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Abstract

Aim: To establish equivalence in the pharmacokinetic (PK) and pharmacodynamic
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Materials and Methods: In this phase-1 automated euglycaemic glucose clamp study,

Biocon's Insulin-R and Humulin-R. Plasma insulin concentrations and glucose infusion
Funding information rates (GIRs) were assessed over 12 hours. Primary PK endpoints were area under the
Biocon Sdn BHd insulin concentration-time curve from O to 12 hours (AUC;.so.12n) and maximum
insulin concentration (Cins.max)- Primary PD endpoints were area under the GIR time
curve from 0 to 12 hours (AUCgr 0-12r) and maximum GIR (GIR,.,).

Results: Equivalence was demonstrated between Biocon's Insulin-R and Humulin-R
for the primary PK and PD endpoints. The 90% confidence intervals were within
80.00% to 125.00% limits. The PK and PD profiles were comparable. There were no
significant differences in the safety profiles of the two treatments, and no serious
adverse events were reported.

Conclusion: PK and PD equivalence was demonstrated between Biocon's Insulin-R
and Humulin-R in healthy subjects. Treatment with Biocon’s Insulin-R and

Humulin-R was well tolerated.
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1 | INTRODUCTION

Insulin therapy is indispensable to patients with type 1 diabetes (T1D)
and advanced type 2 diabetes (T2D) to effectively maintain glycaemic
control and prevent further complications.* While the number of peo-
ple who need insulin has increased exponentially over the years, insu-
lin access in many countries is inadequate, mostly because of
unaffordable prices.2* The direct annual cost of diabetes treatment
globally has increased to US$825 billion® and, in countries like the
United States, insulin prices tripled from 2002 to 2013.2 The insulin
expenditure for underinsured or uninsured patients results in non-
adherence or rationing of insulin, leading to diabetes complications
with early and increased morbidity and mortality.>”

The World Health Organization (WHO) launched the first-ever
insulin prequalification programme in 2019 to boost access by
increasing the flow of quality-assured products in the international
market, providing countries with a greater choice and patients with
lower prices.® The WHO Steering Group strongly recommends the
use of human insulin to manage blood glucose (BG) in adults with
T1D and T2D,’** and the recombinant human insulins (rHIs; neutral
protamine Hagedorn, regular and premix) represent an economical
alternative to analogues.*? Several reference-listed rHI drugs are
available ‘over-the-counter’ in the United States,*® implying that in
the real-world scenario patients may be switching freely between
these marketed rHI products. The introduction of biosimilar rHIs
can extend access to people in need (90% T2D and 10% T1D)'* by
increasing available choices and ensuring affordability. Recently, the
Endocrine Society made strong recommendations to expedite the
approval of insulin biosimilars as one of the policies to increase
access to life-saving insulins for patients with diabetes in the
United States.?®

Development of Biocon’s Insulin-R (regular insulin; produced in
the cell line Pischia pastoris'®), as a proposed biosimilar to US-
approved Humulin® R (henceforth referred to as Humulin-R; Eli Lilly
and Company, IN), is an endeavour to increase patient access. Regular
insulin is a short-acting, prandial insulin indicated to improve
glycaemic control in adult and paediatric patients with diabetes.?”

Stringent regulatory requirements, including multiple orthogo-
nal analytical methods to evaluate similarity in structure and
function, as well as pharmacokinetic (PK)/pharmacodynamic
(PD) equivalence, ensure the similarity of the proposed product to
the reference product.'® When assessing the biosimilarity of insu-

lins, a surrogate PD marker (glucose infusion rate [GIR]) exists and
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correlates with clinical efficacy. As per recent guidance from the
Food and Drug Administration (FDA) for biosimilar insulins,® if
comparative analytical assessment using state-of-the-art technol-
ogy demonstrates ‘high similarity’ for a proposed biosimilar, it can
be considered that there would be little or no residual uncertainty
regarding immunogenicity.

Biocon’s Insulin-R is similar to Humulin-R as assessed through a
rigour of physicochemical analyses and non-clinical studies. The cur-
rent study was designed to demonstrate equivalence in the PK/PD
endpoints between Biocon’s Insulin-R and Humulin-R using the

euglycaemic clamp technique in healthy subjects.

2 | MATERIALS AND METHODS

21 | Study design

In this phase-1, single-centre, randomized, double-blind, single-dose,
two-treatment, two-period, two-sequence, crossover, 12-hour auto-
mated euglycaemic glucose clamp study (EudraCT: 2018-003217-18;
Clinicaltrial.gov: NCT04022317), eligible subjects were randomly allo-
cated to a sequence of single doses of Biocon’s Insulin-R and
Humulin-R (Figure 1). Subjects had fasted for at least 10 hours prior
to the dosing. Single doses of 0.3 1U/kg of Biocon’s Insulin-R (Biocon
Limited, India) and Humulin-R (US-sourced), both 100 IU/ml, were
administered subcutaneously into a lifted skin fold of the abdominal
wall into the peri-umbilical area using a standard skin-fold technique.
Insulin was administered at two different abdominal quadrants (left
lower quadrant and right lower quadrant) with a BD Micro-fine
+0.5 ml U100 syringe fitted with a 0.30 mm (30G) x 8 mm needle.
Blood was collected predose and postdose at prespecified intervals
until 12 hours for BG, insulin, and C-peptide measurement. There was
a washout period of 5-7 days between dose administrations to avoid
any carryover effect before the crossover. This study was conducted
at Profil Mainz GmbH & Co., KG, Germany.

2.2 | Study subjects

The study population included healthy subjects aged 18-55 years (both
inclusive), with a body mass index (BMI) of 18.5-29.0 kg/m? (both inclu-
sive) and fasting plasma glucose (FPG) concentration of 100 mg/dl or

less. Major exclusion criteria included receipt of any medicinal product
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FIGURE 1 Study design
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in clinical development within 30 days or five times its half-life (which-
ever was longer) before being randomized into this trial, any history or
presence of a clinically relevant co-morbidity (as judged by the investiga-
tor), systolic blood pressure less than 95 or greater than 140 mmHg
and/or diastolic blood pressure less than 50 or greater than 90 mmHg
after resting for at least 5 minutes in the supine position, and a pulse
rate at rest outside the range of 50-90 beats/min.

23 | Ethics

This study was conducted in accordance with Good Clinical Practice
and conformed to the ethical principles of the Declaration of Helsinki
and all local and federal laws and regulations. The study was approved
by the ethics committee and Bundesinstitut fir Arzneimittel und
Medizinprodukte (BfArM) before study initiation. Subjects provided
written informed consent prior to initiation of the study.

24 | Euglycaemic glucose clamping

Euglycaemic glucose clamping was performed using a glucose clamp
device (ClampArt®; Profil Institut fir Stoffwechselforschung, Neuss,
Germany). The quality of the clamp data was reviewed on a regular
basis by the investigator and clamp supervisors. The quality of clamps
was evaluated'® based on all BG measurements during the clamp pro-

cedure, where GIR was greater than 0 mg/kg/min, as follows:

e Precision measured as clamp coefficient-of-variation (CV%),

derived as

100 (standard deviation of BG) measured by ClampArt
mean BG measured by ClampArt ’

e Control deviation, measured as clamp deviation from the target
(DFT), derived as

Mean (BG measured by ClampArt — clamp level).

The mean clamp CV was required to be less than 15% and the
mean DFT was required to be within the range of +10 mg/dI after dos-
ing until the end of the clamp. After the investigational medicinal prod-
uct was administered (time zero), the clamp device-controlled variable
glucose infusion was initiated at the time of onset of action (when BG
had dropped by 5 mg/dl from baseline as measured by ClampArt). The
glucose clamp device automatically kept the subjects' glucose concen-
tration at a target clamp level of 81 mg/dl with minimal deviations. It
automatically calculated appropriate adjustments of the intravenous GIR
using an algorithm based on the difference between the actual BG

values and the predefined target level, the slope of the BG values (in the

preceding 5 minutes), and weighted area under the preceding GIR curve.
The GIR necessary to keep the BG concentration at the target level was
recorded every minute throughout the glucose clamp duration. BG was
analysed at the study site using a Super GL glucose analyser (Dr. Mdller
Geratebau GmbH, Freital, Germany) for verification of measurements of
ClampArt. Please refer to Appendix S1 (Glucose Clamp Procedures) for
further details.

2.5 | PKsampling
Blood samples were taken for PK (plasma insulin and serum C-peptide
levels) analysis at predefined time intervals.

2.6 | Bioanalytical methods

A validated ultra-performance liquid chromatography with tandem
mass spectrometry detection was used to analyse the study samples.
Insulin concentrations in plasma were measured using liquid
chromatography-tandem mass spectroscopy. The lower and upper
limits of quantification (LLOQ and ULOQ, respectively) of this method
were 50 and 8000 ng/L, respectively. The C-peptide levels in serum
were measured using a validated electrochemiluminescence immuno-
assay test kit (Roche Diagnostics, Switzerland) with the LLOQ and
ULOQ being 0.2 and 32.0 ng/ml, respectively. All validation and sam-
ple quantification runs met the prespecified acceptance criteria,

including incurred sample reproducibility.

2.7 | PKassessments

The primary PK parameters included AUCq 15, (area under insulin
concentration-time curve from 0 to 12 hours) and Cjs.max (Maximum
insulin  concentration). Other parameters included AUC;ys0-2h,
AUCins0-6h AUCins.6-12n AUCins0-o (areas under insulin concentra-
tion-time curve in the indicated time intervals), tins.max (time to maxi-
mum insulin concentration), tsoy-ins(early) (time to half-maximum insulin
concentration before Cins max)s t50%-insgate) (time to half-maximum insu-
lin concentration after Cinsmax), ty (terminal elimination half-life), and
A\, (terminal elimination rate constant). The values of all individual PK
parameters were calculated using non-compartmental methods in
Phoenix WinNonlin v. 8.0 (Certara, NJ).

The primary PK analysis was conducted using Owen’s method for
correction of endogenous insulin secretion using the C-peptide-based
correction formula.?® Exogenous insulin (Insulin EXOG) concentration
was calculated as per the formula:

Insulin EXOG = observed plasma insulin concentration - (mean
of insulin/C-peptide conc. ratios at -30, -15 and O minutes) x
observed serum C-peptide concentration.

A sensitivity analysis of the primary PK endpoints was performed
using the same mixed model as described for the primary analysis with

uncorrected (i.e. without applying Owen’s correction for C-peptide)
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insulin concentrations. C-peptide-based exclusion rules (described in
the next section for the primary PD variables) were applied for the PK

sensitivity analysis.

2.8 | PD assessments

Primary PD parameters included AUCgro-1on (area under GIR time
curve from O to 12 hours) and GIR,,,x (maximum GIR). Other parame-
ters included AUCgro-2n AUCGIR0-6h» AUCGIR6-12n (area under GIR
time curve in the indicated time interval), tgir.max (time to maximum
GIR), ts0%-GiR(early) (time to half-maximum GIR before GIRmax), tso%-cir
(ate) (time to half-maximum GIR after GIR ), and the onset of action.

Primary PD analysis was conducted using C-peptide-based exclu-
sion of profiles. For this, C-peptide concentration-time profiles were
inspected during the blinded data review meeting to identify and
exclude profiles as predefined for the study.

To account for meaningful fluctuations that can reflect changes in
endogenous insulin concentration during the clamp period, profiles
meeting the predefined criteria were excluded from the primary PD
analysis set.

Sensitivity analysis for the PD data was conducted using all pro-

files without applying any C-peptide-based exclusion criteria.

29 | Safety assessments

All adverse events (AEs) were evaluated in terms of intensity, dura-
tion, severity, outcome, and relationship to study medication through-
out the study. Other safety parameters included injection-site
reactions, local tolerability, hypoglycaemic episodes (classification and
recording of hypoglycaemia in the trial were performed according to
the guidelines of the American Diabetes Association?b?2; refer to
Appendix S2), vital signs, physical examinations, 12-lead electrocardio-

grams (ECGs), and standard laboratory safety tests.

210 | Statistical analysis

All statistical analyses were performed using SAS® v. 9.4 (SAS Insti-
tute Inc., NC). Equivalence between Biocon’s Insulin-R and Humulin-R
was considered demonstrated if the 90% confidence interval (Cl) for
the primary PK endpoints, AUCis 0-12n-ratio and Cins max-ratio, and the
primary PD endpoints, AUCgr0-12n-ratio and GIR,,,-ratio, lay within
an acceptance interval of 80.00%-125.00%.

2.10.1 | Sample size

Based on the intra-subjectn variability observed in earlier studies,?®?*
CV of PK/PD parameters for Biocon’s Insulin-R and Humulin-R was
not expected to exceed 25%. Based on this CV% and an assumed

ratio of 0.95 between reference and test insulin, a sample size of

38 subjects was considered necessary to establish equivalence with
sufficient power of at least 90% (sample size calculation based on
a = .05 and 90% Cls in the range of 80.00%-125.00%). To account
for potential dropouts during the study, 42 subjects were planned to

be randomized.

2.10.2 | PKand PD endpoints
The per-protocol population (PPP) for PK/PD included all randomized
subjects who completed the trial without any important protocol devi-
ation. Single profiles of subjects who did not provide evaluable PK
data were excluded from the PPP for PK if less than 50% of concen-
tration measurements were above LLOQ or zero postdosing (i.e. 11 of
24 measurements). Single profiles of subjects who did not meet the
clamp-quality criteria were excluded from the PPP for PD analysis.

For analysis of the primary PK/PD endpoints, data were logarith-
mically transformed as these parameters were assumed to follow a
log-normal distribution. Logarithm-transformed endpoints were
analysed using analysis of variance with sequence, period, and treat-
ment as fixed effects and subject within the sequence as a random
effect. The least-square (LS) mean for each treatment, a difference of
LS means between treatment groups, and corresponding 90% Cl was
calculated, exponentially back-transformed, and multiplied by 100 to
find the estimated ratio percentage of responses between the insulin
formulations and the corresponding 90% ClI.

Secondary PK/PD AUC endpoints were compared using the
same statistical approach as the primary endpoints. Time-related
PK/PD endpoints were analysed using descriptive statistics by

treatment only.

2.10.3 | Safety

Analysis of safety endpoints was based on the safety analysis set
(SAS), which included all randomized subjects who had received at
least one dose of the study treatment. Safety data were summarized

by treatment using descriptive statistics.

3 | RESULTS

3.1 | Subject disposition and baseline
characteristics

Of the 75 male subjects screened, 42 were randomized to one of the
two treatment sequences. Forty-one subjects completed the study,
and one subject withdrew consent after the first dose of Humulin-R.
The age, BMI, and FPG ranged from 19 to 54 (mean 33.4) years, 19.9
to 28.7 (mean 24.45) kg/m?, and 74 to 99 (mean 87.7) mg/dl, respec-
tively. Demographic characteristics were similar for the two treatment
sequences. The disposition, demographics, and baseline characteris-

tics of the subjects are presented in Table S1.
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TABLE 1 Primary PK and PD endpoints (PP population)
Biocon’s Insulin-R Humulin-R
Endpoint
N LS-mean N LS-mean
PK endpoints
AUC;s.0-12n (h*ng/L) 41 11 058.46 41 11 127.01
Cins.max (ng/L) 41 1977.859 41 2142.127

PD endpoints
AUCGIR,0-12h (mg/kg) 39° 3201.511 38° 3249.590
GIRmax (mg/kg/min) 39° 8.952 38° 9.384

Geometric LS-mean ratio Biosimilar

- 1 0,
Insulin-R/Humulin-R (90% CI) Intra-subject CV%

Power (%)

99.38 (97.02; 101.81) 6.5 >99
92.33(87.34; 97.61) 15.0 >99
98.52 (92.63; 104.79) 15.7 >99
95.40 (89.46; 101.74) 164 >99

Abbreviations: AUCi,s.0-12n, area under the insulin concentration curve from 0 to 12 hours; AUCgr0-12n, area under the glucose infusion rate curve from O
to 12 hours; Cl, confidence interval; Cins.max, maximum insulin concentration; CV%, percentage coefficient of variation; GIR .., maximum observed glucose
infusion rate; LS mean; least square mean; PD, pharmacodynamics; PK, pharmacokinetics; PP, per protocol.

@Five profiles (two Biocon’s Insulin-R and three Humulin-R) were excluded based on C-peptide exclusion rules.

FIGURE 2 C-peptide-corrected 3900
mean insulin profiles linear scale 36004
(PP population for PK). PK,

pharmacokinetics; PP, per protocol
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3004

04

Treatment

———— Biocon’s Insulin-R (N =41)
———e—— Humulin-R (N =41)

There were no significant protocol deviations and none of the
profiles were excluded from the PPP for PK because of non-evaluable
data and from the PPP for PD because of non-fulfilment of any of the
defined clamp-quality criteria. The PPP for PK/PD comprised 41 sub-
jects, whereas the SAS included 42 subjects.

3.2 | Pharmacology

3.21 | PKanalyses
For the primary analysis, the 90% Cls for geometric mean
ratios (Biocon’s Insulin-R/Humulin-R) were within 80.00% and
125.00% limits for both primary PK endpoints, AUC;ns.0-12n and
Cins.max (Table 1). Mean C-peptide-corrected plasma insulin
concentration-time profiles (Owen’s method) showed close
similarity between Biocon’s Insulin-R and Humulin-R
(Figure 2).

Results of the sensitivity analysis based on uncorrected data

applying the C-peptide-based exclusion rules were similar to the

Protocol time from dosing (h)

primary analysis (AUCinso-12n: 90% Cl, 97.56%, 102.71%; Cins.max:
90% Cl, 88.46%, 98.90%; both within 80.00% and 125.00% limits),
thus indicating the robustness of the study.

Secondary endpoint analyses showed the mean values of the sec-
ondary PK endpoints to be comparable between Biocon’s Insulin-R
and Humulin-R (Table 2). The secondary endpoints—AUC;.s0-2h,

AUC;5.0-6h and AUCis.0-c—Met the bioequivalence criteria.

3.2.2 | PD endpoints
For the primary analysis, 90% Cls for the geometric mean ratios (Biocon’s
Insulin-R/Humulin-R) were within 80.00% and 125.00% limits for both pri-
mary PD endpoints, AUCgro-12n and GIRax (Table 1). The mean GIR pro-
files were similar between Biocon’s Insulin-R and Humulin-R (Figure 3).
Results of the sensitivity analysis, without applying any C-pep-
tide-based exclusion rules, were similar to the primary analysis
(AUCgGlro-12n: 90% Cl, 92.99%, 104.03%; GIR.: 90% Cl, 89.71%,
101.54%; both within 80.00% and 125.00% limits), thus indicating the
robustness of the study.
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TABLE 2 Secondary PK and PD endpoints (PP population)
Endpoint Biocons Insulin-R Fumuin-R LS-mea.m LDl CISERIRG Intra-subject CV% Power (%)
N LS'mean N LS-mean Humulin-R (90% Cl)

PK endpoints
AUC1s0-2n (h*ng/L) 41 2365.172 41 2585.301 91.49 (85.44; 97.96) 18.5 95
AUC;s0-6h (h*ng/L) 41 8417.183 41 8790.505 95.75 (92.20; 99.44) 10.2 >99
AUC1s 6-12n (h*ng/L) 41 2031.112 41 1806.684 112.42 (100.51; 125.75) 30.8 47
AUC1s0-0 (h*ng/L) 40° 11 386.45 41 11 313.22 100.65 (98.27; 103.08) 6.4 >99
tins max (h)° 41 2.75 41 2.50 - . .
t50%-ins(early) (h)° 41 0.53 41 0.55 - - .
t50%-ins(ate) ()° 41 6.48 41 6.23 - - -
A (1/h)P 40° 0.5249 41 0.5373 - - -
tao (h)° 40° 1.32 41 1.29 - . .

PD endpoints
AUCgr0-2n (Mg/kg) 39°¢ 335.953 38°¢ 370.057 90.78 (81.69; 100.89) 27.2 66
AUCgr0-6h (Mmg/kg) 39¢ 2007.125 38°¢ 2102.477 95.47 (89.59; 101.73) 16.1 >99
AUCg)r 6-12h (Mg/kg) 39¢ 1093.324 38° 1052.520 103.88 (93.14; 115.85) 28.4 88
teirmax (h)° 39¢ 4.60 38° 4.15 - . .
t50%-GiR(early) ()P 39° 1.53 38° 1.33 - - B
tsos-Girgate) (h)° 39¢ 7.37 38° 7.03 - - -
Onset of action (min)® 39¢ 27.0 38¢ 27.5 - - -

Abbreviations: Cl, confidence interval; CV%, percentage coefficient of variation; AUCgr 0-2n, area under the glucose infusion rate curve from O to 2 hours;
AUCGr0-6h, area under the glucose infusion rate curve from 0 to 6 hours; AUCgr ¢-12n, area under the glucose infusion rate curve from 6 to 12 hours;
AUC;s.0-2n, area under the insulin concentration-time curve from O to 2 hours; AUC;.s 0-¢n, area under the insulin concentration-time curve from 0 to

6 hours; AUCi,s 6-12n, area under the insulin concentration-time curve from 6 to 12 hours; AUC;.s 0., area under the insulin concentration-time curve from
0 to infinity; GIR .y, maximal glucose infusion rate; A,, terminal elimination rate constant of insulin; LS mean, least square mean; PD, pharmacodynamic;
PK, pharmacokinetic; tsos.cireearly), time from dosing to the first time point where the GIR was greater than or equal to GIRmax/2; tsos%-Girqate), time from
dosing to the first time point after tgir max Where the GIR was less than or equal to GIRmax/2; t505%-ins(early), time from dosing to the first time point where
the concentration was greater than or equal to Cins max/2; ts0%-ins(ate)y time from dosing to the first time point after ti,s max Where the concentration was
less than or equal to Cins.max/2; teir.max time to maximum glucose infusion rate; tq,,, terminal elimination half-life; ti,s.max time to maximum observed
insulin concentration.

?Adjusted R-square value of the regression lines was not greater than or equal to 0.7 for one subject.

PMedian values are presented.

“Baseline C-peptide less than or equal to 0.5 nmol/L and postdosing C-peptide concentration increased to 1 nmol/L in one profile from Biocon’s Insulin-R;
baseline C-peptide greater than 0.5 nmol/L and postdosing C-peptide concentration increased by at least 100% of baseline in one profile each from
Biocon’s Insulin-R and Humulin-R; and increase of greater than 0.5 nmol/L in C-peptide concentration from one postbaseline sample time point to the
next sample time point in one profile each from Biocon’s Insulin-R and Humulin-R.

244 FIGURE 3 Mean GIR profiles
(PP population for PD). GIR, glucose
infusion rate; PD, pharmacodynamics;
PP, per protocol

22 Treatment

—=— Biocon’s Insulin-R (N=39)
20 — e+ Humulin-R (N=38)

184
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Mean values of the secondary PD endpoints were overall compa-
rable for Biocon’s Insulin-R and Humulin-R (Table 2). Although sec-
ondary endpoints were not expected to meet bioequivalence criteria,

all PD endpoints met the criteria.

3.23 | Clamp performance

Mean precision variability (CV%) was observed to be less than 6% for
both treatments. The mean deviation from the clamp target was
0.191 and 0.241 mg/dl after dosing with Biocon’s Insulin-R and
Humulin-R, respectively. Based on the fulfilment of acceptability
criteria, the clamp quality was considered as good and comparable

between the treatments.

3.3 | Safety

Overall, 39 treatment-emergent AEs (TEAEs; Biocon’s Insulin-R:
22 AEs [12 subjects]; Humulin-R: 17 AEs [14 subjects]) were reported
during the study. The most frequently reported AEs were headache
(eight events in seven subjects with Biocon’s Insulin-R and eight
events in eight subjects with Humulin-R) and injection-site reactions
(four AEs in four subjects with Biocon’s Insulin-R and four AEs in
three subjects with Humulin-R). No serious AEs, deaths, or discontinu-
ations for safety/tolerability reasons occurred in the study. Most AEs
(17 and 15 events with Biocon’s Insulin-R and Humulin-R, respec-
tively) were mild in intensity. Three clinically significant hypoglycaemic
episodes were observed in the study: two episodes in two subjects
with Biocon’s Insulin-R and one episode in one subject with
Humulin-R. Two documented symptomatic hypoglycaemic episodes
(one each with Biocon’s Insulin-R and Humulin-R) were reported.
These were of moderate severity, were considered related to the
treatment administration, and were resolved.

No clinically significant changes in vital signs, physical examina-
tions, or ECGs were observed. One case of transient elevation of crea-
tine kinase (274.9 U/L) at follow-up was considered clinically
significant in the Humulin-R arm. The event was of mild severity,
unlikely to be related to the treatment, and was resolved. There were
no clinically significant findings in haematology, biochemistry, or uri-
nalysis laboratory tests that were assessed throughout the study.

4 | DISCUSSION

The principal goal of this study was to demonstrate PK and PD equiv-
alence between Biocon’s proposed biosimilar (Biocon’s Insulin-R) and
Humulin-R in healthy subjects. The results showed a similarity in the
rate and extent of absorption of the two formulations, as depicted by
the Cins.max and AUC; s 0-12n. The results also demonstrated a similar
glucose-lowering activity of the two formulations, as indicated by a
comparable AUCgro-12n and GIR... The statistical assessment of
PK/PD similarity is based on the 90% CI for the ratio of test and

reference products being contained within the predefined acceptance
limits of 80.00%-125.00%.2° The results of the secondary endpoints
were similar between the two treatments.

2527 recommend

The FDA and the European Medicines Agency
the use of the euglycaemic glucose clamp technique to assess the
exposure and activity of biosimilar insulin products.?>?° The auto-
mated glucose clamp technique with continuous BG measurements
and minute-by-minute adaptations of GIR helps to achieve the highest
clamp quality possible, while also minimizing the risk of any drug-
induced hypoglycaemia.3® The quality of the clamp performance is
critical for the interpretation of the data.?® In this study, both preci-
sion and DFT data demonstrate that the clamp performance was
excellent and comparable between the two treatments. A clamp dura-
tion of 12 hours was considered as a clinically meaningful treatment
duration to assess the complete PK/PD profiles of a single dose of
study insulins.

The study was conducted in accordance with regulatory guide-

2526 in healthy subjects as they are homogenous and insulin-sen-

lines
sitive. No eligible female subjects were identified to be enrolled in the
trial taking into consideration the inclusion and exclusion criteria,
especially the requirement of the female subjects to be postmeno-
pausal and with an upper age limit of 55 years. The study design did
not exclude female subjects, per se, and, in future trials, eligible female
subjects may be included. Healthy subjects exhibit lower intra-
individual variability compared with subjects with T1D. Methods
inherent to the clamp technique, when implemented appropriately,
enable suppression of the endogenous insulin, thereby minimizing its
potential interference with the PK/PD results. The following measures
were implemented to this effect: (a) a dose of 0.3 IU/kg was selected
to enable suppression of the endogenous insulin secretion; this dose
is toward the higher end of the recommended range for insulin doses
in the clamp studies; (b) a BG clamp target of 81 mg/dl + 10% was
selected to facilitate the suppression of endogenous insulin, while
avoiding induction of hypoglycaemia/counter-regulatory hormones at
the lowest end of the target range; (c) C-peptide levels were deter-
mined in parallel with insulin concentrations to identify the subjects
whose endogenous insulin production potentially interfered with the
insulin  PK/PD measurements; (d) C-peptide-based correction
methods?° were employed for the primary analyses of PK/PD param-
eters to further rule out any impact of the endogenous insulin on
PK/PD outcomes; and (e) all predose insulin concentrations were
targeted to be within the reference range for fasting insulin in healthy
subjects.

Both Biocon’s Insulin-R and Humulin-R were generally well tol-
erated with no significant safety issues. Thirty-nine TEAEs were
reported, and the most prevalent AE was headache, which has been
commonly reported in numerous other glucose clamp studies.3*-*®
Clinically significant and documented symptomatic hypoglycaemic
events that occurred during the glucose clamp procedure were
transient and resolved with intravenous glucose infusion. Overall,
the number of hypoglycaemic events was comparable between the
two treatment groups. No clinically relevant differences were
observed in the safety profiles between the study drug
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formulations concerning the type, frequency, and severity of AEs,
local tolerability, vital signs, physical examination, ECG, and clinical
laboratory results.

rHI is the standard of care in the management of diabetes.'®3*
Introduction of Biocon’s Insulin-R can ensure reliable and affordable
access, potentially bringing better management of diabetes and its
complications, and reducing the subsequent financial burden in the
United States and globally.

In conclusion, this study has demonstrated equivalence between
Biocon’s Insulin-R and Humulin-R when administered as a single sub-
cutaneous injection for the primary PK and PD endpoints. The study
also demonstrated equivalence for secondary PK endpoints
(AUCins0-2, AUCins0-6) AUCins0-o0) and all the secondary PD endpoints
between the two treatments. Both insulin preparations were well tol-

erated and had similar safety profiles.
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