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ABSTRACT

Introduction: We compared the efficacy,
safety, and immunogenicity of biosimilar insu-
lin aspart premix SAR341402 Mix 70/30 (70%
intermediate SAR341402 protamine and 30%
rapid SAR341402 solution) (SARAsp-Mix) with its
originator NovoMix 30 insulin aspart mix (NN-
Mix) in adults with type 1 or type 2 diabetes
switching from different premix insulin
analogs.

Methods: This phase 3, randomized, open-la-
bel, multinational, 26-week trial (GEMELLI M)
enrolled 402 participants with type 1 or type 2
diabetes. At randomization, participants swit-
ched from their prestudy premix insulin Novo-
Mix 30 (n = 341) or Humalog Mix 25/Liprolog
Mix 25 (n = 61) to equivalent (1:1) doses of
either SARAsp-Mix or NN-Mix at least twice daily
(1:1 randomization). In this subgroup analysis,
efficacy measures [change in hemoglobin A1c
(HbA1c), daily insulin dose], and safety out-
comes [hypoglycemia incidence, adverse events
(including hypersensitivity and injection site
reactions), anti-insulin aspart antibodies] of
SARAsp-Mix were compared with those of NN-
Mix separately according to the participants’
prestudy premix insulin.
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Results: At week 26, change from baseline in
HbA1c (primary efficacy endpoint) was similar
between SARAsp-Mix and NN-Mix in those par-
ticipants pretreated with NovoMix 30 [least
squares (LS) mean difference 0.05%, 95% con-
fidence interval (CI) -0.195% to 0.289%] or
Humalog Mix 25/Liprolog Mix 25 (LS mean
difference 0.28%, 95% CI -0.279% to 0.830%)
(P value for treatment-by-subgroup interac-
tion = 0.46). In both subgroups, safety out-
comes, including immunogenicity, and
changes in daily insulin doses were similar
between treatments over 26 weeks.
Conclusions: Efficacy, safety, and immuno-
genicity profiles of SARAsp-Mix are similar to
NN-Mix over 26 weeks in adults with diabetes
irrespective of prior type of premix insulin.
Trial Registration: EudraCT number
2017-000092-84.

Keywords: Biosimilar insulin; GEMELLI M;
Insulin aspart mix; Premix; SAR341402;
Subgroup by prior premix insulin

Key Summary Points

Why carry out this study?

The GEMELLI M trial enrolled participants
with diabetes who switched from
NovoMix 30 or Humalog Mix 25/Liprolog
Mix 25 to equivalent (1:1) doses of either
the biosimilar insulin aspart premix
product SAR341402 Mix 70/30 (SARAsp-
Mix) or its reference insulin aspart premix
product NovoMix 30 (NN-Mix).

This preplanned subgroup analysis of
GEMELLI M was performed to confirm
that SARAsp-Mix and NN-Mix show similar
efficacy, safety and immunogenicity in
participants who switched from either one
of these commercial premix insulin
preparations to study treatment at
randomization.

What was learned from the study?

SARAsp-Mix or NN-Mix provide effective
and comparable glycemic control and a
similar incidence of hypoglycemia and
anti-insulin aspart antibodies (AIAs)
irrespective of the prior premix insulin
treatment. No significant heterogeneity
across the subgroups was observed,
indicating that there was no differential
treatment effect of SARAsp-Mix or NN-Mix
irrespective of prior type of premix
insulin.

Most participants showed a unit-to-unit
(1:1) conversion from their prestudy
premix insulin. Within each prior premix
insulin subgroup, insulin dose, adverse
events, and other AIA response outcomes
were similar for SARAsp-Mix and NN-Mix
over 26-week treatment.

These subgroup analyses suggest that
SARAsp-Mix is a well-tolerated and
effective treatment option when
administered to adults with diabetes who
received prior treatment with NovoMix 30
or Humalog Mix 25/Liprolog Mix 25.
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INTRODUCTION

SAR341402 Mix 70/30, suspension for injection
100 U/mL (SARAsp-Mix), is a biosimilar premix
formulation [1] of the European-approved
biosimilar product SAR341402 insulin aspart
(SAR-Asp, insulin aspart Sanofi, Sanofi, Paris,
France) [2], a rapid-acting insulin analog that
has the same amino acid sequence as its refer-
ence product NovoRapid (NN-Asp; Novo Nor-
disk A/S, Bagsværd, Denmark) [3]. SARAsp-Mix
contains 70% intermediate SAR-Asp protamine
and 30% rapid SAR-Asp solution [1], thereby
providing basal and prandial insulin coverage in
a single injection. SARAsp-Mix is being devel-
oped as a biosimilar to its reference insulin
aspart premix product NovoMix 30 (Novo Nor-
disk; hereafter referred to as NN-Mix).

Similarity of SAR-Asp and NN-Asp was ini-
tially demonstrated in physicochemical analy-
ses and nonclinical studies. Phase 1 [4] and
phase 3 (GEMELLI M) [5] trials were performed
to confirm that SARAsp-Mix and NN-Mix are
highly similar. In GEMELLI M, adults with type
1 diabetes (T1D) or type 2 diabetes (T2D) were
pretreated with commercial premix NN-Mix or
insulin lispro mix (Humalog Mix 25/Liprolog
Mix 25, Eli Lilly) therapy. Results for the total
study population following treatment for
26 weeks have been previously reported and
confirm that SARAsp-Mix and NN-Mix have
similar efficacy, safety, and immunogenicity
profiles [5].

To confirm whether these profiles of SARAsp-
Mix and NN-Mix remain consistent according
to the type of premix insulin used prior to the
trial, this preplanned subgroup analysis of
GEMELLI M compared the efficacy, safety, and
immunogenicity of SARAsp-Mix and NN-Mix
based on the prior premix insulin analog use
(NovoMix 30 or Humalog Mix 25/Liprolog Mix
25) reported at study randomization. The anal-
yses evaluated whether the switch from the
prior premix insulin therapy had an impact on
the initial dose of randomized treatment (SAR-

Asp-Mix and NN-Mix) and the subsequent effi-
cacy, safety, and immunogenicity outcomes
during the trial.

METHODS

GEMELLI M Design and Participants

Detailed methods of the trial have been previ-
ously reported [5]. In brief, GEMELLI M was a
randomized, open-label, multinational, multi-
center, active-controlled, parallel-group, phase
3 trial initiated in July 2019 and completed in
August 2020. The study comprised a 2-week
screening period, a 26-week efficacy and safety
treatment period, and a 2-day post-treatment
follow-up period. This study is registered on the
European Union Drug Regulating Authorities
Clinical Trials Database (2017-000092-84) and
was conducted in accordance with the ethics
principles of the Declaration of Helsinki of 1964
and its later amendments, the International
Conference on Harmonization Guidelines for
Good Clinical Practice, and all applicable laws,
rules, and regulations. The protocol was
approved by an independent ethics committee
or institutional review board for each center
except in Poland where approval was by a
national ethics committee (Komisja Bioetyczna
przy Okregowej, Lublin). The committee names
and reference numbers of all research ethics
boards/institutional review boards are provided
in the Electronic Supplementary Material (ESM)
Appendix. Written informed consent was
obtained from each participant before any trial-
related activities.

Participants were randomized (1:1) to receive
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. Prefilled disposable pen devices were
used to administer the study treatment at least
twice daily. Participants were switched from
their prior premix insulin (NovoMix 30,
Humalog Mix 25, or Liprolog Mix 25) at ran-
domization. The starting dose of SARAsp-Mix or
NN-Mix was a unit-to-unit (1:1) conversion
from participants’ prestudy insulin dose at the
end of the screening period, using the same
frequency of administration. Premix doses were
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then titrated to achieve protocol-specified gly-
cemic targets, as reported previously [5].

Subgroup Definition and Outcomes

Separate analyses reported here compare SAR-

Asp-Mix with NN-Mix according to prior use of
NovoMix 30 or Humalog Mix 25/Liprolog Mix
25, as reported in the randomization stratum.
Prespecified subgroup analyses were performed
at week 26 on change from baseline in glycated
hemoglobin (HbA1c) (primary efficacy end-
point), hypoglycemia incidence (participants
with at least one episode of any, severe, and
documented symptomatic hypoglycemia with a
measured plasma glucose concentration of
70 mg/dL or less, or less than 54 mg/dL, classi-
fied according to American Diabetes Association
(ADA) categories [6–8]), treatment-emergent
adverse events (TEAEs) (including hypersensi-
tivity and injection site reactions), and
immunogenicity outcomes including anti-in-
sulin aspart antibody (AIA) and neutralizing
antibody (NAb) response. Post hoc subgroup
analyses were performed on change in daily
insulin dose from baseline to day 1 and week 26.
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 insu-
lin). Insulin doses at day 1 were defined as the
median of daily doses available in the week after
the first injection of study medication. At week
26, insulin dose values were reported as the
median of daily doses available in the week
prior to the study visit. Details on efficacy,
safety, and immunogenicity outcomes have
been previously reported [5].

Statistical Analysis

The HbA1c analyses were performed on data
from the intent-to-treat (ITT) population,
defined as all randomized participants [5].
Insulin dose and safety analyses were based on
data from the safety population, defined as all
randomized participants who received at least
one dose of study medication. The AIA popu-
lation for AIA and NAb response analysis

included all participants from the safety popu-
lation with at least one AIA sample available for
analysis (sample collected at least 8 h after last
administration of premix insulin) during the
26-week on-treatment period, as defined previ-
ously [5].

Statistical methods for the total study popu-
lation have been previously reported [5]. Sub-
group analyses reported here were descriptive,
with no formal statistical testing. As reported
previously [5], the HbA1c change from baseline
to week 26 was analyzed using a return to
baseline multiple imputation approach for
missing data, followed by an analysis of
covariance (ANCOVA) model including treat-
ment group, the randomization strata of geo-
graphical region (Indian, non-Indian) and type
of diabetes (T1D, T2D), subgroup [prior use of
NN-Mix (yes, no)] and subgroup-by-treatment
interaction as fixed effects, and the baseline
HbA1c value as a continuous fixed covariate.
Treatment comparisons were made within the
subgroup of participants who were pretreated
with NovoMix 30 or Humalog Mix 25/Liprolog
Mix 25, as per the randomization strata of prior
use of NovoMix 30 (yes, no). For each subgroup,
the adjusted least squares (LS) mean change in
HbA1c was estimated for each treatment group
as well as the between-group difference and the
corresponding 95% confidence interval (CI).
The P value of the subgroup-by-treatment
interaction was also reported with values less
than 0.1 considered as indicating a potential
differential treatment effect.

For each hypoglycemia category (any, severe,
and documented symptomatic events), the
proportion of participants with at least one
event was compared between treatment groups
using a logistic regression model. The model
included fixed-effect terms for treatment group,
the randomization strata of geographical region
(India, non-India), type of diabetes (T1D, T2D),
and screening HbA1c (less than 8%, 8% or
higher), subgroup [prior use of NN-Mix (yes,
no)] and subgroup-by-treatment interaction. If
the model did not converge (e.g., because of
sparse data), randomization strata were
removed from the model. Odds ratios and 95%
CIs were evaluated within each subgroup and
displayed using forest plots. The P value of the
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subgroup-by-treatment interaction was also
provided.

Analyses of AIA and NAb response, TEAEs
recorded throughout the study, serious TEAEs,
AEs requiring special monitoring (injection site
reactions, hypersensitivity reactions), and
change in insulin dose were descriptive. The
analyses were conducted as previously described
for the total population [5]. The coronavirus
disease 2019 (COVID-19) pandemic occurred
during the last few months of the study,
resulting in difficulty for some participants to
comply with the protocol, as reported previ-
ously [5]. No further analyses of the COVID-19
impact were performed by prior use of premix
insulin.

RESULTS

Baseline Characteristics

Of the 402 participants randomized, 341
(84.8%) and 61 (15.2%) participants [as per the
randomization strata of prior use of NovoMix
30 (yes, no)] reported pretreatment with com-
mercial NovoMix 30 and Humalog Mix
25/Liprolog Mix 25, respectively. Within each
subgroup, demographic and baseline charac-
teristics did not reveal any notable differences
between the two treatment groups and were
consistent with the total study population (ESM
Table S1).

The subgroup of 341 participants with prior
use of NovoMix 30 as per randomization stra-
tum (172 and 169 participants in the SARAsp-
Mix and NN-Mix groups, respectively) corre-
sponded mostly to participants who switched
from commercial NovoMix 30 to study medi-
cation at randomization. This subgroup also
included some randomization stratification
errors (reported as protocol deviations) in 29
participants. These participants were using
commercial insulin other than NovoMix 30 (27
had used Humalog Mix 25/Liprolog Mix 25 and
2 had used Eglucent Mix 25 or Mixtard 30/70)
in the last 3 months prior to the study [SARAsp-
Mix: 15/172 (8.7%) participants; NN-Mix:
14/169 (8.3%) participants]. As the number of
participants was relatively limited and evenly

distributed between the two groups, the impact
on the subgroup analysis is considered
negligible.

HbA1c and Insulin Doses According
to Prior Premix Insulin Treatment

In participants pretreated with commercial
NovoMix 30, the LS mean decrease from base-
line to week 26 in HbA1c was similar in the two
treatment groups, i.e., between participants
switching to SARAsp-Mix at randomization
(-0.49%) compared with those continuing with
NovoMix 30 (-0.54%) (Fig. 1, ESM Table S2). In
participants pretreated with commercial
Humalog Mix 25/Liprolog Mix 25, the LS mean
decrease from baseline to week 26 in HbA1c was
numerically greater in the NN-Mix group
(-1.18%) compared with the SARAsp-Mix group
(-0.90%), but this difference is not clinically
relevant and can most probably be attributed to
the small sample size in this subgroup (SARAsp-
Mix: 32 participants; NN-Mix: 29 participants)
(ESM Table S1).

The LS mean treatment difference between
SARAsp-Mix and NN-Mix at week 26 was 0.05%
(95% CI -0.195% to 0.289%) for those pre-
treated with NovoMix 30 and 0.28% (95%
CI -0.279% to 0.830%) for those pretreated
with Humalog Mix 25/Liprolog Mix 25. There
was no evidence of heterogeneity of treatment
effect on change in HbA1c according to the
prestudy premix insulin, as illustrated by the
nonsignificant interaction (P = 0.46).

Daily insulin doses throughout the study
were similar in the two treatment groups,
regardless of whether participants were using
commercial NovoMix 30 or Humalog Mix
25/Liprolog Mix 25 prior to the study (Fig. 2,
ESM Table S3). For participants using prior
commercial NovoMix 30, there was no relevant
change in daily insulin doses from baseline to
day 1 (i.e., from prestudy insulin to the first
week of study medication), both in participants
who switched from NovoMix 30 to SARAsp-Mix
at randomization (mean change 0.008 U/kg)
and in participants who remained on NovoMix
30 at randomization (mean change 0.019 U/kg).
Similarly, for participants using prior
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commercial Humalog Mix 25/Liprolog Mix 25,
the change in daily insulin doses from baseline
to day 1 was minimal, both for participants
switching from Humalog Mix 25/Liprolog Mix
25 to SARAsp-Mix (mean change 0.031 U/kg) or
to the comparator NN-Mix (mean change

0.004 U/kg). The change in daily insulin doses
over the 26-week treatment period was compa-
rable between the two treatment groups irre-
spective of the premix insulin used prior to the
study. Mean increase in daily insulin doses from
baseline to week 26 were 0.150 U/kg for SARAsp-

Fig. 1 Least squares mean change in HbA1c (%) from
baseline to week 26 in total study population and by
subgroup of prior of prior premix insulin (NovoMix 30 or
Humalog Mix 25/Liprolog Mix 25) using ANCOVA
analysis (with return to baseline multiple imputation)

(ITT population). The statistical model used for the
analysis is described in Table S2. P value for treatment-by-
subgroup interaction = 0.4594 at week 26. ANCOVA
analysis of covariance

Fig. 2 Daily premix insulin doses (U/kg) in participants at
baseline, day 1, and week 26 for total study population and
by subgroup of prior premix insulin (NovoMix 30 or
Humalog Mix 25/Liprolog Mix 25) (safety population).
Data are mean ± standard error. Insulin doses are
rounded to two decimal places. Baseline insulin dose is
defined as the median of daily doses available in the week

prior to the first injection of study medication (doses of
prestudy insulin). The value at day 1 is defined as the
median of daily doses available in the week after the first
injection of study medication. For week 26, the value
presented is the median of daily doses available in the week
prior to the visit
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Mix and 0.209 U/kg for NN-Mix in those pre-
treated with NovoMix 30. In those pretreated
with Humalog Mix 25/Liprolog Mix 25, mean
daily doses increased by 0.254 and 0.236 U/kg,
respectively, in the two treatment groups.
Changes in daily insulin doses observed in the
subgroups were consistent with results observed
in the total study population.

Hypoglycemia, TEAEs, AIAs, and NAbs
According to Prior Premix Insulin
Treatment

During the 26-week study period, the percent-
age of participants reporting at least one episode
of hypoglycemia were similar for SARAsp-Mix
and NN-Mix regardless of pretreatment with
NovoMix 30 (64.5% and 70.8% in the SARAsp-
Mix and NN-Mix groups, respectively) or
Humalog Mix 25/Liprolog Mix 25 (48.4% and
65.5% in the SARAsp-Mix and NN-Mix groups,
respectively) (Fig. 3). The small sample size in
the prior use of Humalog Mix 25/Liprolog Mix
25 subgroup (n = 60) should be considered

when interpreting these results. There were no
reported episodes of severe hypoglycemia in
either subgroup. Documented symptomatic
hypoglycemia events were also reported by a
similar proportion of participants in each
treatment group regardless of pretreatment with
either commercial premix insulin. Within each
subgroup by prior premix insulin, the absence
of a relevant treatment difference on the per-
centage of participants reporting at least one
hypoglycemia event was supported by the 95%
CIs of the odds ratio of SARAsp-Mix versus NN-
Mix (including 1.0 for each category of hypo-
glycemia) (Fig. 3). Additionally, there was no
evidence of heterogeneity of the treatment
effect according to the prestudy premix insulin
for any category of hypoglycemia (all P greater
than 0.1) (Fig. 3). Hypoglycemia results
observed in the subgroups were generally con-
sistent with those in the total study population
[5].

A summary of TEAEs reported during the
26-week treatment period is outlined in ESM
Table S4. Both SARAsp-Mix and NN-Mix were

Favors
NN-Mix

Favors
SARAsp-Mix

NN-MixSARAsp-Mix

n/N (%)
P-value for
interactiona

Odds ratio
(95% CI)Hypoglycemia category Prior premix insulin

Any
NovoMix 30

Humalog Mix 25/Liprolog Mix 25

0.74 (0.46–1.17)

0.49 (0.17–1.42)
0.4930

Documented symptomatic
≤70 mg/dL (3.9 mmol/L)

NovoMix 30

Humalog Mix 25/Liprolog Mix 25

0.81 (0.52–1.25)

0.66 (0.21–2.02)
0.7345

NovoMix 30

Humalog Mix 25/Liprolog Mix 25

1.07 (0.64–1.78)

0.34 (0.07–1.51)
0.1545

Severe
NovoMix 30

Humalog Mix 25/Liprolog Mix 25

NC

NC

111/172 (64.5)

15/31 (48.4)

72/172 (41.9)

8/31 (25.8)

44/172 (25.6)

3/31 (9.7)

0/172

0/31

119/168 (70.8)

19/29 (65.5)

79/168 (47.0)

10/29 (34.5)

41/168 (24.4)

7/29 (24.1)

0/168

0/29
NC

Documented symptomatic
<54 mg/dL (3.0 mmol/L)

1.0 0.011.0
Odds ratio (95% Cl) – Log scale

Fig. 3 Forest plot of the odds ratio of SARAsp-Mix versus
NN-Mix for participants with one or more hypoglycemic
events during the 26-week on-treatment period by
subgroup of prior premix insulin (NovoMix 30 or
Humalog Mix 25/Liprolog Mix 25) (safety population).
Results are based on logistic regression model with fixed-
effect terms for treatment group, randomization strata of
geographical region (Indian, non-Indian), type of diabetes
(T1D, T2D), and screening HbA1c (less than 8%, 8% or

higher), subgroup, and subgroup-by-treatment interaction.
For the category of severe hypoglycemia, randomization
strata were removed from the model because of noncon-
vergence. aP values of subgroup-by-treatment interaction
based on the model described above. n number of
participants with one or more treatment-emergent events,
% percentage of participants with one or more event, NC
model did not converge
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well tolerated regardless of the type of prior
premix mealtime insulin. In participants using
commercial NovoMix 30 prior to the study,
TEAEs were reported in similar proportions in
the two treatment groups (SARAsp-Mix: 18.6%;
NN-Mix: 22.0% participants). In participants
using Humalog Mix 25/Liprolog Mix 25 prior to
the study, the proportion of TEAEs during the
26-week period was also similar in the two
treatment groups (SARAsp-Mix: 12.9%; NN-Mix:
13.8% participants). Consistent with the total
population, the most frequently reported TEAEs
in both treatment groups were infections and
infestations, regardless of the type of prior pre-
mix insulin (data not shown). The incidence of
serious TEAEs was similar between treatment
groups in participants using prior NovoMix 30
or prior Humalog Mix 25/Liprolog Mix 25 (ESM
Table S4). There were no TEAEs leading to per-
manent treatment discontinuation and no
injection site reactions. One potential hyper-
sensitivity reaction (pruritis) was reported by a
participant in the SARAsp-Mix group with prior
use of NovoMix 30; the event was adjudicated
by an independent committee as not an allergic
reaction. A single death occurred during the on-
treatment period in a participant in the NN-Mix
group with prior use of NovoMix 30 and was
not considered to be related to study medica-
tion. The safety results observed in each sub-
group during the 26-week treatment period
were generally consistent with those reported
for the total study population.

The percentage of participants who were
positive for AIAs at baseline in each treatment
group was similar irrespective of prior use of
NovoMix 30 (SARAsp-Mix: 46.5%; NN-Mix:
52.3%) or prior Humalog Mix 25/Liprolog Mix
25 (SARAsp-Mix: 64.3%; NN-Mix: 64.0%) (ESM
Table S5, Fig. 4). The percentage of participants
positive for AIA at baseline was slightly higher
in those pretreated with Humalog Mix
25/Liprolog Mix 25 compared with those pre-
treated with NovoMix 30. The percentage of
participants with a treatment-emergent AIA
response (participants who either de novo
developed positive AIAs postbaseline or exhib-
ited a C 4-fold increase in titer compared with
baseline) during the 26-week treatment period
was similar in both treatment groups according

to prior use of NovoMix 30 (SARAsp-Mix: 32.7%;
NN-Mix: 31.3%) or prior Humalog Mix
25/Liprolog Mix 25 (SARAsp-Mix: 35.5%; NN-
Mix: 34.5%) (ESM Table S5, Fig. 4). The per-
centage of participants with detectable AIAs at
least at one timepoint during the study was also
similar with SARAsp-Mix and NN-Mix irrespec-
tive of prior commercial premix insulin treat-
ment (ESM Table S5, Fig. 4).

The percentages of participants with AIA
cross-reacting with human insulin during the
26-week on-treatment period were similar
between SARAsp-Mix and NN-Mix, ranging
between 86.7% and 95.1% for participants pre-
treated with NovoMix 30, and between 86.7 and
100% for participants pretreated with Humalog
Mix 25/Liprolog Mix 25. Over the 26-week
treatment period, AIA titers were comparable
between treatment groups and remained rela-
tively low and unchanged over time (data not
shown).

The percentage of participants who were
positive for NAbs at baseline in each treatment
group was similar in participants using prior
NovoMix 30 [SARAsp-Mix: 5/157 (3.2%) partici-
pants; NN-Mix: 6/151 (4.0%) participants], while
small numerical differences were observed in the
prior Humalog Mix 25/Liprolog Mix 25 subgroup
[SARAsp-Mix: 2/28 (7.1%) participants; NN-Mix:
4/25 (16.0%) participants] (ESM Table S6, Fig. 4).
The percentage of participants positive for NAb
at baseline was slightly higher in those pretreated
with Humalog Mix 25/Liprolog Mix 25 com-
pared with those pretreated with NovoMix 30.
The percentage of participants with a treatment-
emergent NAb response during the 26-week
treatment period was similar between treatment
groups in participants using prior NovoMix 30
[SARAsp-Mix: 14/168 (8.3%) participants; NN-
Mix: 16/166 (9.6%) participants], while small
numerical differences were seen in the prior
Humalog Mix 25/Liprolog Mix 25 subgroup
[SARAsp-Mix: 2/31 (6.5%) participants; NN-Mix:
0/29 participants] (ESM Table S6, Fig. 4). The
percentage of participants with detectable NAbs
at least at one timepoint during the study was
similar with SARAsp-Mix and NN-Mix irrespective
of prior commercial premix insulin treatment.

1306 Diabetes Ther (2022) 13:1299–1310



DISCUSSION

The GEMELLI M study showed that SARAsp-Mix
provides effective glycemic control with a safety
and immunogenicity profile similar to NN-Mix
in people with diabetes treated for 26 weeks [5].
This subgroup analysis compares clinical out-
comes of SARAsp-Mix versus NN-Mix in the
subgroup of participants pretreated with differ-
ent commercial premix insulin analog prepara-
tions who then switched insulin treatment at
randomization. There were no relevant differ-
ences observed for any of the clinical outcomes,
with findings generally consistent between
subgroups and similar to the previously repor-
ted results for the total study population [5].

Following randomization, participants were
to switch from their previous commercial

premix insulin (NovoMix 30 or Humalog Mix
25/Liprolog Mix 25) to an equivalent dose of
SARAsp-Mix or NN-Mix. When switching from
the reference product [prestudy NovoMix 30
(NN-Mix)] to the biosimilar premix aspart pro-
duct (SARAsp-Mix) at randomization, there was
minimal change in insulin doses during the first
week of study treatment, as for participants who
continued on NovoMix 30 (as NN-Mix). There
was also only minimal change in daily insulin
dose when participants switched from previous
Humalog Mix 25/Liprolog Mix 25 to study
medication (SARAsp-Mix or NN-Mix). This indi-
cates that most participants actually switched
from their prestudy premix insulin to study
medication using a unit-to-unit (1:1)
conversion.

Fig. 4 Anti-insulin aspart antibody (AIA) and neutraliz-
ing antibody (NAb) response at baseline and week 26 by
subgroup of prior premix insulin (NovoMix 30 or
Humalog Mix 25/Liprolog Mix 25) (AIA population).
Data shown as percentage of participants with each
outcome [see ESM Table S5 (AIA) and ESM Table S6
(NAb) for the denominators]. aPrevalence: participants

with at least one positive AIA/NAb sample at baseline or
postbaseline. bIncidence: participants with newly positive
AIA/NAb postbaseline (treatment-induced) or with C 4-
fold increase in titer (treatment-boosted) (i.e., participants
with treatment-emergent AIAs/NAbs). AIA anti-insulin
aspart antibody, NAb neutralizing antibody
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The mean change from baseline to week 26
in HbA1c levels, in the SARAsp-Mix versus the
NN-Mix group by prior use of commercial pre-
mix insulin, was generally consistent with the
results for the total population. The limited
number of participants pretreated with Huma-
log Mix 25/Liprolog Mix 25 (* 15%) is reflected
by the wider confidence intervals and greater
uncertainty for the estimates of differences in
HbA1c between treatments compared with the
analysis by prior use of NovoMix 30. The safety
profile of both treatments was similar for par-
ticipants pretreated with NovoMix 30 and with
Humalog Mix 25/Liprolog Mix 25. Hypo-
glycemia outcomes were consistent between
SARAsp-Mix and NN-Mix irrespective of the
prestudy premix insulin, with the results
observed in the subgroups generally consistent
with those in the total study population. Simi-
larly, TEAEs reported for the two treatment
groups were similar in each subgroup and were
consistent with the AE profile reported in total
study population [5]. Within each subgroup, no
relevant treatment difference was observed in
the number of participants who had
detectable AIAs and NAbs at baseline and dur-
ing the subsequent 26 weeks of treatment.

A limitation of this subgroup analysis is that
the study was not designed or powered to
prospectively compare SARAsp-Mix and NN-Mix
in participants with diabetes pretreated with
commercial NovoMix 30 and with Humalog
Mix 25/Liprolog Mix 25. Therefore, caution
should be exercised in the interpretation of the
results, and statistical limitations should be
acknowledged to avoid overinterpretation [9].
Statistical models for these subgroup analyses
were limited to the change in HbA1c and
hypoglycemia incidence as prespecified in the
statistical plan, to limit the risk of chance
findings. Other outcomes were analyzed
descriptively. No significant subgroup-by-treat-
ment interaction was observed in both statisti-
cal models (as defined by P greater than 0.10),
thereby confirming that the treatment effect for
HbA1c and hypoglycemia was not dependent
on the participant’s subgroup. The subgroups
by prior premix insulin were used as stratifica-
tion factor in the randomization process.

Although some randomization errors were
noted, the number was relatively low and they
were evenly distributed between groups, so that
the impact on the analysis findings were negli-
gible. Although the AIA and NAb response is
generally greater in patients with T1D com-
pared with T2D, the small number of enrolled
participants with T1D meant that it was not
possible to evaluate potential differences in the
immune response of SARAsp-Mix versus NN-Mix
by prior premix insulin treatment.

The open-label design necessitated by the
different injection devices used for SARAsp-Mix
and NN-Mix was another potential limitation of
the study. This was partially mitigated by per-
forming assessments of objectively collected
data in central laboratories that were blinded to
the study treatment. In addition, the sponsor
study team remained blinded to the treatment
group until database lock. As reported previ-
ously [5], the COVID-19 pandemic also occur-
red during the last few weeks of the study in
some countries. Systems were put in place to
ensure participants’ safety, retention, and data
capture. The impact of COVID-19 on the study
results was kept to a minimum and restricted to
the primary efficacy endpoint with limited
impact on safety data (mainly underreporting of
hypoglycemia events, similarly in both treat-
ment groups) but with no overall impact on
difference between treatments groups in rela-
tion to safety or immunogenicity. No analyses
of the COVID-19 impact were performed by
prior use of premix insulin.

CONCLUSIONS

In summary, this subgroup analysis show that
participants in GEMELLI M pretreated with
NovoMix 30 who were then randomized to
SARAsp-Mix using the recommended 1:1 dose
conversion have an efficacy, safety, and
immunogenicity profile similar to those partic-
ipants who continued their prestudy NovoMix
30 medication. Similar findings were observed
among participants who were switched 1:1 from
Humalog Mix 25/Liprolog Mix 25 to SARAsp-Mix
and NN-Mix study treatment. The findings of
this study suggest that SARAsp-Mix is a well-
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tolerated, effective, and safe treatment option
when prescribed for participants with diabetes
who have had prior treatment with other com-
mercial premix insulin analog therapies and
that patients can conveniently be switched to
SARAsp-Mix on a unit-to-unit (1:1) conversion.

ACKNOWLEDGEMENTS

The authors thank the participants and inves-
tigators who took part in this trial.

Funding. The trial and the Rapid Service Fee
were funded by Sanofi. Sanofi participated in
trial design, data collection, and performed all
the statistical analyses, the results of which were
reviewed by the authors and the sponsor.

Medical Writing and Editorial Assis-
tance. Editorial support was provided by DJ
Quinlan of Oberon Ltd (London, UK), funded
by Sanofi.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work, and have given their approval for this
version to be published.

Author Contributions. Karin Wernicke-
Panten, Suzanne Pierre, Baerbel Rotthaeuser,
and Daniel Kramer contributed to the concep-
tion and design of the study; S. Aravind, Kiran
Singh, Liliia Mogylnytska, Alsu Zalevskaya, and
Beata Matyjaszek-Matuszek to the acquisition of
data (as trial investigators); Karin Wernicke-
Panten, My-Liên Nguyên-Pascal, Suzanne
Pierre, Baerbel Rotthaeuser, Daniel Kramer, and
Bhaswati Mukherjee to analysis of data; Karin
Wernicke-Panten, My-Liên Nguyên-Pascal,
Suzanne Pierre, Baerbel Rotthaeuser, Daniel
Kramer, and Bhaswati Mukherjee to the inter-
pretation of the data. Karin Wernicke-Panten,
My-Liên Nguyên-Pascal, Suzanne Pierre, Baerbel
Rotthaeuser, Daniel Kramer, and Bhaswati
Mukherjee contributed to the drafting, and S.
Aravind, Kiran Singh, Liliia Mogylnytska, Alsu

Zalevskaya, Beata Matyjaszek-Matuszek, Karin
Wernicke-Panten, My-Liên Nguyên-Pascal,
Suzanne Pierre, Baerbel Rotthaeuser, Daniel
Kramer, and Bhaswati Mukherjee to critical
revision of the work for important intellectual
content. All authors approved the final manu-
script for submission and are accountable for
the accuracy and integrity of the manuscript.
Baerbel Rotthaeuser is the guarantor of this
work and confirms access to all the data in the
study and takes responsibility for the integrity
of the data and the accuracy of the data
analysis.

List of Investigators. The participating
investigators are listed in the Appendix of the
Electronic Supplementary Material.

Disclosures. S.R Aravind, Kiran P Singh,
Liliia Mogylnytska, Alsu G Zalevskaya, and
Beata Matyjaszek-Matuszek report no disclo-
sures. Karin Wernicke-Panten, My-Liên Nguyên-
Pascal, Suzanne Pierre, Baerbel Rotthaeuser,
Daniel Kramer, and Bhaswati Mukherjee are all
employees and stockholders of Sanofi.

Compliance with Ethics Guideli-
nes. GEMELLI M is registered on the European
Union Drug Regulatory Clinical Trials Database
(2017-000092-84) and was conducted in accor-
dance with the ethical principles of the Decla-
ration of Helsinki of 1964 and its later
amendments, the International Conference on
Harmonisation Guidelines for Good Clinical
Practice, and all applicable laws, rules, and reg-
ulations. The protocol was approved by an
independent ethics committee or institutional
review board for each center except in Poland
where approval was by a national ethics com-
mittee (Komisja Bioetyczna przy Okregowej,
Lublin); written informed consent was obtained
from each participant before any trial-related
activities.

Data Availability. Qualified researchers
may request access to participant level data and
related study documents including the clinical
study report, study protocol with any amend-
ments, blank case report form, statistical anal-

Diabetes Ther (2022) 13:1299–1310 1309



ysis plan, and data set specifications. Participant
level data will be anonymized, and study doc-
uments will be redacted to protect the privacy
of trial participants. Further details on Sanofi’s
data sharing criteria, eligible studies, and pro-
cess for requesting access can be found at:
https://www.vivli.org/.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. European Medicines Agency. Truvelog Mix 30.
https://www.ema.europa.eu/en/medicines/human/
summaries-opinion/truvelog-mix-30. Accessed Mar 9,
2022.

2. European Medicines Agency: Insulin aspart Sanofi:
summary of product characteristics, updated 27 Jan-
uary 2022. https://www.ema.europa.eu/en/
documents/product-information/insulin-aspart-

sanofi-epar-product-information_en.pdf. Accessed
Apr 15, 2022.

3. European Medicines Agency: NovoMix 30 (30%
insulin aspart and 70% insulin aspart protamine):
summary of product characteristics, updated 12
November 2020. https://www.ema.europa.eu/en/
documents/product-information/novomix-epar-
product-information_en.pdf. Accessed Sept 1, 2021.

4. Kapitza C, Nosek L, Schmider W, Teichert L, Mukher-
jee B, Nowotny I. A single-dose euglycaemic clamp
study in two cohorts to compare the exposure of
SAR341402 (insulin aspart) Mix 70/30 with US- and
European-approved versions of insulin aspart Mix
70/30 and SAR341402 rapid-acting solution in sub-
jects with type 1 diabetes. Diabetes Obes Metab.
2021;23:674–81.

5. Aravind SR, Singh KP, Aquitania G, et al. Biosimilar
insulin aspart premix SAR341402 Mix 70/30 versus
originator insulin aspart Mix 70/30 (NovoMix 30) in
people with diabetes: a 26-week, randomized, open-
label trial (GEMELLI M). Diabetes Ther. 2022;13:
1053–71.

6. American Diabetes Association Workgroup on Hypo-
glycemia. Defining and reporting hypoglycemia in
diabetes. Diabetes Care. 2005;28:1245–9.

7. Seaquist ER, Anderson J, Childs B, et al. Hypo-
glycemia and diabetes: a report of a workgroup of
the American Diabetes Association and The Endo-
crine Society. Diabetes Care. 2013;36:1384–95.

8. International Hypoglycaemia Study Group. Glucose
concentrations of less than 3.0 mmol/L (54 mg/dL)
should be reported in clinical trials: a joint position
statement of the American Diabetes Association and
the European Association for the Study of Diabetes.
Diabetes Care. 2017;40:155–7.

9. Shah VN, Franek E, Wernicke-Panten K, Pierre S,
Mukherjee B, Sadeharju K. Efficacy, safety, and
immunogenicity of insulin aspart biosimilar
SAR341402 compared with originator insulin aspart
in adults with diabetes (GEMELLI 1): a subgroup
analysis by prior type of mealtime insulin. Diabetes
Ther. 2021;12:557–68.

1310 Diabetes Ther (2022) 13:1299–1310

https://www.vivli.org/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ema.europa.eu/en/medicines/human/summaries-opinion/truvelog-mix-30
https://www.ema.europa.eu/en/medicines/human/summaries-opinion/truvelog-mix-30
https://www.ema.europa.eu/en/documents/product-information/insulin-aspart-sanofi-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/insulin-aspart-sanofi-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/insulin-aspart-sanofi-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/novomix-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/novomix-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/novomix-epar-product-information_en.pdf

	Efficacy, Safety, and Immunogenicity of Biosimilar Insulin Aspart Premix SAR341402 Mix 70/30 Compared with Originator Insulin Aspart Mix 70/30 in Adults with Diabetes (GEMELLI M): A Subgroup Analysis by Prior Type of Premix Insulin
	Abstract
	Introduction
	Methods
	Results
	Results
	Conclusions
	Trial Registration

	Introduction
	Methods
	GEMELLI M Design and Participants
	Subgroup Definition and Outcomes
	Statistical Analysis

	Results
	Baseline Characteristics
	HbA1c and Insulin Doses According to Prior Premix Insulin Treatment
	Hypoglycemia, TEAEs, AIAs, and NAbs According to Prior Premix Insulin Treatment

	Discussion
	Conclusions
	Acknowledgements
	References




