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Abstract

Aim: To establish the pharmacokinetic (PK) and pharmacodynamic (PD) equivalence

of proposed biosimilar insulin 70/30 (Biocon's Insulin-70/30) and HUMULIN® 70/30

(HUMULIN-70/30; Eli Lilly and Company, IN).

Materials and Methods: In this phase 1, automated euglycaemic glucose clamp study,

78 healthy subjects were randomized (1:1) to receive a single dose of 0.4 IU/kg of

Biocon's Insulin-70/30 and HUMULIN-70/30. Plasma insulin concentrations and glu-

cose infusion rates (GIRs) were assessed over 24 hours. Primary PK endpoints were

area under the insulin concentration-time curve from 0 to 24 hours - AUCins.0�24h -

and maximum insulin concentration - Cins.max. Primary PD endpoints were area under

the GIR time curve from 0 to 24 hours - AUCGIR.0�24h - and maximum GIR - GIRmax.

Results: Equivalence was shown between Biocon's Insulin-70/30 and HUMULIN-70/

30 for the primary PK/PD endpoints. The 90% confidence intervals of the treatment

ratios were entirely within the acceptance range of 80.00%-125.00%. The secondary

PK/PD profiles were also comparable. There were no clinically relevant differences in

the safety profiles of the two treatments and no serious adverse events were

reported.

Conclusion: PK/PD equivalence was demonstrated between Biocon's Insulin-70/30

and HUMULIN-70/30 in healthy subjects. Treatment with Biocon's Insulin-70/30

and HUMULIN-70/30 was well tolerated.
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1 | INTRODUCTION

Optimal glycaemic control is required in patients with type 1 diabetes

(T1D) and type 2 diabetes (T2D) to minimize the risks of long-term

complications. Several reference-listed recombinant human insulins

(rHIs) are available ‘over-the-counter’ in the United States,1 implying

that patients switch freely between these marketed rHIs in the real-

world scenario. The recent update in U.S. Food and Drug Administra-

tion (FDA) regulations, that is, switching insulin's status from ‘drug’ to
‘biologic’, could facilitate approval of biosimilar insulins in the

United States, enabling a competitive market.2,3 The Endocrine Soci-

ety also strongly recommends expedited approval of insulin bio-

similars as a policy, thereby increasing access to reasonably priced,

life-saving insulin for patients with diabetes in the United States.4

Management of diabetes frequently requires insulin regimens

beyond basal insulin in patients with T2D,5 and this is an absolute

requirement in patients with T1D.6 Basal-bolus is an effective, but

intensive, multiple daily injection therapy, successful only in patients

who comply with at least four daily injections.5 To improve treatment

adherence, premixed-insulins are recommended as fixed-component

formulations of short-, intermediate- or long-acting insulins.7 These

increase the convenience of dosing, hence compliance, and lead to

long-term optimal glycaemic control in patients with T2D on a well-

regulated lifestyle with a consistent insulin requirement.8 Most

premixed-insulins are prescribed for fasting and postprandial glycaemic

control, dosed twice-daily based on premeal glucose levels.9

Premixed-insulin analogues offer some advantages over tradi-

tional premixed-insulins; however, premixed rHIs (neutral protamine

Hagedorn, regular and premix) retain the advantage of low cost and

established efficacy compared with analogues.10-12 For the commer-

cially available premixed-rHI, the average price increase has been in

the range of 50%-75% during 2014–2021 in the United States.13,14

This impacts an individual's adherence to clinical treatment, with many

resorting to rationing or skipping doses to make their insulin supply

last longer, risking their health and lives.15-17

Biocon's biosimilar Insulin-70/30 (Biocon's Insulin-70/30) is a

premixed-insulin produced by recombinant DNA technology utilizing

the Pichia pastoris (yeast) cell line and has been developed as a pro-

posed biosimilar to HUMULIN® 70/30 (Eli Lilly and Company, India-

napolis, IN; hereafter referred to as -70/30) to improve glycaemic

control in adult patients with diabetes. It contains 70% intermediate-

acting isophane insulin and 30% short-acting human soluble insulin.

To ensure equivalence of a proposed biosimilar product to the refer-

ence product, stringent regulatory requirements are met, which

include multiple, orthogonal analytical methods to evaluate high simi-

larity in structure, function and pharmacokinetic (PK)/pharmacody-

namic (PD) equivalence.3 Additionally, demonstration of similar

PK/PD profiles is considered proof of similar efficacy of the biosimilar

and the reference insulin.18 As per the recent FDA guidance for bio-

similar insulins,3 if ‘high similarity’ for a proposed biosimilar is shown

by comparative analytical assessment using state-of-the-art technol-

ogy, there is a possibility of little or no residual uncertainty regarding

immunogenicity.

This article is the second in a series of clinical study publications

aimed at evaluating the PK/PD equivalence of Biocon's rHIs versus

reference biologics in healthy subjects (RHINE studies). Results from

RHINE-1 have been published earlier.19 This study assesses the

PK/PD equivalence and the safety and tolerability of Biocon's Insulin-

70/30 and HUMULIN-70/30 using the euglycaemic clamp technique

in healthy subjects.

2 | METHODS

2.1 | Study design

This phase 1, randomized, double-blind, two-treatment, two-sequence,

crossover, 24-hour automated euglycaemic glucose clamp study

(EudraCT: 2018-003193-26; Clinicaltrial.gov: NCT04022291) was con-

ducted at two centres: Profil Institut für Stoffwechselforschung GmbH,

Neuss, Germany and Profil Mainz GmbH & Co. KG, Mainz, Germany.

Eligible subjects were randomly allocated to a sequence of two single

doses: one each of Biocon's Insulin-70/30 and HUMULIN-70/30 (Fig-

ure 1). Based on body weight measured before the first dosing, 0.4 IU/

kg of Biocon's Insulin-70/30 (Biocon Biologics Ltd, India) and

HUMULIN-70/30 (US sourced), both 100 IU/mL, was administered

subcutaneously into a lifted skin fold of the abdominal wall into the

peri-umbilical area using a standardized skin-fold technique. Insulin was

administered at the left and right lower abdominal quadrants with a BD

Micro-fine + 0.5mLU-100 syringe fitted with a 0.30 (30G) � 8mm

needle. Blood was collected predose and at prespecified intervals until

24 hours postdose to measure blood glucose (BG), insulin and C-pep-

tide. There was a washout period of 5-7 days between dose administra-

tions to avoid any carry-over effect.

2.2 | Study subjects

This study included healthy male and postmenopausal female subjects

aged 18-55 years (both inclusive), with a body mass index (BMI) of

18.5-29.0 kg/m2 (both inclusive) and fasting plasma glucose concen-

tration (FPG) of 100mg/dL or less. Primary exclusion criteria were

receipt of any medicinal product in clinical development within 30

days or five times its half-life (whichever was longer) before randomi-

zation in this trial; history or presence of clinically relevant co-morbid-

ity, as judged by the investigator; systolic blood pressure of less than

95 or more than 140mmHg and/or diastolic blood pressure of less

than 50 ormore than 90mmHg after resting for at least 5 minutes in

the supine position; and pulse rate at rest outside the range of 50-90

beats/min.

2.3 | Ethics

The study was conducted in accordance with Good Clinical Practice

and conformed to the ethical principles of the Declaration of Helsinki
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and all local and federal laws and regulations. The study was

approved by a competent ethics committee (Ethikkommission der

Ärztekammer Nordrhein in consultation with Ethik-Kommission der

Landesärztekammer Rheinland-Pfalz) as well as a competent

authority (Bundesinstitut für Arzneimittel und Medizinprodukte,

BfArM) before study initiation. Subjects provided written informed

consent before initiation of any study procedure.

2.4 | Euglycaemic glucose clamping

Euglycaemic glucose clamping was performed using a glucose clamp

device (ClampArt®; Profil Institut für Stoffwechselforschung, Neuss,

Germany). The quality of the clamp data was reviewed regularly by

the investigator and clamp supervisors, and evaluated based on all BG

measurements during the clamp procedure20 where the glucose infu-

sion rate (GIR) was more than 0mg/kg/min. 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. Müller Gerätebau GmbH,

Freital, Germany) for verification of measurements of ClampArt. The

mean clamp coefficient of variation (CV) was required to be less than

15% and the mean deviation from target (DFT) was required to be

within the range of ±10mg/dL after dosing until end of the clamp.

Appendix S1 gives further details on the glucose clamp procedure.

2.5 | PK sampling

Blood samples were taken for PK (plasma insulin and serum C-peptide

levels) analysis at predefined time intervals.

2.6 | Bioanalytical methods

Validated, ultra-performance, liquid chromatography with tandem

mass spectrometry (LC–MS/MS) detection was used to analyse study

samples. Insulin concentrations in plasma were measured using

LC–MS/MS over a concentration range of 50-8000 ng/L. C-peptide in

serum was measured using a validated electrochemiluminescence

immunoassay (Roche Diagnostics, Switzerland) over a concentration

range of 0.2-32.0 ng/ml. All validation and sample quantification runs

met prespecified acceptance criteria, including incurred sample

reproducibility.

2.7 | PK assessment

Primary PK parameters included AUCins.0�24h (area under insulin

concentration-time curve from 0-24 hours) and Cins.max (maximum

insulin concentration). Other parameters included AUCins.0�2h,

AUCins.0�6h, AUCins.0�12h, AUCins.12�24h, AUCins.0�∞ (AUC in indicated

time intervals), tins.max (time-to-maximum insulin concentration),

t50%�ins(early) (time-to-half-maximum insulin concentration before

Cins.max), t50%�ins(late) (time-to-half-maximum insulin concentration

after Cins.max), t½ (terminal elimination half-life) and λz (terminal elimi-

nation rate constant). The values of all individual PK parameters were

calculated using non-compartmental methods in WinNonlin® v. 8.1

(Certara, Princeton, NJ). SAS® for Windows (SAS Institute Inc., NC; v.

9.4) was employed for all other statistical calculations (t50%�ins(early),

t50%�ins(late), demography, PD parameters and safety) and all statistical

analyses.

Primary PK analyses were conducted using Owen's method to

correct endogenous insulin secretion by the C-peptide–based correc-

tion formula.21 Exogenous insulin concentration was calculated as:

Insulin EXOG¼ InsulinOBS–F�C�peptideOBS,

where Insulin EXOG is exogenous insulin, Insulin OBS is observed

insulin concentration, C-peptide OBS is observed serum C-peptide

concentration and F is the mean of insulin/C-peptide concentration

ratios at –30, –15 and 0minutes.

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)

insulin concentrations. C-peptide–based exclusion rules (described in

the next section for the primary PD parameters) were applied to the

PK sensitivity analysis.

F IGURE 1 Study design
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2.8 | PD assessment

Primary PD parameters included AUCGIR.0�24h (area under GIR time

curve from 0-24 hours) and GIRmax (maximum GIR). Other parameters

included AUCGIR.0�2h, AUCGIR.0�6h, AUCGIR.0�12h, AUCGIR.12�24h

(AUCGIR in indicated time interval), tGIR.max (time-to-maximum GIR),

t50%�GIR(early) (time-to-half-maximum GIR before GIRmax), t50%�GIR(late)

(time-to-half-maximum GIR after GIRmax) and 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 predefined criteria were excluded from the primary PD analy-

sis set. Sensitivity analysis for PD data was conducted using all pro-

files without applying any C-peptide–based exclusion rules.

2.9 | 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, vital signs, physi-

cal examinations, 12-lead electrocardiograms (ECGs) and standard lab-

oratory safety tests (Table S1).

2.10 | Statistical analysis

Equivalence between Biocon's Insulin-70/30 and HUMULIN-70/30

was considered shown if 90% confidence intervals (CIs) for primary

PK endpoints, AUCins.0�24h-ratio and Cins.max-ratio, and primary PD

endpoints, AUCGIR.0�24h-ratio and GIRmax-ratio, lay within an accep-

tance interval of 80.00%-125.00%.

2.11 | Sample size

Based on a maximum conservative CV estimate of 35% and an

assumed ratio of 0.95 between the reference and the test insulins, a

sample size of 70 subjects was considered necessary to establish

equivalence with sufficient power of at least 90% (sample size calcula-

tion based on α = 0.05, 90% CIs in the range 80.00%-125.00%, �10%

dropout rate). Accounting for potential dropouts, a total of 78 subjects

were randomized in the study.

2.12 | PK and PD endpoints

Analysis of PK and PD parameters was based on the respective per-

protocol population (PPP). PPP for PK and PD included all randomized

subjects who completed the trial without any important protocol

deviation. PK endpoints were derived from individual insulin

concentration-time profiles and PD endpoints were derived from indi-

vidual GIR profiles. Raw GIR and BG profiles were used to calculate

GIR AUCs and onset of action. GIRmax and other time-related PD

parameters were calculated from smoothed GIR profiles (SAS proce-

dure PROC LOESS with smoothing factor 0.25). Single profiles of sub-

jects who did not provide evaluable PK data were excluded from the

PPP for PK if less than 50% of concentration measurements were

above the lower limit of quantification or zero postdosing (i.e. 12/25

measurements). Single profiles of subjects who did not meet clamp

quality criteria were excluded from the PPP for PD analysis.

The PK/PD endpoints (insulin and GIR AUCs, Cins.max and GIRmax)

were analysed with analysis of variance (ANOVA) using log-

transformed data. The ANOVA was based on a mixed model (proc

MIXED) using clinical site, sequence, period, treatment, site by

sequence and site by treatment as fixed effects and subject within site

by sequence as a random effect. As site by treatment effect was not

significant at the 5% level, this fixed effect was dropped from the

model.

Within the model, the least square mean (LS-mean) for each treat-

ment and difference of LS-means between the treatment groups and

corresponding 90% CI were calculated, exponentially back-trans-

formed, and multiplied by 100 to determine the estimated ratio % of

responses between insulin formulations and corresponding 90% CIs.

2.13 | Safety

Analysis of safety endpoints was based on the safety analysis set,

which included all randomized subjects who received at least one

dose of study treatment. Safety data were summarized by

visit/treatment using descriptive statistics.

3 | RESULTS

3.1 | Subject disposition and baseline
characteristics

Of the 110 subjects screened, 78 (77 males and one female) were

randomized to one of the two treatment sequences. Seventy-four

subjects completed the study. Two subjects voluntarily withdrew

from the study after treatment with HUMULIN-70/30 and two

subjects were withdrawn by the investigator because of general

discontinuation criteria (low-dose administration because of wrong

body weight documentation; clamp termination because of mas-

sive recurring cannula problems) after treatment with Biocon's

Insulin-70/30.

The age, BMI and FPG ranged from 19 to 55 (mean 37.1) years,

19.0 to 29.0 (mean 24.68) kg/m2 and 59 to 100 (mean 87.7) mg/dL,

respectively. Demographic characteristics were similar for both treat-

ment sequences. No subjects received concomitant medication before
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the first administration of the investigational medicinal product. The

disposition, demographics and baseline characteristics of the subjects

are presented in Table S2. Table S3 lists the medical history and con-

comitant illnesses.

PPP for PK consisted of 73 subjects for both treatments. No pro-

files were excluded from the PPP for PK because of non-evaluable

data. One subject was excluded from PPP for PK analysis because of

a mix-up of transfer tubes for PK sample collection (with respect to

TABLE 1 Primary and secondary PK and PD endpoints (PPP): C-peptide–corrected data

Endpoint

Biocon's insulin-70/30 HUMULIN-70/30

N LS-mean N LS-mean
Geometric LS-mean ratio Biocon's
insulin-70/30/HUMULIN-70/30 (90% CI)

Primary parameters

Primary PK endpointsa

AUCins.0�24h (h*ng/L) 73 10 486.41 73 11 246.57 93.24 (89.24%; 97.42%)

Cins.max (ng/L) 73 998.76 73 1074.39 92.96 (88.27%; 97.90%)

Primary PD endpointsb

AUCGIR.0�24h (mg/kg) 72 3453.86 72 3839.99 89.94 (84.17%; 96.12%)

GIRmax (mg/kg/min) 72 5.30 72 5.76 92.06 (86.01%; 98.53%)

Secondary parameters

Secondary PK endpointsa

AUCins.0�2h (h*ng/L) 73 1080.59 73 1193.75 90.52 (84.98%; 96.42%)

AUCins.0�6h (h*ng/L) 73 4239.20 73 4627.04 91.62 (87.75%; 95.65%)

AUCins.0�12h (h*ng/L) 73 7180.13 73 7862.94 91.32 (87.08%; 95.76%)

AUCins.12�24h (h*ng/L) 73 3204.25 73 3251.31 98.55 (91.52%; 106.12%)

AUCins.0�∞ (h*ng/L) 69c 12 409.45 71c 12 741.76 97.39 (93.66%; 101.27%)

tins.max (h)
d 73 3.00 73 2.50 -

t50%�ins(early) (h)
d 73 0.72 73 0.73 -

t50%�ins(late) (h)
d 73 7.88 73 7.95 -

λz (1/h)
d 69c 0.0957 71c 0.1102 -

t1/2 (h)
d 69c 7.24 71c 6.29 -

Secondary PD endpointsb

AUCGIR.0�2h (mg/kg) 72 183.69 72 213.08 86.20 (77.15%; 96.32%)

AUCGIR.0�6h (mg/kg) 72 1257.21 72 1424.65 88.25 (82.31%; 94.62%)

AUCGIR.0�12h (mg/kg) 72 2426.82 72 2760.39 87.92 (82.02%; 94.23%)

AUCGIR.12�24h (mg/kg) 72 959.46 72 980.54 97.85 (87.28%; 109.70%)

tGIR.max (h)
d 72 4.33 72 4.50 -

t50%�GIR(early) (h)
d 72 1.55 72 1.48 -

t50%�GIR(late) (h)
d 72 10.83 72 10.32 -

Onset of action (min)d 72 36.0 72 32.0 -

Abbreviations: AUCGIR.0�2h, area under the glucose infusion rate curve from 0 to 2 hours; AUCGIR.0�6h, area under the glucose infusion rate curve from 0

to 6 hours; AUCGIR.0�12h, area under the glucose infusion rate curve from 0 to 12 hours; AUCGIR.0�24h, area under the glucose infusion rate curve from 0 to

24 hours; AUCGIR.12�24h, area under the glucose infusion rate curve from 12 to 24 hours; AUCins.0�2h, area under the insulin concentration curve from 0 to

2 hours; AUCins.0�6h, area under the insulin concentration curve from 0 to 6 hours, AUCins.0�12h, area under the insulin concentration curve from 0 to 12

hours; AUCins.0�24h, area under the insulin concentration curve from 0 to 24 hours; AUCins.12�24h, area under the insulin concentration curve from 12 to

24 hours; AUCins.0�∞, area under the insulin concentration curve from 0 to ∞; CI, confidence interval; Cins.max, maximum observed insulin concentration;

GIRmax, maximum glucose infusion rate; λz, terminal elimination rate constant of insulin; LS-mean, least square mean; N, number of healthy subjects; PD,

pharmacodynamics; PK, pharmacokinetics; PPP, per-protocol population; tGIR.max, time to maximum glucose infusion rate; t50%�GIR(early), time from dosing

to the first time point where the GIR was ≥GIRmax/2; t50%�GIR(late), time from dosing to the first time point after tGIR.max where the GIR was ≤GIRmax/2; t1/2,

terminal elimination half-life; tins.max, time to maximum observed insulin concentration; t50%�ins(early), time from dosing to the first time point where the

concentration was ≥Cins.max/2; t50%�ins(late), time from dosing to the first time point after tins.max where the concentration was ≤Cins.max/2.
aOne subject was excluded from the PPP for PK because of a mix-up of transfer tubes for PK sample collection.
bTwo profiles each receiving Biocon's Insulin-70/30 and HUMULIN 70/30 were excluded from the PPP for PD based on C-peptide exclusion rules and

during the blinded database release meeting (because of extended gaps in continuous glucose monitoring), respectively.
cAUCins.0�∞, λz, and t½ were only determined if the adjusted R-square value of the regression lines was ≥0.7.
dMedian values are presented.
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time point). PPP for PD consisted of 72 subjects for both treatments.

No profiles were excluded from PPP for PD because of non-fulfilment

of any of the defined clamp quality criteria. Two profiles each receiv-

ing Biocon's Insulin-70/30 and HUMULIN-70/30 were excluded from

the PPP for PD based on C-peptide exclusion rules and during the

blinded database release meeting (because of extended gaps in con-

tinuous glucose monitoring), respectively.

3.2 | Pharmacology

3.2.1 | PK analyses

For the primary analysis, 90% CIs for geometric mean ratios

(Biocon's Insulin-70/30/HUMULIN-70/30) were within the

80.00%-125.00% limits for both primary PK endpoints (Table 1).

Mean AUCins.0�24h and Cins.max were equivalent for both treat-

ments. Mean C-peptide–corrected plasma insulin concentration-

time profiles were equivalent between Biocon's Insulin-70/30 and

HUMULIN-70/30 (Figure 2).

Sensitivity analysis assessment showed exclusion of three profiles

(Biocon's Insulin-70/30: two; HUMULIN-70/30: one) from the pri-

mary PK endpoints applying C-peptide–based exclusion rules. Results

of sensitivity analysis, based on uncorrected data applying the C-pep-

tide–based exclusion rules, were similar to the primary analysis

(AUCins.0�24h: 90% CI 91.62%, 98.58%; Cins.max: 90% CI 88.81%,

97.95%; both within the 80.00%-125.00% limits), thus indicating the

robustness of the study.

The secondary endpoint analyses showed mean values of second-

ary PK endpoints to be comparable between Biocon's Insulin-70/30

and HUMULIN-70/30 (Table 1). Although secondary endpoints were

not expected to meet bioequivalence criteria, AUCins.0�2h,

AUCins.0�6h, AUCins.0�12h, AUCins.12�24h and AUCins.0�∞ met the bio-

equivalence criteria.

3.2.2 | PD endpoints

For the primary analysis, the same three profiles that were excluded

from the sensitivity analysis of primary PK endpoints were excluded

for the PD analysis. The 90% CIs for geometric mean ratios (Biocon's

Insulin-70/30/HUMULIN-70/30) were within the 80.00%-125.00%

limits for both primary PD endpoints (Table 1). Mean GIR profiles

were similar between Biocon's Insulin-70/30 and HUMULIN-70/30

(Figure 3). Mean AUCGIR.0�24h and GIRmax were equivalent for both

the treatments.

F IGURE 2 C-peptide–corrected
mean insulin profiles: linear scale (PPP for
PK). One subject was excluded from the

PPP (n = 73) for PK analysis because of a
mix-up of transfer tubes for PK sample
collection (with respect to time point). PK,
pharmacokinetics; PPP, per-protocol
population

F IGURE 3 Mean GIR profiles (PPP
for PD). Two profiles each receiving
Biocon's Insulin-70/30 and HUMULIN
70/30 were excluded from the PPP
(n = 72) for PD based on C-peptide
exclusion rules and during the blinded
database release meeting (because of
extended gaps in continuous glucose
monitoring), respectively. GIR, glucose
infusion rates; PD, pharmacodynamics;
PPP, per-protocol population
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Results of sensitivity analysis, without applying any C-peptide–

based exclusion rules, were similar to the primary analysis

(AUCGIR.0�24h: 90% CI 84.87%, 96.91%; GIRmax: 90% CI 86.56%,

99.08%; both within the 80.00%-125.00% limits), thus indicating the

robustness of the study.

Mean values of secondary PD endpoints were overall comparable

between Biocon's Insulin-70/30 and HUMULIN-70/30 (Table 1).

Although secondary endpoints were not expected to meet the bio-

equivalence criteria, AUCGIR.0�6h, AUCGIR.0�12h and AUCGIR.12�24h

met the criteria.

3.2.3 | Clamp performance

No clamps were excluded based on predefined clamp quality

criteria. Mean precision variability was less than 5% for both

TABLE 2 Summary of treatment-emergent adverse events
(TEAEs)

Biocon's Insulin

70/30 (N = 76)

HUMULIN 70/

30 (N = 77)
m, n (%) m, n (%)

All TEAEs 21, 18 (23.7%) 22, 17 (22.1%)

Causally related

TEAEs

7, 7 (9.2%) 9, 7 (9.1%)

TEAEs by severity

Mild 18, 16 (21.1%) 16, 13 (16.9%)

Moderate 3, 3 (3.9%) 6, 6 (7.8%)

Severe - -

TEAEs by outcome

Recovered/resolved 20, 17 (22.4%) 20, 15 (19.5%)

Recovering/

resolving

1, 1 (1.3%) 2, 2 (2.6%)

TEAEs by SOC

Gastrointestinal

disorders

1, 1 (1.3%) 3, 3 (3.9%)

Abdominal pain

upper

- 1, 1 (1.3%)

Diarrhoea - 1, 1 (1.3%)

Nausea 1, 1 (1.3%) 1, 1 (1.3%)

General disorders and

administration site

conditions

3, 2 (2.6%) 3, 2 (2.6%)

Injection site

reaction

1, 1 (1.3%) 2, 1 (1.3%)

Oedema 1, 1 (1.3%) -

Oedema peripheral - 1, 1 (1.3%)

Peripheral

swelling

1, 1 (1.3%) -

Infections and

infestations

1, 1 (1.3%) 1, 1 (1.3%)

Gastroenteritis - 1, 1 (1.3%)

Oral herpes 1, 1 (1.3%) -

Injury, poisoning and

procedural

complications

2, 2 (2.6%) 6, 5 (6.5%)

Infusion site

erythema

- 1, 1 (1.3%)

Infusion site

haematoma

- 1, 1 (1.3%)

Infusion site pain 1, 1 (1.3%) 1, 1 (1.3%)

Infusion site swelling 1, 1 (1.3%) 1, 1 (1.3%)

Vascular access site

inflammation

- 2, 2 (2.6%)

Musculoskeletal and

connective tissue

disorders

2, 2 (2.6%) -

Pain in extremity 2, 2 (2.6%) -

Nervous system

disorders

8, 8 (10.5%) 7, 7 (9.1%)

(Continues)

TABLE 2 (Continued)

Biocon's Insulin

70/30 (N = 76)

HUMULIN 70/

30 (N = 77)
m, n (%) m, n (%)

Headache 8, 8 (10.5%) 7, 7 (9.1%)

Respiratory, thoracic

and mediastinal

disorders

- 1, 1 (1.3%)

Oropharyngeal pain - 1, 1 (1.3%)

Vascular disorders 4, 4 (5.3%) 1, 1 (1.3%)

Haematoma 3, 3 (3.9%) 1, 1 (1.3%)

Thrombophlebitis 1, 1 (1.3%) -

Hypoglycaemic TEAEs

Overall 14, 11 (14.5%) 21, 14 (18.2%)

Causally related

hypoglycaemic

TEAEs

11, 9 (11.8%) 18, 13 (16.9%)

Hypoglycaemic TEAEs

by severity

Mild 14, 11 (14.5%) 18, 14 (18.2%)

Moderate - 3, 1 (1.3%)

Hypoglycaemic TEAEs

by outcome

Recovered/

resolved

14, 11 (14.5%) 21, 14 (18.2%)

Clinically significant

hypoglycaemia

- 3, 1 (1.3%)

Documented

symptomatic

hypoglycaemia

- 1, 1 (1.3%)

Asymptomatic

hypoglycaemia

14, 11 (14.5%) 17, 13 (16.9%)

Note: N, number of patients in the relevant treatment group; m, number of

events; n, number of patients; % = n/N *100.

Abbreviations: SOC, system organ class; TEAEs, treatment-emergent

adverse events.
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treatments. Mean deviation from the clamp target was 0.142 and

0.216 mg/dL for Biocon's Insulin-70/30 and HUMULIN-70/30,

respectively. Based on the fulfilment of acceptability criteria, the

clamp quality was considered as good and comparable between

the treatments.

3.3 | Safety

Overall, 43 treatment-emergent AEs (TEAEs; Biocon's Insulin-70/30:

21 TEAEs/18 subjects; HUMULIN-70/30: 22 TEAEs/17 subjects)

were reported during the study (Table 2). The most frequently

reported AEs were headache and haematoma. All TEAEs were

‘resolved’, except for three events that were ‘resolving at follow-up

visit’ (Biocon's Insulin-70/30: moderate thrombophlebitis; HUMULIN-

70/30: moderate infusion site pain and mild vascular access site

inflammation), and all were considered unrelated to the study medica-

tion. The number of TEAEs was comparable between the two treat-

ments (Biocon's Insulin-70/30: injection site reaction [n = 1],

headache [n = 6]; HUMULIN-70/30: nausea [n = 1], injection site

reaction [n = 2], headache [n = 6]). No serious AEs, deaths or discon-

tinuations for safety/tolerability reasons occurred in the study. All the

AEs were mild to moderate in intensity (Biocon's Insulin-70/30: mild

18, moderate three; HUMULIN-70/30: mild 16, moderate six).

After treatment with HUMULIN-70/30, three clinically significant

hypoglycaemic events of moderate severity were observed in one

subject (two related and one unlikely related) and one documented

symptomatic hypoglycaemic event of mild severity was observed in

another subject (deemed related). All events had the outcome of being

‘resolved’.
No clinically significant changes in vital signs, physical examina-

tions or ECGs were observed. There were no other clinically signifi-

cant findings in haematology, biochemistry or urinalysis clinical

laboratory tests throughout the study.

4 | DISCUSSION

This study showed similarity in rate and extent of absorption and

glucose-lowering activity between Biocon's Insulin-70/30 and

HUMULIN-70/30. Demonstration of PK/PD equivalence was

based on 90% CI, for the ratio of test and reference products,

being contained within the predefined acceptance limits of

80.00%-125.00%.2 This was supplemented by similar results of

the secondary endpoints.

A crossover, double-blind, euglycaemic clamp trial using single

subcutaneous doses of test and reference formulations is consid-

ered most suitable by the FDA2 and European Medicines Agency18

to simultaneously assess exposure and activity of biosimilar insulin

products.2,18,22,23 The clamp setting, based on an automated glu-

cose clamp technique with continuous BG measurements and

minute-by-minute adaptations of GIRs, achieves the highest clamp

quality possible and reduces potential investigator-related bias and

the risk of any drug-induced hypoglycaemia.24,25 The quality of

clamp performance is critical for interpretation of the data.18 In

this study, based on the fulfilment of acceptability criteria, the

clamp quality (both precision and DFT data) was considered good

and comparable between the treatments. A clamp duration of

24 hours, considered as a clinically meaningful treatment duration,

was chosen to assess the complete single-dose PK/PD profile of

both drugs.

In clinical settings, the treatment dose is individualized based on

body weight, metabolic needs, BG monitoring results and glycaemic

control goal; and the same was followed in this study. The study

included healthy male and postmenopausal female subjects, rep-

resenting the most sensitive and thus appropriate trial population.

Besides better availability, healthy subjects are known to exhibit lower

intra-individual variability. The study population was as per the inclu-

sion and exclusion criteria specified (healthy males and postmenopausal

females irrespective of race/ethnicity) in the protocol. However, the

actual enrolment was determined by the availability of healthy volun-

teers at the study site, not excluding any race or gender per se. It is

noted that in the healthy subjects, presence of endogenous insulin can

potentially interfere with the PK/PD assessments. The following mea-

sures ensured suppression of endogenous insulin and/or minimized

potential interference with the PK/PD results: (a) using 0.4 IU/kg dose,

which is towards the higher end of the recommended range for insulin

doses in clamp studies, (b) selecting a clamp target of 81mg/dL ± 10%

to facilitate suppression of endogenous insulin while avoiding induction

of hypoglycaemia/counter-regulatory hormones at the lowest end of

the target range, (c) determining C-peptide levels in parallel with insulin

concentrations to identify subjects whose endogenous insulin produc-

tion potentially interfered with insulin PK/PD measurements and (d)

using C-peptide–based correction methods for primary analyses of PK

parameters and C-peptide–based exclusion rules for primary analyses

of PD parameters to further rule out any impact of endogenous insulin

on PK/PD outcomes.

Both Biocon's Insulin-70/30 and HUMULIN-70/30 were gener-

ally well tolerated with no clinically relevant safety issues. Headache

was the most prevalent AE in this study, as has been commonly

reported in numerous other glucose clamp studies.24-27 Clinically sig-

nificant and documented symptomatic hypoglycaemic events that

occurred during the glucose clamp procedure with HUMULIN-70/30

were transient and resolved with intravenous glucose infusion. No

clinically relevant differences were observed in the safety profiles of

both the drug formulations with regard to type, frequency and sever-

ity of AEs; local tolerability; vital signs; physical examination; ECG;

and clinical laboratory results.

Diabetes management is a lifelong process and has a significant eco-

nomic impact on healthcare systems.28-30 Rising costs make access to

affordable insulin far more difficult for people with diabetes, especially

mid- to low-income individuals, those on high deductible health plans, or

those who are uninsured in countries like the United States. According

to T1 International's 2018 survey with 1478 respondents from 90 coun-

tries, insulin rationing is widespread, with 18% (253/1408) of all respon-

dents and nearly 26% (162/627) of the US respondents reportedly
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having rationed insulin at least once in the previous year.31 A recent edi-

torial in Nature Biotechnology talks about the rising costs and hence ineq-

uitable access to insulin that is forcing one in four patients with diabetes

in the United States to ration their insulin.32

Biocon's biosimilar Insulin-70/30 can provide reliable and

affordable access to patients who are candidates for premixed-

insulins. A biosimilar cost advantage may also enable more

patients who currently use vials and syringes to opt for pens. Insu-

lin pens (reusable or disposable) are associated with better patient

compliance because of accurate dosing, lower episodes of

hypoglycaemia and less injection site pain, etc., and hence better

control of diabetes in the long term.33-35 A report on the coverage

of insulin delivery devices by US-managed care organizations

shows that both the prescribers and the patients have a percep-

tion of insurance coverage preferring the usage of vials over

pens.33 This is, however, not the case, as the majority of insurance

plans cover pens and vials to the same extent.33 HUMULIN-70/30

vials and pens have a common approved label from the FDA and

the same would apply to Biocon's biosimilar Insulin-70/30. As

such, vials and pens may be used interchangeably as per the

requirement of the patient.

In conclusion, this study demonstrated equivalence between Bio-

con's Insulin-70/30 and HUMULIN-70/30, when administered as a

single subcutaneous injection, for the primary PK/PD endpoints. The

study also showed equivalence for the secondary PK/PD endpoints

between the two treatments. Both insulin preparations were well tol-

erated and had similar safety profiles.
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