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Objective: We report that the effect of combination therapy with SGLT2 inhibitors (SGLT2i) and gluca-
gon-like peptide-1 receptor agonists (GLP1Ra) on renal composite outcomes is not affected by the preceding
drug in patients with type 2 diabetes (T2D). In this study, we performed a post-hoc analysis of dulaglutide
and liraglutide users and investigated the differences between GLP1Ra.

Methods: We analyzed 266 patients treated with an SGLT2i followed by dulaglutide or liraglutide and 194
treated with dulaglutide or liraglutide followed by an SGLT2i. In addition, we analyzed dulaglutide users
(n = 246) and liraglutide users (n = 214). Renal composite outcome was defined as the progression of albumin-
uria and/or a = 30% eGFR decline.

Results: The incidence of renal composite outcomes in the SGLT2i-preceding and GLP1Ra (dulaglutide or
liraglutide)-preceding groups was not significantly different. It also did not differ between the dulaglutide
and liraglutide users. The incidence of = 30% eGFR decline was more frequent in liraglutide users, with an
odds ratio of 2.63 (95% confidence interval: 1.07-6.45, p = 0.04), with a significantly larger decrease in albu-
minuria in liraglutide users, with an odds ratio of 0.44 (95% confidence interval: 0.04-0.85, p = 0.03).
Conclusions: Dulaglutide and liraglutide may have different effects on albuminuria and the kidney function

in combination with SGLT2i.
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INTRODUCTION

The number of patients with type 2 diabetes (T2D)
is increasing worldwide. Globally, diabetic kidney
disease (DKD) is the leading cause of end-stage kidney
disease (ESKD) [1], and therapeutic strategies for DKD
have received much attention. Glucagon-like peptide-1
receptor agonists (GLPIRa) and sodium-glucose
co-transporter 2 inhibitors (SGLT2i) play import-
ant roles in the treatment of T2D because of their
cardiorenal protective properties. Depending on the
number of administrations, GLP1Ra can be divided
into once-daily and once-weekly forms. Dulaglutide
is a once-weekly GLP1Ra consisting of GLP1(7-37)
covalently linked to an Fc fragment of human IgG4
[2]. These modifications prolong the half-life of du-
laglutide by approximately five days [3]. Liraglutide
is a once-weekly GLP1Ra that is identical to GLP1(7-
37), except that the lysine at position 34 is substituted
by arginine and has a 16-carbon fatty acid chain with

a glutamic acid spacer, which is chemically attached
to the remaining lysine residue at position 26 of the
peptide precursor [4]. These modifications prolong the
plasma half-life of liraglutide to 13 h [4]. Therefore,
the structures and half-lives of these two drugs differ.

A series of studies have demonstrated that both
dulaglutide and liraglutide have beneficial effects on
cardiorenal outcomes in T2D patients with a high risk
of cardiovascular disease [5]. In REWIND, once-week-
ly dulaglutide reduced renal composite outcomes
compared to placebo among T2D patients who are at
a high risk for cardiovascular disease [6]. In LEADER,
once-daily liraglutide was shown to attenuate renal
composite outcomes relative to placebo [7]. However,
no studies have directly compared drugs to determine
whether or not different types of GLP1Ra have differ-
ent effects on renal outcomes in combination therapy
with SGLT?2i.

We previously reported that, in combination therapy
with GLP1Ra and SGLT2i, the preceding drug did not

Daiji KAWANAMI, Department of Endocrinology and Diabetes, Fukuoka University School of Medicine, 7-45-1 Nanakuma, Jonan, Fukuoka 814-0180,

Japan  Tel: +81-92-801-1011

Fax: +81-92-865-5163 E-mail: kawanami@fukuoka-u.ac.jp

_1_



Y. MUTA et al. / Combination Therapy of Dulaglutide or Liraglutide with SGLT2i

affect the renal composite outcome (RECAP study) [8].
However, whether or not the use of different types of
GLPIRa in combination therapy with SGLT2i affects
renal outcomes remains unclear.

In our previous study, GLP1Ra treatment with
dulaglutide or liraglutide accounted for the majority of
case, a few patients used exendin-based GLP1Ra, and
some patients changed the type of GLP1Ra during the
treatment. However, when we analyzed the changes in
clinical characteristics between patients who used du-
laglutide or liraglutide throughout the study and those
who used others with a general linear mixed model,
significant interactions were observed in the changes
in the body weight (BW) and body mass index (BMI),
which might have led to differences in renal outcomes
(data not shown).

Therefore, in the present post-hoc analysis, we ex-
tracted cases that were treated with dulaglutide or lira-
glutide and investigated whether or not the preceding
drug showed any influence on the renal composite out-
comes and metabolic profiles in combination therapy.
In addition, we analyzed whether the use of different
types of GLP1Ra affected renal outcomes.

MATERIALS AND METHODS

Study design

The design of the RECAP study has been reported
previously [8]. Briefly, T2D patients who received both
SGLT2i and GLPIRa from April 2010 to December
2021 and met the following criteria were eligible
for inclusion in this study: received their preceding
medication for = 6 months, received concomitant
medication for = 12 months, clinical data available
from baseline, time of drug addition, and final
observation (Supplementary fig. S1). The following
data were collected: sex, age, height, BW, systolic
blood pressure (SBP), diastolic blood pressure (DBP),
estimated glomerular filtration rate (eGFR), glycated

April 2010

hemoglobin A, . (HbA,), urinalysis results (urine
albumin-to-creatinine ratio (ACR) [mg/g Cr] or qual-
itative proteinuria), alanine aminotransferase (ALT)
levels, aspartate aminotransferase (AST) levels, platelet
counts, and concomitant medications (hypoglycemic
drugs, antihypertensive drugs, and statins). eGFR was
determined as follows: eGFR (mL/min/1.73 m?) = 194
X age "7 X serum creatinine % X (0.739 for wom-
en) [9]. Qualitative proteinuria values were converted
to albuminuria values using the following formula:
predicted ACR = exp (5.2659 + 0.2934 X log (min
(PCR [protein-to-creatinine ratio]/50, 1)) + 1.5643 X
log (max (min(PCR/500, 1), 0.1)) + 1.1109 X log (max
(PCR/500, 1)) -0.0773 X (if female) + 0.0797 X (if di-
abetic) + 0.1265 X (if hypertensive))) [10]. Patients with
any of the following conditions were excluded from
the study: type 1 diabetes, chronic dialysis, severe liver
dysfunction (e.g., liver cirrhosis or severe infection),
terminal-stage malignancy, pregnancy, or treatment
discontinuation. Patients who opted out during the
study period were also excluded.

Based on the inclusion criteria, we extracted data
from 643 patients treated with SGLT2i and GLP1Ra.
In this post-hoc analysis, data of 17 patients who used
exendin-based GLP1Ra and 166 patients who changed
the types of GLP1Ra during the treatment were exclud-
ed; data from 460 patients (246 with dulaglutide and
214 with liraglutide) were thus analyzed in this post-
hoc study. Of these 460 patients, 266 had previously
been treated with SGLT2is and were later treated with
dulaglutide or liraglutide (SGLT2i-preceding group),
and 194 patients had previously been treated with
dulaglutide or liraglutide and were later treated with
an SGLT2i (GLPIRa-preceding group) (Supplementary
fig. S2).

The present study was approved by the Institutional
Review Board for Clinical Research of Tokai
University, Japan on December 6, 2021.

December 2021
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Supplementary Fig. S1 Schematic of the design of the RECAP study

Patients with T2D treated with both SGLT2i and GLP1Ra between April 2010 and December 2021. Patients who had
been on monotherapy for at least 6 months and combination therapy for at least 12 months were enrolled in the study.
Abbreviations: GLPIRa, glucagon-like peptide 1 receptor agonist; PS, propensity score; SGLTZ2i, sodium-glucose co-trans-

porter inhibitor.
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dulaglutide liraglutide
n=246 n=214

| I
’ PS-matching ‘

¥ ¥

Dulaglutide Liraglutide
n=118 n=118

A total of 688 patients were registered, and 45 were excluded. The data of 643 patients (SGLT2i-preceding group, n =
312; GLP1Ra (dulaglutide or liraglutide)-preceding group, n = 331) were analyzed as the full analysis set (FAS). The mul-
tiple imputation method was applied to FAS data. In this post-hoc analysis, data of 17 patients who used exendin-based
GLPIRa and 166 patients who changed the type of GLP1Ra during the treatment were excluded. Of the 623 remaining
patients, 460 who used liraglutide or dulaglutide were extracted. The differences in the type of preceding drug and the
different types of GLP1Ras, liraglutide, and dulaglutide were analyzed using the propensity score (PS) inverse probability

weighting method and PS matching method.

Abbreviations: GLPIRa, glucagon-like peptide 1 receptor agonist; PS, propensity score; SGLT2i, sodium-glucose co-trans-

porter inhibitor.

Outcomes

The renal composite outcome was defined as the
progression of albuminuria and/or a = 30% eGFR
decline. We also evaluated the changes in eGFR and
logarithmic value of ACR (LnACR).

Statistical analyses

IBM SPSS Statistics (version 28.0; IBM Inc.,
Armonk, NY, USA) was used for statistical analyses.
Statistical significance was set at P < 0.05.

Missing value analysis

To account for missing data, we used the multiple
imputation (MI) method. We replaced each missing
value with a set of substituted plausible values by cre-
ating 100 complete filled-in datasets using MI with the
chained-equations method.

Propensity score analysis using inverse probability
weighting

Propensity score (PS) analysis was used to minimize
the influence of confounding factors. In the com-
parison between the GLPIRa (dulaglutide or liraglu-
tide)-preceding group and SGLT2i-preceding group,
in each dataset built using MI, the PS for the SGLT2i-
preceding group was calculated by logistic analysis, us-
ing the following covariates: age, sex, height, BW, BMI,

SBP, DBP, HbA,, eGFR, LnACR at baseline, history
of T2D, use of concomitant medications at baseline,
duration of treatment with the preceding drug, and
combination therapy. The inverse probability weighting
(IPW) method using PS was used to analyze the out-
comes. We selected the model using the stabilized av-
erage treatment effect (ATE) weighting with trimming
(patients with PS < 0.05 or PS > 0.95, were excluded
from further analyses) because this model showed
the lowest standardized differences in covariates.
Comparisons of renal outcomes or clinical characteris-
tics after combination therapy were performed using a
generalized linear model (GLM).

In the comparison between the liraglutide and du-
laglutide groups, the PS for the liraglutide group was
calculated using the same covariates described above,
adding the type of preceding drug, and the PS-IPW
model was analyzed with the same algorithm.

Sensitivity analysis

PS matching for the sensitivity analysis was per-
formed with the following algorithm: 1:1 nearest-neigh-
bor match and no replacement with a caliper value of
0.047 for the analysis of the type of preceding drug,
and 0.043 for the analysis of the type of GLPIRa,
which were calculated as 0.2 X the value of the stan-
dard difference in PS.
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RESULTS

Analyses of differences in the type of preceding
drug

The baseline data are presented in Table 1. In the
unadjusted model in the left column, the GLPIRa
(dulaglutide or liraglutide)-preceding and SGLT2i-
preceding groups showed significant differences in
HbA,_ level (73.6 +17.3 mmol/mol [8.9 +1.6%] vs.
70.0 +17.6 mmol/mol [8.6 + 1.6%]), period of combi-
nation therapy (months) (36.5£16.9 vs. 26.8 £12.1,
p <0.001), total study period (months) (63.6 + 25.1 vs.
51.3 £15.2, p <0.001), and use of metformin (48% vs.

61%, p = 0.006) at baseline. In the PS-IPW model, the
range of standardized differences in covariates was
0.001-0.09. Therefore, the groups were considered
well balanced. The middle column of Table 2 presents
the results of the PS-IPW analysis based on GLM.
During the observation period, the incidence of renal
composite outcomes was 28% in the SGLT2i-preceding
group and 25% in the GLPIRa (dulaglutide or lira-
glutide)-preceding group, with an odds ratio (OR) of
1.13 (95% confidence interval [CI]: 0.68-1.88, p = 0.63).
The decrease in BW was 1.4 kg larger in the GLP1Ra
(dulaglutide or liraglutide)-preceding group, which
amounted to a statistically significant difference (95%

Table 1 Clinical baseline characteristics on the analysis for the type of preceding drug

PS-IPW model

Unadjusted (by stabilized ATE with trimming) PS-matching model
GLPIRa GLPIRa GLPIRa
(dulaglutide or ~ SGLT2i- (dulaglutide or ~ SGLT2i- (dulaglutide or ~ SGLT2i-
liraglutide)- preceding «  liraglutide) - preceding  Standardized liraglutide) - preceding  Standardized
. p-value . . . .
preceding group, preceding group, difference preceding group, difference

group, n=266 group, n=260" group, n=135

n=194 n=194" n=135
Age (year-old) 56.4+13.7 57.0+12.5 0.63 57.0£14.0 57.1x12.4 0.008 57.7+14.2 57.3+12.8 0.03
Sex (female [%]) 86 (44%) 107 (40%) 0.38 86 (44%) 114 (44%) 0.01 59 (44%) 58 (43%) 0.01
A history of T2D o o X o o 0.01 o 0 0.18
>10 years (%) 163 (84%) 200 (75%) 0.07 152 (78%) 205 (79%) . 111 (82%) 101 (75%) .
BW (kg) 78.9+17.6 79.0+18.5 0.96 77.9£17.5 78.2+18.0 0.02 78.6+18.0 79.0+18.1 0.02
BMI 29.545.1 29.245.5 0.55 29.145.0 29.245.4 0.02 29.3+4.9 29.3+5.4 0.0
SBP (mmHg) 132.549.5  135.3+19.0 0.11 132.6+18.8  134.2+18.6 0.09 134.0+19.6  134.1+17.9 0.005
DBP (mmHg) 76.8+12.6 78.4+13.7 0.19 76.6£12.2 77.5+13.1 0.07 77.2+12.6 77.8 £13.2 0.05
MAP (mmHg) 95.3+13.4 97.4+13.6 0.11 95.3+12.7 96.4+13.1 0.09 96.1+13.3 96.6+13.0 0.04
HbA,c(mmol/mol  736+17.3  70.0+17.6 72.6+17.1 72.3+19.6 0.02 73.1£16.9 72.2+19.3 0.05

o 0.03 : .

[%]) (8.9+1.6) (8.6+1.6) (8.8£1.6) (8.8+1.8) (8.8+1.5) (8.8+1.8)
CGFR 6.0426.4 261 049 8+25.8 £26.4 0.004 49254 6+28.2 0.10
(mL/min/1.73 m?)  76.026. 77.7+26. . 77.8+25. 77.7+£26. X 74.9425. 77.6£28. .
ACR (mg/gCr) 399[11.2,  31.1[10.9, 045 33.8[11.8,  37.2[12.7, 347[11.1,  33.7[12.1,

178.71 121.21 172.61 169.01 194.71 132.11
LnACR 3.91+1.96 3.78+2.00 0.49 3.81+1.88 3.85+1.92 0.02 3.86+2.00 3.79+1.90 0.04
Duration of the
preceding 27.13209  24.6+13.4 0.12 245+18.6  24.5+13.4 0.001 24.7+184  24.6+14.0 0.006
treatment (month)
Duration of the
combination 36.5£16.9  26.8+12.1 <0.001 30.9+15.7 29.9+13.4 0.07 30.4+14.1 31.6+12.9 0.09
treatment (month)
Total duration of 0.05 0.06
the study (month) ~ 63-6£25.1 51.3+152  <0.001 55.4+23.2 54.4+15.6 X 55.1£21.0 56.2+14.9 X
Concomitant
medications
Sulphonylurea 47 (24%) 77 (29%) 0.26 55 (28%) 72 (28%) 0.01 33 (24%) 40 (30%) 0.12
Metformin 93 (48%) 162 (61%) 0.006 108 (56%) 148 (57%) 0.03 72 (53%) 75 (56%) 0.04
Insulin 95 (49%) 112 (42%) 0.14 82 (42%) 116 (45%) 0.05 64 (47%) 61 (45%) 0.04
Pioglitazone 18 (9%) 40 (15%) 0.07 24 (12%) 34 (13%) 0.02 16 (12%) 18 (13%) 0.04
oGl 26 (13%) 43 (16%) 0.41 27 (14%) 40 (15%) 0.04 20 (15%) 18 (14%) 0.04
Glinide 11 (6%) 12 (5%) 0.57 9 (5%) 12 (5%) 0.001 9 (7%) 6 (4%) 0.10
RAS inhibitor 95 (49%) 135 (51%) 0.71 95 (49%) 133 (51%) 0.04 63 (47%) 67 (50%) 0.06
CCB 85 (44%) 97 (37%) 0.11 77 (40%) 106 (41%) 0.02 55 (41%) 57 (42%) 0.03
Bblocker 26 (13%) 45 (17%) 0.30 28 (14%) 39 (15%) 0.02 19 (14%) 16 (12%) 0.07
MRB 7 (4%) 9 (3%) 0.90 6 (3%) 9 (3%) 0.02 6 (4%) 4 (3%) 0.08
Thiazide 16 (8%) 15 (6%) 0.27 11 (6%) 16 (6%) 0.02 12 (9%) 11 (8%) 0.03
Loop 11 (6%) 11 (4%) 0.45 8 (4%) 11 (4%) 0.005 7 (5%) 6 (4%) 0.03
Statin 95 (49%) 140 (53%) 0.44 95 (49%) 134 (52%) 0.05 68 (50%) 72 (53%) 0.06

Values are mean + SD, n/total n (%), or median [lower quantile, upper quantile].

“P-values by unpaired t-test or chi-square test.
"Calculated number of subjects after weighting

Abbreviations: aGlI, alpha-glucosidase inhibitor; ATE, average treatment effect; BMI, body mass index; BW, body weight; DBP, diastolic blood pressure; CCB,

calcium channel blocker; eGFR, estimated glomerular filtration; GLP1Ra, glucagon-like peptide 1 receptor agonists; HbA

glycated hemoglobin A,; IPW,

lc>

inverse provability weighting; LnACR, logarithmic value of urine albumin-to-creatinine ratio, MAP, mean arterial pressure; MRB, mineral corticoid receptor
blocker; PS, propensity score; RAS, renin-angiotensin system; SBP, systolic blood pressure; SGLT2i, sodium-glucose co-transporter inhibitor; T2D, type 2

diabetes.
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CL: 0.2-2.5, p = 0.03).

The results of the PS-matched model used for
sensitivity analysis are shown in the right columns of
Tables 1 and 2. The baseline data for the PS-matched
model, which included 135 patients in each group, are
presented in the right column of Table 1. As shown in
the right column of Table 2, no significant differences
were observed in renal composite outcomes between
the two groups.

Analyses of the differences between dulaglutide
and liraglutide

The baseline data are presented in Table 3. In the
unadjusted model in the left column, the dulaglutide
and liraglutide groups showed significant differences
in the period of preceding therapy, combination ther-
apy, total study period, type of preceding drug, and
use of sulfonylurea, metformin, and insulin (p = 0.002,
<0.001, <0.001, <0.001, 0.003, 0.01, and <0.001,
respectively). In the PS-IPW model (middle column),
the range of standardized differences in the covariates
was 0.01-0.09, indicating a well-balanced model. The

middle column of Table 4 presents the results of the
PS-IPW analysis based on GLM. During the observa-
tion period, the incidence of renal composite outcomes
was 28% in the liraglutide group and 25% in the dula-
glutide group, with an OR of 1.16 (95% CI: 0.61-2.23,
p = 0.65). The incidence of a = 30% decrease in eGFR
was more frequent in the liraglutide group (14%) than
in the dulaglutide group (6%), with an OR of 2.63 (95%
CIL: 1.07-6.45, p = 0.04), while a significantly larger
decrease in LnACR (OR 0.44 (95% CI: 0.04-0.85, p =
0.03) was observed in the liraglutide group than in the
dulaglutide group.

The results of the PS-matched model used for
the sensitivity analysis are shown in Tables 3 and
4. Baseline data for the PS-matched model, which
included 118 patients in each group, are presented
in the right-hand column of Table 1. The levels of
standardized difference in some covariates (period of
preceding therapy, combination therapy, and the use
of metformin, calcium channel blocker, and mineral
corticoid receptor blocker) were over 0.14, which might
indicate that the confounding by these covariates could

Table 2 Renal outcomes and clinical characteristics after combination treatment on the analysis for the type of preced-

ing drug

PS-IPW model

Unadjusted (by stabilized ATE with trimming) PS-matching model
GLPIRa = o) i GLPIRa o) 1o GLPIRa SGLT2i-
(dulaglutide or . (dulaglutide or . (dulaglutide or .
liraglutide) - P48 atue  liraglutide).  Precding GLM* liraglutide) - PeCUnE e
preceding group, group, preceding group, group,f preceding group, group,
n=194 n=266 n=1941 n=260 n=135 n=13s
Renal outcomes and function
1:::::“” ofrenal composite 5\ heor)  65(24%) 047 49(25%)  72(28%) L.13[0.68,1.88],p=0.63  36(27%)  42(31%) 041
Progression of ACR status 33 (17%) 48 (18%)  0.68 33(17%) 53 (20%) 125[0.70,2.27], p=045  22(16%) 32(24%) 0.15
:;‘;i:;t’;:suﬂa 20(10%)  31(12%)  0.68 2(11%)  31(12%) 1.03[0.50,2.13],p=093  17(13%) 13(10%) 0.56
Progression to 12 (6%) 18(7%) 075 11 (6%) 22(8%) 1.63[0.67,3.95],p=028 7 (5%) 12 (9%) 030
macroalbuminuria
>30% decrease in the eGFR 26 (13%) 21 (8%)  0.06 2(11%)  23(9%) 0.78[0.39,1.59], p=0.50  17(13%) 13(10%) 0.56
b) Changes in eGFR
Change rate in the eGFR (%) -10.8420.5  -6.6£213 003  -104%193  -7.5:223 29[-13,72],p=0.18  -9.5:204  -6.5¢23.6 028
Annual changes in the eGFR o 57 745 054 20441 17440 0.5[-04, 1.4], p=025 2.0£4.0 1441 0.22
(mL/min/1.73 m’/year)
¢) Changes in LnACR 0.05£1.56  0.07=1.61 041 20.10£1.51  0.16£1.60 0.26[-0.05,0.57],p=0.10 -0.11+139  021=1.59  0.10
Clinical characteristics after
combination treatment
¢GFR (mL/min/1.73 m") 67.14255 7124252 0.08 69.3£25.1  70.6£259 13 [-4.0,6.6], p=62 6724253 7144285 020
LnACR 3865184 3.85¢1.93  0.98 3714179 4012200 031[-0.07,0.70], p=0.11  3.75£78 3994192 027
BW (kg) 7404165 755180  0.35 7314166 747+177  1.6[-1.8,50],p=036 739175 7514169  0.56
SBP (mmHg) 12844162 12894157  0.75 12734171 129.5416.1 22[-14,58],p=024  1284+168 12994173 045
DBP (mmHg) 7345117 749431 021 7274124 746+13.0  1.8[0.9,45],p=0.18 734119  745+141 052
MAP (mmHg) 91.7+117  92.9+122 031 90.94125 9294120 2.0 [-0.7, 4.6], p=0.15 91.842.1 93.0£132 0.4
62.6£148  62.6+16.6 6154140  634+7.1 19[-13,51](02[0.1,  609+142  64.1+18.6
HbA,  (mmol/mol [%]) dos14)y  (os1s) O (78£13)  (7.8£1.6) 0.5]), p=0.25 (7.7£1.3) oc17) 008
Change in the clinical findings
Change in BW (kg) 49459 35467 0.02 4.8+5.4 34468 1.4[02,2.5], p=0.03 47453 3.947.1 024
Change in SBP (mmHg) 414207 -65+12 023 53205 -47+219  0.5[-3.9, 5.0], p=0.81 561218 424212 058
Change in DBP (mmHg) 334131 354138 091 394132 3.0<138  09[-19,37,p=052  -37¢13.1  -33£138 076
Change in MAP (mmHg) 3.6£143 455145 051 43143 356147 0.8[-2.3,3.9], p=0.61 43:146  -3.6£148 065
Change in HbA . (mmol/mol  -11.0+20.9 -7.5421.2 0.08 -11.1+20.7 -9.0+£21.6 2.21[-2.2,6.5] -12.2421.2 -8.1423.3 o1l
[%)) (1.0£1.9)  (0.741.9) (1.0£19)  (-0.842.0) (0.2[-0.2,0.6]),p=0.33  (-L1=1.9)  (-0.7+2.1)

Values are mean + SD, n/total n (%), or the difference [95% CI], and P-value.
“P-values by chi-square test or unpaired t-test
"Calculated number of subjects after weighting

*Data present as OR for SGLT2i-preceding group compared to GLP-1Ra preceding group, the difference [95% CI] and P-value analyzed by GLM.

“P-values by McNemar test, or paired t-test

Abbreviations: ATE, average treatment effect; BW, body weight; DBP, diastolic blood pressure; CI, confidence interval; eGFR, estimated glomerular filtra-
tion; GLM, generalized linear model; GLPIRa, glucagon-like peptide 1 receptor agonists; HbA |, glycated hemoglobin A, ; IPW, inverse provability weighting;
LnACR, logarithmic value of urine albumin-to-creatinine ratio; MAP, mean arterial pressure; OR, odds ratio; PS, propensity score; SBP, systolic blood

pressure; SGLT2i, sodium-glucose co-transporter inhibitor.
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Table 3 Clinical baseline characteristics on the analysis of comparison between liraghutide and dulaglutide

PS-IPW model

Unadjusted (by stabilized ATE with trimming) PS-matched model
Dulaglutide, Liraglutide, +  Dulaglutide, Liraglutide, Standardized Dulaglutide, Liraglutide, Standardized
n=246 n=214 p-value n=240" n=207"* difference n=118 n=118 difference
Age (years) 59.0+13.2 56.7+12.6 0.06 57.7+13.7 57.9+12.3 0.02 58.4+12.8 57.6+12.6 0.06
Sex (female [%]) 112 (46%) 81 (38%) 0.10* 96 (40%) 92 (44%) 0.09 48 (41%) 47 (40%) 0.02
A history of DM
>10 years (%) 192 (78%) 171 (80%) 0.39* 188 (78%) 164 (80%) 0.02 91 (77%) 88 (75%) 0.06
BW (kg) 76.9+18.5 79.8+17.6 0.08 78.0+18.5 78.9+17.8 0.05 78.7+18.3 78.1+17.0 0.03
BMI 28.9+5.7 29.245.0 0.52 28.9+5.3 29.3+5.2 0.08 29.245.8 28.8+4.7 0.07
SBP (mmHg) 132.3£20.0  130.8+17.5 0.37 131.7+18.1 132.3+17.3 0.03 132.0420.1  131.9+17.0 0.01
DBP (mmHg) 76.2+13.4 76.842.5 0.67 77.1+12.8 77.7+12.9 0.05 77.2+13.5 76.5+12.1 0.06
MAP (mmHg) 94.9+13.5 94.8+12.8 0.88 95.3+12.7 95.9+13.1 0.05 95.4+14.0 95.0+12.3 0.03
HbA,c (mmol/mol  702+14.9  71.8+18.8 030 714x162 7254211 0.06 73.1x16.8  72.7+18.0 0.02
[%]) (8.6+1.4) (8.6%1.7) : (8.7+1.5) (8.8+1.9) (8.8+1.5) (8.8+1.6)
eGFR
(mL/min/1.73 m?) ~ 73-2426.4  75.1425.9 0.44 75.04282  75.2+430.9 0.01 7524262 76.4+26.7 0.05
393[13.6,  30.5[9.9, 322[13.2,  41.0[13., 34.8[13.8,  30.1[118,
ACR (mg/gCn) 15 { 61 184[.51 140.1] 245.5] 10£.01 167[.81
LnACR 3.79+2.03 3.85+1.97 0.75 3.77+1.87 3.94+2.19 0.09 3.74+1.93 3.81+2.04 0.04
AST (IU/L) 28.3+18.1 27.9+15.9 0.80 28.8+17.7 28.6+18.2 0.01 29.4+18.5 28.6+16.9 0.05
ALT (IU/L) 33.8425.2 36.0+28.2 0.38 36.2428.7 35.1426.6 0.04 36.3+28.6 36.0+26.1 0.01
FIB-4 index 1.36+0.85 1.30+0.78 0.41 1.35+0.89 1.41£1.00 0.06 1.41+0.90 1.34+0.85 0.09
Duration of the
preceding 23.4+142  282+194  0.002 25.1#214  26.7%17.1 0.08 214154 24.3%16.2 0.18
treatment (months)
Duration of the
combination 28.3+12.8 33.9+17.0  <0.001 29.9+13.7 29.0+16.2 0.06 30.8+13.4 27.9+13.9 0.21
treatment (months)
Total duration of
the study (months) 517¥162 621241 <0.001 55.0421.8  55.8421.6 0.04 5224174 52.1+18.1 0.01
f’srf}cffirlznl% drug 180(73%) 86 (40%)  <0.001 137 (57%) 122 (59%) 0.04 72 (61%) 74 (63%) 0.04
Concomitant
medications
Sulphonylurea 74 (30%) 39 (18%) 0.003* 58 (24%) 43 (21%) 0.08 21 (18%) 22 (19%) 0.02
Metformin 154 (63%) 109 (51%) 0.01* 128 (53%) 117 (57%) 0.06 71 (60%) 59 (50%) 0.21
Insulin 74 (30%) 131 (61%)  <0.001* 109 (46%) 96 (46%) 0.02 65 (55%) 66 (56%) 0.02
Pioglitazone 32 (13%) 22 (10%) 037" 26 (11%) 27 (13%) 0.07 13 (11%) 12 (10%) 0.03
oGl 37 (15%) 32 (15%) 0.98* 34 (14%) 32 (16%) 0.04 17 (14%) 20 (17%) 0.07
Glinide 12 (5%) 14 (7%) 0.44* 15 (6%) 12 (6%) 0.02 7 (6%) 8 (7%) 0.04
RAS inhibitor 131(53%) 100 (47%) 0.16* 123 (52%) 109 (53%) 0.03 61 (52%) 56 (48%) 0.09
CCB 109 (44%) 81 (38%) 0.16% 95 (40%) 91 (44%) 0.09 51 (43%) 43 (36%) 0.14
B blocker 38 (15%) 35 (18%) 0.79* 44 (19%) 37 (18%) 0.01 21 (18%) 20 (17%) 0.02
MRB 9 (4%) 15 (7%) 0.11* 15 (6%) 12 (6%) 0.02 6 (5%) 10 (9%) 0.14
Thiazide 16 (7%) 15 (7%) 0.83* 21 (9%) 15 (7%) 0.06 8 (71%) 9 (8%) 0.03
Loop 9 (4%) 16 (7%) 0.07* 18 (8%) 18 (9%) 0.04 8 (71%) 10 (9%) 0.06
Statin 136 (55%) 113 (53%) 0.59* 141 (59%) 115 (56%) 0.06 64 (54%) 69 (59%) 0.09

Values are mean + SD, n/total n (%), or median [lower quantile, upper quantile].

“P-values by unpaired t-test or chi-square test.
"Calculated number of subjects after weighting

Abbreviations: aGI, alpha-glucosidase inhibitor; ATE, average treatment effect; BMI, body mass index; BW, body weight; DBP, diastolic blood pressure; CCB,

calcium channel blocker; eGFR, estimated glomerular filtration; GLP1, glucagon-like peptide 1; HbA

glycated hemoglobin A, ; IPW, inverse provability

1c?

weighting; LnACR, logarithmic value of urine albumin-to-creatinine ratio; MAP, mean arterial pressure; MRB, mineral corticoid receptor blocker; PS, pro-

pensity score; RAS, renin-angiotensin system; SBP, systolic blood pressure; SGLT?2i, sodium-glucose co-transporter inhibitor; T2D, type 2 diabetes.

not be diminished. As shown in the right column of
Table 4, no significant differences were observed in
the renal composite outcomes between the two groups;
however, a larger decrease in LnACR was observed in
the liraglutide group than in the dulaglutide group (p
= (0.03), which was consistent with the results of the PS-
IPW model.

DISCUSSION

In this post-hoc analysis, we investigated whether
dulaglutide or liraglutide affects renal outcomes as a
preceding drug in combination with SGLTZ2i. In both

PS-IPW and PS matching, renal outcomes did not
differ significantly between the GLP1Ra (dulaglutide
or liraglutide)-preceding group and SGLTZ2i-preceding
group. Importantly, we demonstrated for the first time
that the incidence of a = 30% eGFR decline was more
frequent in the liraglutide group than in the dulaglu-
tide group, with an OR of 2.63 (95% CI: 1.07-6.45, p
= 0.04), while a significantly larger decrease in LnACR
(OR: 0.44, 95% CI: 0.04-0.85, p = 0.03) was observed
in the liraglutide group than in the dulaglutide group.
Both SGLT2i and GLP1Ra have been shown to exert
renoprotective effects through different mechanisms.
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Table 4 Renal outcomes and clinical characteristics after combination treatment on the analysis of comparison between

liraglutide and dulaglutide

PS-IPW model

Unadjusted (by stabilized ATE with trimming) PS-matched model
Dulaglutide, Liraglutide, + Dulaglutide, Liraglutide, " Dulaglutide, Liraglutide, -
n=246 n21a  PVANCT a0t ne207' GLM n=118 n=118 p-value
Renal outcomes and function
21::;::““ ofrenal composite 65 hgor) 59 (24%) 043 61(25%) 58(28%)  116[0.61,2.23],p=0.65  26(22%) 31 (26%) 0.51
Progression of ACR status 46 (19%)  35(16%) 049  49(20%) 35(17%) 0.78[0.37, 1.65],p=0.52 21 (18%) 20 (17%) 0.73
Progression to o o o 0 — 0 9
e L 30(12%)  21(10%) 051 31(13%)  21(10%)  0.73[031,177,p=049  12(17%)  15(13%) 0.57
Progression to o o o o - o o
e L 1T(T%) 13(6%) 070 18(8%)  14(7%)  0.45[0.30,2.85), p=0.89 9 (8%) 6 (5%) 0.47
>30% decrease in the eGFR 17 (7%) 30 (14%)  0.01 14(6%) 29 (14%)  2.63[1.07, 6.45], p=0.04 7 (6%) 13 (11%) 0.11
b) Changes in the eGFR
Change rate in the eGFR (%) ~ -7.2420.1  -9.7422.2 020  -83+19.7 -10.14243  -1.7[-7.9,4.4],p=0.59  -8.7+187  -8.8422.0 0.96
Annual changes in the eGFR 5 3¢ 1 gug 084 _18836 22048  -04[15078],p=0.54 20439 21247 0.81
(mL/min/1.73 m/year)
¢) Changes in the LnACR 0.17£1.65 -0.16£1.57 003  021£1.78 -0.24+1.77 -0.44 [-0.85,-0.04], p=0.03  0.18£1.60  -0.28+1.55 0.03
Clinical characteristics after
combination treatment
eGFR (mL/min/1.73 m")  68.8425.1 70.1425.7 0.60  70.2425.8 70.14289  -0.1[-7.5,7.4],p=0.99  70.5424.8  71.2424.9 0.84
LnACR 3744188 3.96£1.92 022 3924197 3.85:98 -0.07[-0.54,4.21],p=0.78  3.83+1.85  3.72+1.85 0.68
BW (kg) 757418.1 7414165 032 17.0£184 75.6+17.6  0.6{-3.8,5.0},p=0.79  753£I18.0  74.9+16.4 0.86
SBP (mmHg) 12764159 129.6+159  0.19  130.5:16.7 128.8470.6  -1.7[-6.1,2.7],p=045  130.0£162 127.6£16.6 0.27
DBP (mmHg) 7444131 7414120 078  742+13.6 744+143  0.2[-3.6,3.9], p=0.93 744423 743+12.6 0.96
MAP (mmHg) 0224121 92.6411.8 070  93.0£129 92.5+14.1  -0.5[-4.1,3.2],p=0.81 92.9412.0  92.142.5 0.59
. 63.8414.8 61.4£16.9 61.8£142 62.9+182  1.1[-2.6,4.7], p=0.57 62.4+153 6294174
FIbA, (mmolmol [%]) ©0e1d)  (18ele) O (8413) (79417 (0.1[-0.2,0.4]) (7.91.4)  (7.9£1.6) 084
Changes in the clinical findings
Change in BW (kg) 36564  47+64 005  3.6£66  -43+62  -0.6[-2.0,0.8], p=0.38 38466  -4.246.1 0.67
Change in SBP (mmHg)  -5.4422.2 -5.5£19.8 099  -33421.9 -6.5422.8  -3.2[-8.7,2.4],p=026  -3.94233  -8.0+19.2 0.14
Change in DBP (mmHg)  -3.0£13.6 -4.0£135 043  35£13.9 -55¢160 -2.0[-6.0,2.0],p=032  -3.0+13.1  -4.6+13.7 0.32
Change in MAP (mmHg)  -3.84£14.5 -4.5t143 0.6  -3.4%14.6 -58+17.1 -24[-65,1.8],p=026  -33+147  -57+142 0.17
Change in HbA 95:188 838236 o 1024179 -103£265 -0.1[-6.0, 58] (0.01[-05, -116£195 -10.624.3 07
(mmol/mol [%]) (-0.9£1.7)  (-0.8+2.2) : (-0.9£1.6) (-0.9+2.4) 0.5]), p=0.98 (L1£1.8)  (-1.0£2.2) :

Values are mean + SD, n/total n (%), or the difference [95% CI], and P-value.

“P-values by chi-square test or unpaired t-test
"Calculated number of subjects after weighting

“Data present as OR for liraglutide group compared to dulaglutide group, the difference [95% CI] and P-value analyzed by GLM.

“P-values by McNemar test, or paired t-test

Abbreviations: ATE, average treatment effect; BW, body weight; DBP, diastolic blood pressure; CI, confidence interval; eGFR, estimated glomerular filtration;

GLM, generalized linear model; GLP1Ra, glucagon-like peptide 1 receptor agonists; HbAlc, glycated hemoglobin Alc; IPW, inverse provability weighting;

LnACR, logarithmic value of urine albumin-to-creatinine ratio, MAP, mean arterial pressure; OR, odds ratio; PS, propensity score; SBP, systolic blood pres-

sure; SGLT2i, sodium-glucose co-transporter inhibitor.

SGLT2i have been shown to improve hyperfiltration
and oxygen supply in the kidney, and increase ketone
bodies, all of which contribute to renoprotection [11-
13]. In contrast, GLP1Ra promotes natriuresis and
decreases inflammation and oxidative stress [14].
Therefore, combination therapy with SGLT2i and
GLPI1Ra, which aims to provide renal protection from
multiple perspectives, is an ideal approach. Neuen et
al. reported a study to estimate the effects of combina-
tion therapy with GLP1Ra, SGLT2i, and finerenone
on cardiovascular, kidney, and mortality outcomes [15].
They demonstrated that the combination of GLPIRa,
SGLT?2i, and finerenone was associated with a reduced
risk (HR: 0.65, 95% CI: 0.55-0.76) of major adverse
cardiovascular events (MACE: nonfatal myocardial
infarction, nonfatal stroke, or cardiovascular death)
and CKD progression (defined as doubling of serum
creatinine, kidney failure, or death resulting from
kidney failure: HR: 0.42, 95% CI: 0.31-0.56) relative
to conventional therapy [15]. They also demonstrated
that the combination of GLP1Ra and SGLT2i could
reduce the risk of MACE and CKD progression relative
to monotherapy with GLP1Ra or SGLT2i [15]. An

observational study reported that combination therapy
with GLP1Ra and SGLT2i reduced the incidence of
cardiovascular events relative to GLP1Ra or SGLT2i
use alone (HR: 0.154, 95% CI: 0.038-0.622, p = 0.009
vs. GLPIRa and HR: 0.170, 95% CI: 0.046-0.633, p
= 0.008 vs. SGLT2i) [16]. Therefore, a combination
therapy with GLPIRa and SGLTZ2i is expected to be
beneficial. In our analysis, a significant BW reduction
was observed in the GLP1Ra (dulaglutide or lira-
glutide)-preceding group compared to the SGLT2i-
preceding group. The drug that should be started first
may be determined based on the priorities of each
individual case.

The strength of this study is the direct comparison
of the effects of dulaglutide and liraglutide in combi-
nation with SGLT2i on renal outcomes. We did not
observe any marked differences in the renal composite
outcomes between dulaglutide and liraglutide. However,
liraglutide showed more potent albuminuria-lowering
effects than dulaglutide but also a more frequent inci-
dence of a = 30% eGFR decline. The reason for these
observations remains unclear. In LEADER, liraglutide
was shown to reduce albuminuria but not slow the
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eGFR slope compared to placebo among T2D patients
with an eGFR = 60 mL/min/1.73 m? [17]. In contrast,
dulaglutide was shown to reduce kidney function-relat-
ed outcomes (= 40% sustained eGFR decline, ESKD,
or renal-related death) [18]. Interestingly, liraglutide
has been shown to slow the eGFR slope compared to
placebo in T2D patients with eGFR < 60 mL,/min/1.73
m? [17]. These observations suggest that the effects of
dulaglutide and liraglutide on albuminuria and eGFR
decline may differ. In our study, the baseline eGFR
(mL/min/1.73 m?) of participants was 76.0 + 26.4
(dulaglutide or liraglutide-preceding group) and
77.7+26.1 (SGLT2i-preceding group) (Table 1). We
suspect that the background of the participants may
have affected the results.

Our study has several limitations. First, semaglutide
was not included because it was not clinically avail-
able during the target period of the RECAP study.
Semaglutide was shown to slow the eGFR decline rel-
ative to placebo in a post hoc analysis of SUSTAIN-6
and PIONEER-6 [19]. More recently, FLOW demon-
strated that semaglutide use is associated with reduced
composite renal outcomes in patients with T2D and
CKD [20]. In FLOW, 3,533 T2D individuals with
CKD were enrolled in the study. The primary com-
posite outcome consisted of kidney failure (dialysis,
transplantation, or eGFR <15 mL/min/1.73 m?), at
least a 50% reduction in eGFR from baseline, or death
from kidney-related or cardiovascular causes. After a
median follow-up period of 3.4 years, the semaglutide
group showed a 24% reduction in the risk of a prima-
ry composite outcome relative to the placebo group
(HR 0.76, 95% CI: 0.66-0.88, p = 0.0003) [20]. In the
FLOW trial, participants were stratified according
to the use or non-use of SGLT2i and randomized to
receive semaglutide or placebo to investigate the effi-
cacy of combining SGLT2i [21]. In this analysis, the
benefit of semaglutide on primary composite outcomes
was observed with or without the use of SGLT2i [21].
This does not indicate that semaglutide and SGLT2i
combination therapy has no additive effects because
participants using SGLT2i at baseline and those in
whom SGLT2i was initiated during the study showed
reduced risk reduction (HR 0.70, 95% CI: 0.59-0.82)
in the primary outcomes [21]. If semaglutides were
included in the analysis in our study, the results may
have been different. Second, the dose of dulaglutide
in this study was 0.75 mg, which was lower than that
used in REWIND (1.5 mg). The possibility that differ-
ences in dosage may have influenced the results cannot
be ruled out. Third, participants treated with exendin
based-GLPIRa were not analyzed because of the small
number of participants.

In conclusion, in an analysis limited to dulaglutide
or liraglutide users, renal outcomes did not differ
markedly between the preceding drugs in combination
therapy with SGLT2i. Dulaglutide and liraglutide
showed different effects on albuminuria and eGFR
decline. Further studies including semaglutide are
required to fully understand the effect of combination
therapy with SGLT2i and GLP1Ra on renal outcomes.
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