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OBJECTIVE

To determine the effect of tirzepatide, a dual agonist of glucose-dependent
insulinotropic polypeptide and glucagon-like peptide 1 receptors, on biomarkers
of nonalcoholic steatohepatitis (NASH) and fibrosis in patients with type 2
diabetes mellitus (T2DM).

RESEARCH DESIGN AND METHODS

Patients with T2DM received either once weekly tirzepatide (1, 5, 10, or 15 mg),
dulaglutide (1.5 mg), or placebo for 26 weeks. Changes from baseline in alanine
aminotransferase (ALT), aspartate aminotransferase (AST), keratin-18 (K-18),
procollagen III (Pro-C3), and adiponectin were analyzed in a modified intention-
to-treat population.

RESULTS

Significant (P < 0.05) reductions from baseline in ALT (all groups), AST (all groups
except tirzepatide 10 mg), K-18 (tirzepatide 5, 10, 15 mg), and Pro-C3 (tirzepatide
15 mg) were observed at 26 weeks. Decreases with tirzepatide were significant
comparedwith placebo for K-18 (10mg) andPro-C3 (15mg) andwith dulaglutide for
ALT (10, 15 mg). Adiponectin significantly increased from baseline with tirzepatide
compared with placebo (10, 15 mg).

CONCLUSIONS

In post hoc analyses, higher tirzepatide doses significantly decreased NASH-related
biomarkers and increased adiponectin in patients with T2DM.

The prevalence of nonalcoholic fatty liver disease (NAFLD) is;25%globally and;60–
75% in patients with type 2 diabetes mellitus (T2DM) (1,2). Nonalcoholic steato-
hepatitis (NASH) (NAFLD with inflammation and hepatocyte injury, with or without
fibrosis) can progress to cirrhosis, liver failure, hepatocellular carcinoma, and
increased cardiovascular risk (3,4). T2DM increases the risk of NASH twofold (5).
Weight loss through lifestyle modification reduces liver fat; weight reductions$10%
can induce NASH resolution in most patients (6).
Glucagon-likepeptide1 receptoragonists (GLP-1RAs)promoteweight lossandmay

have efficacy in NASH (7). Tirzepatide, a 39-amino acid synthetic peptide, has agonist
activity at both glucose-dependent insulinotropic polypeptide (GIP) and GLP-1
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receptors (8). In a phase 2 T2DM trial,
tirzepatide significantly reduced HbA1c
and body weight at 26 weeks, with
greater effects than dulaglutide (tirzepa-
tide 15 mg vs. dulaglutide 1.5 mg mean
differences 1.3% and 8.6 kg, respec-
tively). More patients treated with tirze-
patide 15 mg (37.7%) achieved $10%
weight loss than with dulaglutide 1.5 mg
(9.3%) (9). These weight loss findings
suggest that dual GIP and GLP-1 RAs may
have greater efficacy for patients with
NASH than selective GLP-1 RAs. There-
fore, we explored the effect of tirzepa-
tide on biomarkers of NASH and fibrosis
in the T2DM phase 2 trial.

RESEARCH DESIGN AND METHODS

Study Design and Participants
Patients from a phase 2 trial (N 5 316)
were included in these post hoc analyses.
Full study details are published (9). Pa-
tients with T2DM (HbA1c 7.0–10.5%, in-
clusive;withorwithout stablemetformin
therapy) were randomized (1:1:1:1:1:1)
to receive once-weekly subcutaneous
tirzepatide (1, 5, 10, or 15 mg), dulaglu-
tide (1.5 mg), or placebo for 26 weeks
(Supplementary Data).

Biomarkers
Serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), kera-
tin-18 (K-18) M30 fragment (hepatocyte
apoptosis biomarker; VLVbio, Nacka,
Sweden), procollagen III (Pro-C3) (fibro-
sis biomarker; Nordic Bioscience A/S,
Herlev, Denmark), and total adiponectin
(adipokine with antifibrogenic and anti-
steatogenic effects in the liver; Pacific
Biomarkers Inc., Seattle, WA) were mea-
sured while fasting at baseline and
after 12 and/or 26 weeks of treatment
(Supplementary Data).

Statistical Methods
Statistical analyses were performed us-
ing SAS 9.4 and GraphPad Prism 8 soft-
ware. Resultswere analyzed in amodified
intention-to-treat population (excludes
data after study drug discontinuation
or use of glucose-lowering rescue med-
ication) using mixed-effects model re-
peated-measures analysis (9). Changes
frombaseline data are presented as least
squares mean (LSM) and SE. Treatment
differences are presented as LSM and
95% CI. Multiplicity control adjustment
was not performed because this was not
an efficacy analysis. The contribution of

relevant confounding variables to the
changes in NASH-related biomarkers
was assessed by stepwise variable se-
lection followed by multiple regression
analysis (Supplementary Data).

RESULTS

Baseline demographics and clinical char-
acteristics were similar across treatment
groups (9) (Supplementary Table 1).
Mean baseline concentrations of the
biomarkers varied (coefficients of varia-
tion 5.4–17.7%) across treatment groups
(Supplementary Table 2).

Serum ALT decreased significantly
from baseline in all groups at 26 weeks
(P # 0.010) (Fig. 1A). Decreases with
tirzepatide 10 and 15 mg were signifi-
cantly greater than with dulaglutide
(26.8 units/L [95% CI 211.8, 21.8]
and 26.4 units/L [211.7, 21.1]; P 5
0.008 and P 5 0.018, respectively) but
not compared with placebo. Serum AST
decreased significantly from baseline in
all groups (except tirzepatide 10 mg) at
26 weeks (P # 0.033) (Fig. 1B), with no
significant differences compared with
placebo or dulaglutide.

K-18 decreased significantly frombase-
linewith tirzepatide 5, 10, and 15mg (P#
0.015) (Fig. 1C). The decrease with
tirzepatide 10 mg differed significantly
from placebo (2135.2 units/L [95%
CI 2239.0, 231.3]; P 5 0.011) but not
dulaglutide. Pro-C3 decreased signi-
ficantly from baseline with tirzepatide
15 mg at 26 weeks (P 5 0.041) (Fig.
1D); this decrease differed significantly
compared with placebo (22.1 ng/mL
[23.6,20.6];P50.007)butnotdulaglutide.
Total adiponectin increased significantly
from baseline with tirzepatide 10 and
15 mg at 26 weeks (P , 0.001) (Fig. 1E);
these increases differed significantly com-
pared with placebo (0.9 mg/L [0.3, 1.5]
and1.0mg/L [0.3, 1.6]; P5 0.003 andP5
0.004, respectively) but not dulaglutide.

The contributions of relevant con-
founding variables to the changes in
NASH-related biomarkers are presented
in Supplementary Tables 3–7. In patients
treated with tirzepatide 10 and 15 mg,
the baseline value of the biomarker ex-
plained 29–62% of the variability in
changes for ALT, AST, K-18, and Pro-C3.
Change from baseline in body weight
was an important variable for ALT,
AST, Pro-C3, and adiponectin, explaining
0.18–25.92% of the variability, and

change from baseline in HbA1c was an
important variable for K-18 and Pro-C3,
explaining 0–7.48% of the variability in
changes of biomarkers. Safety data from
this study are published (9).

CONCLUSIONS

These post hoc analyses demonstrated
that higher doses of the dual GIP and
GLP-1 RA tirzepatide improvedK-18,Pro-
C3, and adiponectin compared with pla-
cebo in a T2DM population. Although
patients with NASH may have normal
ALT and AST levels, higher ALT levels are
associated with higher grades of inflam-
mationandsteatosis (10).Dose-dependent
decreases from baseline in ALT and AST
were observed with tirzepatide, but these
decreases were not greater than with
placebo. Thismay reflect the trial’s sample
size and the fact that only a minority of
patients with T2DM have NASH (11,12).
In a large pooled analysis of four clinical
trials (N5 1,499), dulaglutide treatment
in patients with T2DM and probable
NAFLD was associated with significant
decreases in ALT and AST compared
with placebo (13).

Caspases cleave K-18 during hepatocyte
apoptosis, leading to elevated plasma
levels of K-18 in patients with NASH.
For the diagnosis of NASH, the K-18M30
fragment has pooled sensitivity and
specificity of 83% and 71%, respectively;
diagnostic cutoffs range from 122 to
380 units/L, with an average of ;250
units/L (14). In this study, mean baseline
K-18 levels ranged from 363.3 to 478.3
units/L. Tirzepatide 10 mg treatment
significantly decreased serum K-18 levels
by 135.2 units/L compared with placebo,
an effect thatmaybeclinicallymeaningful
for the treatment of NASH. In the PIVENS
trial (Pioglitazone vs. Vitamin E vs. Pla-
cebo for the Treatment of Nondiabetic
Patients with Nonalcoholic Steatohepa-
titis), a reduction in K-18 of 150 units/L
was associated with a 1.5-fold greater
chance of NASH resolution (15).

Type III collagen is synthesized and
deposited during fibrogenesis. The Pro-
C3 assay measures a fragment of the
NH2-terminal propeptide of Pro-C3 that
is cleaved during type III collagen mat-
uration and deposition (16,17). For de-
tection of advanced fibrosis, proposed
Pro-C3 cutoffs are lower in patients with
T2DM than in those with NASH (13.2 vs.
20.9 ng/mL) (16,17). In this study, mean
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baseline Pro-C3 ranged from 8.6 to
9.9 ng/mL, consistent with early stages
of liver fibrosis. In a longitudinal NASH
study, mean Pro-C3 increasedwith fibrosis
worsening and decreased with fibrosis
improvement (16). In a study of piogli-
tazone and vitamin E in patients with
T2DM and NASH, changes in Pro-C3 and
fibrosis stage were correlated; decreases
in Pro-C3 associated with a one-stage
improvement in fibrosis were similar to
those observed with tirzepatide 15 mg
(2.1 ng/mL vs. placebo) in this study (17).
Serum adiponectin levels are typically

lower in patients with NAFLD compared
with healthy control subjects and may
decrease as simple steatosis progresses
to NASH (18). In this study, baseline
adiponectin values ranging from 4.0 to

5.4 mg/L were comparable to levels
in patients with NASH (18). Treatment
with higher doses of tirzepatide was
associated with significant increases in
adiponectin (21.8–26.4%), possibly be-
cause of weight loss. A 1-year lifestyle
intervention study in patients with
T2DM reported that 13% weight loss
was associated with a 36% increase in
adiponectin (19).

Although greater weight loss was
achievedwith higher doses of tirzepatide
than with dulaglutide 1.5 mg, the im-
provements in K-18, Pro-C3, and adipo-
nectin levels did not differ between
treatments. However, greater decreases
in ALT occurred with tirzepatide 10 and
15 mg than with dulaglutide. Clinical
trials assessing liver histology will be

needed to compare dual GIP and GLP-1
RAs and selective GLP-1 RAs in NASH.

This work has limitations because it
is a post hoc analysis that is exploratory
in nature and hypothesis generating. An
unknown percentage of patients in this
studyhadNASH, and liver fat contentwas
not assessed. Therefore, the magnitude
of the treatment effect should not be
compared with studies of patients with
biopsy-confirmed NASH. Baseline NASH
biomarker values were not matched
across treatment groups (likely because
of unequal distribution of patients
with NASH across groups), resulting in
some inconsistency of the magnitude of
changes from baseline. This may explain
why the changes in the biomarkers were
not consistently dose responsive. The

Figure1—Change frombaseline inNASH-relatedbiomarkersALT (A), AST (B), K-18 (C), Pro-C3 (D), andadiponectin (E) through26weeks inpatientswith
T2DM. Data are LSM (SE). Modified intention-to-treat population excludes data after study drug discontinuation or use of glucose-lowering rescue
medication. *P , 0.05 change from baseline; #P , 0.05 vs. placebo; ‡P , 0.05 vs. dulaglutide.
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baseline value of the biomarker was a
more important determinant of the
change from baseline of the biomarker
than the amount of weight loss or the
change in HbA1c. This may reflect the
fact that this population of patients with
T2DM likely included many patients who
did not have NASH.
In conclusion, higher doses of the dual

GIP andGLP-1 RA tirzepatide significantly
improved NASH-related biomarkers in a
T2DM population. Because of the limita-
tions of this study, these results should
not be interpreted as providing evidence
of efficacy for tirzepatide in patients with
NASH. Nonetheless, these NASH biomar-
ker data, along with the weight loss fin-
dings (9), support further evaluation of
tirzepatide in patients with NASH.

Duality of Interest. Funding of this study is from
Eli Lilly and Company. M.L.H., J.M.W., A.N., R.B.,
C.A.K., K.L.D., D.A.R., and A.H. are employees and
shareholders of Eli Lilly and Company. A.J.S. has
receivedconsulting fees fromEli Lilly andCompany.
He has served as a consultant to AstraZeneca,
Bristol-Myers Squibb, Nitto Denko, Ardelyx, Con-
atus, Nimbus, Amarin, Salix, Tobira, Takeda,Merck,
Genentech, Fibrogen, Janssen,BirdRockBio, 89Bio,
Poxel, Surrozen, Path AI, Histoindex, Gilead, Boeh-
ringer Ingelheim, Siemens, Sanofi, Lipocine, Meta-
crine, Cirius, Madrigal, Galectin, Blade, Pliant,
Biocellvia, Glympse Bio, Fortress Diagnostics, Ar-
tham, Terns, Fractyl, Eli Lilly and Company, Zafgen,
Novartis, Novo Nordisk, and Pfizer. He also has
served as an unpaid consultant to Exalenz, In-
tercept, Echosense, Immuron, Galectin, Fractyl,
NorthSea Therapeutics, Gencia, Synlogic, Afimune,
ChemomAb, Nordic Bioscience, Zydus, and Bris-
tol-Myers Squibb. His institution has received grant
support from Gilead, Salix, Tobira, Bristol-Myers
Squibb, Shire, Intercept, Merck, AstraZeneca, Mal-
linckrodt, Cumberland, and Novartis. He receives
royalties from Elsevier and UptoDate. He is the
president of Sanyal Biotechnology and owns stock
in Genfit, Akarna, Tiziana, Indalo, and Durect. R.L.
serves as a consultant or advisory board member
for Arrowhead Pharmaceuticals, AstraZeneca, Bird
Rock Bio, Boehringer Ingelheim, Bristol-Myers
Squibb, Celgene, Cirius, CohBar, Conatus, Eli Lilly
andCompany,Galmed,Gemphire,Gilead,Glympse
Bio, GNI, GRI Bio, Intercept, Ionis, Janssen, Merck,
Metacrine, NGM Biopharmaceuticals, Novartis,
NovoNordisk, Pfizer, Prometheus, Sanofi, Siemens,
and Viking Therapeutics. In addition, his institution
has received grant support from Allergan, Boeh-
ringer Ingelheim, Bristol-Myers Squibb, Cirius, Eli
Lilly and Company, Galectin Therapeutics, Galmed

Pharmaceuticals, GE, Genfit, Gilead, Intercept,
Grail, Janssen, Madrigal, Merck, NGM Biopharma-
ceuticals, NuSirt, Pfizer, pH Pharma, Prometheus,
and Siemens. He is also co-founder of Liponexus.
No other potential conflicts of interest relevant to
the article were reported.
AuthorContributions. M.L.H.,A.J.S., R.L., J.M.W.,
K.L.D., and A.H. contributed to the biomarker
analysis plan. M.L.H. and C.A.K. wrote the first
draft of the manuscript. A.N. and R.B. were re-
sponsible for the statistical analysis. D.A.R. was
responsible for the trial design and medical over-
sight during the trial. All authors participated in the
interpretation of the data, critical review of the
manuscript, anddecision to submit for publication.
M.L.H. andA.H. are theguarantors of thiswork

and, as such, had full access to all the data in
the study and take responsibility for the in-
tegrity of the data and the accuracy of the data
analysis.
Prior Presentation. Parts of this study were
presented in abstract form at the 79th Scientific
Sessions of the American Diabetes Association,
San Francisco, CA, 7–11 June 2019, and the 55th
Annual Meeting of the European Association for
the Study of Diabetes, Barcelona, Spain, 16–20
September 2019.

References
1. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y,
Henry L, Wymer M. Global epidemiology of
nonalcoholic fatty liver disease-meta-analytic
assessment of prevalence, incidence, and out-
comes. Hepatology 2016;64:73–84
2. Cusi K, Sanyal AJ, Zhang S, et al. Non-alcoholic
fatty liver disease (NAFLD) prevalence and its
metabolic associations in patients with type 1
diabetes and type 2 diabetes. Diabetes Obes
Metab 2017;19:1630–1634
3. Chalasani N, Younossi Z, Lavine JE, et al. The
diagnosis andmanagement of nonalcoholic fatty
liver disease: practice guidance from the Amer-
ican Association for the Study of Liver Diseases.
Hepatology 2018;67:328–357
4. Dulai PS, SinghS, Patel J, et al. Increased risk of
mortality by fibrosis stage in nonalcoholic fatty
liver disease: systematic review andmeta-analysis.
Hepatology 2017;65:1557–1565
5. Loomba R, Abraham M, Unalp A, et al.; Non-
alcoholic Steatohepatitis Clinical Research Net-
work. Association between diabetes, family
history of diabetes, and risk of nonalcoholic
steatohepatitis and fibrosis. Hepatology 2012;
56:943–951
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