helsinki, and

current guidelines for studies in patients with renal impair-
ment [33, 34].

2.2 Tirzepatide Administration, Sample Collection,
and Other Assessments

A single subcutaneous injection of tirzepatide 5 mg (lot
number: C860410) was administered on day 1 (Fig. 1).
Plasma samples for tirzepatide PK analysis were collected
at predose (0 h) and at 8, 12, 24, 48, 72, 96, 168, 336,
and 648 h postdose (Fig. 1) and stored at approximately
—70 °C. Plasma samples were analyzed for tirzepatide
using a validated liquid chromatography/mass spectrome-
try method at Q2 Solutions (Ithaca, 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 interassay accuracy (% relative error) during validation
ranged from — 0.5 to 10.9%, and the interassay precision (%
relative standard deviation) during validation was <12.2%.

Tirzepatide plasma concentrations were used to determine
PK parameters using standard noncompartmental methods in
a validated software program (Phoenix WinNonlin version
8.1; Pharsight, a Certara Company, Princeton, NJ, USA).
The primary PK parameters for analysis include area under
the plasma concentration—time curve (AUC) from time zero
to infinity (AUC), AUC from time zero to the time of the
last measurable concentration (AUC,,,), and the maximum
observed plasma drug concentration (C,,,,). Additional
PK parameters, namely time to reach C,,,, following drug
administration (7,,,,), elimination half-life (#,,), and apparent
total body clearance of drug from plasma after extravascu-
lar administration (CL/F) were also computed. AUC,,, was

Admission Discharge Follow-up
Dose l
. Hemodialysis?
Screening
Days -28 to -1 PK and ADA Sampling
v v / L / / A 4
| s e

Day: -1 1 2 3 4 5 8 15 =28
PK Sampling (hours post-dose): 0 812 24 48 72 96 168 336 =648
ADA Sampling (hours post-dose): o 336 =648

(pre-dose)

Fig. 1 Study design. The first postdose dialysis session was scheduled to start at least 24 h after administration of tirzepatide. Subsequent dialy-
sis sessions were scheduled as clinically appropriate. “End-stage renal disease group only. ADA antidrug antibody, PK pharmacokinetic
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calculated using the trapezoidal method, and AUC_ was
computed based on AUC,,, and additional area extrapolated
from the time of the last measurable concentration to infinity
using AUC,,,_, = C(#)/1,. The terminal rate constant (4,)
was approximated by log-linear regression on the terminal
part of the plasma drug concentration versus time profile.
Cpax and ¢, were derived from the observed plasma drug
concentration versus time profiles. The #,, was calculated as
In2/7, and CL/F was estimated as dose/AUC,,. Actual sam-
pling times were used in the calculation of all PK parameters
and plasma drug concentration versus time profiles.

Serum samples obtained during this study for immuno-
genicity (Fig. 1) were analyzed for the presence of antid-
rug antibodies (ADAs) at BioAgilytix (Durham, NC, USA)
[35-39].

2.3 Safety Parameters

Safety parameters were assessed throughout the study. AEs
were evaluated at screening and on days 1, 2, 3, 4, 5, 8,
15, and >28. Hypoglycemic events were verified by plasma
glucose concentration and/or required third-party assistance
according to the American Diabetes Association guidance
[40]. Plasma glucose was monitored at predose, at 12, 24,
48, 72, 96, 168, 336 h postdose, and on day >?28. Clinical
laboratory parameters were evaluated at screening and on
days 3, 5, 8, 15, and >28, including serum amylase and
lipase measurements. Vital signs were monitored at screen-
ing, predose, at 12, 24, 48, 72, 96, 168, 336 h postdose, and
on day >28. Injection-site reactions (ISRs) were assessed
at predose and at 0, 6, 12, 24, and 48 h postdose. Electro-
cardiograms (ECGs) were collected at screening, predose,
and on days 3, 5, and >28. Physical examination findings
were also monitored and reviewed at screening and on days
8,15, and >28.

2.4 Statistical Analyses

The planned sample size (16 subjects for the control group
and 8 subjects in each of the renal impairment groups) pro-
vided a 90% coverage probability of the half-width of the
90% confidence interval (CI) within 0.29 on a log scale for
comparison of each of the renal impairment groups with the
control group for AUCs or C,,,,, assuming the variability
(coefficient of variation) is 32%. CIs and other descriptive
statistics were the main form of interpretation of results.
The primary analysis evaluated log-transformed C,,,, and
AUC parameters using an analysis of variance model to esti-
mate ratios between each impaired renal function group ver-
sus the control group and the corresponding 90% ClIs. This
analysis was conducted three times for the different renal
function group assignments classified using eGFR (MDRD
abbreviated equation) for the primary analysis and CLqg
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(Cockcroft-Gault equation) and eGFR (CKD-EPI equation)
for the exploratory analysis. Additional supporting analyses
were conducted to evaluate the relationship between the PK
of tirzepatide and the MDRD eGFR. The PK parameters
versus eGFR were presented graphically and a linear regres-
sion line fitted, with eGFR as a continuous variable [33].
Similar graphical analysis of PK parameters versus CLqg
and CKD-EPI eGFR was also conducted. Summaries of 7, ,,
were computed using Hodges—Lehmann methodology.

3 Results

3.1 Baseline Characteristics and Demographics
and Subject Disposition

A total of 45 subjects (30 males and 15 females) aged
between 40 and 84 years, participated in this study (Table 1).
Overall, baseline characteristics, namely means of age,
weight, and BMI, were similar across the control and renally
impaired groups. The control and renally impaired groups
included subjects of different races, with the exception of the
ESRD group, in which all subjects were Black or African
American. Each of the renally impaired groups included at
least one subject with T2D, while the mild and severe renal
impairment groups had two subjects each with T2D. Five
of the six subjects with T2D received stable concomitant
treatment for diabetes during the course of the study. One
subject with T2D, in the ESRD group, received no treatment
for diabetes throughout the course of the study.

All but one subject with normal renal function completed
the study. This subject was discontinued at the discretion of
the physician due to positive ‘drugs of abuse’ tests. Data
from this subject have been included in the safety analy-
sis set but have been excluded from the PK analysis sets.
Out of the remaining study cohort, one was classified as
having mild renal impairment based on eGFR (MDRD and
CKD-EPI) but normal renal function based on CL on day
— 1. Two unscheduled serum creatinine measurements were
collected the following day. The first unscheduled measure-
ment gave a normal renal function classification based on
CL_g and the CKD-EPI eGFR, but mild impairment based
on MDRD eGFR. The second unscheduled measurement
showed normal renal function for all classification methods:
CL g, MDRD eGFR, and CKD-EPI eGFR. Thus, this sub-
ject was assigned to the control group and was administered
tirzepatide the next day.

3.2 Pharmacokinetics of Tirzepatide

The overall exposure to tirzepatide, based on AUC,,,, AUC

> and C,,., was comparable across the control subjects
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Table 1 Baseline characteristics and subject demographics

Normal renal Mild renal Moderate renal Severe renal ESRD [N = 8] Overall [N =45]
function impairment impairment impairment
[N=14] [N=28] [N =8] [N=17]
Age, years 58.1 +7.6 63.3 + 6.6 68.8 + 14.1 60.3 +9.3 529+72 60.3 + 10.1
Sex, male 9 (64.3) 5(62.5) 4(50.0) 6 (85.7) 6 (75.0) 30 (66.7)
Ethnicity
Hispanic or Latino 2(14.3) 5(62.5) 3(37.5) 4(57.1) 0(0.0) 14 (31.1)
Non-Hispanic or non-Latino 12 (85.7) 3(37.5) 5(62.5) 3(42.9) 8 (100.0) 31 (68.9)
Race
American Indian or Alaska Native 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Asian 0(0.0) 0(0.0) 2(25.0) 0(0.0) 0(0.0) 2(4.4)
Black or African American 7 (50.0) 2(25.0) 3(37.5) 1(14.3) 8 (100.0) 21 (46.7)
Native Hawaiian or other Pacific 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Islander
White 7 (50.0) 6 (75.0) 3(37.5) 6 (85.7) 0(0.0) 22 (48.9)
Weight, kg 88.0+11.2 93.1 £19.8 83.8 +18.1 81.8 +8.1 89.6 + 14.7 87.5+14.4
Height, cm 1753 +£10.3 170.7+7.9 169.3 £ 8.9 1739 +6.2 178.0 7.2 173.7 £ 8.7
BMI, kg/m? 28.6 +2.6 31.7+4.5 29.0 +4.2 272 +4.1 283 +44 29.0 +3.9
With T2D 0(0.0) 2 (25.0) 1(12.5) 2 (28.6) 1(12.5) 6 (13.3)

Data are expressed as n (%) or mean + SD

BMI body mass index, ESRD end-stage renal disease, N total number of subjects in the specified treatment group, n number of subjects in the

specified category, SD standard deviation, 72D type 2 diabetes

(with normal renal function) and subjects with mild, moder-
ate, and severe renal impairment or ESRD (Table 2).
Statistical analysis showed no difference in the geometric
mean C_, between subjects in the control group and the
renal impairment groups, with the 90% ClIs for the ratios
of geometric least-squares means (LSM) spanning unity
(Table 2). Comparison of the AUC,,, and AUC_ showed
no difference between the mild renal impairment, severe
renal impairment, and ESRD groups compared with the
control group, with the 90% Cls spanning unity (Table 2).
The geometric means for AUC,,, and AUC_ were higher
by 25% (90% CI 1.04-1.52) and 29% (90% CI 1.07-1.56),
respectively, for subjects in the moderate renal impairment
group when compared with the control group, where 90%
CIs did not span unity. There was no notable difference in
the median ¢, of tirzepatide between the renal impairment
groups (Table 2); however, the median #,,,,, did appear to
occur earlier for the severe renal impairment group (18 h)
compared with the control, mild renal impairment, mod-
erate renal impairment, and ESRD groups (median range
48-60 h). The geometric mean t,, values were similar across
the control and renal impairment groups. This is supported
by the overlapping terminal part of the plasma drug concen-
tration versus time profile (Fig. 2) for all categories.
Overall, the mean plasma concentration versus time pro-
file of tirzepatide appeared comparable between the renally
impaired and normal renal function groups (Fig. 2).

3.3 Relationship between Pharmacokinetic
Parameters of Tirzepatide and Renal Function

Linear regression analysis did not show a relationship
between the exposure of tirzepatide, based on C,,,,, AUC,,,,
and AUC_, and MDRD eGFR (Fig. 3a—c). Similar results
were observed for the exploratory analysis based on CKD-
EPI eGFR (electronic supplementary Fig. la—c). AUC_,
appeared to increase marginally with decreasing values of
CLg- While the p values of the slope for this assessment
was small (p = 0.0873), the fit of the regression line was
poor (* = 0.0696) [electronic supplementary Fig. 2b]. There
was no significant relationship (p > 0.1) between CL g and
AUC,, or C,,, (electronic supplementary Fig. 2a, c).

max

3.4 Safety Parameters

Safety assessment following a single subcutaneous dose of
tirzepatide 5 mg is presented in Table 3. The most com-
monly reported AEs were diarrhea, nausea, vomiting, and
back pain. The number of subjects with AEs related to tirze-
patide was 3 (37.5%) in each of the mild and moderate renal
impairment groups and the ESRD group, whereas only 1
subject (7.1%) reported a treatment-related AE in the control
group (Table 3). Most treatment-related AEs were mild in
severity, with the exception of one event of nausea in the
ESRD group that was considered to be related to treatment
and was moderate in severity. No treatment-related AEs
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Table 2 Summary of the pharmacokinetic parameters of tirzepatide following a single 5-mg subcutaneous dose

Normal renal function Mild renal impair- Moderate renal Severe renal impair- ~ ESRD

ment impairment ment

[N=14] [N=38] [N=38] [N=1T7] [N=28]

[n=13]* [n=28] [n=28] [n=6]° [n=8]
AUC,,, ng-h/mL 78,400 (24) 81,900 (36) 98,300 (32) 81,200 (9) 88,500 (14)
AUC,, ratio (90% 1.05 (0.865-1.26) 1.25 (1.04-1.52) 1.04 (0.841-1.28) 1.13 (0.934-1.36)

CI)*

AUC_, ng-h/mL 80,500 (25) 84,200 (37) 104,000 (32) 83,000 (10) 93,400 (12)
AUC,, ratio (90% CI)° 1.05 (0.864-1.27) 1.29 (1.07-1.56) 1.03 (0.836-1.27) 1.16 (0.958-1.40)
Cpaxo Ng/mL 339 (21) 353 (42) 369 (36) 417 (11) 347 (30)
Cax 1atio (90% CI)° 1.04 (0.836-1.30) 1.09 (0.874-1.36) 1.23 (0.966-1.56) 1.02 (0.821-1.27)
fae 48.00 (11.97-96.00)  48.00 (12.00-96.00)  60.00 (12.00-96.00)  18.00 (12.00-48.00)  48.00 (24.00-96.00)

tmax Median of differ-
ences (90% CI)®

ty, BT
CL/F, L/h

121 (94.4-145)
0.0621 (25)

0.00 (—24.00 to
36.00)

121 (94.6-138)
0.0593 (37)

0.00 (=23.50 to 36.03)

147 (118-195)
0.0481 (32)

—24.00 (=72.00 to
0.00)

117 (105-128)
0.0602 (10)

0.00 (—24.25 to 36.00)

151 (124-206)
0.0535 (12)

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

The renal function classification is based on estimated glomerular filtration rate using the Modification of Diet in Renal Disease abbreviated
equation

AUC,, area under the plasma concentration—time curve from time zero to infinity, AUC,,,, area under the plasma concentration—time curve from
time zero to the time of the last measurable concentration, CI confidence interval, CL/F apparent total body clearance of drug from plasma after
extravascular administration, C,,,, maximum plasma drug concentration, ESRD end-stage renal disease, N number of subjects, n number of
observations, PK pharmacokinetics, t,, elimination half-life, ¢, time to reach maximum plasma drug concentration following drug administra-
tion

#One subject was withdrawn from the study due to a failed drug screen. The individual PK parameters for this subject were excluded from sum-
mary statistics

One subject had below the limit of quantification concentrations of tirzepatide in all samples collected. No PK parameters were calculable for

this subject, and the concentration data were excluded from the mean plasma concentration—time curve (Fig. 2)

“Ratio of geometric least-squares mean versus the normal renal function group

4Median (range)
“Median of differences versus normal renal function

fGeometric mean (range)

were reported in the severe renal impairment group. No dis-
continuations due to AEs, serious AEs, or deaths occurred
during this study. Thus, overall, few AEs were reported and
the majority were mild in severity.

One hypoglycemic event was recorded during the
course of the study. A blood glucose level of 53 mg/dL
was recorded approximately 29 h following administration
of tirzepatide to a subject in the severe renal impairment
group. This subject was being treated for T2D with insulin
glargine and insulin lispro. The subject self-treated with food
and drink and recovered promptly. There were no severe
hypoglycemic events.

No ISRs were reported, and there were no clinically sig-
nificant alterations in laboratory, vital signs values, ECGs,
or blood glucose monitoring. No treatment-emergent ADAs
were detected following the administration of a single dose
of tirzepatide 5 mg to a maximum of 30 days of ADA moni-
toring postdose.
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4 Discussion

This parallel-design, open-label study aimed to evaluate the
PK parameters of tirzepatide in subjects with mild, moder-
ate, or severe renal impairment, or ESRD (requiring dialysis)
compared with control subjects with normal renal function,
after the administration of a single subcutaneous dose of
tirzepatide 5 mg. In addition, the safety and tolerability of
tirzepatide in subjects with varying degrees of renal impair-
ment or ESRD was also assessed.

This study was conducted under the auspices of regula-
tory guidance for renal impairment studies [33, 34] with a
full study design. The study included an adequate number of
subjects in the mild, moderate, severe impairment, or ESRD
groups, while comparing with an appropriately baseline-
matched and sized control reference group.

Generally, a regression analysis approach, where esti-
mated renal function and PK parameters are treated as
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500+
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Tirzepatide plasma concentration (ng/mL)

Z\- Normal renal function (control)
O Mild renal impairment

O- Moderate renal impairment
-©- Severe renal impairment

4l End-stage renal disease

0 @ I I I I I I I

0 36 72 108 144 180 216 252 288 324 360 396 432 468 504 540 576 612 648

Time post-dose (h)

Fig.2 Mean (one-sided standard deviation) plasma concentration profile of tirzepatide following a single 5-mg subcutaneous dose

continuous variables, is preferred to an analysis where eGFR
or CLy, are treated as categorical variables [33]. Regression
analyses of PK parameters AUC,,, AUC_, and C,,, against
the continuous variable of eGFR (MDRD and CKD-EPI)
indicated that tirzepatide exposure was independent of the
renal function. When this analysis was conducted by plotting
PK parameters against a continuous variable of CLg, there
was evidence of a significant relationship between AUC
values and CLi. The AUC_, values appeared to increase
with decreasing rates of CL-z. However, a poor fit of the
regression line, indicated by a low R? value, suggested a lack
of meaningful association.

A higher tirzepatide exposure was observed in the moder-
ate renal impairment group irrespective of the renal impair-
ment classification equation used, in which the geometric
LSM increased between 23% and 28% for AUC,,, and
26% and 32% for AUC_ compared with control subjects.
Numerically higher exposure was also noted for the mild
renal impairment group compared with control when clas-
sified by CL(y, i.e. 23% and 24% for AUC,,, and AUC_,
respectively. While these values appeared notable, they fell
within the observed range of intersubject variability, which
was determined as approximately 30%. Overall, given the
thorough characterization of tirzepatide PK over a wide
dose range from 0.5 to 15 mg at single-dose levels and
under steady-state conditions, in which PK were observed
to be linear and dose-proportional [27, 28], these increases
of approximately 25% observed in this study are not con-
sidered clinically relevant. No notable difference in AUC

parameters was detected between the control group and the
severe renal impairment or ESRD groups regardless of the
renal impairment classification method. In addition, the ¢,
of tirzepatide was comparable across the renal impairment
and control groups. The observed differences in the median
tax DEtween the severe renal impairment group and the other
renal categories could be due to the smaller sample size in
this particular group (Table 2). Therefore, no changes in the
dose or frequency of tirzepatide dosing would be required
for patients with varying degrees of renal impairment.

A single subcutaneous dose of tirzepatide 5 mg was well-
tolerated by all treatment groups. The higher proportion of
patients reporting treatment-emergent AEs in the mild and
moderate renal impairment groups, compared with the con-
trol group, may be due to the overall disease state or use
of other concomitant antidiabetic medication. However, no
AEs were observed in the severe renal impairment group,
in which the two patients with T2D were also taking stable
concomitant antidiabetic medication. Thus, the small sample
size and the fact that this is a single-dose study may limit fur-
ther conclusions. In the SURPASS clinical program (phase
III development programs for T2D), doses of 5, 10, and 15
mg, which are attained following a stepwise dose escala-
tion, are being studied. The stepwise dose escalation starts
at a 2.5-mg dose every week for 4 weeks, with 2.5-mg dose
escalations every 4 weeks to attain the target dose of 5, 10,
or 15 mg. These stepwise dose escalations are expected to
minimize tolerability concerns and AEs. Ongoing phase III
studies include patients with T2D with an eGFR of at least
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Table 3 Safety assessment following a single subcutaneous dose of tirzepatide 5 mg
Event Normal renal func- Mild renal impair- Moderate renal impair- ~ Severe renal impair-  ESRD [N = 8]
tion [N = 14] ment [N = 8] ment [N = 8] ment [N =7]
Deaths 0(0.0) 0 (0.0) 0(0.0) 0 (0.0) 0(0.0)
Serious AEs 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0(0.0)
Treatment-emergent AEs 1(7.1) 3(37.5) 3(37.5) 0(0.0) 3(37.5)
Gastrointestinal disorders
Diarrhea 0(0.0) 1(12.5) 1(12.5) 0 (0.0) 0(0.0)
Nausea 0(0.0) 1(12.5) 0(0.0) 0(0.0) 1(12.5)
Vomiting 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2 (25.0)
Abdominal distention 0(0.0) 0(0.0) 1(12.5) 0(0.0) 0(0.0)
Musculoskeletal and connective tissue disorders
Back pain 0(0.0) 1(12.5) 1(12.5) 0(0.0) 0(0.0)
Nervous system disorders
Headache 1(7.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Data are expressed as n (%)

AEs with a change in severity are only counted once at the highest severity. AEs are presented as System Organ Class and MedDRA preferred

term

AEs adverse events, ESRD end-stage renal disease, MedDRA Medical Dictionary for Regulatory Activities, N total number of subjects in the

specified treatment group, n number of subjects in the specified category

30-45 mL/min/1.73m?, while also permitting severe renally
impaired and ESRD patients in one of the studies. Thus,
SURPASS phase I1I studies will provide further insights on
the tirzepatide tolerability over a wide range of clinical doses
and exposure in patients with renal impairment.

Further limitations of this study include the open-label
design and the inclusion criterion of T2D in the renal
impairment groups, while this was an exclusion criterion in
the control group. In addition, while all efforts were made to
match the different races included in the control and renally
impaired groups, only Black or African American were
enrolled in the ESRD group. The impact of race on PK will
be evaluated based on data collected in phase IIIl SURPASS
studies.

Irrespective of the classification system used for renal
impairment categorization or categorical versus continuous
analysis, the results consistently indicated that tirzepatide
PK were not significantly influenced by renal impairment;
hence, dose adjustment is not warranted. These outcomes are
similar to the lack of relationship between the PK of long-
acting GLP-1 RAs, namely dulaglutide and semaglutide, and
renal function [13-15].

5 Conclusion

Since there were no clinically relevant effects of renal
impairment on the PK of tirzepatide, adjustment to the dose
of tirzepatide, based on PK parameters, may not be required
in patients with renal impairment or patients undergoing
dialysis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40262-021-01012-2.
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