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Evaluating Injector Preferences for Biosimilar Insulin
Preparations
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Summary: Biosimilars, which are insulin preparations used for the treatment of diabetes, were launched successively,
starting with insulin glargine in 2015, to help curb medical expenses. Since the manufacturers and distributors of
biological products and biosimilars are different, it may be necessary to acquire new procedures due to changes in
syringes. Thus, along with reduction in medical costs, syringe operability is also equally important. To promote appro-
priate biosimilars, we investigated the usage status of biosimilars and the operability issues associated with changes in
insulin injectors.

As a result, in FY2019, the usage rate of biosimilars was 45.5%, and for individuals of the age of 20s to 40s, the usage rate
of biosimilars exceeded that of the biological products. To assess the operability of the insulin injector, an injector similar
to that currently used for treatment was selected, particularly in patients with chronic use of insulin. Therefore, when
switching to biosimilars, it may be preferable to focus on curbing medical expenses for young people who have a short
history of insulin use. However, for elderly patients with chronic insulin use, along with medical expenses, it is important
to select a drug, considering an injector that is similar to the injector in use. This is required to ensure accurate self-
injection even after switching to biosimilars.
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drugs are used to maintain blood sugar levels with-
in an appropriate range. Intensive insulin therapy,
which is a typical drug-based treatment for diabetes,
involves frequent injections of multiple insulin prepa-
rations, to replicate insulin secretion in a healthy
individual. Insulin preparations are biotechnological
drugs (biological products) and contribute signifi-
cantly to modern medical care, but many of the bio-
logical products are extremely expensive, which puts
pressure in terms of medical costs.

Therefore, in recent years, biosimilars are attract-
ing attention of the same safety, and efficacy as the
biological products V. The greatest significance of
biosimilars is their contribution to the reduction in
medical expenses, and the drug price is approximate-
ly 70% of the biological products. Insulin glargine,
lispro, and aspart were launched in 2015, 2020, and
2021, respectively (Table 1). If only the control of
medical expenses is emphasized, it would be viable
to change from biological products to biosimilars.
Indeed, the increased financial burden results in fre-
quent interruption of treatment in diabetic patients ;
thus, it is important to reduce the burden of medi-
cal expenses. In contrast, since most patients on
insulin therapy self-administer insulin by injection,
the quality, type, dosage accuracy, and operability
of insulin preparations may affect treatment compli-
ance and therapeutic effects. However, because the
manufacturers and distributors of the biosimilars

and the biological products are different, the injector

Table 1 List of insulin biosimilars

may change, and it may be necessary to follow a new
procedure. Thus, along with the reduction in medi-
cal costs, the operability of the injector is considered
an important issue for promoting biosimilars for
patients on insulin therapy.

Therefore, we investigated the operability of insu-
lin injectors in patients with diabetes undergoing self-
injection insulin therapy, using the latest biosimilars
in insulin preparations. We conducted an investiga-
tion to promote the appropriate selection of biosimi-
lars and injectors in insulin preparations.

Method

1. Survey of latest biosimilar usage in insulin

preparations

Insulin glargine was investigated using
open data from the National Database of Health
Insurance Claims and Specific Health Checkups
of Japan (NDB), published on the website of the
Ministry of Health, Labor, and Welfare. The sur-
vey included biological products (Lantus® injection
Solostar® and Lantus XR® Injection Solostar®) and
biosimilars (insulin glargine BS injection MirioPen®
“Lilly” and insulin glargine BS injection kit “FFP”).
The number of injections and usage rates of the bio-
similar and the biological products were calculated
from the fiscal year (FY) 2014 to FY2019. Also, from
the latest data of FY2019, we calculated the usage
rates of biological products and their corresponding
biosimilars based on the age group of patients.

. . . Drug price Lo Drug price
Generic name biological products (yen) Biosimilars (yen)
Insulin Glargine BS Injection MirioPen® [Lilly]
®niecti Released in 2015
Insulin Glargine (e Injection 1,685 (Rele 201) 1,316
oloStar Insulin Glargine BS Injection Kit [FFP]
(Released in 2016)
s Humalog® Injection Insulin Lispro BS Injection SoloStar® HU[ Sanofi |
Insulin Lispro 40 pen® 1,342 (Released in 2020) 1,203
NovoRapid® Injection
FlexTouch® 1,799
. NovoRapid® Injection Insulin Aspart BS Injection SoloStar® NR[ Sanofi |
Insulin Aspart FlexPen® 1817 (Released in 2021) 1,418
NovoRapid® Injection
InnoLet® 1,761
(as of November 2021)
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Additionally, we calculated that similar investiga-
tion at Sainokuni Higashiomiya Medical Center.

2. Investigating the operability of an insulin
injector
(1) Study participants
Patients with diabetes who visited the Department
of Diabetes Medicine of Sainokuni Higashiomiya
Medical Center for four months, from July 20, 2021,
to November 19, 2021, and who had been using a
pen-type injector of Mirio Pen® (Eli Lilly: MP) or
Solostar® (Sanofi: SS) for more than two months
were enrolled in the study. The subjects were asked
to perform a self-injection procedure using Novo
Nordisk Flex Touch® (FT), Flex Pen® (FP), and

Inolet® (IL). Exclusion criteria were as follows: men-
tal or physical ineligibility, unwilling to participate,
earlier history of using FT, FP, and IL, and inability to
self-inject.
(2) Survey flow and survey items

The researcher explained the purpose of this
research and the outline of the research in writing
and verbally and obtained written informed consent.
As a general rule, a survey can be used to conducted
during the waiting time, until the medical examina-
tion. The participants were evaluated by an interview,
and by using an independently prepared insulin injec-
tor selection confirmation table (confirmation table)
(Fig.1). The confirmation table consisted of <Survey
item 1>, that can be investigated from electronic

<Survey item 1 >

Gender : Male + Female

Age : ( ) years old
Disease type : Typel - Type2
HbAlc at the time of investigation:  (
Insulin usage history :  (

Insulin in use : (

Insulin unit : (

Comorbidities:  Yes - No

[ Yes ; neuropathy, retinopathy (

<Survey item 2>

Insulin injector selection confirmation table

Others ( )
) %
) months
)
)
) stage, nephropathy ( ) stage |

The injection needle is not equipped with an injector

Question 1. Ease of putting on and taking off the cap ( )
Question 2. Ease of putting on and taking off the injection needle ( )
Question 3.  Ease of unit setting ( )
Question 4. Easy-to-read display (number) of administration memory ( )
Question 5. Ease of hearing the sound when setting the unit ( )
The injection needle with injector
Question 6. Good stability when grasped ( )
Question 7. Ease of pressing the injection button ( )
Question 8. Difficulty of slipping of syringe during injection ( )
Question 9. Ease of understanding when the injection button is pressed all the way down
( )
Good choice
Question 10. Easy to carry and store ( )

Fig.1 Insulin injector selection confirmation table
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medical record information and <Survey item 2>
that the pharmacist observes and investigates. The
amount of insulin in <Survey item 2> was set to the
same unit as the daily dose. When basal/additional
insulin was administered more than once per day,
the one with the larger dose was used. The injection
needle used in the survey was a BD Micro Fine Plus
TM32G 4 mm needle (Becton Dickinson, Japan). The
history of insulin use was calculated as 96 months (8
years) for patients who have been using electronic
medical records since February 2014.

This study was approved by the Japan
Pharmaceutical University Ethics Committee
(approval number: Nichiyakurin 3-3) and the
Higashiomiya Sainokuni Medical Center Ethics
Committee (approval number: 38).

3. Analytical method
For statistical analysis, js-STARXR release 1.1.1j
was used, along with unpaired Welch's t-test; the

600 |
500 |

400 |

(million copies)

300

significance level was set at 5%.

Results

1. Usage of biosimilars in insulin preparations

The number of insulin glargine injections used
is shown in Fig.2. In FY2014, before the launch of
biosimilars, the total number of biological products
was 6,525,315. In FY2015, when biosimilars were
released, their usage rate was 547,223 (8.5%) out of
a total of 6,448,460. Following this, the usage rate of
biosimilars increased from FY2016. In FY2019, the
usage rate of biosimilars was 2,776,407 (45.5%) out
of a total of 6,101,489. Additionally, at the Sainokuni
Higashiomiya Medical Center, the switching of
biosimilars has been carried out since FY2015. In
FY2019, the usage rate of biosimilars was 381 (100%)
out of a total of 381 patients.

Further, Fig.3 shows the usage rate by age group
in FY2019. In the age group of 20-40 years, the usage
rate of biosimilars exceeded that of the biological

2014 2015 2016

2017 2018 2019 (FY)

M biosimilars M biological products

Fig.2 Usage of biosimilars for insulin preparation (insulin glargine)

FY: Fiscal year

20

15 F

usage rate (%)

Under 20 20s 30s 40s

50s 60s 70s 80s Over 90

B biosimilars M biological products

Fig.3 Usage rate of insulin glargine by age group in FY2019
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products. However, after the age of 50-60 years, the
predecessor biopharmaceutical exceeded the usage
rate of biosimilars, and the usage rate of the biologi-
cal products was the highest in individuals aged 70
years and above. Also, at Sainokuni Higashiomiya
Medical Center, unlike NDB data was switched to
100% biosimilars.

2. Operability due to change of insulin injector for

patients with diabetes

The survey included 83 patients with diabetes
(type 1 diabetes, n=5; type 2 diabetes, n=73, other ill-
nesses, n=5). Table 2 lists the attributes of the study
participants. Table 3 shows the number of people
who chose the insulin injector for each question in
the confirmation table. For most of the questions,
the majority of the people selected FP, except for
questions 6 and 8, where FT was selected by majority
of the participants. For six or more of the 10 ques-
tions, FP was the most frequently selected injector
by the participants at 43 (51.8%), followed by FT 11

Table 2 Background of study participants
Sex Male : 46 Female : 37
30s: 1
40s : 4
50s @ 13
60s @ 22
70s @ 27
80s : 16
Type 1 diabetes : 5
Type 2 diabetes : 73
Other illnesses : 5
Less than 12 months : 18
12-60 months : 30

Age

Disease type

Insulin usage history of
participants
60 months or more : 35

Less than 10 credits : 34

Insulin unit

(Survey implementation unit)  {( credits or more : 49

(13.3%), and IL 2 (2.4%). The remaining 27 (32.5%)
participants chose various injectors, depending on
the question.

3. Comparison of patient backgrounds between
those who chose FP and those who chose
injectors other than FP
Of the 10 questions, 43 (51.8%) participants select-

ed FP for 6 or more questions and 40 (48.2%) select-

ed other questions, and the patient background (age,
insulin usage history, insulin usage) was compared.

It was observed that those who chose FP had a sig-

nificantly longer history of insulin use than those

who chose FP (p<0.004) (Table 4).

Discussion

In this study, we first examined the use of bio-
similars for insulin preparations using NDB open

Table3 Number of people who chose insulin
injectors for each question

FP FT IL
Question 1 37 24 22
Question 2 57 24 2
Question 3 48 21 14
Question 4 38 21 24
Question 5 60 17 6
Question 6 36 40 7
Question 7 41 30 12
Question 8 29 47 7
Question 9 39 34 10
Question 10 60 14 9
Question (6/10) or more 43 11 2

FP: Flex Pen®, FT: Flex Touch®, IL: Inolet®
(Number of people)

Table 4 Comparison of patient backgrounds
between those who chose FP and those
who chose other injectors

HbAlc at the time of 6.9% or less : 26 FP Other than FP  p-value
i tigation (% .
Investigation (%) More than 7% : 57 Age 60.8 + 113 668 + 113  0.243
Neuropathy : 13
L. Insulin usage history 58.5 + 33.7 36.5 = 325  0.004
Complications Omentum : 19
Nephropathy : 45 Insulin unit 129 £ 73 133 £108  0.851
(Number of people) (mean = standard deviation)
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data. When comparing data from FY2014, before
the launch of glargine biosimilars, with the latest
data in FY2019, the total number of patients initially
using biosimilars was almost nil, which increased
annually up to 45% by FY2019. In the younger age
group (up to 40 years), the usage rate of biosimilars
was higher than that in the biological products. This
is because there is no difference in the time-action
profile, effect, and patient blood glucose fluctuation
after administration, between the biological products
of insulin glargine and its biosimilar 3%. The data
from continuous glucose monitoring confirmed these
results ¥. Therefore, it could have been recommend-
ed to gradually switch to biosimilars, because these
would be cheaper for young people, who have a large
amount of out-of-pocket insurance, while warranting
that the effect of drug changes on treatment would
be small. In terms of the operability of the injector,
SS of the biological products and MP of the biosimi-
lars were also evaluated for the “ease of operability”
of the injector among healthcare professionals and
patients with diabetes ©, which was found to be simi-
lar. The only difference was the retention time after
injection, but since the retention time of SS is 10 s
or more and that of MP is 5 s or more, the retention
time of the biosimilar was shorter. From this data, it
could be concluded that the switch to biosimilars was
encouraged as a result of the reduction of resistance
to switching patients, in addition to acceptance by
medical professionals for reasons such as drug effi-
cacy, drug price, and operation method.

The number of insulin lispro and insulin aspart
biosimilars released in recent years is not yet list-
ed in the NDB open data, owing to a more recent
launch. However, based on clinical practice, the
switch is not progressing in a manner observed with
insulin glargine. The reason may be that there is a
limit to the number of days that a newly launched
drug in Japan can be prescribed, but it was specu-
lated that this was due to a different syringe change
than that for insulin glargine. Unlike once-daily injec-
tion of glargine, lispro and aspart need to be admin-
istered three times daily, but the injectors for both
these biosimilars are SS; thus, the post-injection

retention time is longer than MP, FT, or FP. It is spec-
ulated that such changes in the injector may affect
the psychological burden on the patient.

Therefore, in this study, we evaluated the effect
of changing the injector on the difference in oper-
ability by making patients using MP or SS use FP,
FT, and IL, which they had never used. As a result,
in the comprehensive patient operability evaluation,
the improved syringe (FT) was not selected, and
most of them chose a syringe (FP) that has the same
morphology as the in-use syringe. FP accounted
for more than half of the total injections. In addi-
tion, those who chose the conventional injector (FP)
had a long history of insulin use. Previous studies
have compared FT with conventional injectors and
reported that FT is preferred over MP or SS79.
Certainly, FT has the characteristic that the length
of the injector and the injection pressure do not
change compared to that in MP and SS%19. In addi-
tion, it is thought that the thickness and shortness
of the injector can be improved, and the ease of grip
can be evaluated. In the results of this study as well,
FT was selected by most of the people in questions
6 and 8 of “Stability when gripped”. In contrast, for
questions 7 and 9 of “Easy to push”, most people
chose FP instead of FT. In many conventional pre-
filled pen type injectors such as MP and SS, the
length of the injector changes when the injection
button protrudes, depending on the dose setting.
The force of the thumb pushes the injection but-
ton, resulting in injection of the drug solution; thus,
accurate administration cannot be performed unless
the injection button is pushed all the way with a force
greater than the maximum injection resistance V.
The developed FT does not protrude the injection
button, and semi-automatically injects it using an
internal triple spring 2, making it possible to inject
the drug solution without relying on the force of the
thumb ©. However, the operation of injectors such
as MP, SS, and FP has been left to the patient's own
control. Therefore, the semi-automatic operation
of the FT may make it difficult for the patient to
understand how long the injection button should be
pressed. Additionally, Japanese people inject a lower
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daily dose of insulin than that by Westerners; thus, it
is possible that they have less resistance to pushing

type 1 diabetes in a randomized controlled trial:
the ELEMENT 1 study. Diabetes, Obesity and
Metabolism, 2015; 17: 726-33.

out the injection button. Therefore, it can be inferred 4) Rosenstock J, Hollander P, Bhargava A, et al. Similar
that the conventional habitual injector may be pre- efflc‘acy 'fmd saf(?ty of LY2963Q16 1n§ul1n g.largme
. . and insulin glargine (Lantus®) in patients with type

ferred over the improved injector. 2 diabetes who were insulin-naive or previously
Thus, when switching from biological products to treated with insulin glargine: a randomized, double-
biosimilars, it is expected to guarantee the quality of blind controlled trial (the ELEMENT 2 study).

s, P & qualtty Diabetes, Obesity and Metabolism, 2015; 17: 734-41.

medical care, such as drug efficacy. When switching 5) Kondo K, Kato R, Kida M, et al. Validity of CGM
to biosimilars, it may be possible to focus on curb- and examination of equivalence by comparing

. dical f le who h fluctuation of blood glucose between glargine

Ing medical €Xpenses for young people who have and glargine biosimilars. Japanese Journal of

a short history of insulin use. However, for elderly Pharmaceutical and Diabetes, 2017; 6: 201-6.

people with chronic insulin use, along with medical 6) Asakura T, Hyllested-Winge J, Hoshino T.

o . Usability and preference evaluation on prefilled
expenses, it is important to select a drug consider- insulin devices: FlexTouch®, SoloSTAR® and
ing an injector that is similar to the injector in use, to MirioPen® among diabetic patients and health

. ST o1 care professionals in Japan. Japanese Journal of
practice accurate. self 1'nje'ct.10n even after sw1tch.1ng. Pharmaceutical and Diabetes, 2014: 3: 147-56.
In summary, insulin injectors are used daily by 7)  Oyer D, Narendran P, Qvist M, et al. Ease of use and
diabetics, and diabetics' preferences, ease of use, preference of a new versus widely available prefilled
d fid i the ini aff insulin pen assessed by people with diabetes,
and confidence in the injector can aftfect treatment physicians and nurses. Expert Opinion on Drug

adherence and efficacy. Therefore, for patients who Delivery, 2011; 8: 1259-69.

have switched to biosimilars, to practice accurate 8)  Bailey T, Thurman J, Niemeyer M, et al. Usability
L . . and preference evaluation of a prefilled insulin pen

self-injection, it is necessary to select an injector suit- with a novel injection mechanism by people with

able for the patient, to allow accurate operation. We diabetes and healthcare professionals. Current
. . Medical Research and Opinion, 2011; 27: 2043-52.
expect th.at the results o.f 'thIS survey will be useful 9)  Wielandt JO, Niemeyer M, Hansen MR, et al. An

for selecting an accurate injector. assessment of dose accuracy and injection force of a

novel prefilled insulin pen: comparison with a widely
. used prefilled insulin pen. Expert Opinion on Drug
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