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Efficacy and immunogenicity of insulin 
biosimilar compared to their reference products: 
a systematic review and meta-analysis
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Abstract 

Background: To ascertain the efficacy, safety, and immunogenicity from existing evidence via conducting a meta‑
analysis of randomized controlled trials between biosimilar and originator insulins.

Methods: The PubMed, Cochrane Library, EMBASE, and ClinicalTrails.gov were searched to identify head‑to‑head 
randomized controlled trials (RCTs) that directly compare the efficacy and safety of biosimilar insulin and its originator. 
Efficacy was assessed by change of HbA1C, fasting plasma glucose (laboratory or self‑monitoring of blood glucose 
(SMBG)), and change all mean of 7 points‑ or 8 points‑ SMBG. Safety was assessed by change in proportion hypogly‑
cemia and serious hypoglycemia. The occurrence of anti‑insulin antibodies (AIAs) was also evaluated.

Results: Fourteen RCTs with 6188 patients from different countries were included. Data were pooled using a 
random‑effects model and were expressed as the mean difference (MD), odds ratio (OR), and 95% confidence interval 
(CI). In efficacy, Insulin biosimilar products showed similar in change of HbA1C at weeks 26 and 52, the MD were 0.03 
(95% CI − 0.02 to 0.07, p = 0.28), and 0.05 (95% CI − 0.05 to 0.15, p = 0.36), respectively. The proportion of HbA1C less 
than 7% at endpoint, the OR were 1.04 (95% CI 0.89 to 1.20, p = 0.64). The change of fasting plasma glucose (labora‑
tory or SMBG) mmol/L in 24–52 weeks and change all mean of 7 points−/8 points‑ SMBG mmol/L in 24–52 weeks, the 
MD were 0.02 (95% CI − 0.20 to 0.24, p = 0.87) and − 0.34 (95% CI − 1.35 to 0.67, p = 0.51), respectively. In occurrence 
of hypoglycemia (≥ 1 events) and severe hypoglycemia, the OR were 0.96 (95% CI 0.85 to 1.09, p = 0.52) and 1.06 
(95% CI 0.85 to 1.31, p = 0.62). The AIA was 1.02 (95% CI 0.90 to 1.16, p = 0.76). Analysis stratified by type of diabetes 
and duration of insulin. There was no significant difference between the biosimilar and their reference group in a dif‑
ferent type of diabetes and different duration of insulin.

Conclusions: Insulin biosimilar showed comparable characteristics with the reference drug in terms of efficacy, 
safety, immunogenicity, through comprehensive and specific conventional meta‑analysis.
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Background
Diabetes mellitus (DM) is considered a complex and 
chronic disease [1]. In 2019, approximately 463 million 
adults (20–79 years) were living with diabetes; by 2045 
this will rise to 700 million [2]. Due to incremental popu-
lation in DM and influence all age group of adults. The 
management of patients living with type 1 and type 2 dia-
betics, and their complications, such as cardiovascular 
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disease, is highly important and influences the disease 
mortality [3]. The full global costs of diabetes in adults 
will increase in costs as a share of global gross domestic 
product (GDP) from 1.8% in 2015 to a maximum of 2.2% 
in 2030. The global costs of diabetes and its consequences 
are large and will substantially increase [4]. Good glyce-
mic control not only is the goal of diabetes treatment but 
also prevents cardiovascular complications and reduces 
mortality consequently [5, 6]. Patients living with type 
1 diabetes must use insulin. However, if patients living 
with type 2 diabetes, medications include oral medica-
tions to control it, while others may also need insulin. 
Insulins biosimilar has expanded treatment options for 
diabetes and can potentially reduce medical costs, espe-
cially in low- and middle-income countries. Biosimilar 
has an important role in its economic benefit. The nota-
ble cost-effectiveness impact of a biosimilar is the poten-
tial for healthcare budgetary redistribution, decrease 
financial barriers and increase patient access to biological 
therapies [7, 8]. The benefit of this research will not only 
contribute to low-middle income countries but will also 
influence other high-income countries. Therefore, this 
study must determine whether the effect is consistent 
before confirming the cost-effectiveness. Although the 
results in clinical trials are consistent, when the number 
of samples increases, it may cause differences or differ-
ences in certain subgroups.

A health authority-approved biosimilar product is con-
sidered to have comprehensive evidence on its structure, 
biological activity and efficacy, safety, and immunogenic-
ity profile to its reference product [9, 10]. Insulins are 
biological agents manufactured by complex processes, 
also costly and time-consuming to perform numbers 
phase 3 studies [11].

Since September 2014, the first insulin biosimilar has 
been approved by European Medicines Agency, there is 
a subsequent insulin biosimilar that has been approved 
by different Health Authority, and marketing worldwide 
[12]. Several insulins biosimilar has conducted Phase 
III studies for marketing authorization applications to 
show the treatment similarity between the biosimilar 
product and their reference product. However, there are 
still limited subjects to be included in the Clinical trial. 
The hypothesis of the meta-analysis might be no clini-
cally significant difference between insulin biosimilar 
and innovator products in efficacy, safety, and immu-
nogenicity. Hence, in this study, we aim to provide evi-
dence of accumulated clinical trials for insulin biosimilar 
and clarify the efficacy, safety, and immunogenicity from 
existing evidence by performing a meta-analysis of rand-
omized controlled trials between biosimilar and origina-
tor insulins.

Methods
Literature search strategy
We conducted a search on PubMed, Cochrane Library, 
Embase and ClinicalTrials.gov through 30th Nov 2021, 
limiting to human patients and publications in English. 
The following search terms were included in the search: 
insulin and biosimilar (Additional file  1: Appendix 
S1). All retrieved abstracts, studies, and citations were 
reviewed. The details of the search strategy for eligible 
studies are given in the flowchart provided by Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses [13]. Two reviewers (L. J. Y. and T. R. P.) screened all 
titles and abstracts independently and evaluated relevant 
articles.

Selection of relevant studies and criteria
This study was performed by Cochrane Collaboration 
guidelines [14]. We included trials that met the follow-
ing criteria: 1) all studies included were phase III, head-
to-head, non-inferiority, randomized control design, 2) 
comparison of any insulin biosimilar [non-originator 
product of investigated International nonproprietary 
name (INN)] and its reference product (originator of 
investigated INN) and report efficacy, safety, and immu-
nogenicity outcome 3) inclusion of all diabetes mellitus 
types, and subcutaneous administration of insulin and 
4) mentioned patient inclusion (including diagnoses 
of disease, age, insulin therapy, Body Mass Index) and 
exclusion criteria (experience severe hypoglycemia or 
hypoglycemia need further emergency room or hospi-
talization service for glucose control before inclusion), 
the outcome of efficacy, safety and immunogenicity, and 
treatment procedures for all groups.

Data extraction
The following information was extracted: author, year of 
publication, study design, sample sizes, type of diabetes, 
duration of DM, clinical efficacy [change of HbA1C (%) 
from baseline, FPG (laboratory or SMBG) mmol/L, 7 
points/8 points- SMBG mmol/L], and safety [hypoglyce-
mia (≥1 events) %; severe hypoglycemia (d/N)], immuno-
genicity [anti-insulin antibody (%)].

Risk of bias of included studies
Two reviewers (L. J. Y. and T. R. P.) independently 
assessed the quality of the included studies by using the 
revised risk-of-bias (version 2.0) method, according to 
the recommendation of the Cochrane Collaboration [15]. 
These cover the potential sources of bias including selec-
tion bias (random sequence generation and allocation 
concealment), performance bias (blinding of participants 
and personnel), detection bias (blinding of outcome 
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assessment), attrition bias (incomplete outcome data), 
and reporting bias (selective reporting).

Statistical analyses
Statistical analysis was performed according to the 
Cochrane Handbook for Statistical Review of Interven-
tions (version 6.2) [14]. The statistical analyses were 
performed using RevMan software (Cochrane Review 
Manager Version 5.4, Oxford, UK) and Comprehensive 
Meta-Analysis software. Weighted mean differences 
(MD) and pooled odds ratios (ORs) were calculated by 
DerSimonian–Laird random-effects meta-analysis [16]. 
We assessed heterogeneity using a χ2 test with p < 0.10 
considered statistically significant. Heterogeneity was 
considered low, moderate, or high for I2 values of < 25, 
25–50, and > 50%, respectively. Results were considered 
statistically significant with a p value of < 0.05. We used 
funnel plot to assess the publication bias. The Egger’s 
and Begg’s tests were also used. A p-value of > 0.05 based 
on the results of Egger’s and Begg’s tests indicated the 
absence of publication bias.

Results
Study characteristics
A total of 196 records were screened and 89 full-text arti-
cles were assessed for eligibility. Fourteen articles were 
selected for qualitative review [17–30]. The trial selec-
tion procedure is shown in Fig. S1. The studies involved 
6188 participants from more than 5 countries. All the 
studies reported the outcome of efficacy and safety and 
eleven of them also reported immunogenicity [19, 20, 
22–30]. Types of insulin biosimilar were involved, 9 
studies investigated the long-acting insulin (insulin glar-
gine), including Basalog (Biocon Ltd., Bangalore, India), 
LY-IGlar (Lily, IN, USA), MYL-1510D (Mylan INC., IN, 
USA), MK-1293(Merk, NJ, USA), GP40061 (Geropharm, 
Russian); 4 studies investigated short-acting (insulin 
aspart, insulin lispro), such as SAR342434, SAR341401 
(Sanofi, Paris, France), GP-Asp (Geropharm, Russia); 1 
study investigated pre-mixed insulin biosimilar GP-Lis25 
(Geropharm, Russia). The characteristics of the 14 stud-
ies are summarized in Table 1. The clinical outcomes of 
the trials are summarized in Table  S1. There was a low 
risk of bias, except for blinding of participants and study 

Fig. 1 Change of HbA1C (%), (A) at 26 weeks (B) at 52 weeks
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personnel. Thirteen studies were open-label, and one was 
double-blind randomized control trials (Fig. S2).

Meta-analyses of the clinical efficacy, blood sugar 
management in change HbA1C at 26 weeks (14 studies), 

change HbA1C at 52 weeks (3 studies) were performed 
according to follow-up period. The mean difference 
(MD) of change of HbA1C compared with baseline 
were 0.03 (95% CI − 0.02 to 0.07, p =  0.28), and 0.05 

Fig. 2 Change of fasting plasma glucose (laboratory or self‑monitoring of blood glucose) (mmol/L) at 24–52 weeks

Fig. 3 Change all mean of 7 points‑ or 8 points‑ self‑monitoring of blood glucose (mmol/L) at 24–52 weeks

Fig. 4 Achieving HbA1C < 7%
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(95% CI − 0.05 to 0.15, p = 0.36), respectively (Fig. 1). 
The MD of HbA1C change from baseline in 26 weeks 
and 52 weeks shows clinical similarity. The pooled 
MD of fasting plasma glucose (laboratory or SMBG) 
mmol/L in 24–52 weeks among included 14 studies, 
were 0.02 (95% CI − 0.20 to 0.24, p = 0.87) (Fig. 2). The 
pooled MD of 7 points−/8 points- SMBG mmol/L in 
24–52 weeks (4 studies) decreased from baseline but 
was not significantly different between the two groups. 
[− 0.34 (95% CI − 1.35 to 0.67, p = 0.51)] (Fig. 3). Seven 
studies also report proportion of HbA1C less than 7% 

at endpoint, the odds ratio were 1.04 (95% CI 0.89 to 
1.20, p = 0.64) (Fig. 4).

The safety-related outcome in the hypoglycemia pro-
portion (≥ 1 events) and severe hypoglycemia were 
assessed. The ORs of hypoglycemia proportion (≥ 1 
events) among included 14 studies were 0.96 (95% 
CI 0.85 to 1.09, p  =  0.52) and severe hypoglycemia 
among included 14 studies were 1.06 (95% CI 0.85 to 
1.31, p =  0.62) (Fig.  5). There was no significant differ-
ence in safety-related outcomes. The percentage of AIA 
between the biosimilar and reference products showed 

Fig. 5 Hypoglycemia (A) Hypoglycemia ≥1 event (B) Severe hypoglycemia
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no significant difference [1.02 (95% CI 0.90 to 1.16, 
p = 0.76)] (Fig. 6).

Subgroup, and sensitivity analysis
Subgroup analysis was performed on duration of insulin 
and type of diabetes. The pooled MD of long- and short- 
acting insulin were 0.05 (95% CI − 0.01 to 0.11, p = 0.11) 
and − 0.01 (95% CI − 0.08 to 0.07, p = 0.80), respectively 

(Fig.  7). The pooled MD of type 1 DM and type 2 DM 
were 0.05 (95% CI − 0.01 to 0.11, p = 0.13) and 0.00 (95% 
CI − 0.08 to 0.08, p = 0.92), respectively (Fig. 8).

Fourteen studies were included in this study. A total of 
11 included studies have adjusted with antidiabetic medi-
cations or the doses of insulin. Only 3 articles are not 
clear about whether there are adjusted with antidiabetic 
medications or the doses of insulin. Therefore, we will 
carry out a sensitivity analysis by excluding these 3 trials. 

Fig. 6 Anti‑insulin antibody positivity (%)

Fig. 7 HbA1C at 26 weeks (%) in long‑acting and short‑acting insulins
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When these 3 trials were removed from this meta-analy-
sis, similar results were shown in a change of HbA1C at 
weeks 26 in comparison with the original one (MD: 0.03; 
95% CI − 0.03 to 0.08, p = 0.33).

Publication bias
A visual inspection of the funnel plot of results from 
these studies revealed asymmetry (Fig.  9). The results 
of Begg and Mazumdar rank (Kendall’s tau = 0.154 and 

Fig. 8 HbA1c at 26 weeks (%) in patients with type 1 diabetes and type 2 diabetes

Fig. 9 Publication bias funnel plot
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p  =  0.443) and Egger’s regression intercept approach 
(intercept =  0.752, two-tailed 95% CI: − 0.526 to 2.03, 
p =  0.224) indicated no significant evidence of publica-
tion bias in this meta-analysis.

Discussion
In this current study, systemic review and meta-analysis 
were performed on 14 RCTs involving 6188 patients, 
studies that assess long- or short-acting insulin biosimi-
lar with the originator, show no significant difference in 
effectiveness, safety, immunogenicity between the bio-
similar and reference products. By contrast, previous 
observational studies show some biosimilar products 
(ex. granulocyte-colony stimulating factor) were asso-
ciated with a higher rate of reportable adverse events 
and experienced drug ineffectiveness in post-marketing 
pharmacovigilance investigation [31]. Furthermore, 
some systemic review studies showed the Health Care 
Providers (HCPs) perspective in general of using bio-
similar [32–34]. The knowledge and confidence of using 
biosimilar HCPs are varying between countries, health 
economics policies, clinical profiles, and studies. To pre-
scribe biosimilar in initial treatment is still the most posi-
tive part for HCPs [32, 33]. The key concerns from HCP’s 
perspective whether to use biosimilar mainly focus on 
safety, efficacy, and immunogenicity. Furthermore, HCP’s 
knowledge gap regarding biosimilar itself, clinical out-
come, harmonization of regulation and science, financial 
consideration…et al. have also influenced the prescrip-
tion of biosimilars [32–34].

Previously, systemic review and meta-analysis esti-
mated the efficacy of insulin biosimilar [35, 36]. A sys-
temic review performed by Tai et al. includes 11 RCTs, 
which compared the safety, efficacy, pharmacokinetics 
(PK), and pharmacodynamics (PD) in both long-act-
ing and short-acting between the biosimilar and their 
reference products. All parameters reported in PK 
and PD studies are within the acceptable margin and 
meet the requirements of similar [35]. Yamada et  al. 
performed a systemic review and meta-analysis stud-
ies, which included 10 phases III RCTs and a total of 
4935 participants and estimated long-acting biosimilar 
and their reference product [36]. The efficacy results 
of Yamada et al. and our study in change of HbA1C at 
24–26 weeks, change of HbA1C at 52 weeks, and FPG 
decrease from baseline are 0.04 (95% CI − 0.01 to 
0.08) versus 0.03 (95% CI − 0.02 to 0.07), 0.03 (95% CI 
− 0.04 to 0.1) versus 0.05 (95% CI − 0.05 to 0.15), and 
0.08 (95% CI − 0.36 to 0.53) versus 0.02 (95% CI − 0.20 
to 0.24), respectively. In addition, the safety results of 
Yamada et al. and our study in hypoglycemia and severe 
hypoglycemia are 0.99 (95% CI 0.96 to 1.03) versus 0.96 
(95% CI 0.85 to 1.09) and 1.09 (95% CI 0.80 to 1.47) 

versus 1.06 (95% CI 0.85 to 1.31), respectively. This 
study includes newly RCTs [25, 28–30], pooled more 
comprehensive evidence in both long−/short acting 
insulin biologics, reports consistent outcomes than the 
previous study. However, our study grouped the studies 
with corrections combined with hypoglycemic drugs, 
and the results of the study were found to be similar 
(change of HbA1C at weeks 26, the MD were 0.03; 95% 
CI − 0.02 to 0.07, p = 0.28). The efficacy and safety are 
similar between insulin biosimilar and their originator. 
The price of insulin biosimilar is cheaper, it could ben-
efit low-income countries to obtain medicines and use 
them.

There is some limitation to this study. First, as the 
administration of insulin is via Subcutaneous (SC), that 
leads to open-label design and might be unable to avoid 
investigator and participants bias of reports especially on 
safety, such as hypoglycemia and adverse events. Further 
unknown factors in the reported trials concerning trial 
quality and reduction of biases might have influenced the 
results of this meta-analysis. Second, different frequen-
cies of tracking patients in outpatient visits of telephone 
follow-up could reflect inconsistency of medication 
adherence between trials. Third, we still did not report 
the issue of the interchangeable or switching issue in 
RCT based study.

Conclusions
Insulin biosimilar showed comparable characteristics 
with the reference drug in terms of efficacy, safety, and 
immunogenicity through comprehensive and specific 
conventional meta-analysis, even in the subgroup analy-
sis of the different types of diabetes and different duration 
of insulin. This systematic review and meta-analysis dem-
onstrated the similarity of insulin biosimilar as a treat-
ment for patients with both type 1 and type 2 diabetes. 
Our result can support the evidence-based use of insulin 
biosimilar and provide another positive choice on patient 
access to treatment.
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