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ABSTRACT

Introduction: This study compared the efficacy,
safety, and immunogenicity of biosimilar insulin
aspart premix SAR341402 Mix 70/30 (SARAsp-
Mix) with European-approved insulin aspart
mix 70/30 - NovoMix� 30 (NN-Mix) in people
with type 1 (T1D) or type 2 diabetes (T2D).
Methods: This 26-week, open-label, phase 3
trial enrolled 402 people with T1D (n = 105) or

T2D (n = 297) previously treated with premix
insulin, who were randomized (1:1) to SARAsp-
Mix (n = 204) or NN-Mix (n = 198).
Results: After 26 weeks, the least squares (LS)
mean [median] change in HbA1c from baseline
was similar in both treatment groups (SARAsp-
Mix - 0.55% [- 0.60%]; NN-Mix - 0.64%
[- 0.60%]). The LS mean difference for SARAsp-
Mix versus NN-Mix was 0.08%, with the upper
bound of the two-sided 95% confidence interval
(- 0.139 to 0.303) slightly above the prespeci-
fied noninferiority margin of 0.3%. Noninferi-
ority of SARAsp-Mix over NN-Mix was not
demonstrated in the primary intent-to-treat
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analysis, primarily because of one extreme out-
lying value impacted by the COVID-19 pan-
demic in the SARAsp-Mix group. Noninferiority
was achieved in all secondary analyses, includ-
ing prespecified per-protocol supportive and
COVID-19 sensitivity analyses, as well as post
hoc sensitivity analyses. Other efficacy end-
points, insulin dosages, anti-insulin aspart
antibody response, hypoglycemia, and adverse
events were similar between groups.
Conclusions: The totality of evidence indicates
that SARAsp-Mix provides effective glycemic
control with a similar safety and immuno-
genicity profile to NN-Mix in people with dia-
betes treated for 26 weeks.
Trial Registration: EudraCT number
2017-000092-84.

Keywords: Biosimilar; GEMELLI M; Insulin
aspart mix; Premix; SAR341402

Key Summary Points

Why carry out this study?

Premixed insulins, delivering both rapid
and longer-acting insulin in a single
convenient injection, remain widely used
in different regions of the world.

The use of biosimilar insulins for people
with diabetes has the potential to reduce
treatment costs as they are usually priced
lower than the originator products,
thereby allowing greater access of insulin
treatment for people with diabetes.

SAR341402 Mix 70/30 (SARAsp-Mix) is the
first biosimilar premixed suspension of
insulin aspart, containing 70%
intermediate-acting protamine-
crystallized SAR-Asp and 30% rapid-acting
SAR-Asp solution.

This phase 3 clinical trial compared the
efficacy, safety, and immunogenicity of
SARAsp-Mix and the reference product
NovoMix� 30 (NN-Mix) in adults with
diabetes.

What was learned from the study?

After 26 weeks of treatment, SARAsp-Mix
and NN-Mix provided effective and
comparable glycemic control.

Noninferiority of SARAsp-Mix over NN-Mix
was not demonstrated in the primary
intent-to-treat efficacy analysis, primarily
because of one extreme outlying value
impacted by the COVID-19 pandemic in
the SARAsp-Mix group, but was achieved in
all prespecified and post hoc secondary
analyses.

Other efficacy outcomes, insulin dosages,
anti-insulin aspart antibody response,
hypoglycemia, and adverse events were
similar between groups.

Data from this study suggest SARAsp-Mix is
a well-tolerated and effective biosimilar to
NN-Mix for the treatment of people with
diabetes.
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INTRODUCTION

Premixed insulin aspart products, including US-
approved NovoLog� Mix 70/30 [1] and EU-ap-
proved NovoMix� 30 [2] (Novo Nordisk), are
approved for treatment of diabetes mellitus in
adults, adolescents, and children aged 10 years
or older in many countries, with a well-charac-
terized pharmacological, efficacy, and safety
profile [3, 4].

People with diabetes who are unable to cope
with the demands of an intensive basal-bolus
insulin regimen [5], consisting of multiple daily
injection (MDI) therapy of prandial rapid-acting
insulin in combination with a long-acting basal
insulin, may instead choose a simpler biphasic
premixed regimen, an attractive option of
delivering both rapid- and longer-acting insulin
in a single convenient injection. Two doses of
premixed insulin daily, theoretically, address
fasting, nocturnal, and prandial aspects of glu-
cose management [6]. Premixed insulins remain
widely used in different regions of the world
[7, 8]. Although premixed insulins are available
in various basal/bolus ratios, the 70/30 inter-
mediate-acting/rapid-acting insulin ratio
remains the most common one used in clinical
practice [9].

The introduction of biosimilar insulin for-
mulations has the potential to reduce drug
treatment costs as they are priced lower than
the originator products, making them afford-
able while conferring comparable efficacy and
safety, thereby facilitating greater access to
insulin treatment [10–12]. One-quarter of
patients with diabetes cite the high cost of
insulin as a reason for underuse [13]. In 2021,
the World Health Organization prioritized
access to insulin analogues and their biosimilars
in their list of essential medicines, thereby
increasing access to diabetes treatments by
expanding the choice of treatment [14].

SAR341402 Mix 70/30, suspension for injec-
tion 100 U/mL (Sanofi, Paris, France) is a
biosimilar insulin aspart premixed suspension
(hereafter referred to as SARAsp-Mix) [15]. The
active ingredient is SAR341402 insulin aspart
(SAR-Asp), a rapid-acting insulin analogue pro-
duced by recombinant DNA technology

[15, 16]. The SARAsp-Mix suspension contains
70% intermediate-acting protamine-crystallized
SAR-Asp and 30% rapid-acting SAR-Asp solu-
tion, thereby providing basal and prandial
insulin coverage in a single injection [1, 2, 15].

SARAsp-Mix is being developed as a biosimilar
to NovoMix 30 (hereafter referred to as NN-
Mix). A euglycemic clamp study in subjects with
type 1 diabetes (T1D) demonstrated similar
pharmacokinetic exposure for SARAsp-Mix ver-
sus the reference therapy (NN-Mix and Novo-
Log Mix 70/30), and a distinct exposure profile
of SARAsp-Mix compared with the rapid-acting
solution SAR-Asp [17]. Pharmacodynamic
results were in support of the pharmacokinetic
findings. Here we report the results of a phase 3
registration clinical trial (GEMELLI M) compar-
ing the efficacy, safety, and immunogenicity of
SARAsp-Mix and the reference product NN-Mix
in people with T1D or type 2 diabetes (T2D).

METHODS

Trial Design

Fifty-four active sites in five countries (India,
the Philippines, Poland, Russia, and Ukraine)
participated in this 26-week, open-label, ran-
domized, active-controlled, parallel-group,
phase 3 trial (EudraCT number 2017-000092-
84) in approximately 400 participants. The trial
was initiated in July 2019. It comprised a 2-week
screening period, a 26-week efficacy and safety
treatment period, and a 2-day post-treatment
follow-up period (Electronic Supplementary
Material [ESM] Fig. S1). GEMELLI M is registered
with European Union Clinical Trials Register
(EudraCT number 2017-000092-84) and was
conducted in accordance with the International
Conference on Harmonisation Guidelines for
Good Clinical Practice and the Declaration of
Helsinki of 1964 and its later amendments. The
protocol was approved by an independent eth-
ics committee or institutional review board for
each center except in Poland where approval
was by a national ethics committee (Komisja
Bioetyczna przy Okregowej, Lublin); written
informed consent was obtained from each
patient before any trial-related activities.
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During the trial, the protocol was amended
to include an exploratory pharmacokinetic
substudy in a subset of approximately 14 addi-
tional participants from India with T2D. Results
of this substudy will be reported in a separate
article.

The trial was ongoing when the coronavirus
disease 2019 (COVID-19) pandemic occurred in
early 2020. In March 2020, the sponsor imple-
mented contingency measures, as per US Food
and Drug Administration (FDA) and European
Medicines Agency (EMA) guidance [18, 19], to
prioritize participants’ safety and to ensure
adequate trial conduct and oversight during
this period. The impact of COVID-19 on the
overall trial design, duration, and planned
assessments are detailed in the ESM Appendix.
The trial was completed in August 2020.

Participants

Inclusion criteria were a diagnosis of T1D or
T2D at least 12 months before screening, age at
least 18 years, a body mass index (BMI) at most
35 kg/m2 in participants with T1D and at most
40 kg/m2 in participants with T2D, a glycated
hemoglobin (HbA1c) level of 10%
(86 mmol/mol) or lower at screening, and pre-
vious treatment with premix insulin
(NovoMix 30, Humalog Mix 25�, or Liprolog
Mix 25�) at least twice daily for at least
3 months before the screening visit. At the dis-
cretion of the investigator, participants with a
measured HbA1c in the range of 9% (at least
75 mmol/mol) to 10% (at most 86 mmol/mol)
could be included if they were not candidates
for an MDI treatment regimen. Key exclusion
criteria included use of injectable glucose-low-
ering treatments other than premix insulin
analogues or use of an insulin pump in last
3 months before screening. Participants with
T2D not on a stable dose of oral antidiabetic
drugs in the last 3 months before screening were
excluded. Oral antidiabetic drugs were to be
continued at a stable dose during the trial,
except sulfonylureas or glinides that were to be
discontinued at randomization.

Trial Procedures and Assessments

Eligible participants were randomized 1:1 to
either SARAsp-Mix or NN-Mix, stratified by geo-
graphical region (India, non-India), type of
diabetes (T1D, T2D), screening HbA1c (less than
8.0%, 8.0% or higher), and prior use of NN-Mix
(Yes, No). Randomization was performed cen-
trally using an interactive response technology
system. The recommended starting dose of
SARAsp-Mix or NN-Mix was a unit-to-unit (1:1)
conversion from the prestudy insulin dose used
at the end of the screening period, with the
same frequency of administration. The allo-
cated treatment was administered at least twice
daily during the 26-week treatment period via
prefilled disposable pen devices (SoloSTAR� for
SARAsp-Mix, FlexPen� for NN-Mix). Adjust-
ments in the SARAsp-Mix or NN-Mix dose were
based on self-monitored plasma glucose (SMPG)
measurements with insulin doses titrated to
achieve protocol-specified glycemic targets.
Further details on study procedures, glycemic
targets and assessments are provided in the ESM
Appendix.

Objectives and Endpoints

The primary objective of this study was to
demonstrate non-inferiority of SARAsp-Mix in
comparison to NN-Mix on HbA1c change from
baseline to week 26 in participants with T1D or
T2D. The secondary objectives were the com-
parison of the immunogenicity and safety of
SARAsp-Mix and NN-Mix during the 26-week
treatment period. Tertiary exploratory objec-
tives included the effect of SARAsp-Mix and NN-
Mix on glycemic control and insulin dose,
additional immunogenicity parameters, and the
clinical effects of immunogenicity parameters
on glycemic control, insulin dose, and safety
outcomes.

ESM Table S1 provides details of the trial
endpoints. The primary efficacy endpoint was
the change from baseline to week 26 in HbA1c.
Tertiary exploratory efficacy endpoints included
the percentage of participants with HbA1c less
than 7.0% (less than 53 mmol/mol) at week 26
and change from baseline to week 26 in fasting
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plasma glucose (FPG), in mean 24-h plasma
concentration and postprandial plasma glucose
(PPG) excursions (2-h PPG minus preprandial
plasma glucose) at breakfast, lunch, and dinner
based on 7-point SMPG profiles, and in 7-point
SMPG profiles (See ESM Appendix for further
details).

The safety endpoints (secondary endpoints)
included hypoglycemic events (classified
according to American Diabetes Association
categories [20–22]), adverse events (AEs) recor-
ded throughout the study, serious AEs (SAEs),
and AEs requiring special monitoring (injection
site reactions, hypersensitivity reactions). Vital
signs, body weight, and laboratory parameters
were also assessed. Treatment-emergent AEs
(TEAEs) were defined as AEs that developed,
worsened, or became serious during the
26-week on-treatment period, defined from the
first dose of study medication up to 2 days after
the last dose of study medication.

Immunogenicity was assessed in terms of
anti-insulin aspart antibody (AIA) status (posi-
tive/negative), titers, cross reactivity to human
insulin and neutralizing capacity of confirmed
positive AIAs during the study. The number of
participants with treatment-emergent AIAs
(defined as those with newly positive post-
baseline [treatment-induced] or developing a
fourfold or larger increase in titer compared
with baseline [treatment-boosted] during the
26-week treatment period) was a secondary
endpoint of the study. All other immuno-
genicity outcomes were tertiary exploratory
endpoints, defined according to recommenda-
tions for reporting of clinical immunogenicity
(See ESM Appendix for definitions) [23, 24].

Data Analysis and Statistics

The primary efficacy endpoint was analyzed in
the intent-to-treat (ITT) population (all ran-
domized participants) using all HbA1c values
regardless of adherence to treatment during the
26-week period (ITT estimand with treatment
policy strategy [25]). Missing data were imputed
by a return-to-baseline multiple imputation
approach (missing values at week 26 imputed as
equal to participants baseline HbA1c value plus

an error). This was followed by an analysis of
covariance (ANCOVA) model with fixed-effect
term for treatment group (SARAsp-Mix, NN-Mix)
and the randomization strata (geographic
region [Indian, non-Indian], type of diabetes,
prior use of NN-Mix) and baseline HbA1c value
as fixed covariate. Results were combined using
Rubin’s formula [26]. The adjusted least square
(LS) mean change from baseline to week 26 in
HbA1c for each treatment group was estimated
as well as the between-group difference and the
corresponding 95% confidence interval (CI).
Noninferiority was demonstrated if the upper
bound of the two-sided 95% CI of the difference
between SARAsp-Mix and NN-Mix in the ITT
population was less than 0.3%. If noninferiority
was demonstrated, a secondary analysis using a
hierarchical step-down testing procedure, tested
the inverse noninferiority of NN-Mix over
SARAsp-Mix.

Secondary analyses for the primary efficacy
endpoint were conducted to assess the robust-
ness of the results, including one sensitivity
analysis that assessed the impact of the COVID-
19 pandemic and was prespecified before data-
base lock. In this analysis, HbA1c values
potentially impacted by COVID-19 were treated
as missing values with all missing data due to
COVID-19 imputed using a missing at random
[MAR] approach (see ESM Appendix for further
details). A second prespecified supportive anal-
ysis using the per-protocol (PP) population
excluded those participants that could signifi-
cantly impact the analysis, including those with
major or critical protocol deviations related to
COVID-19 (see ESM Appendix). In addition, a
further post hoc sensitivity analysis was per-
formed to evaluate the impact of a single par-
ticipant with extreme outlying value on the
primary ITT efficacy analysis (see details below).

Analyses of safety and immunogenicity data
were descriptive with no formal statistical test-
ing. Hypoglycemia and adverse events were
described on the safety population (all ran-
domized participants who received at least one
dose of study medication). Statistical analyses
were performed using SAS�, Enterprise Guide
version 7.1 (SAS Institute Inc., Cary, NC). The
sample-size calculation and further details on
statistical methods for the primary, secondary,
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and tertiary/exploratory endpoints are provided
in the ESM Appendix. Data is reported for the
overall study population and in most analyses
by the randomization stratum of diabetes type
(T1D, T2D).

RESULTS

Study Population

A total of 509 participants were screened, of
whom 402 were randomized and 400 received
at least one dose of study medication (ESM
Fig. S2). The ITT population (n = 402) included
105 participants with T1D and 297 with T2D. Of
the treated participants, 200/203 (98.0%) in the
SARAsp-Mix group and 191/197 (96.5%) in the
NN-Mix group completed the 26-week treat-
ment period. Reasons for discontinuation were
similar between SARAsp-Mix and NN-Mix (pre-
dominantly patient decision or consent
withdrawal).

Demographics and baseline characteristics
were similar in the two treatment groups for the
overall population (Table 1) and by type of
diabetes (ESM Table S2). Participants had a
mean age of 53.1 years (34.7 years in T1D,
59.6 years in T2D), were predominantly Asian
(60.9%), and had a mean duration of diabetes of
13.2 years. The mean BMI at baseline was
26.8 kg/m2 (23.2 kg/m2 in T1D, 28.0 kg/m2 in
T2D). NN-Mix was used by approximately 79%
of participants before trial entry.

Glycemic Control

In the ITT population, HbA1c decreased simi-
larly in both groups from baseline to week 26,
with a LS mean (median) change of - 0.55%
(- 0.60%) in the SARAsp-Mix group and
- 0.64% (- 0.60%) in the NN-Mix group
(Table 2, Fig. 1a). The LS mean difference of the
change from baseline to week 26 in HbA1c for
SARAsp-Mix minus NN-Mix was 0.08%
(95% CI - 0.139 to 0.303). As the upper bound
of the two-sided 95% CI was slightly above the
prespecified margin of 0.3%, noninferiority of
SARAsp-Mix over NN-Mix was not demonstrated

in the ITT population. This result was primarily
driven by one extreme outlying value in a single
participant in the SARAsp-Mix group who had an
increase in HbA1c from baseline to week 26 of
5.9% (increase from 7.1% to 13.0%), due to a
major impact of COVID-19 on this individual in
the latter part of the trial (week 26 visit delayed
by more than 8 weeks and missed insulin
doses). See participant narrative in ESM
Appendix for further details. Since noninferior-
ity of SARAsp-Mix over NN-Mix was not
demonstrated, the inverse noninferiority (of
NN-Mix over SARAsp-Mix) was not formally
tested in the ITT population.

In the supportive analysis using the PP pop-
ulation (which excluded the participant with an
extreme outlying HbA1c increase) and a pre-
specified sensitivity analysis assessing the
impact of COVID-19 in the ITT population (in
which the aforementioned participant was
included but the extreme outlying value was
considered as missing), noninferiority of SAR-

Asp-Mix over NN-Mix on change from baseline
to week 26 in HbA1c was demonstrated
(Table 2). In a further post hoc sensitivity anal-
ysis that excluded this participant with an
extreme outlying HbA1c increase from the ITT
population, noninferiority of SARAsp-Mix over
NN-Mix on change from baseline to week 26 in
HbA1c was also demonstrated (Table 2). Inverse
noninferiority of NN-Mix over SARAsp-Mix was
demonstrated in all secondary analyses.

Between treatment differences in the
week 26 HbA1c responses were generally con-
sistent across subgroups of study participants,
including randomization strata of type of dia-
betes (T1D, T2D), screening HbA1c categories
(less than 8%, 8% or higher), prior use of NN-
Mix (Yes, No), and geographical region (Indian,
non-Indian) (ESM Fig. S3). There was no evi-
dence of heterogeneity of treatment effect
across any of the subgroups (all p values of
treatment-by-subgroup interaction above 0.10).
Similar proportions of study participants
achieved target HbA1c values of less than 7.0%
at week 26 (SARAsp-Mix 28.4%; NN-Mix 31.3%).

In the T1D subgroup, the LS mean decrease
from baseline to week 26 in HbA1c was
numerically higher in the NN-Mix group
(- 0.65) compared to the SARAsp-Mix group
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(- 0.38) (Fig. 1b). Interpretation of the results
should consider the small sample size for the
T1D population (SARAsp-Mix: 54 participants;
and NN-Mix: 51 participants). Of note, among
the seven participants with the highest and

lowest changes in HbA1c observed at week 26,
four participants had T1D: two participants in
the SARAsp-Mix group with high increases from
baseline and two participants in the NN-Mix
group with high decreases from baseline (ESM

Table 1 Participant demographics and baseline characteristics (randomized population)

Characteristic SARAsp-Mix (N = 204) NN-Mix (N = 198)

Age, years 53.2 ± 14.9 53.0 ± 15.5

Male, n (%) 113 (55.4) 89 (44.9)

Race, n (%)

White/Caucasian 76 (37.3) 81 (40.9)

Asian 128 (62.7) 117 (59.1)

Countries, n (%)

India 107 (52.5) 103 (52.0)

Philippines 21 (10.3) 14 (7.1)

Poland 22 (10.8) 28 (14.1)

Russian Federation 14 (6.9) 18 (9.1)

Ukraine 40 (19.6) 35 (17.7)

Body weight, kg 71.0 ± 13.1 71.5 ± 14.6

Body mass index, kg/m2 26.6 ± 4.7 26.9 ± 4.7

Diabetes type, n (%)

T1D 54 (26.5) 51 (25.8)

T2D 150 (73.5) 147 (74.2)

Duration of diabetes, years 13.5 ± 8.4 12.9 ± 8.4

Previous premix insulina, n (%)

NovoMix 30 158 (77.5) 158 (79.8)

Humalog Mix 25/Liprolog Mix 25 46 (22.5) 38 (19.2)

Other 0 2 (1.0)b

Baseline HbA1c, % 8.16 ± 1.05 8.28 ± 1.09

Screening HbA1c\ 8.0%, n (%) 80 (39.2) 73 (36.9)

Screening HbA1c C 8.0%, n (%) 124 (60.8) 125 (63.1)

Mean 24-h plasma glucose, mg/dL [mmol/L] 182.2 ± 44.4 [10.1 ± 2.5] 180.6 ± 47.5 [10.0 ± 2.6]

Data are n (%), means ± standard deviation (SD)
HbA1c glycated hemoglobin, T1D type 1 diabetes, T2D type 2 diabetes
aPrevious premix insulin analogue treatment within 3 months before screening
bEglucent Mix 25 and Mixtard 30/70
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Fig. S4a). These four participants drive the
numerical difference in this small subgroup.
This is supported by the median changes from
baseline to week 26 that are similar between
groups (- 0.50 for SARAsp-Mix, - 0.45 for NN-
Mix) (ESM Fig. S4b). In the T2D subgroup with a
large sample size (SARAsp-Mix: 150 participants;
and NN-Mix: 147 participants), the LS mean
change from baseline to week 26 in HbA1c was
similar with SARAsp-Mix (- 0.62) and NN-Mix
(- 0.63) (Fig. 1b). In the T2D subgroup, the
median changes from baseline to week 26 were
also similar between groups (- 0.70 for SARAsp-
Mix, - 0.65 for NN-Mix) (ESM Fig. S4b).

FPG decreased from baseline to week 26,
with no clinically relevant difference between
the two treatment groups (ESM Table S4,
Fig. 1c). The increase in FPG between week 12

and week 26 in the SARAsp-Mix group was due to
a small number of participants with T1D and
was not seen in individuals with T2D. The mean
7-point SMPG profiles in the two treatment
groups improved at all time points from base-
line to week 26 (Fig. 1d). On the basis of these
profiles, there was no clinically meaningful
difference between SARAsp-Mix and NN-Mix in
the change from baseline in mean 24-h SMPG
or PPG excursions at breakfast, lunch, and din-
ner (ESM Table S4).

Insulin Doses

Daily insulin doses increased similarly in both
treatment groups over the 26-week on-treat-
ment period in the overall population and by

Fig. 1 HbA1c (% and mmol/mol) by study visit (a), least
squares mean change in HbA1c (%) from baseline to
week 26 in overall study population and by subgroup of
diabetes type (T1D or T2D) using ANCOVA analysis
(with return to baseline multiple imputation). The
statistical model used for the analysis is described in
Table 2 for the overall study population and in ESM
Fig. S3 by subgroup of diabetes type. P value for treatment-

by-subgroup interaction = 0.3199 (b), FPG (mmol/L and
mg/dL) by study visit (c), and seven-point SMPG profiles
(mmol/L and mg/dL) at baseline and week 26 (d) in the
ITT population. Data are mean ± standard error.
ANCOVA analysis of covariance, BL baseline, FPG fasting
plasma glucose, HbA1c glycosylated hemoglobin, ITT
intent-to-treat, SMPG self-monitored plasma glucose,
T1D type 1 diabetes, T2D type 2 diabetes, W week
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subgroup of diabetes type (T1D, T2D) (Fig. 2,
ESM Table S3). Overall mean (SD) change from
baseline to week 26 was 0.166 U/kg (0.298 U/kg)
in the SARAsp-Mix group and 0.213 U/kg
(0.278 U/kg) in the NN-Mix group.

Hypoglycemia

During the 26-week on-treatment period, 62.1%
of participants in the SARAsp-Mix group and
70.1% in the NN-Mix group reported at least
one episode of hypoglycemia regardless of the
category (Fig. 3, ESM Table S5). There were no
reported episodes of severe hypoglycemia. No
hypoglycemia event met the criteria for an SAE
or led to permanent treatment discontinuation.
As expected, more T1D participants reported
hypoglycemic events compared to T2D partici-
pants (ESM Fig. S5a). Small numerical differ-
ences were seen for the categories of
documented symptomatic and asymptomatic
hypoglycemia with a glucose level of less than
54 mg/dL in people with T1D (higher incidence
in the SARAsp-Mix group), but a limited number
of participants (N = 104) was included in this
subgroup and no consistent trend was observed
by type of diabetes. The incidence of hypo-
glycemia by other predefined subgroups,

including race, age group, gender, baseline BMI,
baseline renal function, screening HbA1c, prior
use of NN-Mix, geographical region (Indian or
non-Indian), and duration of diabetes, was
generally consistent with the overall popula-
tion, with no relevant difference between
treatment groups (data not shown).

The number of hypoglycemia events and
event rates per patient-year of exposure were
similar between the two treatment groups for all
categories, except for documented symptomatic
hypoglycemia (glucose level less than 54 mg/
dL), where the values were higher in the SARAsp-
Mix group (283 [2.59]) compared with the NN-
Mix group (144 [1.36]) (Fig. 3, ESM Table S5,
ESM Fig. S5b). This numerical difference
between treatment groups was driven by six
participants in the SARAsp-Mix group (five with
T1D and one with T2D) who reported at least 20
events each and accounted for 155/283 events
in this group. Most of these events were induced
by missed, delayed, or smaller meal and/or
physical activity. Only one of these participants
adjusted the insulin dose as requested following
repeated episodes of hypoglycemia. Post hoc
sensitivity analyses excluding these six partici-
pants show similar results between treatment
groups (data not shown).

Fig. 2 Daily insulin doses (U/kg) by study visit during the
on-treatment period in participants with T1D (a) and
T2D (b) (safety population). Data are mean ± SE.
Baseline insulin doses were defined as the median of daily
doses available in the week prior to the first injection of
study medication (corresponding to doses of the prestudy
insulin). Insulin doses at day 1 were defined as the median

of daily doses available in the week after the first injection
of study medication. For weeks 4, 12, 20, and 26, insulin
dose values were reported as the median of daily doses
available in the week prior to the study visit. BL baseline,
D day, SE standard error, T1D type 1 diabetes, T2D type 2
diabetes, W week
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Adverse Events

Both insulin aspart products were well tolerated
(ESM Table S6). TEAEs were reported in 36 of
203 participants (17.7%) in the SARAsp-Mix
group and in 41 of 197 participants (20.8%) in
the NN-Mix group. Most were mild to moderate
in severity with nasopharyngitis and upper res-
piratory tract infection being the most reported
TEAEs in each treatment group. The percentage
of participants reporting serious TEAEs was
similar in the two treatment groups. There were
no TEAEs leading to permanent treatment dis-
continuation in either treatment group. One

death occurred during the 26-week on-treat-
ment period in a participant in the NN-Mix
group as a result of sudden cardiac death (50-
year-old man with T2D who had a history of
hypertension). A further post-treatment death
was reported, also in the NN-Mix group. None
of the events leading to death were considered
related to study medication. One potential
hypersensitivity reaction reported by a partici-
pant in the SARAsp-Mix treatment group (pruri-
tis) was adjudicated by an independent
committee as not an allergic reaction. No
injection site reactions were reported. The
safety results in the subgroup by type of diabetes

B
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Fig. 3 Forest plot of the odds ratio of participants
experiencing at least one episode of hypoglycemia
(a) and rate ratio (events per patient-year) (b) by category
of hypoglycemia during the 26-week on-treatment period
for the overall population (safety population). Odds ratio
results (a) based on a logistic regression model with fixed-
effect terms for treatment group and randomization strata
of geographical region (Indian, non-Indian), type of
diabetes (T1D, T2D), screening HbA1c (less than 8%,
8% or higher), and prior use of NN-Mix (Yes, No). Rate
ratio results (b) based on an overdispersed Poisson

regression model with fixed-effect terms as described above
for odds ratio results. If the model did not converge (e.g.,
because of sparse data), randomization strata were removed
from the model. aOdds ratio SARAsp-Mix versus NN-Mix
for participants with at least one hypoglycemic event. bRate
ratio SARAsp-Mix versus NN-Mix for hypoglycemic events
per patient-year. HbA1c glycated hemoglobin, n number of
patients with at least one treatment-emergent event, %
percentage of participants with at least one event, nE
number of events, PY total patient-years, R rate per
patient-year, NC model did not converge
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(ESM Table S6) were consistent with those
reported in the overall study population.

Immunogenicity

AIA Response, Cross-Reactivity, and Titers
Similar percentages of participants in both
treatment groups were positive for AIAs at
baseline (SARAsp-Mix: 49.2%; NN-Mix: 54.0%)
(Table 3). The percentage of participants with a
treatment-emergent AIA response during the
on-treatment period (incidence) was similar in
both groups (SARAsp-Mix: 33.2%; NN-Mix:
31.8%), with an absolute risk difference
between SARAsp-Mix and NN-Mix of 1.7%
(90% CI - 5.90% to 9.22%). The percentage of
participants positive for AIAs increased slightly
and similarly in both treatment groups during
the treatment period, with 62.9% of SARAsp-Mix
participants (70.0% with T1D, 60.3% with T2D)
and 66.5% of NN-Mix participants (79.6% with
T1D, 61.3% with T2D) being AIA positive at
week 26 (ESM Fig. S6).

The AIA prevalence, corresponding to the
percentage of participants with detectable AIAs
at least at one timepoint during the study, was
also similar with SARAsp-Mix and NN-Mix
(70.4% and 71.8%, respectively) (Table 3).
Cross-reactivity with human insulin was pre-
sent in most participants during the on-treat-
ment period and was consistent between
treatment groups (range 86.7–94.0% for SARAsp-
Mix, 90.4–94.1% for NN-Mix).

Results of AIA analyses in subgroups defined
by baseline and screening factors were generally
consistent with the results in the overall study
population. Subgroup analysis by type of dia-
betes (Table 3) revealed similar AIA response
between the two treatment groups following
study drug administration.

Over the 26-week treatment period, AIA
titers were comparable between treatment
groups and remained relatively low and
unchanged over time (Table 3). The median AIA
titer was similar in both groups (16.0 [1/dil])
throughout the on-treatment period with a
maximum interquartile range of 8.0–64.0 in the
SARAsp-Mix group and 8.0–32.0 in the NN-Mix

group (ESM Fig. S7). Additional details are
shown in the ESM Appendix.

Influence of AIA on Efficacy and Safety
Parameters and Insulin Doses
The mean change from baseline to week 26 in
HbA1c and insulin dose, as well as safety out-
comes, including hypoglycemia, hypersensitiv-
ity reactions, injection site reactions, TEAEs,
and serious TEAEs were comparable between
treatment groups in both subgroups of partici-
pants with and without treatment-emergent
AIA (ESM Table S7).

Among participants with treatment-emer-
gent AIAs, 11 participants (9 in the SARAsp-Mix
group, 2 in the NN-Mix group) had relatively
high AIA titers (i.e., maximal titers of at least
128 [1/dilution]). Scatterplots showed no rela-
tionship between the individual maximal AIA
titers and the change in HbA1c, insulin dose,
and rate per year of documented symptomatic
hypoglycemia in the overall population (ESM
Fig. S8).

Neutralizing Antibody (NAb) Response
During the 26-week on-treatment period, the
percentage of participants with treatment-
emergent NAbs was low and similar between
the SARAsp-Mix and the NN-Mix groups (8.0%
[16/199] and 8.2% [16/195], respectively) (ESM
Table S8). Additional details about the NAb
response are shown in the ESM Appendix.

Impact of COVID-19 on the Study

At the time of the COVID-19 pandemic dis-
ruption in early 2020, most participants were
still under treatment, and all had reached
week 4. The percentage of participants in which
COVID-19 had a major impact on their partici-
pation in the study was 42.6% (87/204) in the
SARAsp-Mix group and 36.9% (73/198) in the
NN-Mix group. Major protocol deviations rela-
ted to assessments/procedures not performed
were the main type of COVID-19 impact
reported in both groups. However, they were
within the recommended adjustments advised
to the sites to accommodate for the pandemic.
Thirty-five participants (16 in the SARAsp-Mix
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group and 19 in the NN-Mix group) had their
week 26 visit delayed by more than 8 weeks.
Overall, study treatment exposure was pro-
longed in COVID-19-impacted participants,
with a maximum treatment duration of
319 days for SARAsp-Mix and 274 days for NN-
Mix, versus 239 days and 241 days, respectively,
for non-impacted participants.

Only one participant in the NN-Mix group
prematurely discontinued study medication as a
result of COVID-19. Insulin doses in partici-
pants with or without trial impact due to
COVID-19 were comparable throughout the
26-week on-treatment period and similar in
both treatment groups (data not shown). For
efficacy, the inability to reach noninferiority in
the primary analysis on the ITT population was
primarily driven by one participant in the
SARAsp-Mix group impacted by COVID-19 (de-
scribed above). For safety, there was no evidence
to suggest that trial disruption due to COVID-19
had an impact on TEAE reporting, including
SAEs and deaths. No participant had any TEAEs
related to COVID-19. AIA data indicates that
COVID-19 had a limited impact on AIA
response compared to the overall study popu-
lation. For hypoglycemia, subgroups analyses
suggest that trial impact due to COVID-19
resulted in an underreporting of hypoglycemia
events. This occurred similarly in both treat-
ment groups with no impact on the between-
group comparisons and overall conclusions.

DISCUSSION

The current trial showed that SARAsp-Mix and
NN-Mix both effectively improved glycemic
control in participants with T1D and T2D with
similar lowering of glucose levels from baseline
to 26 weeks, along with similar changes in
insulin dose. The noninferiority of SARAsp-Mix
compared with NN-Mix based on the primary
analysis in the ITT population was not con-
firmed at week 26 at the 0.3% noninferiority
margin (upper bound of 95% CI was 0.303%),
primarily because of a single participant in the
SARAsp-Mix group who had an extreme outlying
increase in HbA1c from baseline to week 26 of
5.9%, related to the COVID-19 impact in the

later part of the trial. The median change from
baseline to week 26 was the same in both groups
(- 0.60), supporting the conclusion that the
negative result was related to few values and
does not indicate a shift of the distribution
between groups.

Noninferiority of SARAsp-Mix compared with
NN-Mix on the change from baseline to week 26
in HbA1c was achieved in the supportive PP
population, and in all other secondary analyses
in the ITT population, including the prespeci-
fied COVID-19 sensitivity analysis and a post
hoc analysis excluding the participant with the
extreme outlying value. Inverse noninferiority
of NN-Mix over SARAsp-Mix was also demon-
strated for all sensitivity and supportive analy-
ses. Taken together, the totality of evidence for
glycemic control supports the noninferiority of
SARAsp-Mix to NN-Mix.

The mean change from baseline to week 26
in HbA1c, in the SARAsp-Mix versus the NN-Mix
group, was generally consistent across sub-
groups defined by screening and baseline
covariates, with no relevant differences identi-
fied for type of diabetes (T1D, T2D), prior use of
NN-Mix (Yes, No), and geographical region
(Indian, non-Indian). No clinically relevant
differences were observed between treatment
groups for other efficacy endpoints (HbA1c
responders less than 7%, FPG, and SMPG
parameters) or change in daily insulin dose.

SARAsp-Mix was well tolerated in both par-
ticipants with T1D and T2D for up to 26 weeks
treatment. Hypoglycemia incidence and event
rates per patient-year of exposure were similar
for SARAsp-Mix and NN-Mix groups. The
numerical difference observed in the event rate
of documented symptomatic hypoglycemia
(glucose level less than 54 mg/dL) was driven by
a few participants (mainly with T1D), with
events mainly induced by precipitating factors
(missed, delayed, or smaller meal and/or phys-
ical activity) and not requiring a change in
insulin dose, and therefore was not considered
clinically relevant. The overall incidence of
hypoglycemia in the T1D population is com-
parable to results previously observed in people
treated with premixed insulins [27]. The overall
safety profiles of SARAsp-Mix and NN-Mix,
including TEAEs, SAEs, hypersensitivity
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reactions, and injection site reactions, were
similar, and no new safety signals were
identified.

Immunogenicity assessments, including the
number of participants with treatment-emer-
gent AIAs and median titers, showed a similar
response to SARAsp-Mix and NN-Mix during the
26-week treatment period. The AIA response
had no effect on glycemic control (change in
HbA1c), insulin dose requirements, hypo-
glycemia events, local (injections site) and sys-
temic hypersensitivity (allergic) reactions,
TEAEs, or SAEs in either group. In addition, NAb
results showed a low and similar response in the
two treatment groups, with no impact detected
on efficacy and insulin doses.

The overall impact of COVID-19 on the
study was evaluated. Around 40% of partici-
pants in both treatment groups were impacted
by COVID-19 during the on-treatment period,
mostly related to assessments/procedures not
performed and prolonged study treatment
exposure. The impact of COVID-19 on the
overall study results was kept to a minimum but
the inability to reach noninferiority in the pri-
mary efficacy analysis was due to one partici-
pant in the SARAsp-Mix group who was
impacted by COVID-19 and reported an
extreme outlying HbA1c increase. The impact of
COVID-19 on safety data was limited to under-
reporting of hypoglycemia events, with no
overall impact on the evaluation of the simi-
larity between treatments groups in relation to
hypoglycemia, TEAEs, SAEs, deaths, or
immunogenicity.

In recent years, some biosimilar insulin
treatments, both basal and prandial insulin
products, have been developed and approved in
various countries throughout the world [11, 28].
The regulatory approval process, while differing
slightly between countries [24, 29–31], is
designed to show that the proposed biosimilar
product is similar to the reference product in
physicochemical analyses, nonclinical and
clinical studies. Clinical evaluation includes
human pharmacokinetics and pharmacody-
namics, clinical immunogenicity, and clinical
safety and effectiveness [30]. The totality-of-ev-
idence is used in the regulatory review of new
biosimilar insulin products. Regulatory

guidance for the conduct of trials evaluating
new insulin biosimilar products has also chan-
ged in recent years. For example, the most
recent FDA guidance for insulin biosimilars
(Nov 2019) [32] indicates that a comparative
phase 3 clinical immunogenicity trial may no
longer be necessary for approval of a biosimilar
or interchangeable insulin product. In their
2015 guidance [24], the EMA may also waive the
requirement for a safety study with immuno-
genicity assessment to support a biosimilar
marketing application. In addition, the EMA
regards efficacy endpoints in phase 3 trials
(usually HbA1c) as supportive (to an immuno-
genicity assessment) as they are not considered
sensitive enough to detect potentially clinically
relevant differences between two insulin
products.

The open-label design is a potential limita-
tion of this study. However, patient blinding
was not possible as SARAsp-Mix was adminis-
tered via a prefilled disposable pen that was
different from the approved prefilled disposable
pen used for NN-Mix. To partially overcome this
limitation, efficacy and immunogenicity
assessments were based on objectively collected
data that was analyzed by central laboratories
blinded to the study treatment. In addition, the
sponsor study team remained blinded to the
treatment group until database lock. Another
limitation is that the COVID-19 pandemic
occurred during the last few weeks of the study
in some countries. Systems were put in place to
ensure participant safety, retention, and data
capture. The impact of COVID-19 on the study
results was largely restricted to the primary
efficacy endpoint.

CONCLUSIONS

In summary, the premixed insulin aspart ana-
logue SARAsp-Mix was well tolerated and
demonstrated effective glycemic control with a
similar safety and immunogenicity profile to
the commercially available premixed insulin
aspart product (NN-Mix) in people with dia-
betes treated for 26 weeks.
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