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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 (AlAs) 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
(C). In efficacy, Insulin biosimilar products showed similar in change of HbA1C at weeks 26 and 52, the MD were 0.03
(95% Cl —0.02 t0 0.07, p = 0.28), and 0.05 (95% Cl — 0.05 to 0.15, p = 0.36), respectively. The proportion of HbA1C less
than 7% at endpoint, the OR were 1.04 (95% C1 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% Cl —0.20t0 0.24, p = 0.87) and — 0.34 (95% Cl — 1.35t0 0.67, p = 0.51), respectively. In occurrence
of hypoglycemia (> 1 events) and severe hypoglycemia, the OR were 0.96 (95% Cl 0.85 to 1.09, p = 0.52) and 1.06
(95% C10.85t0 131, p = 0.62). The AIA was 1.02 (95% C1 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 (20-79years) were living with diabetes; by 2045
- : this will rise to 700 million [2]. Due to incremental popu-
e e sgnsrucy laion in DM and influence allage group of auls. Th

Medical Foundation, #289, Jianguo Road, Xindian Dist, New Taipei management of patients living with type 1 and type 2 dia-

City 23142, Taiwan, Republic of China 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.
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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. ]. 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



Page 3 of 11

(2022) 22:35

Yang et al. BMC Endocrine Disorders

UoNBIAS piBPUR)S (S ‘01ds]| UINSUI yEYTEYYS SIT-4YS '92U19431 43y ‘3|qe|leAe Jou yN ‘Sulbie|b ulnsul €67 L-IN /D[] YN ‘(duibae|b ulnsul s,uelAN) ALOS L-TAW 40D TAW ‘Bojewny-oidsi| ulnsu
s17-A7 'au1bae|b ulnsul 91096 Z AT 10/9] AT ‘Duibie|b uinsul snjueT oy ‘@sodn|b ewseld Bunse) D44 ‘sniijlew salaqgelp g ‘ybiam Apoq Mg “Jejiwisolq sg ‘xapul ssew Apoq g ‘@anisod Apognuy-bnig-nuy(+) vay

Auousyul ST XIN Bojewny [og] 0zoe
VN Le gLl 6 0l 9C 4 -UON/LDd elssny SA GZSIT-dD S0L/S0L  ¥PEECOVOLON ‘Ao1OARN
Jejiwisolq uljnsul paxiw-aid
Auiouzyul pideyonoN [62] Loz
€8 81T Ll 98 gel 9 L -UON/L1DY ueadoing SA dsy-dD cel/cel €Lv6/0¥01ON ‘eAOUOIRY
Auousyul pideyoroN (87l
9¢ SLe VN 8 6l 9¢ L -UON/LDY MOY'N3 SN SA COYLYedvS 96¢/10¢ [ARREIAED] 020z 'bies
Alouzyul Bojewny £10T L 8loz
St cee VN 8 Al 9 ¢ -UON/LDd MOY ‘N3 ’sSN SAYEYTECHYS ¥ST/eST ‘TVYT13HOS lyemiaQ
Ayuiouzyul Bojewny /10T [od
8 VN oL 8 6l ¢S/9¢ L -UON/1DY VN SAYEYTECHYS ¥5¢/€SC ‘1 VT1340S /107 'B1e5
Jejiwisolq uinsul bunose-yjioys
Ayiouzyul smuet [szlozoc
VN %74 L 98 i 9 L -UON/L1Dd uejseoned SA 1900%7dD 06/06  €66CC0¥0LDON ‘eAOUOIRY
suolbal Jay1o
pue ‘adoing uia
Aonajul -1sej ‘eisy 1seg sniue izd
VN 9le 98 1'8 Cl ¥C 4 -UON/1DY  ‘e2USWY ULON SAQLOSL-TAN €8¢/LLT C3AMISNI 60T sunalg
ueISY ‘(%S 1)
[ees-nnpy
Ayuiousyul "(%ST1)2elg snuet [ezlgloc
43 €ee S8 '8 €l 74 4 -UON/LDY "(9%€9) SUYM SA E6CLAN S9¢/99¢  /816S0C0LON ‘Iopue|joH
Aonajul yoe|g ‘uelsy snue [za
85 ¥'9¢ €6 8 44 S/ve L -UON/LDY '(9608) 2UYM SAE6C LMW €9¢/S¥¢ VN 810C "dWoH
Auousyul VSN snue (La
VN 59 6 144 6l S/ve L -UON/LDd adoing SAQLOS L-TAW 8/1/08C L JAMISNI 80T 'sunag
Awouajul oe|g Uelsy snmue [ozlstoz
VN 43 88 €8 Cl ¥C 4 -UON/LDY "(9608) SMYM SA JejB] A1 08€/9L¢ CINIWTTT  HPOISuULsOY
uelpuj
-uedlswy
Ayiousjul "(%81) uelsy smuet 61l
L0 574 €8 8/ L1 [4%%444 L -UON/LDY "(%¥2£) 2MUM SA1e|B] AT £92/89C LINFWITI  SL0T ‘sulrolg
Aonajul sniue 811
VN VN 8L 8L VN [4%4%¢4 L -UON/LDd asaueder SACLL-d44 6CL/LEL VN 910T 'Mey
Ayioujul sniue [Z1]
VN 8'1C '8 6L Lt Cl L -UON/LDY uelpy sA Bojeseg 801/.01 YN LLOT "BUWlisA
Jejiwisolq uijnsui bunoe-buo
(Kywajo ubisap (438/Wsq)
%‘(H)vav Tw/By‘INg V/joww ‘Dd4  %‘DLYqH uoneing Ymutoddwil Q0 ddAL leuy/Apms ey 434 sAWSg  dzis ajdwes aweu jeu) 1ea) ‘Apnis

S3IPN1S PapPN|DU JO SDIISpRIDRIRYD) L dqel



Yang et al. BMC Endocrine Disorders (2022) 22:35 Page 4 of 11
A
Mean Difference Mean Difference
Study or Subgroup  Mean Difference SE Weight IV, Random, 95% CI IV. Random, 95% CI
Derwahl 2018 -0.06 00707 1098%  -0.06[-0.20,0.08) =
Blevins 2018 -0.03 00707 109% -0.03[-0.17,0.11] -1
Garg 2020 -0.02 00667 12.3%  -0.02[-0.15, 0.11] =
Mayorov 2020 -0.01 01684  1.9%  -0.01 [-0.34,0.32) -1
Karonova 2021 0 01327 31% 0.00 [-0.26, 0.26) D
Hollander 2018 002 0.0849 76% 0.02[-0.15,0.19) = i
Home 2018 003 01131 4.3% 0.03[-0.19, 0.25) i
Kaku 2016 0.04 00722 105% 0.04 [-0.10,0.18] T
Garg 2017 0.05 0.0707 10.9% 0.05[-0.08,0.19] =
Rosenstock 2015 0.05 0.0781 9.0% 0.05[-0.10, 0.20] 1
Blevins 2019 006 01273 34% 0.06 [-0.19,0.31) ==
Blevins 2015 0.11 00707 109% 0.11 [-0.03, 0.25) ™
Karonova 2020 011 01543  2.3% 0.11[-0.19, 0.41) ==
Verma 2011 022 01712 1.9% 0.22 [-0.12, 0.56) 1T
Total (95% CI) 100.0% 0.03 [-0.02, 0.07] b
Heterogeneity: Tau®= 0.00; Chi*= 5.98, df= 13 (P = 0.95); F= 0% B b . 1 3

Test for overall effect. Z=1.08 (P = 0.28)

B

Favours [Biosimilar] Favours [Originatorl]

Mean Difference

Mean Difference

Test for overall effect. Z=0.92 (P = 0.36)

Fig. 1 Change of HbA1C (%), (A) at 26 weeks (B) at 52 weeks

Study or Subgroup  Mean Difference SE Weight IV, Random, 95% ClI IV. Random, 95% CI

Blevins 2018 0.04 00785 421% 0.04 [-0.11,0.19]

Garg 2017 008 0079 415% 0.08 [-0.07,0.23]

Home 2018 -0.02 01257 164%  -0.02[-0.27,0.23]

Total (95% CI) 100.0% 0.05 [-0.05, 0.15]

Heterogeneity: Tau®= 0.00; Chi*= 0.47, df= 2 (P = 0.79); F= 0% z + ) : 3

Favours [Biosimilar] Favours [Originator]

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 x2 test with p < 0.10
considered statistically significant. Heterogeneity was
considered low, moderate, or high for I? 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
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Mean Difference Mean Difference
Study or Subgroup __Mean Difference SE Weight IV, Random, 95% CI IV, Random. 95% CI
Blevins 2015 017 02828 106% 017 [-0.38,0.72] i -
Blevins 2018 -0.8 03818 68% -080[1.65-0.15]
Blevins 2019 0.31 02618 11.8% 0.31 [-0.20, 0.82] -
Derwahl 2018 005 02546 12.2% 0.05 [-0.45, 0.55] B
Garg 2017 005 0389 6.6% 0.05[0.71,0.81) B
Garg 2020 -0.32 0.3536 7.6% -0.32 [-1.01,0.37) -
Hollander 2018 019 02546 12.2% 0.19[-0.31, 0.69)] B 2
Home 2018 0.48 0.6544 2.6% 0.48 [-0.80,1.76] ]
Kaku 2016 055 04031 6.2% 0.55[-0.24,1.34] = =
Karonova 2020 -1.3 0807 18% -1.30[-2.88,0.28
Karonova 2021 -0.1 06179 2.9% -010[1.31,1.11]) —
Mayorov 2020 -0.57 05838 33% -057[1.71,057) - 1
Rosenstock 2015 -0.06 0.2404 131%  -0.06[-0.53,0.41] = I
Yerma 2011 1.03 07358 21% 1.03 [-0.41, 2.47) ]
Total (95% CI) 100.0% 0.02 [-0.20, 0.24] ?
Heterogeneity: Tau®= 0.04; Chi*= 16.65, df= 13 (P = 0.22); F= 22% ‘_4 : 2 4=
Testfor overall effect. 2= 0.16 (P = 0.87) Favours [Biosimilar] Favours [Originator]
Fig. 2 Change of fasting plasma glucose (laboratory or self-monitoring of blood glucose) (mmol/L) at 24-52 weeks

Blevins 2018
Blevins 2019
Derwahl 2018
Garg 2017

Total (95% CI)

Study or Subgroup  Mean Difference

Testfor overall effect: Z= 0.66 (P = 0.51)

Mean Difference Mean Difference
SE_Weight IV. Random. 95% CI IV. Random, 95% CI

0.23 01433 253% 0.23 [-0.05, 0.51] il
0.35 0.2037 248% 0.35[-0.05,0.75] [
-1.81 01908 249% -1.91[2.28,-1.54) -
-0.03 01973 249%  -0.03[-0.42,0.36) .

100.0%  -0.34 [-1.35, 0.67] ’

Heterogeneity: Tau?= 1.03; Chi*= 96.72, df= 3 (P < 0.00001); = 97% [4 q 2 4=
Favours [experimental] Favours [control]
Fig. 3 Change all mean of 7 points- or 8 points- self-monitoring of blood glucose (mmol/L) at 24-52 weeks

Odds Ratio
M-H. Random, 95% ClI

Fig. 4 Achieving HbA1C <7%

Experimental Control Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H. Random. 95% Cl
Blevins 2015 81 268 67 267 148% 1.29[0.88,1.89]
Derwahl 2018 107 253 102 252 171% 1.08[0.76, 1.54]
Hollander 2018 112 241 107 245 16.8% 1.12[0.78, 1.60]
Home 2018 61 241 68 258 13.3% 0.95[0.63, 1.41]
Karonova 2021 26 132 19 132 51% 1.46[0.76, 2.79]
Rosenstock 2015 180 376 197 380 26.3% 0.85[0.64,1.13]
Yerma 2011 34 107 36 108 66% 0.93[0.53, 1.69]
Total (95% ClI) 1618 1642 100.0% 1.04 [0.89, 1.20]
Total events 601 596

Heterogeneity: Tau*= 0.00; Chi*=4.71, df=6 (P = 0.58), F= 0%
Test for overall effect: Z=0.47 (P = 0.64)

R
PR E—

RS S—

0.1

0.2

Favours [experimental] Favour.

5 10
[control]

05 1

[N

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 52weeks (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
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A
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup _ Events  Total Events Total Weight M-H. Random, 95% CI M-H. Random. 95% CI
Blevins 2015 230 268 235 267 6.2% 0.82[0.50,1.36) T
Blevins 2018 154 280 170 278 13.9% 0.78[0.55,1.09] ™
Blevins 2019 75 277 66 283 10.8% 1.22[0.83,1.79) ™
Derwahl 2018 173 253 188 252 10.5% 0.74 [0.50,1.09] ]
Garg 2017 250 253 254 254 0.2% 0.14[0.01,2.74)
Garg 2020 291 301 285 296 21% 1.121[0.47, 2.69] -
Hollander 2018 140 263 137 263 13.5% 1.05[0.74,1.47) T
Home 2018 184 241 204 258  8.9% 0.85[0.56, 1.30] T
Kaku 2016 124 131 116 128  1.7% 1.899[0.77,5.15) 1
Karonova 2020 72 90 73 90 29% 0.93[0.45,1.95) -1
Karonova 2021 97 132 91 132 55% 1.25[0.73,2.13) T
Mayoroy 2020 50 105 51 1058 54% 0.96 [0.56, 1.65) -1
Rosenstock 2015 297 376 2896 380 13.1% 1.07[0.75,1.51] T
VYerma 2011 43 107 45 108  53% 0.94 [0.55,1.62) T
Total (95% CI) 3077 3095 100.0% 0.96 [0.85, 1.09] 4
Total events 2180 221
Heterogeneity: Tau?= 0.00; Chi*= 10.99, df= 13 (P = 0.61); = 0% 0 o7 0=1 1 1’0 100‘
Testfor overall effect: 2= 0.64 (P = 0.52) Favours [experimental] Favours [control]
B
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H. Random. 95% ClI M-H. Random, 95% ClI
Blevins 2015 11 268 11 267  6.3% 1.00([0.42,2.34)
Blevins 2018 11 280 13 278 6.8% 0.83[0.37,1.89] S
Blevins 2019 62 277 52 283 26.9% 1.28(0.85,1.94] ™
Derwahl 2018 6 253 4 252 28% 1.51[0.42,5.40] ]
Garg 2017 34 253 34 254 175% 1.00 [0.60, 1.67] -1
Garg 2020 12 30 10 296 6.3% 1.19[0.51, 2.79] -1
Hollander 2018 4 263 4 263 23% 1.00[0.25, 4.04]
Home 2018 40 241 45 258 20.9% 0.94 [0.59, 1.50] -
Kaku 2016 5 131 3 128 22% 1.67[0.39,7.12] -
Karonova 2020 4 90 9 90  31% 0.42[0.12,1.41] -
Karonova 2021 2 132 1 132 08% 2.02[0.18,22.50]
Mayorov 2020 0 105 0 105 Not estimahle
Rosenstock 2015 4 376 4 380 24% 1.01[0.25, 4.07]
Yerma 2011 3 107 3 107 1.7% 1.00[0.20, 5.07)
Total (95% CI) 3077 3094 100.0% 1.06 [0.85,1.31] ’
Total events 198 193 ) ) ) ,
T e =12 om0 | T
. : : Favours [experimental] Favours [control]
Fig. 5 Hypoglycemia (A) Hypoglycemia >1 event (B) Severe hypoglycemia

(95% CI —0.05 to 0.15, p = 0.36), respectively (Fig. 1).
The MD of HbA1C change from baseline in 26 weeks
and 52weeks shows clinical similarity. The pooled
MD of fasting plasma glucose (laboratory or SMBG)
mmol/L in 24-52weeks 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—-52weeks (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
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup __Events _ Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Blevins 2015 107 268 105 267 13.2% 1.03[0.73,1.45) -t
Blevins 2019 70 276 76282 111% 0.92[0.63,1.34) —
Derwahl 2018 68 253 66 252 101% 1.04 [0.70, 1.54) -
Garg 2017 100 253 109 254 126% 0.87 [0.61,1.24) =
Garg 2020 95 296 104 292 135% 0.85[0.61,1.20) i
Hollander 2018 91 262 76 262 11.6% 1.30(0.90, 1.88) T e
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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.
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Fig. 9 Publication bias funnel plot

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
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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)
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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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