Clinical Kidney Journal, 2023, vol. 16, no. 5, 797-808

https:/doi.org/10.1093/ckj/sfac274
Advance Access Publication Date: 23 December 2022
CK]J Review

Clinical Kidney Journa

CK]J REVIEW

Tirzepatide and prevention of chronic kidney disease

Catalina Bosch?, Sol Carriazo??, Maria José Soler (234> Alberto Ortiz (923.6+
and Beatriz Fernandez-Fernandez (9236

Hnstituto Universitario CEMIC, Buenos Aires, Argentina, 2Department of Nephrology and Hypertension,
I1S-Fundacion Jimenez Diaz UAM, Madrid, Spain, 3RICORS2040, Madrid, Spain, *Nephrology Department, Vall
d’Hebron University Hospital, Vall d’Hebron Institue of Research, Barcelona, Spain, °>Geendiab (Diabetic
Nephropathy working group of the Spanish Society of Nephrology, Sociedad Espaiola de Nefrologia) and
®Departamento de Medicina, Facultad de Medicina, Universidad Auténoma de Madrid, Madrid, Spain

*Both authors contributed equally.
Correspondence to: Beatriz Fernandez-Fernandez; E-mail: bfernandez@fjd.es

ABSTRACT

Tirzepatide is a twincretin recently approved to improve glycemic control in type 2 diabetes mellitus (T2DM). More
specifically, tirzepatide is an agonist of both the glucose-dependent insulinotropic polypeptide (GIP) and the
glucagon-like peptide-1 (GLP1) receptors. In recent clinical trials in persons with obesity or overweight with associated
conditions, tirzepatide decreased body weight and other cardiorenal risk factors (blood pressure, low-density lipoprotein
cholesterol, glycated hemoglobin and albuminuria). Moreover, in a post hoc analysis of the SURPASS-4 randomized
clinical trial, tirzepatide decreased albuminuria and total estimated glomerular filtration rate (eGFR) slopes and nearly
halved the risk of a pre-specified composite kidney endpoint (eGFR decline >40%, renal death, kidney failure or
new-onset macroalbuminuria) in participants with T2DM and high cardiovascular risk when compared with insulin
glargine. Similar to other kidney-protective drugs, tirzepatide, alone or combined with sodium-glucose co-transporter 2
inhibitors, caused an early dip in eGFR. Moreover, tirzepatide also decreased eGFR slopes in participants with eGFR

>60 mL/min/1.73 m? or with normoalbuminuria. We now review the potential kidney health implications of tirzepatide,
addressing its structure and function, relationship to current GLP1 receptor agonists, impact of recent results for the
treatment and prevention of kidney disease, and expectations for the future.
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Tirzepatide and prevention of chronic kidney disease

The twincretin tirzepatide was recently approved to improve glycemic control in type 2 diabetes mellitus (T2DM) and
has been fast-tracked for approval for obesity or for overweight and SBP > 130 mmHg or DBP 2 80 mmHg.

Structure of tirzepatide and semaglutide
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BACKGROUND

Tirzepatide is a twincretin approved in May 2022 by the United
States Food and Drug Administration (FDA) and in November
2022 by the European Medicines Agency (EMA) to improve
glycemic control in adults with type 2 diabetes mellitus (T2DM)
[1]. Twincretins are dual agonists of the glucose-dependent
insulinotropic polypeptide (GIP) and glucagon-like peptide-1
(GLP1) receptors. In recent randomized clinical trials (RCTs)
in persons with obesity or overweight and associated condi-
tions, tirzepatide decreased body weight and improved other
cardiorenal risk factors [blood pressure, glycated hemoglobin,
low-density lipoprotein (LDL) cholesterol and albuminuria] [2].
Moreover, in the SURPASS-4 RCT in participants with T2DM and
high cardiovascular risk, tirzepatide improved a pre-specified
secondary composite kidney endpoint [estimated glomerular
filtration rate (eGFR) decline >40% from baseline, renal death,
kidney failure or new-onset macroalbuminuria] when compared
with insulin glargine, although the reduced risk was mainly
driven by macroalbuminuria. Tirzepatide also slowed the loss of
eGFR, including participants that did not meet either the eGFR

or the albuminuria KDIGO criterion for chronic kidney disease
(CKD) [3]. We now review the potential kidney health impli-
cations of tirzepatide, addressing its structure and function,
relationship to current GLP1 receptor agonists (GLP1RA), impact
of recent results for the treatment and prevention of kidney
disease, and expectations for the future.

TIRZEPATIDE

Tirzepatide is a 39 amino acid synthetic peptide that shares fea-
tures with the amino acid sequence of GIP, GLP1 and exendin-4
(Fig. 1). Its structure results in a half-life of approximately 5 days
(116.7 h), supporting once-weekly dosing, as compared with ap-
proximately 5 and 2 min for GIP and GLP1, respectively [1]. Renal
or hepatic impairment do not impact the pharmacokinetics of
tirzepatide, which can be prescribed to patients with any level
of kidney function.

Tirzepatide activation of both GIPR and GLP1R differs
from current GLP1RA, such as semaglutide, liraglutide, du-
laglutide and others, which only activate GLP1R (Fig. 1) [4].
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Figure 1: Structure of GLP1, the GLP1 receptor agonist semaglutide, GIP and the dual GLP1 and GIP receptor agonist tirzepatide. Amino acids are color-coded reflecting
shared or unique amino acids. Arrows identify amino acids that are unique for the synthetic agonists. The thick arrow indicates aminoisobutyric acid (Aib) residues in
positions 2 and 13 which is shared by semaglutide and tirzepatide. Tirzepatide has a C-terminal amide, and a lysine residue at position 20 attached to 1,20-eicosanedioic
acid via a linker. The GLP1 receptor and GIP receptors are also shown (adapted from [4]).

Semaglutide and liraglutide are currently approved for the
treatment of either T2DM, overweight [body mass index (BMI)
>27 kg/m? to <30 kg/m?] when there is at least one asso-
ciated condition (prediabetes, hypertension, dyslipidemia, ob-
structive sleep apnea or cardiovascular disease) or obesity (BMI
>30 kg/m?) [2, 5] (Table 1), but only semaglutide and dulaglutide
have been compared head-to-head with tirzepatide (Table 2).

Tirzepatide closely resembles native GIP in how it activates
the GIPR, but it differs from GLP1in GLP1R activation, resulting in
less agonist-induced receptor desensitization [6]. In live-cell as-
sessments, tirzepatide induced unique spatiotemporal GLP1 and
GIP receptor signaling, trafficking and recycling dynamics rela-
tive to native peptides, semaglutide and matched mono-agonist
controls, potentially conferring a biased agonism that modu-
lates receptor trafficking and decreases ligand-induced internal-
ization of both receptors [4].

GIP and GLP1 are incretin hormones secreted by gut neu-
roendocrine cells upon food intake that increase insulin secre-
tion (Fig. 2) [7, 8]. They have additional actions, some of which
are shared by both incretins while others are specific for each
of them (Fig. 3). Both decrease appetite, favoring weight loss.
Weight loss improves the metabolic control of T2DM and is
the basis for the indication of GLP1RAs such as liraglutide and
semaglutide for overweight and obesity. However, GIP lowers
gastric acid secretion and promotes glucagon secretion while
GLP1 reduces gastric emptying and glucagon secretion. Reten-
tion of glucagon function is required to achieve an advantage
of tirzepatide over GLP1 monotherapy [9]. GIP receptor agonism
in adipocytes increases adipose tissue blood flow and promotes
adipose tissue lipid uptake, thus regulating postprandial lipid
clearance and, potentially, overall lipid homeostasis [10]. In ad-
dition, tirzepatide dose-dependently decreases apoC-III levels,
contributing to decrease triglycerides, independently of weight
loss [10].

Overall, the combined effect of both incretins may potentiate
the beneficial effect over obesity and T2DM [11]. In this regard,
in an open-label, 40-week, phase 3 trial (SURPASS-2) tirzepatide
(5, 10 or 15 mg s.c. per week) was superior to 1 mg s.c. per
week semaglutide for both weight loss and glycemic control

in patients with T2DM [12]. The dose range of semaglutide for
T2DM is 0.25 to 2 mg s.c. per week while that of tirzepatide is 2.5
to 15 mg s.c. per week. In human studies, the glycemic efficacy
of tirzepatide in T2DM resulted from concurrent improvements
in B-cell function, insulin sensitivity and glucagon secretion
[13]. In obese mice, tirzepatide improved insulin sensitivity to a
greater extent than GLP1R agonists due to GIPR activation [14].
Tirzepatide improvement of insulin sensitivity was observed in
the absence of GLP1R-induced weight loss in GLP1r-null mice
and was dependent on enhanced glucose disposal in white
adipose tissue, an action shared by other GIPR agonists [14].
This effect on insulin sensitivity was associated with reduced
branched-chain amino acids (BCAAs) and ketoacids in the
circulation and with upregulation of genes associated with the
catabolism of glucose, lipids and BCAAs in brown adipose tissue
[14]. BCAAs are known to promote endothelial dysfunction [15].

TIRZEPATIDE AND T2DM

Tirzepatide is approved for the treatment of T2DM in adults in
the USA and the European Union [1]. Three different doses of
tirzepatide (5, 10 and 15 mg s.c. per week) were evaluated in
seven clinical trials as either a stand-alone therapy or as an
add-on to other antidiabetic medications (SURPASS program,
Table 2) [3, 12, 16-21]. For some analyses reported below, all
tirzepatide doses were combined into a single group.

In T2DM patients, the maximum recommended dose of
tirzepatide (15 mg once weekly) lowered HbAlc levels by 1.5%-
1.6% more than placebo when used in combination with a
long-acting insulin or as stand-alone therapy [18, 19], by 0.5%
more than 1 mg per week semaglutide, 0.9% more than insulin
degludec and 1.0% more than insulin glargine [12, 20, 21].

Obesity was common among participants with T2DM
in tirzepatide trials (average BMI 32-34 kg/m?) [12, 18-22]
(Supplementary data, Table S1). In the efficacy measures esti-
mand, the average weight loss in 40 weeks among patients ran-
domized to 15 mg once weekly tirzepatidewas 8.8 kg (10.2%)
more than placebo in the absence of insulin and 12.6 kg (13.2%)
more when insulin was used. Additionally, the average weight
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Figure 2: Physiology of GIP and GLP1. Food ingestion triggers the release of incretins from gut neuroepithelial cells. GIP is encoded by the GIP gene and is generated by
proteolysis of a precursor peptide (PreproGIP) by K cells in the duodenum. GLP1 is encoded by the GCG gene that also encodes glucagon and GLP-2. GLP1 is generated
by proteolysis of a precursor peptide (proglucagon) by L cells from the distal small intestine. Both GIP and GLP1 have incretin effects (i.e. promote insulin release from
pancreatic beta cells) and have additional shared and unique actions as reflected in Fig. 3. Both have short half-life (approximately 5 and 2 min for GIP and GLP1,
respectively) and are metabolized by DPP-4 into inactive peptides that are filtered by glomeruli and reabsorbed and further degraded by kidney proximal tubular cells.
DPP-4 inhibitors are also antidiabetic drugs, but they degrade other peptides beyond the incretins and the clinical impact of DPP-4 inhibitors may thus differ from that

of GLP1R agonists or dual GLP1R/GIPR agonists. Adapted from [8].

loss in 40 weeks was 6.2 kg (6.6%) more than for 1 mg per week
semaglutide and in 52 weeks, 13.6-15.2 kg (15.1%-16.1%) more
than for insulin glargine or degludec, respectively. Correspond-
ing values were somewhat lower for the treatment regimen es-
timand that evaluated the full analysis dataset.

WHAT IS NEW ABOUT TIRZEPATIDE?

The results of RCTs testing tirzepatide in overweight/obesity
were recently reported [2]. They are part of a wider clinical devel-
opment program (Table 3). Additional ongoing RCT's are explor-
ing the role of tirzepatide in obstructive sleep apnea or nonalco-
holic steatohepatitis (NASH). The cardiovascular impact is being
assessed in patients with obesity and heart failure with pre-
served ejection fraction, and in participants with T2DM. While

no specific trial is yet exploring tirzepatide in patients with CKD,
and kidney-specific endpoints were investigated as secondary
outcomes, some pre-specified CKD outcomes have been or
are being explored in overweight/obesity and T2DM trials that
enrolled patients with CKD, defined as eGFR <60 mL/min/1.73
m? or urinary albumin:creatinine ratio (UACR) >30 mg/g, as well
as patients not meeting these criteria to diagnose CKD.

Overweight/obesity

Tirzepatide decreased body weight in non-diabetic overweight
or obese participants in the phase 3 RCT SURMOUNT-1
(NCT04184622) [2]. SURMOUNT-1 randomized 2539 participants
with BMI >30 kg/m? or >27 kg/m? and at least one weight-related
complication (e.g. hypertension, dyslipidemia, obstructive sleep
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Figure 3: Shared and unique actions by GIP and GLP1 in key target organs that may be reproduced by tirzepatide.

apnea or cardiovascular disease) to once weekly s.c. tirzepatide
(5 mg, 10 mg or 15 mg) or placebo for 72 weeks, with a 20-week
dose scalation adjustment period. Of interest for the future clin-
ical use of tirzepatide, hypertension was defined as previously
recorded and treated with drugs, or systolic blood pressure (SBP)
>130 mmHg or diastolic blood pressure (DBP) >80 mmHg. In this
regard, SBP >130 mmHg or DBP >80 mmHg are not diagnostic
of hypertension according to the 2018 ESC/ESH Clinical Practice
Guidelines for the Management of Arterial Hypertension. Per-
sons with CKD G4-G5 (eGFR <30 mL/min/1.73 m?) were excluded
but there was no exclusion based on UACR. Mean baseline BMI
was 38 kg/m?, mean eGFR 98.1 + 18.0 mL/min/1.73 m?, UACR
7.6-8.0 mg/g, 32% of patients had hypertension and 30% had
dyslipidemia. At 72 weeks, UACR had decreased 9.3 + 2.69% to
-12.3 £ 2.63% in the tirzepatide groups and to -3.2 & 3.05% in the
placebo group.

Regarding the co-primary endpoints, mean % change in
weight at the end of the study ranged from -15.0% [95% confi-
dence interval (CI) -15.9 to -14.2%] with 5 mg/week tirzepatide
to —20.9% (95% CI -21.8 to —19.9%) with 15 mg/week tirzepatide,
which was more than with placebo [-3.1% (95% CI —4.3 to -1.9%),
P < .001 vs tirzepatide]. Additionally, 85% (95% CI 82%-89%) to
91% (95% CI 88%-94%) of tirzepatide patients achieved a 5% or
more decrease in weight from baseline vs 35% (95% CI 30%-39%)
with placebo. In the 10 and 15 mg/week tirzepatide groups, at
least 50% of participants had more than 20% of weight reduction
compared with 3% of participants in the placebo group (P < .001
for all comparisons with placebo).

SBP progressively decreased over the first 6 months of the
study and then remained 7-8 mmHg lower than baseline and
6-7 mmHg lower than placebo for the next year. Tirzepatide ad-
ditionally lowered glycated hemoglobin, triglycerides, total, LDL
and very-LDL cholesterol, free fatty acids and fasting insulin
levels and increased high-density lipoprotein cholesterol when
compared with placebo. Thus, tirzepatide provided a holistic

improvement in cardiovascular and kidney risk factors in non-
diabetic participants with overweight or obesity.

Cardiovascular outcomes

A pre-specified cardiovascular meta-analysis explored the time
to first occurrence of major atherosclerotic cardiovascular
events (MACE-4) in pooled tirzepatide (n = 4887) and control
groups (n = 2328) from the SURPASS RCTs in T2DM with a du-
ration of at least 26 weeks [23]. Among MACE-4 (cardiovascular
death, myocardial infarction, stroke and hospitalized unstable
angina) events, 109/142 occurred in a single trial that enrolled
participants at high cardiovascular risk. The analysis combined
all tirzepatide doses (5-15 mg/week) into one group. The haz-
ard ratios (HRs) comparing tirzepatide versus controls were 0.80
(95% CI 0.57-1.11) for MACE-4, 0.90 (95% CI 0.50-1.61) for cardio-
vascular death and 0.80 (95% CI 0.51-1.25) for all-cause death.
In summary, tirzepatide did not increase the risk of MACE in
participants with T2DM versus controls. The hypothesis that
tirzepatide may provide benefit on cardiovascular outcomes is
currently being explored. In obese participants with heart failure
with preserved ejection fraction, SUMMIT (NCT04847557) is eval-
uating the impact of tirzepatide on all-cause mortality and heart
failure events (Table 3). In T2DM, SURPASS-CVOT (NCT04255433)
is comparing tirzepatide and dulaglutide with a primary end-
point of MACE-3 (death from cardiovascular causes, myocardial
infarction or stroke). In this regard, in participants with T2DM
and high cardiovascular risk or prior cardiovascular events, du-
laglutide was previously shown to reduce MACE-3 [HR 0.88 (95%
CI 0.79-0.99); P = .026] and, in an exploratory analysis, to de-
crease the renal component of the composite microvascular out-
come (new macroalbuminuria, a sustained decline in eGFR of
30% or more from baseline, or kidney renal replacement therapy)
[24, 25]. These results are aligned with those obtained for
MACE-3 with semaglutide or liraglutide in a similar population:
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HR 0.74 (95% CI 0.58-0.95; P < .001) for noninferiority and HR 0.87
(95% CI0.78 to 0.97; P = .01) for superiority, respectively [26, 27].

Kidney outcomes

No specific trial is available or ongoing exploring the impact of
tirzepatide in patients with CKD. However, a post hoc analysis
of pre-specified kidney endpoints was reported for SURPASS-
4 that compared tirzepatide and insulin glargine during a me-
dian follow-up of 85-104 weeks in participants with T2DM,
BMI >25 kg/m? and high cardiovascular risk or cardiovascu-
lar disease [3, 20]. From 3045 screened persons, 2002 (66%)
were randomized to tirzepatide (997 participants, distributed
1:1:1 between 5, 10 or 15 mg/week) or insulin glargine (1005
participants). There were no exclusion criteria based on eGFR,
albuminuria or dialysis but patients with a transplanted or-
gan or awaiting an organ transplant were excluded. Mean
eGFR was 81.3 + 21.1 mL/min/1.73 m?, 342 (17%) had eGFR
<60 mL/min/1.73 m?, median UACR was 15.0 mg/g (interquartile
range 5.0-55.8), 546 (28%) had A2 and 161 (8%) A3 albuminuria
categories for a total of 35% participants having albuminuria lev-
els that were diagnostic of CKD (>30 mg/g). Renin-angiotensin
system blockers were used in 81% and sodium-glucose co-
transporter 2 (SGLT2) inhibitors in 25% of participants.

Tirzepatide participants presented significantly fewer com-
posite kidney endpoints (eGFR decline >40% from baseline, re-
nal death, kidney failure or new-onset macroalbuminuria, i.e.
UACR >300 mg/g, A3) [HR 0.59 (95% CI 0.43-0.80); P < .05] (Fig. 4).
Tirzepatide kidney protection was mainly explained by a reduc-
tion in new onset of macroalbuminuria [HR 0.41 (95% CI 0.26-
0.66); P < .05] in the full population and in patients with A2 al-
buminuria (Fig. 4A and B). Interestingly, the decrease in new-
onset macroalbuminuria (and of the composite outcome that
contained it) was apparent in both patients on and off SGLT2
inhibitors, although the difference was only statistically signif-
icant for patients off SGLT2 inhibitors, which were the larger
group [HR 0.57 (95% CI 0.40-0.81) for the composite endpoint
and HR 0.37 (95% CI 0.21-0.65) for new-onset macroalbuminuria).
New-onset macroalbuminuria was decreased both in patients
with baseline UACR diagnostic of CKD (>30 mg/g) and in partic-
ipants with baseline normoalbuminuria (<30 mg/g). An alterna-
tive composite kidney outcome that lacked new-onset macroal-
buminuria was not significantly different in the full population
[HR 0.80 (95% CI 0.53-1.22)]; however, it approached statistical
significance in patients with more advanced CKD [CKD G3+:
baseline eGFR <60 mL/min/1.73 m?; HR 0.37 (95% CI 0.13-1.02)],
although the low number of patients (342/1992, 17%) and events
(a total of 21 in both groups combined) limits the interpretation
of these results. In this regard, in CKD G3+ patients, the decrease
in kidney function endpoints carried more weight in the overall
statistically significant decrease in kidney endpoints than the
decrease in new-onset A3 albuminuria (Fig. 4C).

The total slope of eGFR from baseline to 104 weeks and
change in albuminuria were also explored. Tirzepatide bene-
fit on these endpoints was independent of weight or HbA1C
changes. The mean total eGFR slope was -1.4 + 0.2 mL/min/
1.73 m? per year in the combined tirzepatide groups and -
3.6 £ 0.2 mL/min/1.73 m? per year in the insulin glargine group
[between-group difference 2.2 (95% CI 1.6 to 2.8)]. There was ev-
idence for a tirzepatide dose-response from 5 to 15 mg. Inter-
estingly, an early reversible dip (3 months) in eGFR was noted in
patients on tirzepatide, consistent with a decrease in hyperfiltra-
tion. The dip in eGFR was also observed, although it was milder,
in patients on SGLT2 inhibitors. Upon stopping tirzepatide, eGFR

Tirzepatide and prevention of CKD | 805

A ) SURPASS-4 Population
= —
5
o E 15F
S .
6 1
82
2§ I
8 os- I . |
2
5 1
3
0
Endpoint 1 Endpoint 2 New onset
macroalbuminuria
2 Albuminuria A2-A3 population
3T
5
oE 1.5
T3 T
6 1
c o
3 €
T 8 o5k i
R L -
3
D}
Endpoint 1 Endpoint 2 New onset
macroalbuminuria
C ) eGFR G3+ population
= —
5
o £ 15
T8
°T5 1
© T
N &=
© C
T3 o5l
2
Yol
2
0
Endpoint 1 Endpoint 2 New onset

macroalbuminuria

Figure 4: Key pre-specified kidney endpoints reported for SURPASS-4. SURPASS-4
compared tirzepatide 5, 10 or 15 mg/week and insulin glargine during a median
follow-up of 85-104 weeks in people with T2DM, BMI >25 kg/m? and high car-
diovascular risk with a primary endpoint of non-inferiority of tirzepatide 10 mg
or 15 mg, or both, versus glargine in HbAlc change from baseline to 52 weeks.
Kidney outcomes were secondary endpoints and for this analysis, tirzepatide
groups were combined [3]. (A) Full population (n = 1995). (B) CKD defined by
UACR >30 mg/g (n = 707/1995, 35% of the full population). (C) CKD defined by
eGFR <60 mL/min/1.73 m? (n = 342/1992, 17% of the full population). Endpoint
1: eGFR decline >40% from baseline, renal death, progression to kidney failure
or new-onset macroalbuminuria. Endpoint 2: eGFR decline >40% from baseline,
renal death, progression to kidney failure. New-onset macroalbuminuria: UACR
>300 mg/g. There were no exclusion criteria based on albuminuria or eGFR but
patients who had had a transplanted organ or were awaiting an organ trans-
plant were excluded. Horizontal line indicates HR of 1.0. Figure designed using
data reported in reference [3].

increased, suggesting a reversible hemodynamic downmodula-
tion of hyperfiltration while on the drug. In this regard, the total
slope up to104 weeks underestimated the impact on eGFR that
may have been better represented by chronic slopes from week
12 to 104 or from baseline to off-therapy follow-up. Consistent
with the combined endpoint results, the slower total eGFR slope
on tirzepatide than on glargine was more pronounced in partic-
ipants with CKD G3+ [between-group difference 3.7 (95% CI 2.4
to 5.1)] than in those with CKD G1-G2 (Fig. 5A). Preservation of
eGFR was more evident in patients with lower eGFR and was also
observed in normoalbuminuric patients (Fig. 5A and B).
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Figure 5: Changes in eGFR between baseline and end of treatment in SURPASS-4. SURPASS-4 compared tirzepatide and insulin glargine during a median follow-up of
85-104 weeks in people with T2DM, BMI >25 kg/m? and high cardiovascular risk [3]. The primary endpoint was non-inferiority of tirzepatide 10 mg or 15 mg per week,
or both, versus glargine in HbAlc change from baseline to 52 weeks. For the analysis of change in eGFR, tirzepatide groups were combined. Between-group differences
in mean eGFR slope decline and 95% CI are shown. (A) According to baseline eGFR. (B) According to baseline UACR. (C) Information was not provided for the subgroup of
patients without CKD (i.e. eGFR 60 mL/min/1.73 m?and UACR <30 mg/g) which represents the largest subgroup of participants. G and A categories are defined according
to KDIGO 2012. Horizontal line at zero indicates no difference and values above zero favor tirzepatide. Figure designed using data reported in reference [3].

Albuminuria increased from baseline to follow-up by 37%
(95% CI 26%—49%) in patients randomized to insulin glargine, but
not in those on with tirzepatide -7% (-14%-1%)] [3]. Furthermore,
the impact of tirzepatide on albuminuria was additive to that
of SGLT2 inhibitors and was also observed in normoalbumin-
uric patients. Unfortunately, upon stopping tirzepatide, UACR in-
creased by 34%, although it did appear to remain below UACR
values in the glargine group.

As it was the case for cardiovascular outcome trials of
SGLT2 inhibitors [28, 29], the ongoing SURPASS-CVOT trial pit-
ting tirzepatide against dulaglutide in T2DM also has secondary
endpoints of UACR and new or worsening nephropathy that may
be informative to develop CKD-focused trials.

SAFETY OF TIRZEPATIDE

Tirzepatide has so far proven safe from a cardiovascular point
of view. The main adverse effects were mild gastrointestinal
events, mainly on the higher dose (nausea, vomiting, diarrhea,
decreased appetite, constipation, and upper abdominal discom-
fort or pain) [2, 3]. The most common adverse effect was nausea
that decreased progressively within the first 6 months. Adverse
events were more common in patients with CKD G3+, both in the

tirzepatide and the insulin glargine arms. Treatment was discon-
tinued because of adverse events in 4.3%, 7.1%, 6.2% and 2.6% of
patients receiving 5 mg, 10 mg and 15 mg/weekly tirzepatide or
placebo, respectively [2]. Additionally, based on preclinical obser-
vations in rats, the FDA has added a boxed warning contraindi-
cation for patients with a personal or family history of medullary
thyroid cancer or at high risk of medullary thyroid cancer, such
as those with multiple endocrine neoplasia syndrome type 2 due
to pathogenic RET gene variants [1].

Towards prevention of CKD

Tirzepatide is a novel addition to the therapeutic armamen-
tarium of T2DM and soon, of treatment of obesity and of over-
weight with associated conditions of interest to nephrologists
such as SBP >130 mmHg or DBP >80 mmHg. If not imple-
mented already, BMI should be monitored in nephrology visits.
Tirzepatide provided weight reduction and T2DM control as ef-
fectively or even more effectively that at least some GLP1RAs and
improved blood pressure control. Additionally, tirzepatide may
improve albuminuria and eGFR outcomes in T2DM, even on top
of SGLT2 inhibition. The potential impact on eGFR slopes and
kidney outcomes should be confirmed in kidney-focused trials.



Future analysis of SURPASS-4 should report kidney outcomes
for participants without baseline CKD as there was evidence of
significant eGFR preservation in participants with either eGFR
>60 mL/min/1.73 m? or normoalbuminuria (Fig. 5). These anal-
yses may guide the design of CKD prevention trials that en-
roll participants without CKD (i.e. with UACR <30 g/g and with
eGFR >60 mL/min/0.173 m?) with the aim of slowing eGFR loss
and preventing CKD. CKD prevention trials may complement the
CKD treatment trials proposed by Heerspink et al. [3].

Post hoc analyses have shown kidney protection suggestive
of primary prevention of CKD by dapagliflozin or empagliflozin
in participants with T2DM that had both eGFR >60 mL/min/
1.73 m? and normoalbuminuriain cardiovascular outcome trials
[30, 31]. Given the increasing burden of CKD, its increasing im-
pact on global deaths and the considerable residual risk in pa-
tients on the current standard of therapy, preventing CKD should
be a major goal. In this regard, the entry criteria for SURPASS-4
may have identified a T2DM population without baseline CKD at
relatively high risk of CKD progression, at least while on glargine
[3], that may benefit from primary prevention interventions.

CONCLUSION

Tirzepatide may be the first of a new generation of antidiabetic
and weight-correcting drugs. Beyond dual agonists of GLP1 and
GIP receptors, tri-agonists that combine the ganorectic and in-
sulinotropic activities of GLP1 and GIP with the energy expen-
diture effect of glucagon are under preclinical development and
normalize body weight in obese mice and enhance energy ex-
penditure in a manner superior to that of GLP1R mono-agonists
and GLP1R/GIPR dual agonists [32]. The potential kidney protec-
tive effects of this new family of drugs should be characterized in
detail from the points of view of CKD prevention and treatment.

SUPPLEMENTARY DATA

Supplementary data is available at ckj online.

FUNDING

FIS/Fondos FEDER  (PI18/01366, PI19/00588, PI19/00815,
P120/00744, DTS18/00032, ERA-PerMed-JTC2018 KIDNEY AT390
TACK AC18/00064 and PERSTIGAN AC18/00071, ISCIII-RETIC
REDinREN RD016/0009), Sociedad Espafiola de Nefrologia, So-
ciedad Madrilefia de Nefrologia (SOMANE), FRIAT, Comunidad
de Madrid en Biomedicina (B2017/BMD-3686 and CIFRA2-
CM). Instituto de Salud Carlos III (ISCIII) RICORS program
(RICORS2040-395 , RD21/0005/0001) and SPACKDc PMP21/00109,
FEDER funds funded by European Union—Next Generation EU’,
Mecanismo para la Recuperacién y la Resiliencia (MRR) and
RD16/0009.

DATA AVAILABILITY STATEMENT

The data underlying this article are available in the article and
in its online supplementary material.

CONFLICT OF INTEREST STATEMENT

A.O.1is the former Editor-in-Chief of CKJ and has received grants
from Sanofi and consultancy or speaker fees or travel sup-
port from Advicciene, Astellas, AstraZeneca, Amicus, Amgen,

Tirzepatide and prevention of CKD | 807

Fresenius Medical Care, GSK, Bayer, Sanofi-Genzyme, Menarini,
Mundipharma, Kyowa Kirin, Alexion, Freeline, Idorsia, Chiesi, Ot-
suka, Novo-Nordisk, Sysmex and Vifor Fresenius Medical Care
Renal Pharma and is Director of the Catedra Mundipharma-UAM
of diabetic kidney disease and the Catedra AstraZeneca-UAM of
chronic kidney disease and electrolytes.

B.F.-F. has received grants from Esteve and consultancy or
speaker fees or travel support from AstraZeneca, Bayer, Menar-
ini, Novo-Nordisk Boehringer Ingelheim and Mundipharma.
B.E.-F. is Editor for Nefroplus.

S.C. has received honoraria for consultancy from Otsuka.

M.J.S. is the Editor-in-Chief of CKJ and reports personal fees
from NovoNordisk, Jansen, Mundipharma, AstraZeneca, Esteve,
Fresenius, Ingelheim Lilly, Vifor, ICU, Pfizer, Bayer, Travere Ther-
apeutics and GE Healthcare, and grants and personal fees from
Boehringer Ingelheim, outside the current study.

REFERENCES

1. Mounjaro™ (tirzepatide) prescribing information. https://
www.accessdata.fda.gov/drugsatfda_docs/label/2022/
215866s0001bl.pdf (9 July 2022, date last accessed).

2. Jastreboff AM, Aronne LJ, Ahmad NN et al. Tirzepatide
once weekly for the treatment of obesity. N Engl ] Med
2022;387:205-16.

3. Heerspink HJL, Sattar N, Pavo I et al. Effects of tirzepatide
versus insulin glargine on kidney outcomes in type 2 dia-
betes in the SURPASS-4 trial: post-hoc analysis of an open-
label, randomised, phase 3 trial. Lancet Diabetes Endocrinol
2022;10:774-85.

4. Novikoff A, O'Brien SL, Bernecker M et al. Spatiotemporal
GLP-1 and GIP receptor signaling and trafficking/recycling
dynamics induced by selected receptor mono- and dual-
agonists. Mol Metab 2021;49:101181.

5. Wegovy. Summary of products characteristics, https://
www.ema.europa.eu/en/documents/product-information/
wegovy-epar-product-information_en.pdf (9 July 2022, date
last accessed).

6. Sun B, Willard FS, Feng D et al. Structural determinants of
dual incretin receptor agonism by tirzepatide. Proc Natl Acad
Sci USA 2022;119:2116506119.

7. Nauck MA, Quast DR, Wefers ] et al. The evolving story of
incretins (GIP and GLP-1) in metabolic and cardiovascular
disease: a pathophysiological update. Diabetes Obes Metab
2021;23:5-29.

8. Baggio LL, Drucker DJ. Glucagon-like peptide-1 recep-
tor co-agonists for treating metabolic disease. Mol Metab
2021;46:101090.

9. Zhao F, Zhou Q, Cong Z et al. Structural insights into mul-
tiplexed pharmacological actions of tirzepatide and pep-
tide 20 at the GIP, GLP-1 or glucagon receptors. Nat Commun
2022;13:1057.

10. Wilson JM, Nikooienejad A, Robins DA et al. The dual
glucose-dependent insulinotropic peptide and glucagon-
like peptide-1 receptor agonist, tirzepatide, improves
lipoprotein biomarkers associated with insulin resistance
and cardiovascular risk in patients with type 2 diabetes.
Diabetes Obes Metab 2020;22:2451-9.

11. Bailey CJ. Tirzepatide: a new low for bodyweight and blood
glucose. Lancet Diabetes Endocrinol 2021;9:646-8.

12. Frias JP, Davies MJ, Rosenstock ] et al. Tirzepatide versus
semaglutide once weekly in patients with type 2 diabetes.
N Engl] Med 2021;385:503-15.


https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfac274#supplementary-data
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/215866s000lbl.pdf
https://www.ema.europa.eu/en/documents/product-information/wegovy-epar-product-information7en.pdf

13.

14.

15.

16.

17.

18.

19.

20.

21.

808 | C.Boschetal.

Heise T, Mari A, DeVries JH et al. Effects of subcuta-
neous tirzepatide versus placebo or semaglutide on pan-
creatic islet function and insulin sensitivity in adults with
type 2 diabetes: a multicentre, randomised, double-blind,
parallel-arm, phase 1 clinical trial. Lancet Diabetes Endocrinol
2022;10:418-29.

Samms RJ, Christe ME, Collins KA et al. GIPR ago-
nism mediates weight-independent insulin sensitization by
tirzepatide in obese mice. J Clin Invest 2021;131:e146353.
Zhenyukh O, Gonzalez-Amor M, Rodrigues-Diez RR et al.
Branched-chain amino acids promote endothelial dysfunc-
tion through increased reactive oxygen species generation
and inflammation. J Cell Mol Med 2018;22:4948-62.
Kadowaki T, Chin R, Ozeki A et al. Safety and efficacy
of tirzepatide as an add-on to single oral antihypergly-
caemic medication in patients with type 2 diabetes in
Japan (SURPASS J-combo): a multicentre, randomised, open-
label, parallel-group, phase 3 trial. Lancet Diabetes Endocrinol
2022;10:634-44.

Inagaki N, Takeuchi M, Oura T et al. Efficacy and safety
of tirzepatide monotherapy compared with dulaglutide in
Japanese patients with type 2 diabetes (SURPASS J-mono): a
double-blind, multicentre, randomised, phase 3 trial. Lancet
Diabetes Endocrinol 2022;10:623-33.

Rosenstock J, Wysham C, Frias JP et al. Efficacy and safety of
a novel dual GIP and GLP-1 receptor agonist tirzepatide in
patients with type 2 diabetes (SURPASS-1): a double-blind,
randomised, phase 3 trial. Lancet North Am Ed 2021;398:143-
55.

Dahl D, Onishi Y, Norwood P et al. Effect of subcutaneous
tirzepatide vs placebo added to titrated insulin glargine
on glycemic control in patients with type 2 diabetes:
the SURPASS-5 randomized clinical trial. JAMA 2022;327:
534-45.

Del Prato S, Kahn SE, Pavo I et al. Tirzepatide versus insulin
glargine in type 2 diabetes and increased cardiovascular risk
(SURPASS-4): a randomised, open-label, parallel-group, mul-
ticentre, phase 3 trial. Lancet North Am Ed 2021;398:1811-24.
Ludvik B, Giorgino F, Jédar E et al. Once-weekly tirzepatide
versus once-daily insulin degludec as add-on to metformin
with or without SGLT2 inhibitors in patients with type 2

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

diabetes (SURPASS-3): a randomised, open-label, parallel-
group, phase 3 trial. Lancet North Am Ed 2021;398:583-98.
https://biopharma.media/mounjaro-new-dual-action-drug-
for-type-2-diabetes-mellitus-1852/ (23 September 2022,
date last accessed).

Sattar N, McGuire DK, Pavo I et al. Tirzepatide cardiovascu-
lar event risk assessment: a pre-specified meta-analysis. Nat
Med 2022;28:591-8.

Gerstein HC, Colhoun HM, Dagenais GR et al. Dulaglutide
and cardiovascular outcomes in type 2 diabetes (REWIND):
a double-blind, randomised placebo-controlled trial. Lancet
North Am Ed 2019;394:121-30.

Gerstein HC, Colhoun HM, Dagenais GR et al. Dulaglutide and
renal outcomes in type 2 diabetes: an exploratory analysis
of the REWIND randomised, placebo-controlled trial. Lancet
North Am Ed 2019;394:131-8.

Marso SP, Bain SC, Consoli A et al. Semaglutide and cardio-
vascular outcomes in patients with type 2 diabetes. N Engl J
Med 2016;375:1834-44.

Marso SP, Daniels GH, Brown-Frandsen K et al. Liraglutide
and cardiovascular outcomes in type 2 diabetes. N Engl] Med
2016;375:311-22.

Wanner C, Inzucchi SE, Lachin JM et al. Empagliflozin and
progression of kidney disease in type 2 diabetes. N Engl ] Med
2016;375:323-34.

Fernandez-Fernandez B, Sarafidis P, Kanbay M et al. SGLT2
inhibitors for non-diabetic kidney disease: drugs to treat
CKD that also improve glycaemia. Clin Kidney ] 2020;13:728-
33.

Levin A, Perkovic V, Wheeler DC et al. Empagliflozin and car-
diovascular and kidney outcomes across KDIGO risk cat-
egories: post hoc analysis of a randomized, double-blind,
placebo-controlled, multinational trial. Clin] Am Soc Nephrol
2020;15:1433-44.

Mosenzon O, Raz I, Wiviott SD et al. Dapagliflozin and pre-
vention of kidney disease among patients with type 2 di-
abetes: post hoc analyses from the DECLARE-TIMI 58 trial.
Diabetes Care 2022;45:2350-9.

Knerr PJ, Mowery SA, Douros JD et al. Next generation GLP-
1/GIP/glucagon triple agonists normalize body weight in
obese mice. Mol Metab 2022;63:101533.


https://biopharma.media/mounjaro-new-dual-action-drug-for-type-2-diabetes-mellitus-1852/

