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Frias et al. assessed the effects of
NNC0090-2746, a unimolecular dual
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and GIP, in patients with T2DM.
NNCO0090-2746 was well tolerated and
significantly improved glycemic control
and reduced body weight compared with
placebo. Maximum benefit was obtained
by patients with the best baseline
glycemic control.
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SUMMARY

Unimolecular dual incretins derived from hybridized
glucagon-like peptide 1 (GLP-1) and glucose-depen-
dent insulinotropic peptide (GIP) sequences have
demonstrated synergistic reduction of adiposity in
animal models and reductions of hyperglycemia in
short-duration human trials. Here, we extend the
characterization of NNC0090-2746 (also known as
RG7697), a fatty-acylated dual agonist possessing
in vitro balanced GIPR and GLP-1R agonism. In this
12-week, randomized, placebo-controlled, double-
blind phase 2a trial, patients with type 2 diabetes
inadequately controlled with metformin received
1.8 mg of NNC0090-2746 or placebo subcutaneously
once daily. Liraglutide 1.8 mg (Victoza), starting with
2-week dose escalation, was administered subcuta-
neously once daily as an open-label reference arm.
Measurements were collected at regular intervals
after randomization. NNC0090-2746 significantly
improved glycemic control and reduced body weight
compared with placebo. Total cholesterol, alone
among a range of lipid parameters, and leptin were
both significantly reduced compared with placebo.
Treatment with NNC0090-2746 was generally safe
and well tolerated.

INTRODUCTION

The global prevalence of both type 2 diabetes (T2D) and obesity
has steadily increased over the last three decades (Ng et al.,
2014; World Health Organization, 2016). Successful manage-
ment of T2D frequently requires that hyperglycemia and excess
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body weight are simultaneously addressed. The glucagon-like
peptide 1 receptor agonists (GLP-1RAs) are a class of pharma-
cological agents that address both conditions. GLP-1RAs are
therapeutically effective and achieve significant decreases in hy-
perglycemia and body weight, though the magnitude of body
weight reduction is limited and tends to plateau over time (Klon-
off et al., 2008; le Roux et al., 2017; Lorenz et al., 2013; Neff and
Kushner, 2010). Novel treatments that recruit additional mecha-
nisms of biological action constitute one of the more promising
early-phase approaches to safely enhance efficacy when current
therapy no longer delivers progressive improvements in disease
management (Tschop et al., 2016).

GLP-1 and glucose-dependent insulinotropic peptide (GIP)
are gut hormones secreted from intestinal L cells and K cells,
respectively. Together, these hormones account for the vast ma-
jority of the incretin effect, the enhanced postprandial insulin
secretion observed in healthy adults (Dupre et al., 1973; Krey-
mann et al., 1987; Mcintyre et al., 1964; Nauck et al., 1986).
Though inhibition of dipeptidyl peptidase 4 (DPP-4) increases
levels of both active GLP-1 and GIP, suggesting a common
pharmacological end goal, the majority of clinical research per-
taining to the therapeutic use of incretins has thus far focused
on GLP-1 with much less attention given to GIP (Baggio and
Drucker, 2007).

The historical emphasis on GLP-1 therapy arose partly due to
the early positive clinical results achieved with GLP-1RAs (Gut-
niak et al., 1992; Nauck et al., 1996) and partly due to reports
in animals that GIP promoted obesity and impaired lipid meta-
bolism (Gault et al., 2002, 2005; Irwin et al., 2004; McClean
etal., 2007; Miyawaki et al., 2002). Additionally, single-dose trials
in patients with T2D reported that GIP worsened postprandial
hyperglycemia and deepened the conviction that GIP agonism
may not have therapeutic benefit (Chia et al., 2009; Mentis
et al., 2011; Nauck et al., 1993; Vilsbell et al., 2002).

The diabetic state is characterized by a complex array
of progressive changes, to both the diabetic pancreas and,
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Figure 1. Trial Design

Overview of trial design showing the three trial arms and the different trial periods.

consequently, the entero-insular axis, notably manifesting in hy-
perglycemia, reduced f cell mass, and diminished incretin effect
(Campbell and Drucker, 2013; Nauck and Meier, 2016). The in-
cretin effect of GIP in patients with T2D is blunted primarily as
a consequence of hyperglycemia rather than being a causal
defect (Knop et al., 2007a, 2007b). This can be seen experimen-
tally in patients with T2D who regain some GIP sensitivity after
approaching normoglycemia with insulin therapy or treatment
with DPP-4 inhibitors (Aaboe et al., 2015; Hajberg et al., 2009).
This requirement for glycemic control affects the interpretation
of previous trials assessing acute GIP administration, suggesting
that chronic therapy in well-controlled patients could result in
different outcomes. Recent data suggest that GIP may regulate
B cell survival through signaling pathways independent of GLP-1,
supporting the hypothesis that the two incretins are not redun-
dant and may complement one another (Campbell et al., 2016).
The pharmacological integration of the activities of both incretins
could conceivably function in two stages where GLP-1RA estab-
lishes glycemic control, reduces body weight, and sets the foun-
dation upon which glucose-dependent insulinotropic peptide
receptor agonists (GIP-RA) can further improve metabolism
and body weight. The selectively engineered peptides intermix-
ing balanced, potent GLP-1 and GIP agonism have demon-
strated, in sustained administration in rodents and non-human
primates, their ability to further decrease blood glucose and
body weight when compared with peptides functioning by just
one of the two mechanisms (Finan et al., 2013).
NNCO0090-2746 (previously developed as RG7697) is a fatty-
acylated GIP/GLP-1 dual agonist in clinical development for
the treatment of T2D. It exhibits balanced activity for the human
GLP-1 (ECs0 =5 pM) and GIP (EC5p = 3 pM) receptors, with virtu-
ally no meaningful agonism at any other related receptor (ECsg at
glucagon receptor of >1 uM) (Finan et al., 2013). Recent phase 1
trials of NNC0090-2746 have shown that steady-state concen-
tration of the peptide is achieved within 1 week by daily dosing
of patients with T2D (Schmitt et al., 2017). Once-daily doses of
up to 2 mg were well tolerated, with gastrointestinal (Gl) adverse
effects of the type typically observed with GLP-1RAs increas-
ingly evident at higher doses (Portron et al., 2017). Reductions
in fasting, postprandial, and 24-hr profile plasma glucose were
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observed after 2 weeks of treatment at doses >0.75 mg and
were associated with decreases in HbA (up to 0.67% [absolute
change]) (Schmitt et al., 2017). Building upon these clinical
observations, we present here a phase 2a clinical trial of
NNCO0090-2746 in patients with T2D inadequately controlled
with metformin.

RESULTS AND DISCUSSION

Clinical Trial Design
This was a multicenter, randomized, double-blind, parallel-
group, placebo-controlled trial with open-label comparison
(registered on http://clinicaltrials.gov as NCT02205528). The
trial was conducted at 19 investigational sites in the US and
approved by an institutional review board (IRB). The trial was
conducted in full conformance with the ICH E6 guideline for
Good Clinical Practice and the principles of the Declaration of
Helsinki. The trial complied with the requirements of the ICH
E2A guideline (Clinical Safety Data Management: Definitions
and Standards for Expedited Reporting). Patients who were
able to perform the self-injections satisfactorily were random-
ized into the 12-week double-blind treatment period in a 1:1:1
manner to NNC0090-2746 (blinded, n = 37), placebo (blinded,
n = 36), or liraglutide 1.8 mg with 2-week dose escalation
(open label, n = 35) (Figure 1). The purpose of the trial was to
evaluate the effect of NNC0090-2746 on glycemic control,
body weight, and other metabolic parameters in patients with
T2D inadequately controlled by metformin (HbA{. > 7.2%
and < 10.5%) as well as the safety and tolerability. The
open-label liraglutide arm was included to provide a qualitative
reference to a currently available GLP-1RA. The efficacy and
safety results from the liraglutide arm are presented in the
STAR Methods. The primary endpoint, HbA;. change, was
evaluated from baseline (Day 1) to Week 8 visit (W8, Trial Day
50). Secondary and exploratory endpoints were evaluated
to either Week 12 visit (W12, Trial Day 78) or Week 13 visit
(W13, Trial Day 85).

Patients randomized to NNC0090-2746 achieved significant
reductions in HbA,., body weight, and total cholesterol (TC)
compared to baseline and versus placebo.


http://clinicaltrials.gov

[ Assessed for eligibility (n=331) ]

[ Randomized (n=108) ]

Excluded (n=223)

Figure 2. Participant Flow Diagram
Numbers of patients initially screened, random-
ized, withdrawn, and included in the ITT analysis
set for the three trial arms are depicted. The ITT
analysis set is defined as all patients who were
randomized and had evaluable measurement of
the parameter of interest at baseline and at least
one post-baseline visit. AE, adverse event; ITT,
intention to treat; SAE, serious adverse event.

NNC0090-2746
Allocated to intervention
(n=37)

Placebo
Allocated to intervention

(n=36)

Allocated to intervention

Liraglutide

(n=35)
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The fasting insulin concentration was
somewhat higher for the NNC0090-2746
group than the placebo group although
not significant (Table 2).

1 subject
withdrawn

—>| (other)

ITT population (n=37)

\
ITT population (n=36)

Patient Characteristics

Of the 331 screened patients, 108 met the inclusion criteria and
were randomized to NNCO0090-2746, placebo, or liraglutide.
Twelve patients (seven from NNC0090-2746, four from placebo,
and one from liraglutide) withdrew prematurely from the trial,
which led to 96 completing patients (Figure 2). Demographic
baseline characteristics of the 108 patients are shown in Table 1.
Patients had a mean age of 54.8 years, 54.6% were female, and
the mean duration of diabetes was 8.0 years. The mean HbA;
was 8.3%, and the mean fasting plasma glucose (FPG) was
166.3 mg/dL. The mean body weight was 90.9 kg, and the
mean body mass index (BMI) was 33.0 kg/m?. The baseline char-
acteristics were similar across treatment groups.

Effects on Glycemic Control and Body Weight

Change from baseline in HbA. was statistically significant when
comparing NNC0090-2746 treatment with placebo to both W8
and W12 with estimated treatment differences (ETDs) of
—0.63% (—0.93; —0.33)g59, c1 and —0.96% (—1.36; —0.56)959 ci,
respectively, (Figure 3A; Table 2). Post hoc assessment of change
in HbA . to the W13 follow-up visit, where a similar proportion of
patients as to W12 were on treatment, was of comparable
magnitude to prior measurements with an ETD of —1.04%
(—1.45; —0.62)g59 c| (Figure S1A). Consistent with this decrease,
both the mean seven-point self-measured plasma glucose
(SMPG) and FPG values were significantly reduced by
NNCO0090-2746 treatment compared to placebo (Figure S2;
Table 2). The change from baseline in mean SMPG was statisti-
cally significant from baseline to both W8 and W12 with ETDs of
—27.7 mg/dL (—44.7; —10.7)g59, ¢ and —31.7 mg/dL (—47.0;
—16.5)959; cI, respectively (Table 2). The change from baseline
to W12 in FPG was statistically significant with an ETD of
—38.2 mg/dL (—57.0; —19.4)954; ¢ but not measured at W8
(Table 2). Decreases in FPG for both the NNC0090-2746 and
placebo groups were seen at W4 and W12 (Figure S2), coinci-
dent with performance of a meal tolerance test (MTT).
NNC0090-2746 improved insulin secretion as fasting C-peptide
was significantly increased from baseline to W12 with NNC0090-
2746 compared to placebo with an estimated treatment ratio

ITT population (n=35)

Treatment with NNC0090-2746 signifi-
cantly improved measures of glycemic
control compared to placebo. Short-
term measures of blood glucose, SMPG
and FPG, were significantly reduced (Table 2). Even though
FPG may be partially influenced by a stricter fasting state at
W4 and W12 due to administration of the MTT, FPG was signif-
icantly lower in the NNCO0090-2746 group as compared to
placebo (Figure S2), and the longer-term consequences of these
effects were reflected by the significant reduction in HbA;.
(Table 2).

In addition to improvements in glycemic control, patients also
experienced reductions in body weight. A continued decrease in
body weight from baseline to W12 was observed for the
NNC0090-2746 group (Figure 3B). Percent change in body
weight with NNC0090-2746 treatment from baseline was signif-
icant to W8, though not to W12, with ETDs of —1.80% (—3.24;
—0.37)g59 c1and —1.67% (—3.43; 0.09)g59 c|, respectively, com-
pared to placebo (Table 2). Post hoc assessment of change
in body weight to W13, where a similar proportion of patients
as to W12 were on treatment, was of comparable magnitude
to prior measurements with an ETD of —-1.87% (—3.66;
—0.08)g59, c| (Figure S1B).

Results from the Meal Tolerance Test

Placebo and NNC0090-2746 patients also underwent an MTT.
NNCO0090-2746 significantly reduced the 2-hr postprandial
concentration (Con) of glucose (ETD: —74.6 mg/dL [100.2;
—48.9]959 c1), as well as the area under the curve (AUCq_ap,) of
glucose (ETD: —181.3 mg x hr/dL [-252.4; —110.2]g59% c)),
from baseline to W12 compared with placebo (Figures 3C and
3D; Table 2). Furthermore, NNC0090-2746 significantly reduced
AUCq_zp, of insulin (ETR: 0.70 ng x hr/mL [0.52; 0.95]g54; c)), but
not the Cyp,, of insulin, from baseline to W12 compared to pla-
cebo (Table 2). No significant change in Con,, and AUCq_gzp, Of
C-peptide during the MTT from baseline to W12 compared to
placebo was observed (Figures 3E and 3F; Table 2). A decrease
in glucose AUC_3n, was found during the MTT from baseline to
W12. However, the effect of NNC0090-2746 on insulin produc-
tion is unclear since the AUCq_sp,, of insulin was reduced, but
no difference was found in AUCq_sn,, C-peptide (Table 2). Hence,
the effect of NNC0090-2746 on insulin sensitivity cannot be
concluded. A more rigorous focus on these parameters in future
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Table 1. Baseline Characteristics for All Treatment Groups

Characteristic NNC0090-2746 (n = 37)

Placebo (n = 36) Liraglutide (n = 35)

Age at randomization (years) 54.7 (8.55)
Female (%) 51.4
Duration of diabetes (years) 8.5 (5.54)
Race (%)

White 81.1

Black or African-American 18.9

Asian 0.0

Hispanic or Latino 45.9
Weight (kg) 91.8 (18.87)
BMI (kg/m?) 33.45 (4.860)
HbA; . (%) 8.37 (0.907)
HbA. > 8.5% (%) 51.4
FPG (mg/dl) 164.8 (39.23)
Fasting insulin (ulU/mL) 17.77 (14.006)
Fasting C-peptide (ng/mL) 3.624 (1.6971)
Total cholesterol (mg/dL) 196.0 (40.54)
Triglycerides (mg/dL) 210.5 (149.02)

54.6 (7.91) 55.2 (7.87)
61.1 51.4

7.6 (5.71) 7.8 (5.24)
66.7 71.4

30.6 25.7

2.8 2.9

55.6 343

89.9 (21.05) 90.9 (17.98)
33.29 (5.018) 32.35 (4.308)
8.22 (0.871) 8.36 (0.955)
38.9 37.1

167.2 (40.91) 167.1 (36.40)
28.48 (55.707) 16.19 (9.755)
3.877 (1.7764) 3.456 (1.3102)
193.8 (48.40) 181.9 (36.48)
170.2 (110.44) 145.1 (93.52)

Demographic and clinical characteristics of trial patients at time of randomization by treatment group. All values are mean (SD). BMI, body mass index;
FPG, fasting plasma glucose; HbA;., glycated hemoglobin; n, number of patients; SD, standard deviation.

studies would provide a clearer picture of effect of NNC0090-
2746 on insulin secretion, clearance, and sensitivity.

Effects on Lipid Profile and Adipose Markers

The effects of NNC0090-2746 on fasting lipid parameters and
adipose biomarkers were evaluated. A decrease in TC was
seen for the NNC0090-2746 group with an estimated mean value
at W13 of 169.7 mg/dL compared to 184.7 mg/dL for the placebo
group. The change from baseline was significant and equaled a
decrease of 8% to W13 with NNC0090-2746, relative to placebo
(ETR: 0.92 [0.85; 0.99]959 c)) (Figure 4A). A trend for lowering
lipids in general (low-density lipoprotein [LDL], triglycerides,
free fatty acids, and apolipoprotein B) was observed (Figure 4A).
Change in plasma leptin was significant, and a reduction by 22%
(ETR: 0.78 [0.63; 0.96]959 c)) with NNC0090-2746 relative to pla-
cebo was found from baseline to W12 (Figure 4B). Among bio-
markers, no significant changes in adiponectin and resistin
were seen.

Leptin levels were significantly reduced compared to placebo,
and though assessed in this trial as an adipose marker, the
magnitude and timing of the reduction in leptin are greater than
that expected by the change in body weight over the same
period (Maffei et al., 1995; Rosenbaum et al., 1997). The reduc-
tion in plasma leptin may potentially reflect a restoration of leptin
sensitivity, though this cannot be definitively concluded from the
design of the current trial.

TC was significantly lowered by 8% compared to placebo
from baseline to W13. Lowering in fasting lipids is not consis-
tently seen for GLP-1RAs, with the effect varying by trial length
and size (Davies et al., 2015; Hermansen et al., 2013; Nauck
et al., 2013; Plutzky et al., 2009). The open-label liraglutide arm
of this trial did not exhibit any appreciable change in total or
LDL cholesterol (Figure S3). The reduction in TC observed with
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NNCO0090-2746 is driven by a reduction in LDL cholesterol,
though not statistically significant in this trial. Reduction in TC
is consistent with the phase 1 MAD trial of the same compound
(Schmitt et al.,, 2017). These data align with associations
emerging from a retrospective analysis of the ADDITION-PRO
trial in patients at risk of developing T2D whereby increased
GIP correlated with lower fasting LDL (Maller et al., 2016). The
mechanistic basis for the relative difference in how GIP and
GLP impact cholesterol is an important observation that war-
rants additional study. It is consistent with the physiological
need for two incretins of overlapping biological function but
with unique beneficial virtues.

Safety

Overall in the NNC0090-2746 and placebo groups, 135 adverse
events (AEs) were reported, and of these, 112 were treatment-
emergent AEs (TEAEs) (Table 3). 91 AEs were reported in the
NNCO0090-2746 group and 44 in the placebo group. The majority
of the TEAEs in the two treatment groups were mild (63%) or
moderate (32%) in severity and chiefly comprised “gastrointes-
tinal disorders” with nausea, vomiting, and diarrhea being the
most frequently reported terms (Table 3). The remaining 5%
were severe TEAEs and included hepatic enzyme increased,
insomnia, lipase increased, alanine aminotransferase increased,
and seasonal allergy (coded by MedDRA preferred terms). None
of the severe TEAEs in the NNC0090-2746 and placebo groups
were serious adverse events (SAEs) and all recovered.

Five patients (four from the NNC0090-2746 group; one from
the placebo group) discontinued prematurely from the trial due
to one SAE and eight AEs that were considered related to treat-
ment (coded by MedDRA preferred terms): abdominal disten-
sion, diarrhea, flatulence, nausea, alanine aminotransferase
increased, lipase increased, appetite decreased, and hepatic
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Figure 3. Effect of NNC0090-2746 on HbA,., Body Weight, and MTT Parameters
Time course of mean (+SEM) change from baseline in HbA+. (A) and body weight (B) as well as plasma glucose (C and D) and C-peptide (E and F) responses
during a meal tolerance test at baseline (Week 1) and Week 12. MTT, meal tolerance test. See also Figure S1.

enzyme increased (placebo patient). The SAE occurred on Trial
Day 64 when a patient from the NNC0090-2746 group experi-
enced an event of atrial fibrillation, which was moderate in inten-
sity and resolved 4 days after the onset (patient narrative can be
found in Table S1). The SAE was not considered to be related to
the trial product according to the investigator’s assessment. No
deaths were reported during this trial.

Therapeutic administration of GLP-1RAs is commonly associ-
ated with Gl adverse events, especially during treatment initia-
tion and dose escalation. NNC0090-2746 has previously been
shown to have a broadly equivalent in vitro affinity for both
glucose-dependent insulinotropic peptide receptor (GIPR) and
GLP-1R, and the unimolecular dual agonist molecule is expected
to bind to either the GIP or the GLP-1 receptor, not both simulta-
neously (Finan et al., 2013). Proportionally reduced binding to
the GLP-1 receptor would be expected to proportionally reduce
Gl adverse reactions associated with GLP-1RAs. In the
NNC0090-2746 group, 35.1% of patients reported at least one
Gl-related AE, which is a comparable proportion to that

observed previously in the LEAD-2 trial (44%), although that
was a 26-week trial (Nauck et al., 2009), and to the open-label lir-
aglutide 1.8 mg arm in the current trial (31.4%, Table S4). The
previously mentioned lack of dose escalation for NNC0090-
2746 could imply a more benign Gl profile of NNC0090-2746
compared to liraglutide as similar proportions of AEs were
observed for these two differently applied compounds; however,
this cannot be confirmed from the current trial. More work re-
mains to determine equivalent exposure for liraglutide and
NNCO0090-2746 before a direct comparison can be made. No
additional safety concerns with NNC0090-2746 relative to lira-
glutide were identified (Table 3; Table S4).

During the clinical laboratory evaluation, statistically signifi-
cant amylase increases for NNCO0090-2746-treated patients
compared to placebo were observed from baseline to W6
(ETR: 1.13 [1.01; 1.26]gs96 c1)- The values then decreased
although did not reach baseline. No amylase-related clinical
laboratory AEs (CLAEs) were reported, and none of the in-
creases were symptomatic. Mean lipase level was statistically
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Table 2. Summary of Change in HbA,., Body Weight, and Glycemic Control Parameters
NNCO0090-2746 versus placebo

Parameter NNCO0090-2746 Placebo ETD [95% CI] p value
HbA; . (%) n =36 n =236

Week 8 238 7.96 —0.63 [-0.93; —0.33] <0.0001

Week 12 7.02 7.99 —0.96 [—1.36; —0.56] <0.0001
Mean of 7-point SMPG (mg/dL) n=231 n =30

Week 8 145.4 1731 —27.7 [-44.7; —10.7] 0.0017

Week 12 136.0 167.7 —31.7 [-47.0; —16.5] <0.0001
FPG (mg/dL) n =36 n =236

Week 12 116.5 154.7 —38.2 [-57.0; —19.4] 0.0001
MTT glucose AUCq_gsp,, (Mg % h/dL) n =30 n=231

Week 12 419.9 601.2 —181.3 [-252.4; —110.2] <0.0001
MTT glucose Cap,, (Mg/dL) n =232 n=231

Week 12 139.2 213.7 —74.6 [100.2; —48.9] <0.0001
Body weight (%) n =36 n =36

Week 8 —2.40 —0.59 —1.80% [-3.24; —0.37] 0.0141

Week 12 —2.86 -1.19 —1.67% [-3.43; 0.09] 0.0621

NNCO0090-2746 versus placebo

Parameter NNCO0090-2746 Placebo ETR [95% CI] p value
MTT insulin AUCq_zn, (ng X h/mL) n =26 n =30

Week 12 94.58 132.20 0.70 [0.52; 0.95] 0.0238
MTT insulin Cyp,, (hg/mL) n=231 n=30

Week 12 35.06 48.18 0.73[0.47; 1.12] 0.1443
MTT C-peptide AUCq 3, (Ng X h/mL) n=28 n=230

Week 12 17.052 18.274 0.93 [0.80; 1.09] 0.3710
MTT C-peptide Cop,, (ng/mL) n=232 n=230

Week 12 6.197 6.851 0.90 [0.76; 1.07] 0.2425
Fasting insulin (ulU/mL) n =36 n =36

Week 12 14.41 11.88 1.21 [0.95; 1.55] 0.1212
Fasting C-peptide (ng/mL) n =36 n=236

Week 12 3.787 2.929 1.29 [1.13; 1.48] 0.0002

Estimated mean values for several metabolic parameters for the NNC0090-2746 and placebo groups as well as the estimated treatment difference
(ETD) or estimated treatment ratio (ETR) with 95% confidence interval (Cl) and p value for NNC0090-2746 versus placebo. AUC, area under the curve;
Conr, 2-hr postprandial concentration; FPG, fasting plasma glucose; HbA,., glycated hemoglobin; MTT, meal tolerance test; n, number of patients
included in the model; SMPG, self-measured plasma glucose. See also Figure S2 and Tables S2 and S3.

significantly higher in the NNC0090-2746 group compared to the
placebo group at all assessed time points during the trial, with
highest ETRs at W6 (1.68 [1.29; 2.18]gs59, c)) and W13 (1.63
[1.29; 2.07]g5% c1)- However, only two patients treated with
NNCO0090-2746 met the >3x upper limit of normal (ULN)
threshold at single time points during the trial (at W3 and at an un-
scheduled visit after W3) and were reported as CLAEs. There
were no clinical findings indicative of pancreatitis in association
with the increased lipase. A total of 15 other reported non-lipase
CLAEs were sporadically distributed between treatment groups.
No other clinically significant changes in laboratory assessments
of hematological or biochemical parameters were observed.
Anti-drug antibodies developed in 16 patients (43%) exposed
to NNC0090-2746 from W6 and onward. Five of these patients
had high titers of antibodies (i.e., >625). Two patients had
cross-reactivity against native GIP and/or GLP-1. The in vitro
neutralizing effect of the antibodies was not measured. The
development of antibodies against NNC0090-2746 is probably
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a consequence of the molecule’s exenatide-like sequence ho-
mology, which has been previously associated with an immuno-
genic response. A recent trial reported development of anti-drug
antibodies in 44.6% of patients receiving exenatide alone (Mili-
cevic et al., 2016), a comparable proportion to the NNC0090-
2746 group.

Heart rate was significantly increased from baseline to W12
with NNC0090-2746 compared to placebo (ETD: 5.6 beats/min-
ute [1.5; 9.7]959 ) Of patients reaching the >100 beats/minute
threshold, two were in the placebo group and 14 in the
NNC0090-2746 group during the whole trial. At W17, heart rate
appeared to return to pre-trial rates. In summary, more TEAEs
were reported, and more of those led to discontinuation in the
NNC0090-2746 group compared with placebo. No other clini-
cally relevant changes except increases in lipase and heart
rate were found for NNC0090-2746 compared with placebo.
Treatment with NNC0090-2746 was found to be safe and well
tolerated in the investigated trial population.
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Figure 4. Effect of NNC0090-2746 on Adipose Biomarkers and Lipid Parameters
Treatment ratios with 95% Cl for fasting lipids from baseline to W13 (A) and for adipose biomarkers from baseline to W12 (B) with NNC0090-2746 compared to
placebo. HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very-low-density lipoprotein. See also Figure S3.

Post Hoc Analyses

Differences in treatment effects on HbA;. and body weight be-
tween patients with baseline HbA; < 8.5% and > 8.5% were
examined in post hoc analyses. Baseline HbA,. affected body
weight outcome, shown by a significant difference in the effect
on body weight (NNC0090-2746 versus placebo) to W12 for pa-
tients with a baseline HbA; of <8.5% compared to those >8.5%
(interaction p value = 0.0409) (Table S2). These results showed
that patients with starting HbA. levels < 8.5% lost significantly
more weight (ETD: —3.38% [-5.76; —1.00]o59 ci) than those
with HbA;; > 8.5% (ETD: 0.27% [—2.29; 2.83]gs59 ci)- No signif-
icant difference in the effect on HbA;. (NNC0090-2746 versus
placebo) was found to W12 between the subgroups with a base-
line HbA;. of <8.5% compared to those >8.5% (interaction
p value = 0.0596), although the results suggested that the differ-
ence in baseline HbA. may have an effect on HbA;. outcome.
Notably, patients with a baseline HbA;; < 8.5% had an ETD of
—1.34% (—1.86; —0.81)g59, i compared to —0.60% (—1.16;
—0.05)g59 ¢ for those with a baseline HbA{. > 8.5% relative to
placebo (Table S2).

Evidence from rodent models and clinical trials suggests that
GIP has more effect when glucose concentration is approaching
target (Knop et al., 2007a; Xu et al., 2007). This is supported by
post hoc analyses in which the estimated treatment effect
of NNC0090-2746 on change in body weight (%) was signifi-
cantly different between baseline HbA; subgroups (interaction
p value = 0.0409). The effect of NNC0090-2746 on body weight
in the full trial population was exclusively driven by the effect in
the subgroup with baseline HbA+. < 8.5% as the estimated treat-
ment effect of NNC0090-2746 on change in body weight (%) was
essentially zero, and even slightly positive, in the subgroup with
baseline HbA. > 8.5%. A similar tendency was seen on change
in HbA4¢ (%), where the estimated treatment effect in the sub-
group with baseline HbA; < 8.5% was roughly twice as large
as in the subgroup with baseline HbA. > 8.5%. The difference
between subgroups was, however, not significant (interaction
p value = 0.0596) (Table S2), yet baseline HbA;; may have a
sizable effect on HbA,; outcome. A greater reduction in HbA;¢
with lower baseline HbA;; is contrary to what is commonly
seen with other glucose-lowering agents and supports the hy-

pothesis that the effects of GIP are more prominent as patients
are approaching improved glycemic control. It will be valuable
to determine the molecular basis for this restoration in GIP func-
tion at moderate hyperglycemia. Specifically, it is plausible that
such improvement is mechanistically linked with the recently re-
ported GIP-responsive islet transcription factor TCF1 (Campbell
et al., 2016).

Differences in the treatment effects on lipid parameters be-
tween patients treated with statins (n = 33) or without statins
(n = 34) were evaluated in a post hoc analysis. No significant dif-
ferences in the treatment effect of change in lipid parameters
were found from baseline to W13 between statin-treated and
non-statin-treated patients (data not shown).

Lastly, differences in the treatment effects on HbA,. and body
weight between patients who did and did not develop positive
NNCO0090-2746 antibodies during the trial were evaluated in
post hoc analyses. No significant difference in the effect on
change in HbA;; was found between NNC0090-2746 anti-
body-positive (ETD: —1.23% [—1.74; —0.72]gs9 ci) and -negative
patients (ETD: —0.75% [—1.22; —0.28]gs9 c1)- A statistically sig-
nificant difference in the treatment effect on body weight (kg)
was found from baseline to W8 with greater effect in the positive
antibody (interaction p value = 0.0143). No significant difference
in the treatment effect of change in body weight (kg) was found
from baseline to W12 or W13 (data not shown). No signs of
reduced effect were observed in patients who developed anti-
drug antibodies. A review of trials in which patients who received
exenatide reached a similar conclusion; while at the extreme up-
per range of anti-exenatide titers there was a trend toward a
smaller reduction in HbA,, subjects with exenatide anti-drug an-
tibodies showed a reduction in HbA,. consistent with those
without anti-drug antibodies (Fineman et al., 2012). Patients
with anti-NNC0090-2746 antibodies did lose significantly more
weight from baseline to W8, though not to W12, than those
without anti-NNC0090-2746 antibodies; however, the explana-
tion for this would need further investigation.

Limitations of this trial include a trial design where patients
randomized to liraglutide had 2 weeks to dose-escalate within
the 12-week treatment period, whereas patients receiving
NNCO0090-2746 started immediately on a dose of 1.8 mg. The
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Table 3. Adverse Events and Treatment-Emergent Adverse Events for Placebo and NNC0090-2746 Groups

Category Placebo (N = 36) NNCO0090-2746 (N = 37)

AEs n=15 41.7% E=44 n=24 64.9% E =91
TEAEs n=15 41.7% E=34 n=24 64.9% E=78
AEs leading to death n=0 0% E=0 n=0 0% E=0
AEs leading to discontinuation n=1 2.8% E=1 n=4 10.8% E=8
TEAEs leading to discontinuation n=1 2.8% E=1 n=4 10.8% E=8
AE related to trial drug n=8 22.2% E=11 n=15 40.5% E =42
TEAE related to trial drug n=7 19.4% E=9 n=15 40.5% E =40
SAE n=0 0% E=0 n=1 2.7% E=1
TEAEs Reported by >5% of Patients in Any Treatment Group by SOC

Gastrointestinal disorders n=6 16.7% =13 n=13 35.1% E =30
Muscoloskeletal and connective tissue n=1 2.8% =1 n==6 16.2% E=10
disorders

Investigations n=5 13.9% E=8 n=4 10.8% E=5
Infections and infestations n=4 11.1% E=4 n=4 10.8% E=5
Metabolism and nutrition disorders n=2 5.6% E=2 n==6 16.2% E=7
General disorders and administration site n=0 0.0% E=0 n=4 10.8% E=5
conditions

Nervous system disorders n=1 2.8% = n= 8.1% E=
Injury, poisoning, and procedural n= 0.0% = n=4 10.8% E=
complications

Respiratory, thoracic, and mediastinal n=0 0.0% E=0 n=3 8.1% E=3

disorders

Adverse events (AEs), treatment-emergent AEs (TEAEs), and serious AEs (SAEs) for patients on NNC0090-2746 and placebo in the safety population.
AEs are coded by MedDRA. E, the number of events in each category; N, total number of patients; n, number of patients in each category. See also

Tables S1 and S4.

dose titration of liraglutide has been refined through a decade of
clinical optimization to minimize adverse gut effects and achieve
a maximally efficacious therapeutic dose. Furthermore, liraglu-
tide was included as an open-label comparison, as its primary
purpose was to provide benchmark to historical clinical out-
comes. While direct comparisons of the blinded NNCO0090-
2746 treatment with the open-label liraglutide arm are tempting
to make, it needs to be done cautiously in recognition of the
inherent differences in trial design. However, the reductions in
HbA,. seen for NNC0090-2746 in this trial are consistent with
those previously reported in the literature for other GLP-1RAs
in combination with metformin and supported by the open-label
trial arm, where reductions in HbA4. were similar (Figure S1A;
Table S3) (Dungan et al.,, 2014; Nauck et al., 2009; Reusch
et al., 2014; Wysham et al., 2014). While the reductions in body
weight for NNC0090-2746 and liraglutide in this trial were similar,
the reduction with NNC0090-2746 was approximately 0.5%
greater from baseline to W12 (Figure S1B; Table S3; Table 2).
Refinement of dose and application of a dose escalation similar
to what is used with liraglutide could be of benefit in future trials
with NNC0090-2746. Based upon the post hoc observations and
the established difference in GIP responsiveness to baseline
HbA levels, initiating therapy at a point of improved glycemic
control or continuing the trial for a more extended period to allow
sufficient time for GIP agonism to make its full contribution might
be considered.

In summary, this proof of concept trial shows that the unimo-
lecular dual GIP/GLP-1 receptor agonist NNC0090-2746 im-
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proves glycemic control, reduces body weight, and lowers
circulating cholesterol. In addition, a post hoc analysis of weight
loss by baseline HbA. suggests a striking relationship between
glycemic control at baseline and ultimate efficacy of NNC0090-
2746—namely that maximum benefit is obtained by patients
with better glycemic control. This relationship confirms the cor-
relation suggested by retrospective analyses of trial populations
and animal models. Though more work is clearly needed, notably
a dose-finding trial, a refined escalation schedule, and longer
trial duration, these data suggest that integrated GIP agonism
may offer additional benefits on weight loss and total cholesterol
as patients approach normoglycemia.
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STARXMETHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Chemicals, Peptides, and Recombinant Proteins

Dual GIP/GLP-1 Receptor Agonist Roche; Finan et al., 2013 NNCO0090-2746

CONTACT FOR REAGENT AND RESOURCE SHARING

Further information and requests for resources and reagents should be directed to and will be fulfilled by the communicating author,
Contact, Richard DiMarchi (rdmh@novonordisk.com).

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Human Subjects

Trial Design

This was a multi-center, randomized, double-blind, parallel-group, placebo-controlled trial including 108 patients. It included a
screening period and a single-blind placebo lead-in period both of 2 weeks’ duration as well as a double-blind treatment period
and a follow-up period (Figure 1). The lead-in period was to ensure that all patients were able to perform subcutaneous (s.c.) injec-
tions. Patients were randomized to NNC0090-2746, placebo, or liraglutide 1.8 mg (Victoza) in a 1:1:1 manner and their baseline char-
acteristics can be found in Table 1. Randomization was stratified according to HbA+; (< 8.5% or > 8.5%) and body weight (< 85 kg
or > 85 kg) at screening. The open-label liraglutide 1.8 mg reference arm was included to explore the pharmacodynamic effects and
tolerability profile of NNC0090-2746 compared to that of once-daily liraglutide 1.8 mg. The trial was conducted at 19 investigational
sites in the US and approved by an institutional review board (IRB). The trial was conducted in full conformance with the ICH E6 guide-
line for Good Clinical Practice and the principles of the Declaration of Helsinki. The trial complied with the requirements of the ICH E2A
guideline (Clinical Safety Data Management: Definitions and Standards for Expedited Reporting).

Patient Eligibility

Eligible patients were between 18 and 70 years old (both inclusive) with HbA. levels of 7.2% to 10.5% (both inclusive) at screening
and had a diagnosis of T2D for at least 3 months before screening despite being on a stable dose of metformin monotherapy for at
least 8 weeks. Furthermore eligible patients had an FPG < 250 mg/dL, a fasting C-peptide > 1.5 ng/mL, and a BMI between 27 kg/m?
and 44 kg/m? (both inclusive) at the time of screening. Patients were ineligible if they used any oral antidiabetic medication other than
metformin, insulin, incretin, or glucagon analogs, or weight loss medication, or had a history of significant diabetic or acute metabolic
complications.

METHOD DETAILS

Trial Medication and Blinding

NNCO0090-2746 1.8 mg and matching placebo were administered by once-daily s.c. injection in the abdomen by the patients. All ef-
forts were to be made to administer the products at approximately the same time every morning (+6-h window). No dose escalation
was performed. Temporary down-titration to 1.5 mg was permitted in case of intolerable or unacceptable AEs. In case of down-titra-
tion, all efforts were to be made to resume the daily target dose of 1.8 mg as soon as judged appropriate by the investigator. Liraglu-
tide 1.8 mg was administered by once-daily s.c. injection in the abdomen by the patients according to the manufacturer’s
recommended dose-escalation scheme. Patients were to remain at their pre-trial metformin dose and schedule throughout the trial
including during the screening and follow-up periods. Adjustments of the metformin dosing regimen were not permitted during the
trial unless medically indicated. Patients, investigators, individuals in direct contact with the patients at the investigative site, and
sponsor and contract research organizations (CROs) were blinded to the trial product assignment of the NNC0090-2746 and placebo
treatment groups.

Trial Procedures

After completing the lead-in period patients were randomized to NNC0090-2746, liraglutide, or placebo by the use of an interactive
voice/web-based response system (IXRS). The primary endpoint was defined as change from baseline in HbA, after 8 weeks, inter-
preted as the Week 8 visit (W8) corresponding to Trial Day 50. Secondary endpoints included: change from baseline in HbA. after
12 weeks, interpreted as the Week 12 (W12) corresponding to Trial Day 78; change and percent change in body weight to W8 and
W12; change in FPG to W12; change in SMPG W8 and W12; and change in glucose, insulin, and C-peptide following ingestion of an

Cell Metabolism 26, 343-352.e1-e2, August 1, 2017 el

CellPress



mailto:rdmh@novonordisk.com

Cell’ress

MTT to W4 and W12. Change from baseline in fasting lipids and adipose biomarkers were exploratory secondary efficacy endpoints
and were measured at W13 and W12, respectively. The W13 visit, corresponding to Trial Day 85, was scheduled as a follow-up visit
with the same requirements as the previous visits, i.e., patients were fasting. A similar proportion of patients were still on treatment
when they attended the W13 visit as for the W12 visit. Body weight and HbA,. were measured at baseline (W1), W2, W3, W4, W6, W8,
W10, W12, and W13. Fasting glucose, insulin, and C-peptide were measured at baseline (W1), W2, W4, W6, W12, and W13. Fasting
lipids were measured at baseline (W1), W6, and W13. Biomarkers were measured at baseline (W1), W4, and W12. An MTT was per-
formed at W—1 (all three groups), W4 (only NNC0090-2746 and placebo), and W12 (only NNC0090-2746 and placebo), and a 7-point
SMPG profile was performed during W—1, W8, and W12. Throughout the trial patients were to maintain their existing diet and exer-
cise habits.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical Analysis

The planned sample size was determined to detect a treatment difference of 0.8% between NNC0090-2746 and placebo in change
from baseline in HbA+. with more than 80% power, a two-sided t test at a 5% significance level, and a standard deviation of 1.2%.
The required sample size was found to be 105 patients, 35 per treatment group. This sample size did not provide sufficient statistical
power for detecting or elucidating small or moderate clinical differences between NNC0090-2746 and liraglutide.

The primary analysis of the primary efficacy endpoint was based on a mixed model for repeated-measurements (MMRM) with
treatment, week of visit, and strata (HbA. < 8.5% and > 8.5% each intersected by body weight < 85 kg and > 85 kg) as fixed fac-
tors, baseline value as covariate, and the interactions of treatment, strata, and baseline with visit. An unstructured within-subject vari-
ance-covariance matrix was used. Most continuous secondary endpoints were analyzed with the same MMRM as the primary
endpoint. The model was applied to the intention to treat (ITT) analysis set unless otherwise stated. For insulin, C-peptide, lipids,
and adipose biomarkers the values were logarithmically transformed before analysis and back transformed to the original scale.

The ETD for NNC0090-2746 versus placebo and the corresponding two-sided p values for tests of the no-difference hypothesis
and 95% confidence intervals presented are based on the MMRM model. Denominator degrees of freedom were estimated using
Satterthwaite’s approximation. Estimated means and estimated mean changes from baseline are adjusted to the observed baseline
distribution of patients contributing to the model. These means are therefore representative of a typical patient among those contrib-
uting to the model across all three treatment groups.

Post hoc analyses included subgroup analyses of HbA,; and body weight by statin subgroups (any record of statin use during trial
period [yes/no]), by anti-drug antibody subgroups (development of anti-drug antibodies against NNC0090-2746 [positive/negative]),
and by HbA; subgroups (HbA strata [< 8.5%, > 8.5%]). Subgroup analyses were conducted using the same MMRM as for the pre-
specified continuous endpoints with the addition of the fixed effect for the interaction between given strata, treatment, and visit.
Estimated means are adjusted to the observed baseline distribution of patients contributing to the model in each subgroup and
are therefore representative for a typical patient across all three treatment arms within each subgroup.

ADDITIONAL RESOURCES

Clinical trial registry number NCT02205528: https://clinicaltrials.gov/ct2/show/NCT02205528.
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