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Safety and Effectiveness of Dulaglutide in the Treatment of Type 2

Diabetes: A Korean Real-World Post-Marketing Study
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Conclusion

Dulaglutide demonstrated favorable tolerability and efficacy in a real-world Korean cohort with type 2 diabetes.
These findings further support the use of dulaglutide in this population.
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* This was a post-marketing safety study conducted upon dulaglutide approval in Korea.
» Real-world data was collected from 3,067 adults with type 2 diabetes from 2015 to 2021.
¢ Dulaglutide resulted in reductions in HbA1c, fasting blood glucose, and body weight.

* Adverse events were consistent with the known safety profile of dulaglutide.

* Dulaglutide was well-tolerated and effective in Korean adults with type 2 diabetes.
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Background: To investigate the real-world safety and effectiveness of dulaglutide in Korean adults with type 2 diabetes mellitus
(T2DM).

Methods: This was a real-world, prospective, non-interventional post-marketing safety study conducted from May 26, 2015 to
May 25, 2021 at 85 Korean healthcare centers using electronic case data. Data on patients using dulaglutide 0.75 mg/0.5 mL or the
dulaglutide 1.5 mg/0.5 mL single-use pens were collected and pooled. The primary objective was to report the frequency and pro-
portion of adverse and serious adverse events that occurred. The secondary objective was to monitor the effectiveness of dulaglu-
tide at 12 and 24 weeks by evaluating changes in glycosylated hemoglobin (HbA1c), fasting plasma glucose, and body weight.
Results: Data were collected from 3,067 subjects, and 3,022 subjects who received >1 dose (of any strength) of dulaglutide were
included in the safety analysis set (53% female, mean age 56 years; diabetes duration 11.2 years, mean HbA1lc 8.8%). The number
of adverse events reported was 819; of these, 68 (8.3%) were serious adverse events. One death was reported. Adverse events were
mostly mild in severity; 60.81% of adverse events were considered related to dulaglutide. This study was completed by 72.73%
(2,198/3,022) of subjects. At 12/24 weeks there were significant (P<0.0001) reductions from baseline in least-squares mean
HbA1c (0.96%/0.95%), fasting blood glucose (26.24/24.43 mg/dL), and body weight (0.75/1.21 kg).

Conclusion: Dulaglutide was generally well tolerated and effective in real-world Korean individuals with T2DM. The results from
this study contribute to the body of evidence for dulaglutide use in this population.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a growing global concern
with rising prevalence and morbidity/mortality rates [1].
While there are many treatment options available for T2DM,
few therapeutic options focus on enhancing the action of glu-
cagon-like peptide-1 (GLP-1). GLP-1 limits postprandial glu-

cose excursion by stimulating insulin secretion, inhibiting glu-
cagon secretion [2], delaying gastric emptying, and reducing
food intake [3]. The actions of GLP-1 are mediated via the
GLP-1 receptor, which is found in several body tissues and en-
hances the action of GLP-1 beyond plasma glucose regulation
[2]. However, the short half-life of GLP-1 limits it clinical utili-
ty. Since the first approval by the U.S. Food and Drug Admin-
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istration in 2005, GLP-1 receptor agonists (GLP-1 RAs) have
been shown to be effective for glycemic control in adults with
T2DM [2]. GLP-1 RAs work by activating the GLP-1 receptor
in the pancreas, resulting in the promotion of glucose-depen-
dent insulin secretion and inhibition of glucose-dependent
glucagon secretion [3,4]. These effects in addition to other
mechanisms cause a modest reduction in glycosylated hemo-
globin (HbA1c), glucagonemia, and body weight [4,5] with a
low risk of hypoglycemia [6]. Despite clinical benefits, the ini-
tiation of injectable therapy with GLP-1 RAs can be complex.
Adverse events (AEs) have been reported and include gastro-
intestinal disorders (nausea, vomiting, diarrhea), and pancre-
atitis [3,4]. In addition, physician-, patient-, or healthcare sys-
tem-related barriers can exist, where a significant proportion
of high-risk patients who are eligible do not obtain the appro-
priate T2DM treatments [2].

In 2020, 16.7% of Korean adults aged >30 years and 30.1%
of adults aged >65 years were living with T2DM diabetes [1];
however, there are limited data on the effectiveness and safety
of GLP-1 RA use in Korean patients [1,7,8]. This real-world,
single-country, prospective, non-interventional, post-market-
ing safety study (PMSS) was designed to investigate the safety
and effectiveness of dulaglutide in Korean adults with T2DM.
The primary objective was to report the frequency and propor-
tion of AEs and serious adverse events (SAEs) that occurred
during the study. The secondary objectives were to monitor the
effectiveness of dulaglutide at 12 and 24 weeks by evaluating
changes in HbAlc, fasting plasma glucose (FPG), and body
weight.

METHODS

The GLP-1 RA dulaglutide was approved by the Korean Minis-
try of Food and Drug Safety (MFDS) on May 26, 2015 on the
condition that a re-examination PMSS would be conducted.
This single-country, prospective, non-interventional PMSS was
conducted from May 26, 2015 to May 25, 2021. Before initiat-
ing the study, the investigators obtained written and dated ap-
proval from the Independent Ethics Committee for the study
protocol and its amendments. The study was conducted in ac-
cordance with the Standard for Re-examination of New Drugs
outlined in the Pharmaceutical Affairs Act, the Regulation on
Safety of Medicinal Products, and the regulations of the Korean
MEFDS (IRB number: PMS2016-035). Informed consent was
obtained in compliance with the applicable regulatory require-
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ments and adhered to good clinical practice and the ethical
principles that have their origin in the Declaration of Helsinki.

Target populations were recruited from 85 healthcare cen-
ters where electronic case report forms (CRFs) were collected,
and clinical data had been accurately and completely entered
into the CRFs. Study subjects were enrolled via a continuous
enrolment method, with their CRFs continuously recorded
without omission from the first administered dose of dulaglu-
tide until the contracted number of subjects was reached. A
target number of 4,046 subjects were contracted to be recruited
from the 85 sites. The subjects were followed up starting from
the baseline visit to 24 +4 weeks or until the last treatment (in
case of the subject discontinuing dulaglutide before 24+4
weeks), whichever came first.

Clinical characteristics, medical history, comorbidities, and
status of dulaglutide treatment were recorded. Any AEs that
occurred during the investigation period including AEs of low
frequency, unexpected AEs (AEs not reflected in the dulaglu-
tide label), and adverse drug reactions (ADRs) were included
in the safety analysis. AEs of low frequency (<5%) were re-
ported regardless of whether their relationship to the study
drug could be determined [9,10]. Mild AEs were defined as a
symptom that does not cause significant interference with daily
life, moderate AEs were defined as symptoms that significantly
influence everyday life and may require an adjustment of the
medication dose, and severe AEs were defined as a symptom
that inhibits a person from living their everyday life as he/she
wishes. SAEs were defined as any AE resulting in: death; initial
or prolonged inpatient hospitalization; a life-threatening expe-
rience (i.e., immediate risk of dying); persistent or significant
disability/incapacity; congenital anomaly/birth defect; or an
AE considered significant by the investigator for any other
reason. The relationship between dulaglutide and any safety
events was determined by the investigator. HbAlc, FPG, and
body weight data were included in the effectiveness analysis.

Data were analyzed using three subsets: (1) the safety evalua-
tion included subjects who received at least one dose of the study
drug and participated in at least one post-baseline visit; (2) the
effectiveness evaluation included subjects who received at least
one dose of the study drug, who participated in at least one post-
baseline visit, and whose HbAlc, FPG, or body weight were col-
lected at baseline or at a visit within an acceptable period post-
baseline (+4 weeks); (3) a sensitivity analysis for effectiveness
was conducted and included subjects whose data were collected
at baseline or at a visit within a broader acceptable period post-
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baseline (+6 weeks).

Descriptive statistics were used to report baseline clinical
characteristic data. Univariate analysis (chi-square test or Fish-
er’s exact test) and multivariable logistic regression were used
to identify the incidence and factors that affect AEs and SAEs.
A mixed model for repeated measures (MMRM), a paired ¢-
test and an analysis of covariance (ANCOVA) were used to as-
sess, test and measure the difference in change between the
HbAlc, FPG, and body weight at baseline and follow-up visits.
Multivariable logistic regression and univariate analysis were
used to identify the factors associated with the achievement of
HbA1lclevels of 6.5% or less.

RESULTS

Data were collected from 3,067 subjects’ CRFs; 45 were ex-
cluded due to not receiving the drug (n=2), violation of the in-
clusion/exclusion criteria (n=37), or not having follow-up data
(n=6). This resulted in 3,022 subjects being included in the
safety evaluation. Of these 3,022 subjects, those whose baseline
(+4 weeks) effectiveness data were not collected (1=622) or
who did not receive the study drug for at least 8 weeks (n=32)
were excluded, leaving 2,368 subjects in the effectiveness eval-
uation set. An additional subset of 2,590 subjects were includ-
ed in an effectiveness sensitivity analysis (+6 weeks for visits,
as described in the methods).

In this study, most patients were female, had an average age
of 56.22 years, a body mass index (BMI) of 28.31 kg/m? a
HbAIlc of 8.84%, and duration of T2DM was 11.19 years. Al-
most all patients (95.43%) had used concomitant medication
for T2DM; data on the classes or types of prior T2DM medica-
tion were not collected. Similarly, the majority of patients
(82.43%) had used non-T2DM concomitant medication, most
commonly lipid-modifying agents (66.98%), agents acting on
the renin-angiotensin system (37.39%), and anti-platelet
agents (33.98%). Baseline demographics and characteristics
are outlined in Table 1.

The dose of dulaglutide administered during the study peri-
od ranged from 0.75 to 114 mg. Patients were started on an ini-
tial dose of 0.75 mg (95.8%) or 1.5 mg (4.2%) dulaglutide. Dur-
ing the study period, 48.6% of patients required a dose increase
from 0.75 to 1.5 mg. Most patients received dulaglutide for >22
weeks (Supplementary Table 1). A total of 2,198 (72.73%) sub-
jects completed the study and 824 (27.27%) discontinued the
study. The reasons for discontinuation included AEs (n=221/
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Table 1. Subject demographics and characteristics at baseline
(safety analysis set)*

Category Number Statistic
Female sex 3,022 1,600 (52.95)
Age, yr 3022 562241256
<30 97 (3.21)
>30and <40 209 (6.92)
>40 and <50 533 (17.64)
>50 and <60 907 (30.01)
>60 and <70 854 (28.26)
>70 and <80 372 (12.31)
>80 50 (1.65)
Patients stratified by age 65 years, yr
>65 785 (25.98)
<65 2,237 (74.02)
Height, cm 2,341 163.25+9.34
Waist circumference, cm 1,088 91.23+14.19
Baseline weight, kg 2,335 75.45+15.22
Baseline BMJ, kg/m? 2,148 28.31+4.64
Underweight (BMI <18.5) 9(0.42)
Normal (18.5< BMI <23.0) 195 (9.08)
Overweight (23.0< BMI <25.0) 294 (13.69)
Obese I (25.0< BMI <30.0) 985 (45.86)
Obese IT (BMI >30.0) 665 (30.96)
HbAlc, % 2,731 8.84+1.47
FBG, mg/dL 2,174 172.61+63.24
Duration of T2DM, yr° 3,022 11.19+7.83
Previously received T2DM treatment 3,022 2,449 (81.04)
Pre-existing conditions 3,022 2,659 (87.99)
Hypertension 3,022 1,599 (52.91)
Dyslipidemia® 3,022 1,067 (35.31)
Hyperlipidemia* 3,022 838(27.73)
Renal impairment* 3,022 258 (8.54)
Hepatic impairment* 3,022 325(10.75)
Allergies® 3,022 84 (2.78)
Coronary artery disease 3,022 2(0.07)
Concomitant medication for T2DM 3,022 2,884 (95.43)
Other concomitant medication 3,022 2,491 (82.43)

Values are presented as number (%) or mean + standard deviation.
BMI, body mass index; HbAlc, glycosylated hemoglobin; FBG, fast-
ing blood glucose; T2DM, type 2 diabetes mellitus.

“The safety analysis set (n=3,022) includes subjects from the effec-
tiveness analysis set (n=2,368). The effectiveness set includes subjects

(Continued to the next page)
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(Continued)

whose HbAlc, FBG, or body weight data were collected at baseline,
"The diagnosis date of T2DM for 19 subjects is the same date as start-
ing date for dulaglutide, “Dyslipidaemia refers to the imbalance of lip-
ids in the blood (low-density lipoprotein cholesterol, triglycerides, and
high-density lipoprotein), ‘Hyperlipidaemia refers to high levels of lip-
ids or fats in the blood (low-density lipoprotein cholesterol only), ‘Re-
nal impairment, hepatic impairment, allergy definitions were not for-
mally defined for this study, and were noted in the case report forms by
the treating physician as part of routine clinical practice.

824; 26.82%), lost to follow-up (n=12/824; 1.46%), patient de-
cision (n=111/824; 13.47%), investigator decision (n=186/824;
22.57%), and other reasons (n=294/824; 35.68%).

dmj

Safety data

All AEs were reported regardless of the association with dula-
glutide. A total of 819 AEs including 498 ADRs, 325 unexpect-
ed AEs including 62 unexpected ADRs, 68 SAEs including 15
serious ADRs, 59 unexpected SAEs including 13 unexpected
serious ADRs, and one death were reported. The most fre-
quently reported AE was nausea, which was reported in 5.03%
(152/3,022 subjects, 154 events), followed by diarrhea reported
in 2.08% (63/3,022 subjects, 63 events), and decreased appetite,
which was reported in 1.29% (39/3,022 subjects, 39 events)
(Table 2). Hypoglycemia occurred in 13 subjects (0.43%; 14
events).

Table 2. Adverse events and adverse drug reactions and most common symptoms (1=3,022)

No. of No. of o\
Event type T Most common symptom (%)
Adverse event 819 589 (19.49) Nausea (5.03)
Diarrhea (2.08)
Decreased appetite (1.29)
Adverse drug reaction 498 403 (13.34) Nausea (4.93)
Diarrhea (1.75)
Drug in-effectivity (1.26)
Unexpected adverse event 325 255(8.44)  Increased blood glucose (0.86)
Dizziness (0.53)
Hyperglycemia (0.5)
Unexpected adverse drug 62 60(1.99)  Increased blood glucose (0.26)
reaction Dizziness (0.26)
Headache (0.20)
Pruritis (0.20)
Serious adverse event® 68 51(1.69)  Increased blood glucose (0.30)
Inadequate DM control (0.1)
Cardiac failure (0.07)
Serious adverse drug 15 14 (0.46)  Increased blood glucose (0.26)
reaction Inadequate control of DM, diabetic gastropathy, diabetic nephropathy, and urinary
disorders (0.03%, respectively)
Unexpected serious adverse 59 50 (1.65)  Increased blood glucose (0.3)
event Inadequate DM control (0.1)
Cardiac failure (0.07)
Unexpected serious adverse 13 13(0.43)  Increased blood glucose (0.26)
drug reaction Inadequate DM control, diabetic gastropathy, dizziness, diabetic nephropathy,
urinary disorders (0.03, respectively)
Death® 1 1

DM, diabetes mellitus.

“Preferred term as defined by MedDRA 24.0 (MedDRA-K 24.0) for system organ class and investigations, "Serious adverse events included ad-
verse events that resulted in death, required either inpatient hospitalization or the prolongation of hospitalization, were life-threatening (imme-
diate risk of death), resulted in a persistent or significant disability/incapacity or resulted in a congenital anomaly/birth defect, or any adverse
event that did not result in death or require inpatient hospitalization but was considered significant based on the investigator’s judgment, “The
causal relationship between dulaglutide and this death was considered unlikely by the investigator.

https://e-dmj.org  Diabetes Metab ] 2024;48:418-428 421
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Table 3. Occurrence of adverse events by baseline characteristics and other factors
Factor Subject AE incidence 95% CI Pvalue*
Sex
Male 1,422 232(16.32) 14.43-18.34 <0.0001°
Female 1,600 357(22.31) 20.29-24.43
Total 3,022 589 (19.49)
Age, yr
<30 97 16 (16.49) 9.73-25.40 0.7101
=230-<40 209 39 (18.66) 13.62-24.61
240-<50 533 93(17.45) 14.32-20.94
=250-<60 907 177 (19.51) 16.98-22.25
=260-<70 854 181 (21.19) 18.50-24.09
=270-<80 372 74(19.89) 15.96-24.32
=80 50 9 (18.00) 8.58-31.44
Total 3,022 589 (19.49)
Patients stratified by age 65 years, yr
=265 785 158 (20.13) 17.38-23.11 0.6005
<65 2,237 431(19.27) 17.65-20.96
Total 3,022 589 (19.49)
BMLI, kg/m*
Underweight (BMI <18.5) 9 2(22.22) 2.81-60.01 0.0182°
Normal (18.5< BMI <23.0) 195 55(28.21) 22.01-35.08
Overweight (23.0< BMI <25.0) 294 52 (17.69) 13.50-22.54
Obese I (25.0< BMI <30.0) 985 179 (18.17) 15.81-20.73
Obese II (BMI >30.0) 665 141 (21.20) 18.15-24.51
Total 2,148 429(19.97)
Previous history of T2DM treatment
Yes 2,449 518 (21.15) 19.55-22.82 <0.0001°
No 573 71(12.39) 9.81-15.37
Total 3,022 589 (19.49)
Medical history*
Yes 270 76 (28.15) 22.87-33.92 0.0002°
No 2,752 513 (18.64) 17.20-20.15
Total 3,022 589(19.49)
Pre-existing conditions
Yes 2,659 557(20.95) 19.41-22.54 <0.0001°
No 363 32(8.82) 6.11-12.22
Total 3,022 589 (19.49)
Renal impairment
Yes 258 56 (21.71) 16.83-27.24 0.3477
No 2,764 533(19.28) 17.83-20.80
Total 3,022 589 (19.49)
(Continued to the next page)
422 Diabetes Metab ] 2024;48:418-428  https://e-dmj.org



Dulaglutide safety and effectiveness in Korea

Table 3. Continued

Factor Subject AE incidence 95% CI Pvalue®
Hepatic impairment
Yes 325 70 (21.54) 17.19-26.41 0.3238
No 2,697 519 (19.24) 17.77-20.78
Total 3,022 589 (19.49)
Allergies
Yes 84 22 (26.19) 17.20-36.93 0.1159
No 2,938 567 (19.30) 17.89-20.77
Total 3,022 589 (19.49)
Concomitant medication for T2DM
Yes 2,884 571(19.80) 18.36-21.30 0.0503
No 138 18(13.04) 7.92-19.83
Total 3,022 589 (19.49)
Other concomitant medication
Yes 2,491 544 (21.84) 20.23-23.51 <0.0001°
No 531 45 (8.47) 6.25-11.18
Total 3,022 589 (19.49)
Dulaglutide administration duration, wk
<10 332 106 (31.93) 26.94-37.24 <0.0001°
10-14 253 71 (28.06) 22.62-34.03
>14-<22 310 74 (23.87) 19.23-29.01
22-26 905 145 (16.02) 13.69-18.58
>26 1,222 193 (15.79) 13.79-17.96
Total 3,022 589 (19.49)
Average weekly dose of dulaglutide, mg/wk
<0.75 1,548 320(20.67) 18.68-22.78 0.0075"
>0.75-<1.5 1,398 264 (18.88) 16.86-21.04
>1.5 76 5(6.58) 2.17-14.69
Total 3,022 589 (19.49)
Follow-up period, wk
<22 761 190 (24.97) 21.93-28.20 <0.0001°
222 2,261 399(17.65) 16.10-19.28
Total 3,022 589 (19.49)

Values are presented as number (%).

AE, adverse event; CI, confidence interval; BMI, body mass index; T2DM, type 2 diabetes mellitus.
*Chi-square test, "Statistically significant, “Medical history was not formally defined for this study, and was noted in the case report forms by the

treating physician as part of routine clinical practice.

The severity of the AEs was mostly mild (82.30%; 674/819
events) or moderate (16.85%; 138/819 events), with severe
events comprising 0.85% (7/819 events). Outcomes of the AEs
included recovery without sequelae (72.04%), recovery with
sequelae (0.12%), ongoing recovery (17.22%), did not recover

https://e-dmj.org  Diabetes Metab ] 2024;48:418-428

(8.30%), aggravation (0%), death (0.12%), and unknown out-
come (2.20%). The frequency of AEs resulting in initial or pro-
longed inpatient hospitalization was 8.30% (68/819 events).
No life-threatening events were reported, and there was one
death (metastatic breast cancer).
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The association of AEs with dulaglutide was noted in 60.81%
(498/819 events). The most common AEs associated with dula-
glutide were gastrointestinal disorders (11.80%) plus general
disorders and administration site conditions (8.89%). None of
these categories included an aggravation or death. Dose chang-
es due to an AE were reported. The dose was maintained in
59.95%, escalated in 0.37%, reduced in 4.15%, discontinued in
0.85%, and abandoned in 34.68% of study subjects. Discontin-
ued was defined as permanently stopping the medication,
while abandoned indicated patient non-adherence to either ac-
quiring or taking the medication. The occurrence of AEs by
baseline characteristics is summarized in Table 3. When com-
paring AEs according to the average weekly dose of dulaglutide
received, there was a statistically significant difference in the
incidence of AEs according to dose (P=0.0075) (Table 3), but
no statistically significant difference in SAEs (P=0.1512).

A higher incidence of AEs was associated with female sex,
normal BMI, previous history of T2DM treatment with medi-
cine, the presence of a medical history and pre-existing condi-

Table 4. Baseline characteristics and other factors associated
with occurrence of adverse events

Factor Odds ratio (95% CI) ~ Pvalue®
Sex
Male 0.61 (0.49-0.77) <0.0001°
Female Reference
BML, 1 kg/m’ 0.99 (0.96-1.01) 0.2865
Previous history of T2DM
treatment with medicine
Yes 1.70 (1.19-2.42) 0.0034°
No Reference
Medical history
Yes 1.34 (0.96-1.87) 0.0894
No Reference
Pre-existing conditions
Yes 1.64 (0.80-3.37) 0.1762
No Reference
Other concomitant medication
Yes 2.52 (1.43-4.44) 0.0014°
No Reference
Administration duration of 0.94 (0.93-0.95) <0.0001°

dulaglutide, 1 week

CI, confidence interval; BMI, body mass index; T2DM, type 2 diabe-
tes mellitus.
“Logistic regression, *Statistically significant.
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tions, and administration of other non-T2DM concomitant
medication, according to univariate analysis.

A statistical difference was also noted in AEs by dulaglutide
administration duration, average weekly dose, and follow-up
period. Using multivariable logistic regression, factors that sta-
tistically significantly influenced the incidence of AEs were
sex, previous history of T2DM treatment with medicine, ad-
ministration of other concomitant medication, and the admin-
istration duration of dulaglutide (Table 4).

Effectiveness data

HbAlc, FPG, and body weight were all improved from base-
line at 12 and 24 weeks. The mean+standard deviation (SD)
HbAlc was 8.85%+1.47% at baseline, 7.88%+1.43% at 12+4
weeks, and 7.89%+1.45% at 24 +4 weeks. The mean+SD FPG
was 172.79+63.75 mg/dL at baseline, 146.79+48.84 mg/dL at
12+4 weeks, and 148.39+49.27 mg/dL at 24+4 weeks. The
mean+ SD body weight was 74.90+ 14.72 kg at baseline, 74.16 +
14.82 kg at 12+4 weeks, and 73.70+14.98 kg at 24 +4 weeks.
According to the MMRM analysis, the change from baseline

Table 5. Mixed model for repeated measures for change from
baseline in HbAlc, FBG, and body weight (baseline follow-up
visit, +4 weeks)

LS mean
Factor difference 95% CI Pvalue®
(mean+SE)
HbA1lc change
from baseline, %°
12+4 weeks -0.96+0.03 -1.01t0-0.91 <0.0001°¢
24 +4 weeks -0.95+0.03 -1.01 to -0.89 <0.0001¢
FBG change from
baseline, mg/dL*
12+4 weeks -26.24+1.19 -28.56t0-23.91 <0.0001°
24 +4 weeks -2443+1.37 -27.12t0-21.73 <0.0001°
Body weight change
from baseline, kg®
12+4 weeks -0.75+£0.07 -0.89 to -0.62 <0.0001°¢
24 +4 weeks -1.21+£0.08 -1.36to -1.06 <0.0001¢

HbAlg, glycosylated hemoglobin; FBG, fasting blood glucose; LS,
least-square; SE, standard error; CI, confidence interval.

*Pvalues are tests from mixed model for repeated measure (MMRM),
"MMRM model: change from baseline=p1xvisit+B2xbaseline
HbAlc+B3 xvisit x baseline HbA ¢, “Statistically significant, ‘“MMRM
model: change from baseline=p1xvisit+p2xbaseline FBG+33 x
visitxbaseline FBG, “MMRM model: change from baseline=p1x
visit+f2 x baseline weight+p3 x visit x baseline weight.
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was statistically significant at both 12 and 24 weeks for all para-
meters (Table 5).

In the ANCOVA analysis, a statistically significant difference
was noted in the least-square (LS) mean reduction in HbAlc by
age (patients <40 years showing a greater reduction [1.50% to
1.25%] in HbAc levels compared to patients >40 years [0.9%
to 1.07%]; P=0.0012), BMI (1.08% in patients with BMI >30
kg/m® vs. 0.04%-0.95% in patients with BMI <30 kg/m’ P=
0.0109), history of T2DM treatment with medicine (0.92% with
yes, 1.10% with no; P=0.0140), pre-existing conditions (0.93%
with yes, 1.11% with no; P=0.0229), use of other concomitant
medication (0.95% with yes, 1.06% with no; P<0.0001), admin-
istration duration of dulaglutide (0.98% and 1.00% for 22-26
and >26 weeks, respectively, and 0.13%-0.92% for <22 weeks;
P=0.0014), and follow-up period (=22 weeks 0.98%, <22
weeks 0.83%; P=0.0499). There was no statistically significant
difference noted for the change in HbAlc and the proportion
of patients reaching a HbAlc of <6.5% according to average
weekly dulaglutide dose (P=0.8021 and P=0.5329, respective-
ly).

The proportion of subjects who achieved a HbAlc of 6.5%
or less was 14.65% (297/2,027 subjects) at 12 +4 weeks, 15.52%
(225/1,450 subjects) at 24+4 weeks, and 15.38% (344/2,236
subjects) at completion of the study. The proportion of subjects
who achieved a HbAlc of 7.0% or less was 27.68% (561/2,027
subjects) at 12+4 weeks, 27.79% (403/1,450 subjects) at 24+4
weeks, and 27.68% (619/2,236 subjects) at completion of the
study. Using multivariable logistic regression, factors that sta-

Table 6. Baseline characteristics and other factors associated
with achievement of HbAlc <6.5%

Factor Odds ratio (95% CI) P value®
Age, 1 year 0.97 (0.96-0.98)  <0.0001°
BML, 1 kg/m’ 1.03 (1.00-1.06) 0.0542
Hepatic impairment
Yes 1.42 (0.96-2.10) 0.0781
No Reference
Other concomitant medication
Yes 0.62 (0.45-0.87) 0.0053°
No Reference

Response variable: achieved HbAlc <6.5% at last observation (yes/
no).

HbA1c, glycosylated hemoglobin; CI, confidence interval; BMI, body
mass index.

“Logistic regression, *Statistically significant.
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tistically significantly influenced the achievement of HbAlc of
6.5% or less are outlined in Table 6.

The sensitivity analysis used a broader definition of an ac-
ceptable time period (within +6 weeks of the scheduled visit
vs. +4 weeks of the scheduled visit in the main analysis). In this
analysis, the proportion of subjects who achieved a HbAlc of
6.5% or less was 14.95% (332/2,220 subjects) at 12+6 weeks
and 15.75% (268/1,702 subjects) at 24 + 6 weeks, which are sim-
ilar to the results of the main analysis. The MMRM analysis us-
ing the time period for the sensitivity analysis showed an LS
meanz=standard error (SE) reduction from baseline in HbAlc
of —0.96%+0.03% at 12+6 weeks and -0.92%+0.03% at 24+6
weeks—a statistically significant decrease from baseline at each
visit (both P<0.0001). FPG change from baseline using MMRM
analysis revealed an LS mean+SE of -25.36+1.15 mg/dL at
12+6 weeks and -23.42+1.29 mg/dL at 24+6 weeks (both P<
0.0001). Using MMRM, LS mean+SE change in body weight
from baseline was —0.77+0.07 kg at 12+6 weeks and -1.19+
0.07 kg at 24+ 6 weeks (both P<0.0001).

DISCUSSION

The objective of this PMSS study in Korean subjects with T2DM
was to evaluate the safety and effectiveness of dulaglutide. The
safety profile of dulaglutide in this real-world study was gener-
ally as expected; that is, gastrointestinal AEs were common,
and rates of hypoglycemia were low. The factors associated with
a statistically significant increase in AEs included female sex,
normal BMI, previous history of T2DM treatment with medi-
cine, pre-existing conditions, administration of other concomi-
tant medication, and duration and average weekly dose of dula-
glutide, according to univariate analysis. Logistic regression
analysis confirmed an association of AEs with sex, previous
history of T2DM medication, use of other concomitant medi-
cation, and administration duration of dulaglutide. Effective-
ness data in this study showed a statistically significant change
in HbAlc, body weight, and FPG levels from baseline at both
12 and 24 weeks.

The numerically higher incidence of AEs and SAEs in females
reported in this PMSS study has also been noted in some previ-
ous studies [11,12]. In other studies, 10.0% to 31.6% of subjects
experienced transient gastrointestinal adverse effects [4,13-15],
with more events noted in women [16]. Further studies may be
warranted on sex differences [17]. As per the current dulaglu-
tide label, no dose adjustment is needed based upon sex.

425



Han J, et al.

dmj

It is not uncommon to experience an increased incidence of
serious AEs in subjects who take other concomitant medication
[18]. In this real-world study, the incidence of AEs in subjects
who received concomitant medications other than glucose-low-
ering drugs was 2.52 times higher than in subjects who did not
(Table 4). This increase in AEs associated with concomitant
medication has been noted in other studies [18,19].

The dose-related change in AEs summarized in Table 3 shows
a slightly higher number of AEs (20.67%) in the lower dulaglu-
tide dose of <0.75 mg/week when compared to >0.75 to <1.5
mg/week (18.88%). Similar data have been reported in other
studies and in Korean populations [20], and where a higher risk
of AEs at lower doses occurred, this was associated with age-
related changes in pharmacokinetics and pharmacodynamics,
the number of prescribed drugs, comorbidities, sex, and aller-
gies [21,22].

Comparable with previous real-world, retrospective, and post
hoc analyses of randomized controlled trials [23-26], HbAlc
reduction from baseline in this study was -0.96% and —0.95%
at 12 and 24 weeks, respectively. HbAlc reductions with dula-
glutide reported in the literature varied from —1.43% at 26 weeks
[15], -1.3% over 24 months [25], -0.61% after 72 months [24],
and -1.24% over 10 years [14]. However, the greatest reduction
in HbA1lc has been noted in the first 12 months with an average
reduction of -0.0197% for each month on dulaglutide during
this period [24]. The significant factors associated with HbAlc
reduction in this study were age, previous history of T2DM
treatment with medicine, other concomitant medications, and
administration duration of dulaglutide, with longer adminis-
tration duration associated with greater reductions (=22 weeks
vs. <22 weeks: approximately 1.00% vs. 0.13%-0.92%). The as-
sociation of HbAlc reduction with administration duration
was unexpected; previous studies showed that the reduction
in HbAlc was associated with higher baseline HbAlc levels
[11,13,14,26], independent of BMI, duration of disease [24],
baseline body weight, total daily insulin dose [13], and sex [14].
The real-world nature of our study means that it is possible that
the lesser HbAlc reduction with <22 weeks of dulaglutide is
due to poor adherence or lack of response resulting in partici-
pant discontinuation before 22 weeks.

In this study, subjects with a previous history of a glucose-
lowering drug or other concomitant medication showed a sig-
nificant reduction of HbAlc in response to dulaglutide treat-
ment. The baseline HbA1lc level in this study was 8.84%, which
is lower than a study of Korean patients initiating insulin, which
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reported a baseline HbAlc level of 9.1% [27]. While the differ-
ence is small, this suggests that the initiation of the first inject-
able therapy may occur earlier in the disease course if the in-
jectable is dulaglutide than if it is insulin, highlighting the po-
tential value of dulaglutide in mitigating injection-related bar-
riers.

The statistically significant change from baseline in MMRM
LS mean body weight at 12+4 weeks (-0.75 kg) and 24+4
weeks (-1.21 kg) aligns with previous literature [3,4,6,12,14-
16,28,29]. The difference is comparable to other studies using a
0.75 mg dose of dulaglutide that have shown an average weight
loss of —0.62 kg at 52 weeks [17], but lower than the weight
change observed at 6 months in another Korean study that re-
ported losses of -2.1 kg [14]. Some studies have linked the du-
laglutide-associated increase in absolute weight loss to a sub-
ject’s higher baseline BMI and HbAIc levels [30]. Other studies
have also found significant sex differences in changes in body
weight, noting that females experienced greater weight loss or
less weight gain when taking dulaglutide [16,17]. Of interest is
the lowered risk of weight gain observed with dulaglutide when
compared with active comparators [11].

In general, safety and effectiveness results of this study were
comparable with the previous reports [4,11-13]. The safety
data for dulaglutide showed that gastrointestinal AEs were
lower than previous reports and similar factors were associated
with the risk of AEs [11-16]. In total, 221 of the 824 patients
who discontinued the study did so because of AEs (26.8%);
however, considering the entire safety evaluation population,
discontinuation due to AEs was low (221/3,022; 7.31%). Less
than 1% of AEs were considered severe, and most AEs resolved
without sequelae. The effectiveness data for dulaglutide showed
similar reductions in HbA1c, FPG, and body weight compared
with previous data [23-26]. Therefore, this study could estab-
lish comparable safety and effectiveness of dulaglutide in the
Korean population.

Limitations should be considered when interpreting results
due to the study design (single-arm observational study with
no comparator group) and the relatively short study duration.
Effectiveness results and the P-values of the univariate analysis
without correction for multiplicity must be carefully interpreted.

In conclusion, this real-world, single-country, prospective,
non-interventional PMSS was designed to investigate the safe-
ty and effectiveness of dulaglutide in Korean adults with
T2DM. This study concluded that dulaglutide was generally
well tolerated in this study population. The prevalence of AEs
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and SAEs was comparable to current evidence; the majority
were mild, without sequelae and resolved by study completion.
The clinical use of dulaglutide in this study population was as-
sociated with meaningful reductions in HbAlc, FPG, and
body weight during the study period.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found
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Supplementary Table 1. Dulaglutide administration protocol

and subject follow-up schedule

Factor Number Statistic
Total dose of dulaglutide, mg 3,022 22.38+11.77
Administration time of dulaglutide, wk 3,022
<10 332(10.99)
10-14 253 (8.37)
>14-<22 310 (10.26)
22-26 905 (29.95)
>26 1,222 (40.44)
Mean weekly dose of dulaglutide, mg/wk 3,022
<0.75 1,548 (51.22)
>0.75-<1.5 1,398 (46.26)
>15 76 (2.51)
Follow-up period, wk 3,022
<22 761 (25.18)
>22 2,261 (74.82)

Values are presented as mean +standard deviation or number (%).
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