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Abstract

Aim: To evaluate the equivalence of immunogenicity, safety and efficacy of Gan &

Lee (GL) Glargine (Basalin®; Gan & Lee Pharmaceutical) with that of the reference

product (Lantus®) in adult participants with type 2 diabetes mellitus.

Methods: This was a phase 3, multicenter, open-label, equivalence trial conducted

across 57 sites. In total, 567 participants with type 2 diabetes mellitus were random-

ized in a 1:1 ratio to undergo treatment with either GL Glargine or Lantus® for

26 weeks. The primary endpoint was the proportion of participants in each treatment

arm who manifested treatment-induced anti-insulin antibodies (AIA). Secondary end-

points included efficacy and safety metrics, changes in glycated haemoglobin levels,

and a comparative assessment of adverse events. Results were analysed using an

equivalence test comparing the limits of the 90% confidence interval (CI) for

treatment-induced AIA development to the prespecified margins.

Results: The percentages of participants positive for treatment-induced glycated hae-

moglobin by week 26 were similar between the GL Glargine (19.2%) and Lantus®

(21.3%) treatment groups, with a treatment difference of �2.1 percentage points and

a 90% CI (�7.6%, 3.5%) (predefined similarity margins: �10.7%, 10.7%). The differ-

ence in glycated haemoglobin was �0.08% (90% CI, �0.23, 0.06). The overall per-

centage of participants with any treatment-emergent adverse events was similar

between the GL Glargine (80.1%) and Lantus® (81.6%) treatment groups.

Conclusions: GL Glargine was similar to Lantus® in terms of immunogenicity,

efficacy, and safety, based on the current study.
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1 | INTRODUCTION

Diabetes mellitus (DM) is a chronic, progressive disease with significant

health consequences.1,2 Type 2 diabetes mellitus (T2DM) is notable for

its insulin resistance, often necessitating insulin therapy as β-cell func-

tion declines. Insulin treatment is crucial for managing type 1 diabetes

mellitus (T1DM) and advanced T2DM, aiming to reduce hyperglycae-

mia and optimize glycated haemoglobin (HbA1c).3–5 Exogenous insu-

lins, including basal and bolus insulins, mimic natural insulin secretion

patterns, achieving optimal glycaemic control and preventing complica-

tions.6 Basal insulin provides a steady, continuous level of insulin to

control basal blood glucose levels between meals and overnight.7

Recent biomolecular advancements have produced stable basal insulin

options such as insulin glargine, insulin degludec, and insulin detemir.8,9

Advancing insulin technology often creates access issues in socio-

economically deprived areas of the world, particularly in low- to middle-

income regions.10–12 As a result, many patients may be deprived of the

potential therapeutic benefits of these advanced insulin analogues,

underscoring the need for strategies to enhance their availability and

reduce the medical costs of managing diabetes and related complica-

tions.13 Fortunately, the emergence of biosimilar insulins offers a pro-

spective path to reducing treatment expenses compared with the

original insulin products while ensuring comparable efficacy and safety

profiles.14,15 The introduction of these biosimilars aims to alleviate the

financial burden on both patients and health care systems while main-

taining therapeutic efficacy and safety.16 Several biosimilar insulins have

been launched on the market in the past decade, such as Basaglar® and

Semglee®, with more biosimilar insulins in development.17

Lantus® (Insulin glargine), the dominant branded basal insulin ana-

logue, received regulatory approval from the US Food and Drug

Administration (FDA) and the European Medicines Agency (EMA) in

2000 as a once-daily subcutaneous treatment for both T1DM and

T2DM.18,19 Insulin glargine has a longer duration of action than

human insulin because of specific modifications.9,20 These modifica-

tions enhance the stability of the insulin molecule, resulting in delayed

and prolonged absorption following a subcutaneous injection.21 The

global insulin glargine market was valued at US$ 6153.5 million in

2021, which represents half of the global basal insulin market share,

and is forecast to reach a value of US$ 6257.7 million by 2028.22

The insulin glargine of Gan & Lee Pharmaceutical, branded as Basa-

lin®, was successfully launched in China in 2005.23 Since its launch,

Basalin® has experienced consistent growth in sales. By the third quar-

ter of 2022, domestic sales of Basalin® reached 11.6 million units,

which constitutes approximately 33.5% of China's insulin glargine mar-

ket share.24 In alignment with the global initiative to augment the

accessibility and affordability of basal insulin therapy, Basalin® is being

pursued as a proposed biosimilar to Lantus® outside of China. On a

global scale, Gan & Lee's insulin glargine (GL glargine) has secured

approval in 19 countries. Notably, these approvals exclude the

United States (US) and European Union (EU) regions with nearly a quar-

ter of the worldwide adult diabetic population.25 To commercialize GL

glargine in the US and EU, a phase 1 pharmacokinetic (PK) and pharma-

codynamic (PD) bioequivalence study was conducted. GL Glargine and

Lantus® showed comparable PK, PD, and safety characteristics in

patients with T1DM in this phase 1 euglycaemic clamp trial.26 Two

phase 3 immunogenicity studies of this proposed biosimilar insulin

were set up according to the requirements of US and EU regulations in

2017, although large phase 3 studies can currently be waived by both

the FDA and EMA when referring to the updated guidelines issued in

2019.27 This phase 3 multicenter, open-label equivalence study was

conducted to compare the immunogenicity, safety, and efficacy of GL

Glargine with the reference product Lantus® in patients with T2DM.

2 | METHODS

2.1 | Objectives

The primary objective of this 26-week study was to assess the equiva-

lence of GL Glargine and Lantus® in terms of immunogenicity among
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individuals diagnosed with T2DM. The primary endpoint of this study

was the percentage of participants in each treatment group who

developed treatment-induced AIA, defined as newly confirmed posi-

tive AIA (negative AIA status at baseline but positive for AIA at week

26) or an important (at least a four-fold) increase in titer after baseline

and up to visit week 26. The secondary objectives were to evaluate

the percentage of participants who had newly confirmed positive AIA

or an important increase in titers after baseline and up to visit week

26 and to evaluate the safety and efficacy of GL Glargine in compari-

son with Lantus®.

2.2 | Study design

This was a multicenter, open-label, randomized, phase 3, 26-week

study. Before the initiation of the study, the research protocol under-

went a submission process to the Independent Ethics Committee or

Institutional Review Board, adhering to relevant national or local regu-

lations. Any amendments made to the protocol were also submitted

for review and approval, and the study was registered at ClinicalTrials.

gov (NCT03371108). Written informed consent was obtained from all

participants, and the study was conducted in full accordance with the

International Council for Harmonization for Good Clinical Practice and

the Declaration of Helsinki.

The main inclusion and exclusion criteria are listed in the

Supplementary materials. Eligible participants who met the inclusion

criteria and none of the exclusion criteria were randomized 1:1 using

the Interactive Web Response System (IWRS) to receive either GL

Glargine or Lantus® for 26 weeks (Figure 1). No stratification was

applied in this study. GL Glargine was administered as a subcutaneous

injection using Gan & Lee UnoPen injection pens (prefilled glass car-

tridge), and Lantus® was administered using SoloStar® prefilled pens.

Participants who were already using insulin at the time of enrol-

ment were required to continue their oral antidiabetic medications

(OAMs) and substitute their basal insulin with the investigational

product (IP). Participants who were not using basal insulin at enrol-

ment continued their OAMs, added the IP and adjusted insulin dosing

individually according to the metabolic status of the participant and at

the discretion of the clinical investigational team at the site. All partici-

pants underwent optimization and adjustments of insulin dosing as

well as OAM dosing as necessary (Table S1). Throughout the study,

participants in both treatment groups were evaluated through a

2-week screening visit, a 26-week randomization visit, and a 30-day

follow-up visit.

2.3 | Assessments

The assessment of immunogenicity followed a comprehensive one-

assay and tiered approach.28,29 Serum samples obtained at various

time points (baseline, week 12 and week 26) from both treatment groups

underwent analysis using the fully validated electrochemiluminescence

bridging assay. This assay was utilized to detect and confirm the

presence of binding AIA in human serum, employing a screening

and confirmatory assay known as the Method Validation for Glar-

gine ADA. Furthermore, for samples that tested positive in the

confirmatory assay, the antibody titre and the presence of neutral-

izing antibodies (NAbs) were determined using Method Validation

for Glargine NAb.30 More details were described in

Supplementary materials. Venous blood samples were collected to

evaluate glycaemic control by measuring levels of HbA1c and fast-

ing blood glucose (FBG). All samples were processed and analyzed

at a central laboratory facility. Safety assessments included the

incidence and severity of all treatment-emergent adverse events

(TEAEs), incidence of clinically significant laboratory abnormalities,

and incidence of clinically significant abnormalities in electrocar-

diograms and vital signs. In addition, continuous glucose monitor-

ing data were collected for the rate of hypoglycaemia.

2.4 | Statistical analysis

The safety and immunogenicity analyses were conducted using the

safety analysis set, which included all randomized participants who

received any IP. These analyses were performed based on the actual

treatment received by each participant. The efficacy analyses, on the

other hand, were carried out using the full analysis set, which included

all randomized participants and was based on the treatment originally

assigned. In general, categorical variables were summarized using

counts and percentages. Continuous variables were summarized using

the number of observations, mean, SD, median, minimum, 25th and

75th percentiles, and maximum. All statistical analyses were performed

using SAS® (SAS version 9.4).

For the primary immunogenicity endpoint analysis, an equivalence

test was conducted by comparing the limits of the 90% confidence

interval (CI) for the development of treatment-induced AIA to pre-

specified margins (�10.7%, 10.7%). These margins were determined

based on the unadjusted rate of treatment-induced AIA in the Lantus®

group. Equivalence was considered to be shown if the entire 90% CI

fell within the predefined similarity margins. A logistic regression model

was used to evaluate the number and percentage of participants in

each treatment group who developed treatment-induced AIA by week

26, estimating the difference in proportions along with the correspond-

ing 90% CI. The primary analysis focused on treatment-induced AIA

rates regardless of whether all participants tolerated or adhered to the

study treatment or received other insulin treatments and used a data

imputation method that generally assumed a positive treatment-

induced AIA result for missing data (Table S2). Subgroup analyses and

sensitivity analyses were conducted, including sensitivity analyses for

participants who had no missing data and had completed treatment.

The hypoglycaemia event rate (based on Investigator CTCAE) was com-

pared between treatment groups using a negative binomial regression

model. Additional statistical methods were described in more detail in

the Supplementary materials.
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3 | RESULTS

3.1 | Disposition, demographic, and baseline
characteristics

All participants included in the study met the diagnostic criteria for T2DM.

In total, 802 participants were screened, and 567 participants (70.7%)

were randomly assigned (GL Glargine, N = 284; Lantus®, N = 283). In

total, 515 participants (90.8%) completed the study, with similar percent-

ages of participants in the GL Glargine (91.2%) and the Lantus® groups

(90.5%) (Figure 2). The incidences of important protocol deviations (IPDs)

were generally similar between treatment groups overall (Table S3), and

none of the participants discontinued the study because of IPDs. The final

dropout rate was 9.2% at the end of enrolment, and the participant with-

drawals (4.1%) were not specifically linked to any of the two IPs.

Demographic characteristics, including age, sex, ethnicity, and body

mass index, were well-matched between the groups, as indicated in

Table 1. The mean age of participants was 60.8 years, and the mean

weight of participants was 98.1 kg. The proportion of men was higher

than that of women in the study (60.1% vs. 39.9%, respectively). The pop-

ulation was predominantly white (79.7%). The majority of the participants

were not Hispanic or Latino (76.9%). The mean baseline level of HbA1c

was comparable between the treatment groups. There were 217 partici-

pants (77.2%) with no missing data in the GL glargine and 221 participants

(78.4%) in the Lantus®. In addition, 15 participants had 17 events of using

non-study defined basal or bolus insulins, mostly because of hospital-

prescribed insulin treatment during the participant's hospitalization.

3.2 | Immunogenicity

The proportions of participants testing positive for treatment-induced

AIA by week 26 were similar between the GL Glargine (19.2%) and

Lantus® (21.3%) treatment groups (Figure 3A). The 90% CI for the

F IGURE 1 Flow diagram of study GL-glargine. In weeks 11 and 25, participants attended a brief visit for the application of a CGM sensor.
CGM, continuous glucose monitoring; d/D, day/Day; EOT, end of treatment; ET, early termination; FU, follow-up; GL Glargine, Gan & Lee insulin
glargine injection; Lantus®, European Union-approved Lantus; N, number of participants; TC, telephone call; V, visit; W, week.

F IGURE 2 Disposition and analysis
sets. FAS, full analysis set; GL Glargine,
Gan & Lee insulin glargine injection;

Lantus®, European Union-approved
Lantus; N, number of participants; SS,
safety analysis set.
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difference in proportions (�2.1 percentage points) ranged from

�7.6% to 3.5%, falling entirely within the predefined similarity mar-

gins (�10.7% to 10.7%). In addition, sensitivity analyses were per-

formed on participants who had no missing data and had completed

treatment, and the results were similar to those of the primary analy-

sis (treatment difference �2.7%, 90% CI: �5.6, 0.3) (Table S4). Sub-

group analyses assessed the influence of multiple parameters on

treatment-induced AIA incidence from baseline to week 26. Notably,

similar percentages of participants developed treatment-induced AIA

in each subgroup, including those with previous insulin glargine expo-

sure (9.5% for GL glargine and 7.7% for Lantus®) and those without

previous insulin glargine exposure (20% for GL glargine and 21.9% for

Lantus®) (Table S5). These findings indicate equivalence between the

treatment groups in terms of AIA response (Table 2).

TABLE 1 Demographics and baseline characteristics.

GL Glargine (N = 284), n (%) Lantus® (N = 283), n (%) Total (N = 567), n (%)

Sex, n (%)

Female 104 (36.6) 122 (43.1) 226 (39.9)

Male 180 (63.4) 161 (56.9) 341 (60.1)

Race, n (%)

White 227 (79.9) 225 (79.5) 452 (79.7)

Black or African American 35 (12.3) 36 (12.7) 71 (12.5)

Asian 15 (5.3) 12 (4.2) 27 (4.8)

American Indian or Alaska Native 2 (0.7) 1 (0.4) 3 (0.5)

Native Hawaiian or other Pacific Islander 2 (0.7) 1 (0.4) 3 (0.5)

Other 1 (0.4) 5 (1.8) 6 (1.1)

Multiple 2 (0.7) 3 (1.1) 5 (0.9)

Ethnicity, n (%)

Hispanic or Latino 59 (20.8) 69 (24.4) 128 (22.6)

Not Hispanic or Latino 223 (78.5) 213 (75.3) 436 (76.9)

Not reported 2 (0.7) 1 (0.4) 3 (0.5)

Previous exposure to insulin or analogues, n (%)

No previous exposure 80 (28.2) 80 (28.3) 160 (28.2)

Previous exposure 204 (71.8) 203 (71.7) 407 (71.8)

Age, years 61.3 (8.98) 60.3 (8.95) 60.8 (8.97)

Weight, kg 98.0 (20.1) 98.1 (20.5) 98.1 (20.3)

BMI, kg/m2 33.49 (5.6) 33.59 (6.0) 33.54 (5.8)

Duration of diabetes, years 15.2 (7.9) 15.3 (7.9) 15.3 (7.9)

HbA1c, % 8.49 (1.027) 8.51 (1.029) 8.50 (1.027)

AIA result, n (%)

Negative 252 (88.7) 263 (92.9) 515 (90.8)

Positive 5 (1.8) 1 (0.4) 6 (1.1)

Non-reportable 27 (9.5) 19 (6.7) 46 (8.1)

NAb results, n (%)

Negative 5 (1.8) 1 (0.4) 6 (1.1)

Positive 0 0 0

Not tested 279 (98.2) 282 (99.6) 561 (98.9)

Oral antidiabetes medications, ≥10% of patients in each treatment group; n (%)

Metformin 218 (76.8) 221 (78.1) 439 (77.4)

Glipizide 54 (19.0) 63 (22.3) 117 (20.6)

Glimepiride 60 (21.1) 49 (17.3) 109 (19.2)

Note: Data were presented as mean (SD) or n (%).

Abbreviations: AIA, anti-insulin antibody; BMI, body mass index; CRF, case report form; GL Glargine, Gan & Lee Insulin Glargine Injection; HbA1c, glycated

haemoglobin treatment group in category; Lantus®, European Union-approved Lantus; N, number of participants in a treatment group; NAb, neutralizing

antibody.
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Secondary immunogenicity endpoints were assessed based on

the participants' AIA status at baseline. The majority of participants

had a negative AIA status at baseline [249 of 281 in the GL Glargine

group (88.6%) and 262 of 282 in the Lantus® group (92.9%)]. Similar

percentages of these participants exhibited newly confirmed AIA

responses at week 26 (16.9% for GL Glargine and 20.2% for Lantus®)

(Figure 3B). Among the few participants who tested positive for AIA

at baseline (five participants in the GL Glargine group and one in the

Lantus® group), none experienced an important increase (≥4-fold

increase) in AIA titers during the study. Of the participants who had

confirmed positive AIA results after baseline, one participant (10.0%)

in the GL Glargine and three (18.8%) in the Lantus® had developed

anti-insulin NAbs.

3.3 | Efficacy

At week 26, the analysis revealed a least squares mean difference of

0.06% in the change from baseline in HbA1c between the GL Glar-

gine (�0.39%) and Lantus® treatment groups (�0.45%) (Figure 3C).

Equivalence between GL Glargine and Lantus® was evaluated based

on the 90% CI of the treatment difference (�0.13%, 0.24%), which

was within the predefined equivalence limits (�0.4%, 0.4%). Further-

more, the non-inferiority of GL Glargine compared with Lantus® was

evaluated using the 95% CI of the treatment difference (�0.16%,

0.27%), which also fell within the predefined limits for both the first

(<0.4%) and second (<0.3%) tests in the hierarchical analysis

(Table 3).

The percentages of participants achieving FBG levels of

≤8.0 mmol/L at week 26 were similar between the GL Glargine and

Lantus® treatment groups (46.8% and 48.8%, respectively)

(Figure 3D). In addition, comparable results were observed between

treatment groups in terms of the percentages of participants achiev-

ing HbA1c levels <7.0% at week 26 (12.3% for GL Glargine and 13.1%

for Lantus®) (Figure 3D). These findings support the noninferiority of

GL Glargine compared with Lantus® in terms of efficacy.

In this study, drug exposure was evaluated based on the dura-

tion of therapy and the overall average daily dose. The median ther-

apy duration was consistent at 26 weeks for both GL Glargine

(ranging from 0.1 to 31.0 weeks) and Lantus® (from 2.0 to

F IGURE 3 Immunogenicity outcomes and efficacy outcomes. (A) Incidence of treatment-induced AIAs up to week 26. (B) Secondary

endpoints of immunogenicity. (C) Change from baseline in HbA1c at week 26. (D) Other secondary endpoints of efficacy. Confirmed positive AIA,
defined as a participant, is deemed to have confirmed positive AIA at any time point. AIA, anti-insulin antibodies; FBG, fasting blood glucose;
HbA1c, glycated haemoglobin; Lantus®, European Union-approved Lantus.
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29.6 weeks). Furthermore, the overall participant average daily dose

exhibited similarity between the GL Glargine (45.0 ± 28.67 U) and

the Lantus® (45.3 ± 32.20 U). A doubling of the daily dose was

reported in 33 participants (11.7%) and 41 participants (14.5%) in

the GL Glargine and Lantus® after randomization, respectively, com-

pared with the first average daily dose (Table S6). These data suggest

that the exposure levels of insulin glargine were equivalent across

the respective groups.

3.4 | Safety

The frequency and nature of TEAEs reported during the study were con-

sistent with expectations based on the treatments administered.

Throughout the 26-week treatment duration, the overall percentage of

participants experiencing any TEAE was similar in both the GL Glargine

(80.1%) and Lantus® (81.6%) treatment groups. The proportion of partici-

pants experiencing serious AEs (SAEs) was low and similar between the

GL Glargine (5.3% of participants) and the Lantus® (5.7% of participants)

(Table 4). Hypoglycaemia was the most commonly reported TEAE, occur-

ring in approximately half of the participants in each treatment group

(Tables S7 and S8). Only a few participants reported any injection site

reactions [two participants (0.8%) in the GL Glargine and one (0.4%) in

the Lantus®]. There were no clinically relevant differences or changes

observed in laboratory, vital signs, electrocardiogram, or continuous glu-

cose monitoring results (Tables S9 and S10) between groups.

The rate of hypoglycaemia events, measured by the rate ratio of

the annual rates for the GL Glargine arm versus the Lantus® treatment

TABLE 2 Immunogenicity outcomes (safety analysis set)

Parameter

GL

Glargine
(N = 281)

Lantus®

(N = 282)

Primary endpoint

Incidence of treatment-induced

AIA up to week 26, n (%)

54 (19.2) 60 (21.3)

Treatment difference (%) 90%

confidence interval (%)

�2.1 (3.39)

(�7.6, 3.5)

Secondary endpoints

Subjects with AIA-negative at

baseline

249 262

Incidence of newly confirmed

treatment-induced AIA up to

week 26, n (%)

42 (16.9)

(N = 249)

53 (20.2)

(N = 262)

Confirmed AIA-positive at

baseline

5 1

Incidence of important increase in

AIA titer up to week 26, n (%)

0 0

Incidence of NAbs after baseline

up to week 26, n (%)

1 (10.0)

(N = 10)

3 (18.8)

(N = 16)

Abbreviations: AIA, anti-insulin antibody; GL Glargine, Gan & Lee Insulin

Glargine Injection; Lantus®, European Union-approved Lantus; N, number

of participants in a treatment group; NAb, neutralizing antibody.

TABLE 3 Efficacy outcomes (full analysis set)

Parameter

GL
Glargine

(N = 284)

Lantus®

(N = 283)

Key secondary endpoint

Change from baseline in HbA1c

at week 26, %, LSM (SE)

�0.39

(0.079)

�0.45 (0.079)

Treatment difference, % (SE) 0.06 (0.111)

90% CI, % (�0.13, 0.24)

95% CI, % (�0.16, 0.27)

Other secondary endpoints

FBG ≤8.0 mmol/L at week 26, n

(%)

133 (46.8) 138 (48.8)

HbA1c ≤7.0% at week 26, n (%) 35 (12.3) 37 (13.1)

Abbreviations: CI, confidence interval; FBG, fasting blood glucose; GL

Glargine, Gan & Lee insulin glargine injection; HbA1c, glycated

haemoglobin; Lantus®, European Union-approved Lantus; LSM, least

squares mean; N, number of participants in a treatment group; SE,

standard error.

TABLE 4 Overview of adverse events (safety analysis set)

Adverse event

category

GL Glargine

(N = 281), n (%) m

Lantus®

(N = 282), n (%) m

Any TEAE 225 (80.1) 1716 230 (81.6) 1598

Any CTCAE grade ≥3

TEAE

18 (6.4) 25 13 (4.6) 15

Any hypoglycaemic

TEAE

150 (53.4) 1259 146 (51.8) 1109

Any CTCAE grade ≥3

Hypoglycaemic

TEAE

2 (0.7) 2 0

Any IP-related AE 125 (44.5) 854 122 (43.3) 774

Any CTCAE grade ≥3

IP-related TEAE

0 0

Any death 0 0

Any SAE 15 (5.3) 21 16 (5.7) 18

Any IP-related SAE 0 0

Any hypoglycaemic

SAE

0 0

Any AE leading to

discontinuation of IP

1 (0.4) 2 0

Any IP-related AE

leading to

discontinuation of IP

0 0

Abbreviations: AE, adverse event; CTCAE, common terminology criteria

for adverse events; GL Glargine, Gan & Lee insulin glargine injection; IP,

investigational product; m, number of events; Lantus®, European Union-

approved Lantus; n, number of participants in a treatment group in a

category; N, number of participants in a treatment group; SAE, serious

adverse event; TEAE, treatment-emergent adverse event.
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arm, did not show a statistically significant difference between the GL

Glargine treatment group (2.05 events per year) and the Lantus®

treatment group (1.66 events per year) based on the rate ratio of 1.24

(95% CI: 0.90, 1.70; p = .182).

4 | DISCUSSION

Both the GL Glargine and Lantus® cohorts showed comparable demo-

graphic distributions, encompassing age, gender, race and body mass

index. Consistent immunogenicity and efficacy results were observed

across diverse demographics in subgroup analyses for both therapeu-

tic arms (Tables S5 and S11).

The FDA and EMA mandate comprehensive assessments of biosi-

milars, including purity, pharmacokinetics, clinical efficacy, and immu-

nogenicity, to ensure equivalence to reference products, although

evolving guidelines may reduce the need for extensive immunogenic-

ity data in future approvals.27,31,32 Nevertheless, the assessment of

insulin's immunogenicity potential continues to be crucial in under-

standing therapeutic strategies in diabetes management.17

Immunogenic reactions to biologics are safety concerns,

potentially causing therapeutic neutralization and hypersensitivity

reactions.33 This study shows the immunogenicity bioequivalence of

GL Glargine to Lantus® in patients with T2DM, despite variations in

treatment-induced AIA incidences influenced by early study with-

drawal and data imputation. Notably, consistent results on the inci-

dence of treatment-induced AIA were observed across demographics

and previous insulin exposure between treatment groups. In summary,

GL Glargine is immunogenically bioequivalent to Lantus®, consistent

with previous research.26,34

Consistent with previous studies of potential insulin glargine biosimi-

lars, this study was designed to evaluate immunogenicity in people with

T2DM.35 The proportion of treatment-induced AIA in patients with

T2DM in this study was similar to that reported in other studies (approxi-

mately 20%) but lower than in patients with T1DM (approximately

60%).36 This discrepancy may be because of the differences in the

immune response in patients with T1DM and T2DM, which may affect

their respective immunogenicity profiles.36 In addition, the majority of

patients with T1DM were already treated with exogenous insulin therapy

before entering clinical trials. Therefore, as expected, the baseline pres-

ence of detectable anti-insulin antibodies was higher in patients with

T1DM than in insulin-naïve patients with T2DM. In this study, there was

a difference in immunogenicity between patients with previous exposure

and those with no previous exposure to insulin glargine. However, a previ-

ous study showed similar immunogenicity profiles in insulin-naive and

insulin-non-naive patients.37 This discrepancy may be because of the small

sample size (21 participants in GL Glargine and 13 in Lantus®) of patients

with previous exposure to insulin glargine in our study. Caution should be

exercised when comparing anti-drug antibody incidence across studies, as

the observed immunogenicity of a compound depends on many factors,

including laboratory factors, trial design, and patient population.38

The bioequivalence and non-inferiority of GL Glargine to Lantus®,

in the context of efficacy, were corroborated by the HbA1c

measurements taken at week 26, with the 90% CI for the treatment

difference between �0.13 and 0.24. Both the GL Glargine and Lan-

tus® cohorts showed comparable proportions of participants achiev-

ing an FBG ≤8.0 mmol/L at baseline and week 26. Hence, GL Glargine

shows therapeutic equivalence and noninferiority to Lantus®. These

findings are consistent with a phase 1 clamp trial showing bioequiva-

lence between the two insulin types in PK/PD parameters26 and a

study using a continuous glucose monitoring system, indicating that

GL Glargine exhibited clinical non-inferiority to Lantus® in the man-

agement of T2DM.39

Safety is paramount for insulin products, with primary concerns

including hypoglycaemia, allergic reactions, and so on.40 The incidence

of TEAEs, including their severity and relationship to IP, was similar

between the GL Glargine and Lantus® treatment groups. Hypoglycae-

mia, a significant concern in diabetes management,41 was experienced

by roughly half of the participants in both groups and was predomi-

nantly mild to moderate in severity, consistent with previous studies

showing a hypoglycaemic incidence of approximately 48% in patients

with T2DM using biosimilar glargine.36 This observation aligns with

real-world data from the introduction of insulin glargine. Notably,

hypoglycaemia stands out as the most prevalent AE for marketed

Gan & Lee glargine, accounting for nearly 40% of the total AEs since

the launch of GL glargine. The most frequent SAEs were chest pain,

non-cardiac chest pain, osteomyelitis, skin ulcer and syncope, all

reported in two participants and none considered IP-related. Only one

participant in the GL Glargine discontinued because of TEAEs of pan-

creatic mass and pancreatic carcinoma, which were also not consid-

ered IP-related.

One potential limitation of this investigation was its open-label

design. To mitigate the risk of operational bias influencing the study

outcomes and to enhance the interpretability and robustness of the

data, certain roles within the sponsor and study team were main-

tained under blinding, including the immunogenicity consultant and

the bioanalytical vendor responsible for immunogenicity assess-

ments. Consequently, the study design is unlikely to have impacted

the results.

In conclusion, the study affirms the bioequivalence of GL Glargine

and Lantus® in terms of immunogenicity, safety, and efficacy for adult

patients with T2DM. Consistent with previous studies showing

PK/PD bioequivalence in patients with T1DM, this study further sub-

stantiates the bioequivalence of GL Glargine to Lantus®.

AUTHOR CONTRIBUTIONS

All authors contributed to data analysis and study conduct, and EAC

contributed to the manuscript editing. All authors have read and

approved the final manuscript.

ACKNOWLEDGMENTS

The authors would like to thank all the participants, investigators and

trial site staff who were involved in the conduct of the trials. The

authors would like to thank Dr. Wei Chen, Dr. Anshun He, Mr Tian

Xie and Ms Yue Li for the contributions on the writing and editing of

the manuscript.

8 CHRISTOFIDES ET AL.



FUNDING INFORMATION

This work was supported by Gan & Lee Pharmaceuticals Co., Ltd.

CONFLICT OF INTEREST STATEMENT

Elena A. Christofides has received travel grants and/or speaker hono-

raria from Gan & Lee Pharmaceuticals. Elena A. Christofides and other

authors recevied research funding from Gan & Lee Pharmaceuticals

during the conduct of the study.

PEER REVIEW

The peer review history for this article is available at https://www.

webofscience.com/api/gateway/wos/peer-review/10.1111/dom.

15560.

DATA AVAILABILITY STATEMENT

The data that support the findings of these studies are available on

request from the corresponding author. The data are not publicly

available due to privacy or ethical restrictions.

ORCID

Danny Sugimoto https://orcid.org/0000-0002-7801-1231

Mark Warren https://orcid.org/0000-0001-6693-9860

REFERENCES

1. Banday MZ, Sameer AS, Nissar S. Pathophysiology of diabetes: an

overview. Avicenna J Med. 2020;10(4):174-188. doi:10.4103/ajm.

ajm_53_20

2. Fonseca VA. Defining and characterizing the progression of type 2 dia-

betes. Diabetes Care. 2009;32(Suppl 2):S151-S156. doi:10.2337/

dc09-S301

3. von Scholten BJ, Kreiner FF, Gough SCL, von Herrath M. Current and

future therapies for type 1 diabetes. Diabetologia. 2021;64(5):1037-

1048. doi:10.1007/s00125-021-05398-3

4. Aschner P. Insulin therapy in type 2 diabetes. Am J Ther. 2020;27(1):

e79-e90. doi:10.1097/MJT.0000000000001088

5. Bolli GB, Porcellati F, Lucidi P, Fanelli CG. The physiological basis of

insulin therapy in people with diabetes mellitus. Diabetes Res Clin

Pract. 2021;175:108839. doi:10.1016/j.diabres.2021.108839

6. Home PD. Plasma insulin profiles after subcutaneous injection: how

close can we get to physiology in people with diabetes? Diabetes Obes

Metab. 2015;17(11):1011-1020. doi:10.1111/dom.12501

7. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hypergly-

caemia in type 2 diabetes, 2015: a patient-centred approach. Update

to a position statement of the American Diabetes Association and the

European Association for the Study of Diabetes. Diabetologia. 2015;

58(3):429-442. doi:10.1007/s00125-014-3460-0

8. Wilson LM, Castle JR. Recent advances in insulin therapy. Diabetes

Technol Ther. 2020;22(12):929-936. doi:10.1089/dia.2020.0065

9. Niswender KD. Basal insulin: physiology, pharmacology, and clinical

implications. Postgrad Med. 2011;123(4):17-26. doi:10.3810/pgm.

2011.07.2300

10. Babar ZU, Ramzan S, El-Dahiyat F, Tachmazidis I, Adebisi A,

Hasan SS. The availability, pricing, and affordability of essential diabe-

tes medicines in 17 low-, middle-, and high-income countries. Front

Pharmacol. 2019;10:1375. doi:10.3389/fphar.2019.01375

11. The L. 100 years of insulin: a technical success but an access fail-

ure. Lancet. 2021;398(10313):1777. doi:10.1016/S0140-6736(21)

02479-X

12. Ewen M, Joosse HJ, Beran D, Laing R. Insulin prices, availability and

affordability in 13 low-income and middle-income countries. BMJ

Glob Health. 2019;4(3):e001410. doi:10.1136/bmjgh-2019-001410

13. Herman WH, Kuo S. 100 years of insulin: why is insulin so expensive

and what can be done to control its cost? Endocrinol Metab Clin North

Am. 2021;50(3S):e21-e34. doi:10.1016/j.ecl.2021.09.001

14. Heinemann L, Home PD, Hompesch M. Biosimilar insulins: guidance

for data interpretation by clinicians and users. Diabetes Obes Metab.

2015;17(10):911-918. doi:10.1111/dom.12491

15. Saunders H, Pham B, Loong D, et al. The cost-effectiveness of

intermediate-acting, long-acting, ultralong-acting, and biosimilar insu-

lins for type 1 diabetes mellitus: a systematic review. Value Health.

2022;25(7):1235-1252. doi:10.1016/j.jval.2021.12.016

16. Wormann B, Sinn M. Position of scientific oncological societies

towards biosimilar antibodies. Breast Care. 2019;14(1):5-8. doi:10.

1159/000495145

17. Zhang RM, Puri R, McGill JB. Update on biosimilar insulins: a US per-

spective. BioDrugs. 2020;34(4):505-512. doi:10.1007/s40259-020-

00431-0

18. Hilgenfeld R, Seipke G, Berchtold H, Owens DR. The evolution of

insulin glargine and its continuing contribution to diabetes care.

Drugs. 2014;74(8):911-927. doi:10.1007/s40265-014-0226-4

19. Cunningham AM, Freeman AM. Glargine Insulin. StatPearls; 2023.

20. Gillies PS, Figgitt DP, Lamb HM. Insulin glargine. Drugs. 2000;59(2):

253-260; discussion 261–262. doi:10.2165/00003495-200059020-
00009

21. Eledrisi M, Suleiman NN, Salameh O, et al. Twice-daily insulin glargine

for patients with uncontrolled type 2 diabetes mellitus. J Clin Transl

Endocrinol. 2019;15:35-36. doi:10.1016/j.jcte.2018.12.002

22. Insulin Glargine Market Analysis. https://www.coherentmarketinsights.

com/market-insight/insulin-glargine-market-5231

23. Wang H, Zhou Y, Zhai X, et al. Evaluating glycemic control during

basalin or lantus administration in adults with controlled type 2 diabe-

tes mellitus using continuous glucose monitoring. Front Endocrinol.

2021;12:754820. doi:10.3389/fendo.2021.754820

24. Wolff-Holz E, Tiitso K, Vleminckx C, Weise M. Evolution of the EU

biosimilar framework: past and future. BioDrugs. 2019;33(6):621-634.

doi:10.1007/s40259-019-00377-y

25. Ogurtsova K, Guariguata L, Barengo NC, et al. IDF diabetes atlas:

global estimates of undiagnosed diabetes in adults for 2021. Diabetes

Res Clin Pract. 2022;183:109118. doi:10.1016/j.diabres.2021.109118

26. Chen W, Lu J, Plum-Morschel L, et al. Pharmacokinetic and pharma-

codynamic bioequivalence of Gan & Lee insulin analogues aspart

(rapilin®), lispro (prandilin®) and glargine (basalin®) with EU- und US-

sourced reference insulins. Diabetes Obes Metab. 2023;25:3817-

3825. doi:10.1111/dom.15281

27. Guideline on non-clinical and clinical development of similar biological

medicinal products containing recombinant human insulin and insulin

analogues. European Medicines Agency. https://www.ema.europa.

eu/en/documents/scientific-guideline/guideline-non-clinical-clinical-

development-similar-biological-medicinal-products-containing_en-

0.pdf

28. Civoli F, Kasinath A, Cai XY, et al. Recommendations for the develop-

ment and validation of immunogenicity assays in support of biosimilar

programs. AAPS J. 2019;22(1):7. doi:10.1208/s12248-019-0386-y

29. Cai XY, Thomas J, Cullen C, Gouty D. Challenges of developing and

validating immunogenicity assays to support comparability studies for

biosimilar drug development. Bioanalysis. 2012;4(17):2169-2177. doi:

10.4155/bio.12.185

30. Gupta S, Devanarayan V, Finco D, et al. Recommendations for the

validation of cell-based assays used for the detection of neutralizing

antibody immune responses elicited against biological therapeutics.

J Pharm Biomed Anal. 2011;55(5):878-888. doi:10.1016/j.jpba.2011.

03.038

CHRISTOFIDES ET AL. 9

https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/dom.15560
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/dom.15560
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/dom.15560
https://orcid.org/0000-0002-7801-1231
https://orcid.org/0000-0002-7801-1231
https://orcid.org/0000-0001-6693-9860
https://orcid.org/0000-0001-6693-9860
info:doi/10.4103/ajm.ajm_53_20
info:doi/10.4103/ajm.ajm_53_20
info:doi/10.2337/dc09-S301
info:doi/10.2337/dc09-S301
info:doi/10.1007/s00125-021-05398-3
info:doi/10.1097/MJT.0000000000001088
info:doi/10.1016/j.diabres.2021.108839
info:doi/10.1111/dom.12501
info:doi/10.1007/s00125-014-3460-0
info:doi/10.1089/dia.2020.0065
info:doi/10.3810/pgm.2011.07.2300
info:doi/10.3810/pgm.2011.07.2300
info:doi/10.3389/fphar.2019.01375
info:doi/10.1016/S0140-6736(21)02479-X
info:doi/10.1016/S0140-6736(21)02479-X
info:doi/10.1136/bmjgh-2019-001410
info:doi/10.1016/j.ecl.2021.09.001
info:doi/10.1111/dom.12491
info:doi/10.1016/j.jval.2021.12.016
info:doi/10.1159/000495145
info:doi/10.1159/000495145
info:doi/10.1007/s40259-020-00431-0
info:doi/10.1007/s40259-020-00431-0
info:doi/10.1007/s40265-014-0226-4
info:doi/10.2165/00003495-200059020-00009
info:doi/10.2165/00003495-200059020-00009
info:doi/10.1016/j.jcte.2018.12.002
https://www.coherentmarketinsights.com/market-insight/insulin-glargine-market-5231
https://www.coherentmarketinsights.com/market-insight/insulin-glargine-market-5231
info:doi/10.3389/fendo.2021.754820
info:doi/10.1007/s40259-019-00377-y
info:doi/10.1016/j.diabres.2021.109118
info:doi/10.1111/dom.15281
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-non-clinical-clinical-development-similar-biological-medicinal-products-containing_en-0.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-non-clinical-clinical-development-similar-biological-medicinal-products-containing_en-0.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-non-clinical-clinical-development-similar-biological-medicinal-products-containing_en-0.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-non-clinical-clinical-development-similar-biological-medicinal-products-containing_en-0.pdf
info:doi/10.1208/s12248-019-0386-y
info:doi/10.4155/bio.12.185
info:doi/10.1016/j.jpba.2011.03.038
info:doi/10.1016/j.jpba.2011.03.038


31. Scientific Considerations in Demonstrating Biosimilarity to a Reference

Product: Guidance for Industry. Food and Drug Administration. https://

www.fda.gov/regulatory-information/search-fda-guidance-documents/

scientific-considerations-demonstrating-biosimilarity-reference-product

32. Clinical Immunogenicity Considerations for Biosimilar and Inter-

changeable Insulin Products. Food and Drug Administration. https://

www.fda.gov/media/133014/download

33. Sethu S, Govindappa K, Alhaidari M, Pirmohamed M, Park K,

Sathish J. Immunogenicity to biologics: mechanisms, prediction and

reduction. Arch Immunol Ther Exp (Warsz). 2012;60(5):331-344. doi:

10.1007/s00005-012-0189-7

34. Tarigan TJE, Dwijayanti A, Setyowati S, Louisa M. Immunogenicity

and efficacy of insulin glargine biosimilar ezelin versus originator insu-

lin glargine in patients with type 2 diabetes. Diabetes Metab Syndr

Obes. 2021;14:107-116. doi:10.2147/DMSO.S279385

35. Ilag LL, Deeg MA, Costigan T, et al. Evaluation of immunogenicity of

LY2963016 insulin glargine compared with Lantus® insulin glargine in

patients with type 1 or type 2 diabetes mellitus. Diabetes Obes Metab.

2016;18(2):159-168. doi:10.1111/dom.12584

36. Sun B, Sengupta N, Rao A, et al. Similar immunogenicity profiles

between the proposed biosimilar MYL-1501D and reference insulin

glargine in patients with diabetes mellitus: the phase 3 INSTRIDE

1 and INSTRIDE 2 studies. BMC Endocrine Disorders. 2021;21(1):129.

doi:10.1186/s12902-021-00797-4

37. Blevins TC, Barve A, Raiter Y, et al. Efficacy and safety of MYL-

1501D versus insulin glargine in people with type 1 diabetes mellitus:

results of the INSTRIDE 3 phase 3 switch study. Diabetes Obes Metab.

2020;22(3):365-372. doi:10.1111/dom.13904

38. Jordan G, Staack RF. Toward comparability of anti-drug antibody

assays: is the amount of anti-drug antibody-reagent complexes at

cut-point (CP-ARC) the missing piece? Bioanalysis. 2020;12(14):1021-

1031. doi:10.4155/bio-2020-0143

39. Li HQ, Lu CF, Wang J, et al. A comparison of clinical efficacy and

economic value in Basalin- and Lantus-treated patients with type

2 diabetes using continuous glucose monitoring system.

J Endocrinol Invest. 2018;41(2):179-184. doi:10.1007/s40618-017-

0712-0

40. McCall AL. Insulin therapy and hypoglycemia. Endocrinol Metab Clin

North Am. 2012;41(1):57-87. doi:10.1016/j.ecl.2012.03.001

41. Nakhleh A, Shehadeh N. Hypoglycemia in diabetes: an update on

pathophysiology, treatment, and prevention. World J Diabetes. 2021;

12(12):2036-2049. doi:10.4239/wjd.v12.i12.2036

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Christofides EA, Puente O,

Norwood P, et al. Immunogenicity, efficacy, and safety of

biosimilar insulin glargine (Gan & Lee glargine) compared with

originator insulin glargine (Lantus®) in patients with type 2

diabetes after 26 weeks' treatment: A randomized open label

study. Diabetes Obes Metab. 2024;1‐10. doi:10.1111/dom.

15560

10 CHRISTOFIDES ET AL.

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/scientific-considerations-demonstrating-biosimilarity-reference-product
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/scientific-considerations-demonstrating-biosimilarity-reference-product
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/scientific-considerations-demonstrating-biosimilarity-reference-product
https://www.fda.gov/media/133014/download
https://www.fda.gov/media/133014/download
info:doi/10.1007/s00005-012-0189-7
info:doi/10.2147/DMSO.S279385
info:doi/10.1111/dom.12584
info:doi/10.1186/s12902-021-00797-4
info:doi/10.1111/dom.13904
info:doi/10.4155/bio-2020-0143
info:doi/10.1007/s40618-017-0712-0
info:doi/10.1007/s40618-017-0712-0
info:doi/10.1016/j.ecl.2012.03.001
info:doi/10.4239/wjd.v12.i12.2036
info:doi/10.1111/dom.15560
info:doi/10.1111/dom.15560

	Immunogenicity, efficacy, and safety of biosimilar insulin glargine (Gan weeks' treatment: A randomized open label study
	1  INTRODUCTION
	2  METHODS
	2.1  Objectives
	2.2  Study design
	2.3  Assessments
	2.4  Statistical analysis

	3  RESULTS
	3.1  Disposition, demographic, and baseline characteristics
	3.2  Immunogenicity
	3.3  Efficacy
	3.4  Safety

	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	REFERENCES


