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Abstract
Objective: The present study assessed safety and efficacy of Glaritus® among
adults with Type 1 Diabetes Mellitus (T1DM). Methodology: This prospective, randomized, multicenter, comparative, non-inferiority, open-label, parallel group, phase IV study was conducted in 14 study centers in India. Subjects were randomly allocated to receive either Glaritus® or Lantus® for 12
weeks. Each week, the dose of insulin was titrated to maintain target fasting
blood glucose (FBG) level range of 80 - 120 mg/dL. Results: A total of 171
subjects were randomized (Glaritus® arm-86; Lantus® arm-85) and 161 subjects completed the study. The mean change in the glycosylated haemoglobin
(HbA1c) levels from visit 3 (baseline) to visit 6 (end of trial) in Glaritus® arm
was −0.69 ± 1.81 and in Lantus® arm was −0.53 ± 1.94. The mean change in
glucose levels between week 1 and end of week 11 in Glaritus® arm was −8.81
± 34.57 and in Lantus® arm was −5.28 ± 30. At least one hypoglycemic episode
was experienced by 27.2% subjects of Glaritus® arm and 28.6% subjects of
Lantus® arm. A total of 24 adverse events (AEs) such as pain, pyrexia, few infection related including urinary tract infections, metabolic related such as
decreased appetite, musculoskeletal, neurological and skin related were reported in the study (Lantus® arm: 14 AEs; Glaritus® arm: 10 AEs). Conclusion: In this short term, 12-week study, biosimilar insulin glargine, Glaritus®,
is comparable to the reference product, Lantus®, when combined with Insulin
Lispro® in terms of glycemic control, risk of hypoglycemia and occurrence of
adverse drug reactions among adults with T1DM.
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1. Introduction
Diabetes is one of the biggest global health emergencies of the 21st century. Each
year, more and more people live with this condition, which can result in lifechanging complications. As per the International Diabetes Federation (IDF) atlas (2015), in addition to the 415 million adults who are estimated to currently
have diabetes globally, there are 318 million adults with impaired glucose tolerance, which puts them at high risk of developing the disease in the future. India
ranks second after China where 69.2 million people are living with diabetes; the
figure shall be doubled by 2040 as per the forecasting reports of IDF [1].
Type 1 diabetes mellitus (T1DM) is an autoimmune disorder resulting from
impaired function of β-cells leading to insulin deficiency [2]. Insulin supplementation is the mainstay of therapy for patients with T1DM for adequate glycemic control. Optimum glycemic control in patients with T1DM delays the onset and progression of microvascular and neuropathic complications as confirmed by the Diabetes Control and Complications Trial (DCCT) [3].
In the last few decades, significant contributions have been made in medical
research for understanding and management of diabetes. Various new interventions have been proposed including insulin analogs that are similar to human
insulin but have their amino acid sequences altered to provide desired chemical
properties [4]. Biosimilar drugs differ from generic drugs which have simpler
chemical structures and are considered to be identical to their reference medicines in terms of efficacy and safety [5]. The recent inclusion of insulin analogues for diabetes management has been designed more closely to mimic physiologic insulin profiles through improved pharmacokinetics (PK) characteristics
that result in either more rapid or prolonged pharmacodynamics (PD) effects.
The various subcutaneous insulin preparations available are primarily differentiated by the shape of their plasma time-concentration profiles, which depicts
their duration of action (slow, rapid or prolonged) and their ultimate effect on
glucose levels [6] [7].
Insulin glargine, one of the primary targets for biosimilars’ producers, was the
first long acting insulin analogue to become available and provide a more physiological and convenient method of basal insulin replacement than older long
acting insulin formulations [8] [9]. It is a human insulin analogue produced
from non-pathogenic strain of Escherichia coli [10]. Management of T1DM is
thus aimed at mimicking endogenous insulin secretion precedent that is characterized by continuous basal insulin secretion using longer-acting insulin preparations and meal-related peaks using rapid acting insulin preparations. A
combination therapy with rapid-acting insulin analogues like insulin aspart and
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lispro and long acting insulin analogues (LAIA) such as insulin glargine and detemir have been shown to be effective for T1DM [11] [12] [13]. These LAIA
achieve consistent glycemic control for a longer period of time ruling out the
need for multiple dosing [10]. However, the development of even longer-acting
insulins and improved insulin delivery techniques may lead to better glycemic
control for patients in the future [14].
A systematic review by Wang et al. showed that insulin glargine is effective in
the management of T1DM and provides consistent insulin delivery which ensures effective glycemic control for 24 hours making it suitable for once daily
dosing [15].
The DCCT illustrated a 3-fold higher risk of severe hypoglycemia (p < 0.001)
in the patients with intensive therapy, thereby, indicating a challenge in maintaining equilibrium between tight glycaemic control and hypoglycemia [16].
Also few studies in T1DM patients reported that intensification of treatment
with insulin analogues can induce generalized edema [17] [18]. Treatment of
diabetes mellitus with insulin glargine has demonstrated fewer hypoglycemic
episodes and better patient acceptability. A review showed that nocturnal hypoglycemic episodes in patients with T1DM were significantly fewer among patients who received insulin glargine as compared with the patients who received
Neutral Protamine Hagedorn (NPH) insulin. In addition, insulin glargine reduced glycosylated hemoglobin (HbA1c) levels to a greater extent as compared
with NPH insulin [19]. Addition of bolus insulin to therapy with insulin glargine
may further boost glycemic control [20]. A study comparing combination of insulin glargine and insulin lispro with insulin lispro mix (25% insulin lispro, 75%
insulin lispro protamine suspension) combination demonstrated comparable
results between the two treatment groups with respect to glycemic control in patients with type 2 diabetes mellitus (T2DM) [21].
Concerns are being raised as more and more biopharmaceutical products are
becoming off-patent and many companies are bringing the biosimilars or follow-on biologics of these products. It is essential to affirm confidence in such
copy biologics being as safe and effective to conventional products by generating
evidence through clinical data [22]. Hence the present study was conducted to
assess safety and efficacy of two brands of insulin glargine; Glaritus® in comparison with innovator, Lantus®, in combination with Lispro.

2. Methodology
2.1. Study Characteristics
This was a prospective, randomized, multicenter, comparative, non-inferiority,
open-label, parallel group, phase IV study conducted between Mar. 2012 and Jul.
2013 at 14 study centres across India. The study (Protocol Number: GLA/
WOC/CT/010/ 11 - 12 and CTRI reg. Number: CTRI/2011/11/002173) was approved by the Institutional Review Board (IRB)/Independent Ethics Committees
(IEC) of all the 14 study centers. The study was conducted in accordance to the
DOI: 10.4236/ojemd.2017.74011

113

Open Journal of Endocrine and Metabolic Diseases

G. Puppalwar et al.

ethical principles in the current Declaration of Helsinki [23] and good clinical
practices (GCP). A written informed consent was obtained from all the subjects
prior to enrolment in the study.

2.2. Inclusion and Exclusion Criteria
Men and women aged 18 to 55 yr diagnosed with T1DM more than one year
prior to the study were included. Subjects with less than normal C-peptide levels
and those who were on insulin regimen for at least a period of 12 months, with
HbA1c levels ≥ 7 were included in the present study.
Subjects with impaired hepatic and renal function, borderline or positive serum anti-insulin antibody (AIA) result (>0.95 index value), hepatitis B or C,
HIV positive, hyperthyroidism, hypothyroidism, severe proliferative retinopathy, nephropathy and/or neuropathy, cardiovascular disease, anemia (80 - 109
g/l), hemoglobinopathy, alcohol or drug abuse, receiving more than 1.4 units/kg
total daily dose of insulin, history of allergy to insulin preparations, history of
receiving insulin of animal origin in the past three years or receiving immunomodulatory medications or hypoglycaemic agents 4 weeks prior to screening
were excluded from the study. Subjects who had undergone pancreatectomy or
transplant of pancreas or islet cells were also excluded.

2.3. Study Medications
The study medications included Glaritus® (insulin glargine, Wockhardt), comparator drug Lantus® (insulin glargine, Sanofi Aventis), and meal time bolus of
rapid acting insulin lispro.

2.4. Data Collection
The study initiated with a screening period (visit 1) followed by a run-in period
(visit 2) of 4 weeks during which the subjects received only Lantus® for stabilization. After the completion of run-in period, the subjects were randomly allocated to receive either Glaritus® or Lantus® for a period of 12 weeks (Figure 1).
All the subjects were advised diabetes diet. However, supervision of the diet
condition of the subjects was not carried out during the study period. The subjects were required to have their respective glargine dose once daily at bedtime.
All the subjects were instructed to have insulin lispro three times a day before
meals. Subjects recorded time of glargine administration, and FBG levels on daily basis. All the subjects were required to use self-glucose monitoring device
(SugarcheckTM, an amperometric Biosensor marketed by Wockhardt Ltd.) and
self-administer insulin during the study period.

2.5. Initial Dose Calculation and Titration
The initial dose of insulin was based on total daily insulin being taken by the
subject. The dose of insulin was reduced by 10% in subjects with HbA1c level of
more than 9% and by 20% in subjects with HbA1c level of less than 9%. The total insulin dose was then divided into basal (50% of total insulin glargine [GlariDOI: 10.4236/ojemd.2017.74011
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tus®/Lantus®] subcutaneously once daily at bed time) and bolus (50% of total insulin lispro [Eli Lilly’s insulin lispro-Humalog®] subcutaneously divided equally
into three doses before meals) dosing.
Each week the dose of insulin was titrated based on three consecutive levels of
fasting blood sugar (FBG) recorded by the subjects. Dose titration was done to
maintain the target FBG level in the range of 80 - 120 mg/dL. The total daily insulin dose was reduced by 10% if the average of last three consecutive FBG levels
was less than 80 mg/dL and was increased by 10% if the average of last three
consecutive FBG was more than 120 mg/dL. The total titrated dose of insulin
glargine was divided into basal (50% of total insulin glargine [Glaritus®/Lantus®]
once daily subcutaneously) and bolus (50% of total insulin lispro three times
daily before meals subcutaneously).

2.6. Efficacy and Safety Assessments
The efficacy assessments included HbA1c levels during visit 3 (week 1) and visit
6 (week 12), FBG at the end of each week from week 1 and week 12, and change
in glargine dose at the end of each week between visit 3 and visit 6.
All the subjects were screened for safety assessments during screening (visit
1), at regular intervals of time during the entire study period (visit 2, visit 3, visit
4 and visit 5), and at end of the study (visit 6). Safety assessments included
screening of adverse events (AEs), including hypoglycemia events.

Hypoglycemia is the most common side effect of this treatment regimen
which was captured on a log both in the CRF and the source documents/subject
diary, instead of capturing it on the adverse event form. However severe hypoglycemia which satisfies the serious adverse event (SAE) criteria was captured as
an SAE and reported accordingly. The subject was considered as hypoglycemia
case as per the guidelines of American Diabetes Association [24].
Other safety assessments recorded were; SAE, laboratory test results, ECG
findings, vital signs, and physical examination findings. The change in serum
anti-insulin antibodies (AIA) during visit 3 and visit 6 was evaluated as a long
term safety parameter.

2.7. Statistical Analysis
Sample size and statistical power calculations were based on assumptions of 0%
(i.e.,  = 0) mean difference, a standard deviation as 0.07, 134 subjects were
required per arm to have a power of 90% and alpha 5%. Total estimated sample
size was 268 (1:1) for all the treatment groups. Considering a drop-out rate of
20%, a total of 322 subjects were planned to be randomized for the study. Sample
Size was calculated by using the power analysis of following test for non-inferiority by normal approximation [25]
2 ( zα + zβ ) σ 2
2

n=
n=
1
2
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For comparison of efficacy variables over different age groups, Analysis of covariance (ANCOVA) test [95% Confidence Interval (CI), p-0.00] was used. An
interim analysis of the data was planned once 50 subjects were randomized in
each treatment arm i.e. 100 patients in study. Continuous variables were summarized using sample counts, mean, median, standard deviation, range, and 95%
CI. Categorical variables were presented with number of exposed subjects, and
number (N) with percentages. Change in HbA1c from baseline to end of trial
was analyzed in per protocol (PP) population. PP population consisted of all the
randomized subjects (N = 158) who came for all the visits within window period
and had at least 80% compliance to protocol defined study drug administration
and had not missed 4 consecutive doses of the study drug. The 95% CI were calculated for difference in HbA1c levels at baseline and at the end of trial between
the two study arms. Mean with standard deviation and p value was calculated for
change in FBG, variability in FBG from baseline to each visit and to end of trial.
The primary and secondary efficacy analysis was performed at 5% level of significance and no adjustments were required for multiple comparisons.
Although a total of 322 subjects were planned for inclusion in the present
study, the results of interim analysis were satisfying with more than 80% power.
Therefore, the study was closed with 171 randomized subjects, out of which 161
subjects completed the study.

3. Results
3.1. Study Subjects Included
Of the total 433 subjects who were screened, 202 subjects entered the run-in period. A total of 171 subjects were randomized (Glaritus® arm-86 subjects; Lantus® arm-85 subjects) and 161 subjects completed the study (Figure 1). A total of
14 investigational sites recruited subjects for inclusion in the present study. The
subject disposition is presented in Figure 2. The mean age of the subjects included in the present study was 28.1 yr and majority were men (113; 66.1%). The
most common concomitant condition among the subjects was hypertension.
The demographic parameters of all study subjects are tabulated in Table 1.

Figure 1. Study design.
DOI: 10.4236/ojemd.2017.74011
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Figure 2. Disposition of study subjects.
Table 1. Demographics and baseline characteristics of study subjects.
Parameters

Glaritus® arm
(N = 86*)

Lantus® arm
(N = 85**)

Total
(N = 171)

Age (yr)

28.19 ± 9.17

28.1 ± 9.58

28.1 ± 9.35

Height (cm)

162.61 ± 9.3

162.6 ± 7.5

162.6 ± 8.5

Weight (Kg)

58.28 ± 9.9

59.9 ± 10.4

59.1 ± 10.2

BMI (Kg/m )

22.12 ± 3.0

22.4 ± 3.0

22.3 ± 3.0

Male

56 (65.1)

57 (67.1)

113 (66.1)

2

Ethnicity-n (%)
Indian

82 (95.3)

80 (94.1)

162 (94.7)

Asian

4 (4.7)

5 (5.9)

9 (5.3)

Education-n (%)
Literate

86 (100)

84 (98.8)

170 (99.4)

Illiterate

0 (0)

1 (1.2)

1 (0.6)

HbA1c

9.71 ± 1.93

9.74 ± 2.30

9.71 ± 2.12

Fasting blood glucose

115.57 ± 30.40

112.10 ± 24.82

113.84 ± 27.61

Baseline characteristics

*One Subject was not considered in the analysis as the subject was randomized under Glaritus® arm, as
subject was not satisfying age criteria. **One Subject was not considered in the analysis as the subject was
randomized under Lantus® arm, as subject was not satisfying age criteria.
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3.2. Measurement of Efficacy Variables
HbA1c
The mean change in the HbA1c levels from visit 3 to visit 6 in Glaritus® arm
was −0.69 ± 1.81 and in Lantus® arm was −0.53 ± 1.94. Although the decrease in
HbA1c among subjects of both arms was significant (p < 0.05), the difference
between the two treatment groups was not significant (p = 0.454). The difference
of adjusted means of change in HbA1c was −0.20 with an upper limit of 95% CI
of 0.32 (less than the USFDA specified non-inferiority margin of 0.4). These results demonstrate Glaritus® to be non-inferior to Lantus® in glycemic control.

Glucose Measurements and Change in Glargine Dose
The measurement of FBG was done at the end of each week throughout the
study and the change in FBG was evaluated between week 1 and week 11. The
mean change in glucose levels between week 1 and end of week 11 in Glaritus®
arm was −8.81 ± 34.57 and in Lantus® arm was −5.28 ± 30 (p = 0.792).
The dose of glargine was titrated in the beginning of the study (randomization
visit) and at the end of each week throughout the study as per the glucose reading on the self-monitoring device. The dose of glargine was not changed in 56
subjects (69.1%) of Glaritus® arm and in 49 subjects (63.6%) of Lantus® arm (p =
0.5373). The dose of glargine was increased by more than 10% in 19 subjects
(23.5%) of Glaritus® arm and in 21 subjects (27.3%) of Lantus® arm. The dose of
glargine was decreased by more than 10% in 6 subjects of Glaritus® arm (7.4%)
and Lantus® arm (9.1%) each (p = 0.5373).

3.3. Reporting of Safety Variables
During the study, 21 subjects (12.3%) reported at least one AE. A total of 24 AEs
(14%) were reported during the study of which 14 were reported by the subjects
of Lantus® arm (2 AEs resolved with sequelae and 12 AEs resolved without sequelae) and 10 were reported by the subjects of Glaritus® arm (4 AEs resolved
with sequelae and 6 resolved without sequelae). All AEs were mild to moderate
in severity (Table 2). No deaths and SAEs were reported during the study period.
Table 2. Incidence of adverse events (AEs).

DOI: 10.4236/ojemd.2017.74011

Adverse events; n (%)

Glaritus®
(N = 86)

Lantus®
(N = 85)

Total number of AEs

10 (11.6)

14 (16.4)

Number of subjects with at least one AE

9 (10.5)

12 (14.1)

General disorders

2 (2.3)

5 (5.9)

Urinary tract infections

3 (3.5)

1 (1.2)

Headache

3 (3.5)

2 (2.4)

Nasopharyngitis

1 (1.2)

3 (3.5)

Skin and subcutaneous tissue disorders

0 (0.0)

2 (2.4)

Decreased appetite

1 (1.2)

0 (0.0)
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3.4. Immunogenic Response Evaluation
The immunogenic evaluation was done in all subjects at visit 1 and immunogenic response was assessed at visit 3, and visit 6. The change in serum AIA was
assessed at baseline (visit 3; week 1 ± 1 day) and at the end of trial (visit 6; end of
week 12 ± 3 days). The mean immunogenic response from baseline to the end of
trial in Glaritus® arm and Lantus® arm was 0.25 ± 0.97 and 0.02 ± 0.68 respectively (p = 0.306). The immunogenic response was comparable between both
arms of the study.

Hypoglycemic Episodes
A total of 22 subjects (27.2%) in Glaritus® arm and 22 subjects (28.6%) in
Lantus® arm (p = 0.8432) experienced at least one hypoglycemic episode during
the study.

4. Discussion
The long-acting basal insulins are the most commonly prescribed therapy for
patients with T1DM and T2DM. Insulin glargine 100 units/mL and insulin detemir are the established long-acting basal insulins available in the United States
and Europe, both of which exhibit similar glycemic control to that of the intermediate-acting NPH, but with a reduction in hypoglycaemia. Newer insulin
products which are currently in development are; new insulin glargine 300
units/mL (United States and Europe) and the ultra-long-acting insulin degludec
(Europe) with basal insulin peglispro. These new insulins have comparatively
different pharmacokinetic/pharmacodynamic profiles and demonstrate longer
durations of action (>24 h) compared with insulin glargine 100 units/mL, which
may lead to potential benefits. Hence, the launch of biosimilar insulins may also
widen the access to insulins by reducing treatment costs [14].
Insulin glargine is a LAIA which was first introduced in 1992 and was approved by the US FDA in April 2000 [18]. Insulin glargine regulates glucose metabolism by stimulating peripheral glucose uptake resulting in improved HbA1c
levels and FBG levels [26]. The clinical benefits of insulin glargine over traditional basal insulin have been proven in various studies. The characteristic features of insulin glargine such as once daily regimen and absence of suspension
problems, recommends it one of the best strategy in achieving tight glycemic
control in many patients with diabetes [27] [28].
The results of the present study demonstrated comparable efficacy and safety
of Glaritus® and Lantus®. The difference in mean HbA1c and FBG levels in subjects of both treatment arms was comparable. Several studies have been conducted in the past to evaluate the efficacy and safety of insulin glargine in patients with T1DM. Most studies comparing insulin glargine with other insulin
analogs such as insulin detemir, insulin degludec, biphasic human insulin, and
Neutral Protamine Hagedorn (NPH) insulin in patients with diabetes mellitus
have shown comparable results with insulin glargine. Insulin glargine provides
consistent plasma insulin concentration similar to the continuous subcutaneous
DOI: 10.4236/ojemd.2017.74011
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insulin infusion (CSII). This is achieved as a result of stable serum insulin concentration on administration of insulin glargine without significant fluctuations
[29].
A study comparing the effects of insulin glargine with NPH insulin demonstrated that Insulin glargine was associated with significantly greater reductions
in FBG than NPH (p = 0.0001) in T1DM patients [30]. Patients who switched
from NPH insulin to insulin glargine showed significant improvement in HbA1c
levels (p < 0.05) over a period of 3 months [31]. Studies by Bellia A et al.; to observe the effects of switching from NPH insulin to insulin glargine on glycaemic
control in patients with T2DM have shown that HbA1c levels decreased after 4 8 months with glargine (p < 0.001) but not with NPH (p = 0.20) [32]. Lepore et
al. showed that plasma insulin concentration with NPH insulin showed a peak
within 4 h of administration (22.8 ± 2.2 μU/ml) and decreased below the baseline value within 13 h; however, insulin glargine achieved a plateau concentration of 18.9 ± 0.3 μU/ml between 3 and 24 h after its administration [33].
Some more comparative studies reported effect of insulin glargine with other
insulin analogs where there was greater reduction in HbA1c levels in patients
receiving insulin glargine [34] [35].
Besides NPH, there have been many studies conducted where better efficacy
results with insulin glargine have been reported. Studies conducted by Abe S. et
al., have demonstrated that insulin glargine leads to be more effective and more
stable glycemic control than the same dose of insulin detemir (Mean blood glucose was significantly lower with insulin glargine compared with insulin detemir
(9.6 ± 2.4 mmol/L versus 10.4 ± 2.8 mmol/L, p = 0.038) [36]).
Most patients with T1DM experience hyperglycemia early in the morning due
to decreasing effect of short or intermediate acting insulin analogues. In a previous study, hyperglycemia was observed in 60% patients receiving NPH insulin
and in very few patients receiving CSII and insulin glargine. In addition, patients
receiving insulin glargine experienced fewer nocturnal hypoglycemic episodes
[20].
Hypoglycemia is a known and common AE of anti-diabetic drugs. In the
present study, 27.2% subjects of the Glaritus® arm and 28.6% subjects of the
Lantus® arm experienced at least one hypoglycemic episode during the study period. A review of several studies reported fewer nocturnal hypoglycemic episodes
in patients receiving insulin glargine as compared with isophane insulin; however the effect of glycemic control was comparable [37].
Kumar S. et al.; demonstrated the efficacy and safety of once-daily insulin
degludec/insulin aspart compared with once-daily insulin glargine in participants with T2DM, insulin degludec/insulin aspart led to higher rates of overall
hypoglycaemia than insulin glargine, with no significant difference in rates of
nocturnal hypoglycaemia. The overall confirmed hypoglycaemia rate was higher
with daily insulin degludec/insulin aspart once daily (estimated rate ratio 1.43;
95% CI 1.07, 1.92; p < 0.05) [38].
Another 24 weeks study conducted in Turkish population to evaluate the
DOI: 10.4236/ojemd.2017.74011
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safety and effectiveness of insulin initiation with once-daily insulin detemir or
insulin glargine with T2DM have shown clinically significant glycaemic improvements. A lower risk of minor hypoglycaemia was observed with insulin
detemir compared with insulin glargine [39].
Besides hypoglycemia, other AEs reported with insulin glargine are few and
mild in severity. A recent study evaluating the effect of insulin glargine and insulin lispro in patients with diabetes mellitus reported no AEs in patients throughout the study period [40]. Heller et al. reported fewer AEs with insulin glargine
(4.9%) as compared with insulin detemir (11.7%) among patients with T2DM
[41]. Insulin glargine was associated with fewer gastrointestinal AEs such as
nausea (insulin glargine-3%; exenatide-43%), vomiting (insulin glargine-0%; exenatide-10%), and upper abdominal pain (insulin glargine-0%; exenatide-8%) as
compared with exenatide in patients with diabetes mellitus [42].
Biosimilar drugs may have a different source for biological materials and
manufacturing processes than innovator. These differences between innovator
and non-innovator or biosimilar products can be identified by analytical methods like, batch-to-batch consistency, product stability as well as by clinical
methods with safety and efficacy studies [22]. The present study was, to some
extent, able to address the concerns associated with the use of biosimilar insulin
glargine in the treatment of diabetes mellitus patients. As biosimilar insulins are
approved copies of insulins outside patent protection they can provide healthy
market competition and potential cost reduction for the patients [43].

Limitations of this study
This was a non-inferiority trial and both Glaritus® and Lantus® demonstrated
comparable efficacy and safety during the study period. However the study was
crippled with certain limitations which make the confirmatory concluding remarks improbable.
The present study was of short duration and was not planned and conducted
as per the clinical data requirements mentioned in the available guidelines for
preparation and marketing of similar biological medicinal products [44] [45]. A
cross-over study design would have been more appropriate for such kind of
comparative studies.
Screening for antibodies specific for the 65 kDa isoform of glutamic acid decarboxylase (GAD65) for diagnosis of type 1 diabetes was not done in this study.
The screen failure rate for the study was found to be high. Such a high screen
failure rate may signify non-representative sample to the target population.
Also pre-screening insulin doses have not been extracted from source data
while preparing the final clinical study report. Further, this was an open-label
study and pre-approval assessment of safety is lacking. Therefore, well-designed
studies for the evaluation of innovator comparable efficacy and long term safety
are being planned.

5. Conclusion
In conclusion, both Glaritus® and Lantus® demonstrated comparable effects on
DOI: 10.4236/ojemd.2017.74011
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HbA1c, and FBG in patients with T1DM. Glycemic control observed in patients
of both treatment arms was comparable. There were few hypoglycemia episodes
observed in both the arms. There were no deaths and SAEs reported in the
study. Overall, the results of the present study suggest that biosimilar insulin
glargine, Glaritus, is comparable to the reference product, Lantus, providing a
safe and effective option for patients with T1DM. Further adequately designed
studies are required to be conducted in accordance to the guidelines for similar
biologics.

Acknowledgements
The authors acknowledge Knowledge Isotopes Pvt Ltd.
(http://www.knowledgeisotopes.com) for the writing support.

Conflict of Interest
The authors have no conflict of interest.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors. The study was sponsored by manufacturers of Glaritus®, i.e., Wockhardt Limited. The authors of the manuscript
were not the investigators in this study. All the authors are employee of Wockhardt Limited.

References

DOI: 10.4236/ojemd.2017.74011

[1]

International Diabetes Federation (IDF) (2015) Diabetes Atlas. 7th Edition, International Diabetes Federation, Brussels, Belgium.
http://www.diabetesatlas.org

[2]

Sacks, D.B., Arnold, M., Bakris, G.L., Bruns, D.E., Horvath, A.R., Kirkman, M.S.,
Lernmark, A., Metzger, B.E. and Nathan, D.M. (2011) Guidelines and Recommendations for Laboratory Analysis in the Diagnosis and Management of Diabetes Mellitus. Clinical Chemistry, 57, e1-e47. https://doi.org/10.1373/clinchem.2010.161596

[3]

American Diabetes Association (2012) Standards of Medical Care in Diabetes. Diabetes Care, 35, S11-S63. https://doi.org/10.2337/dc12-s011

[4]

Owens, D.R., Landgraf, W., Schmidt, A., Bretzel, R.G. and Kuhlmann, M.K. (2012)
The Emergence of Biosimilar Insulin Preparations: A Cause for Concern? Diabetes
Technology & Therapeutics, 14, 989-996. https://doi.org/10.1089/dia.2012.0105

[5]

Eular-Biosimilars: What Do Patients Need to Consider? (2015).
http://eular.org/myUploadData/files/Biosimilars_2015.pdf

[6]

Guerci, B. and Sauvanet, J.P. (2005) Subcutaneous Insulin: Pharmacokinetic Variability and Glycemic Variability. Diabetes & Metabolism, 31, 4S7-4S24.

[7]

Hartman, I. (2008) Insulin Analogs: Impact on Treatment Success, Satisfaction,
Quality of Life, and Adherence. Clinical Medicine & Research, 6, 54-67.
https://doi.org/10.3121/cmr.2008.793

[8]

Home, P. (2012) Biosimilars: Risks and Benefits. Presentation at the 2nd Latin
American Congress on Controversies in Diabetes, Obesity, and Hypertension, Rio
122

Open Journal of Endocrine and Metabolic Diseases

G. Puppalwar et al.
de Janeiro, 23-25 March 2012.
[9]

Rotenstein, L.S., Ran, N., Shivers, J.P., Yarchoan, M. and Close, K.L. (2012) Opportunities and Challenges for Biosimilars: What’s on the Horizon in the Global Insulin
Market? Clinical Diabetes, 30, 138-150. https://doi.org/10.2337/diaclin.30.4.138

[10] Barnett, A.H. (2006) Insulin Glargine in the Treatment of Type 1 and Type 2 Diabetes. Vascular Health and Risk Management, 2, 59-67.
https://doi.org/10.2147/vhrm.2006.2.1.59
[11] Dundar, B.N., Dundar, N. and Eren, E. (2009) Comparison of the Efficacy and Safety of Insulin Glargine and Insulin Detemir with NPH Insulin in Children and Adolescents with Type 1 Diabetes Mellitus Receiving Intensive Insulin Therapy. Journal
of Clinical Research in Pediatric Endocrinology, 1, 181-187.
https://doi.org/10.4274/jcrpe.v1i4.56
[12] Iafusco, D. (2005) Insulin Therapy Regimens in Paediatric Age. Acta Biomed, 76,
39-43.
[13] Sheldon, B., Russell-Jones, D. and Wright, J. (2009) Insulin Analogues: An Example
of Applied Medical Science. Diabetes, Obesity and Metabolism, 11, 5-19.
https://doi.org/10.1111/j.1463-1326.2008.01015.x
[14] Pettus, J., Santos, C.T., Tamborlane, W.V. and Edelman, S. (2016) The Past, Present, and Future of Basal Insulins. Diabetes/Metabolism Research and Reviews, 32,
478-496. https://doi.org/10.1002/dmrr.2763
[15] Wang, Z., Hedrington, M.S., Gogitidze, J.N., Briscoe, V.J., Richardson, M.A.,
Younk, L., Nicholson, W., Tate, D.B. and Davis, S.N. (2010) Dose-Response Effects
of Insulin Glargine in Type 2 Diabetes. Diabetes Care, 33, 1555-1560.
https://doi.org/10.2337/dc09-2011
[16] Nathan, D.M., Genuth, S., Lachin, J., Cleary, P., Crofford, O., Davis, M., Rand, L.
and Siebert, C. (1993) The Effect of Intensive Treatment of Diabetes on the Development and Progression of Long-Term Complications in Insulin-Dependent Diabetes Mellitus. The Diabetes Control and Complications Trial Research Group.
The New England Journal of Medicine, 329, 977-986.
https://doi.org/10.1056/NEJM199309303291401
[17] Adamo, L. and Thoelke, M. (2013) Generalised Insulin Oedema after Intensification
of Treatment with Insulin Analogues. BMJ Case Reports, 2013, 287-293.
https://doi.org/10.1136/bcr-2012-007037
[18] Lee, P., Kinsella, J., Borkman, M. and Carter, J. (2007) Bilateral Pleural Effusions,
Ascites, and Facial and Peripheral Oedema in a 19-Year-Old Woman 2 Weeks Following Commencement of Insulin Lispro and Detemir—An Unusual Presentation
of Insulin Oedema. Diabetic Medicine, 24, 1282-1285.
https://doi.org/10.1111/j.1464-5491.2007.02241.x
[19] Goykhman, S., Drincic, A., Desmangles, J.C. and Rendell, M. (2009) Insulin Glargine: A Review 8 Years after Its Introduction. Expert Opinion on Pharmacotherapy,
10, 705-718. https://doi.org/10.1517/14656560902775677
[20] Garg, S., Moser, E., Dain, M.P. and Rodionova, A. (2010) Clinical Experience with
Insulin Glargine in Type 1 Diabetes. Diabetes Technology & Therapeutics, 12, 835846. https://doi.org/10.1089/dia.2010.0135
[21] Bowering, K., Reed, V.A., Felicio, J.S., Landry, J., Ji, L. and Oliveira, J. (2012) A
Study Comparing Insulin Lispro Mix 25 with Glargine plus Lispro Therapy in Patients with Type 2 Diabetes Who Have Inadequate Glycaemic Control on Oral AntiHyperglycaemic Medication: Results of the Paradigm Study. Diabetic Medicine, 29,
e263-e272. https://doi.org/10.1111/j.1464-5491.2012.03722.x
DOI: 10.4236/ojemd.2017.74011

123

Open Journal of Endocrine and Metabolic Diseases

G. Puppalwar et al.
[22] Heinemann, L. (2012) Biosimilar Insulins: How Will This Story Evolve? Mary Ann
Liebert, New York.
[23] Hurst, S.A. (2014) Declaration of Helsinki and Protection for Vulnerable Research
Participants. The Journal of the American Medical Association, 311, 1252.
https://doi.org/10.1001/jama.2014.1272
[24] Seaquist, E.R., Anderson, J., Childs, B., Cryer, P., Dagogo-Jack, S., Fish, L., Heller,
S.R., Rodriguez, H., Rosenzweig, J. and Vigersky, R. (2013) Hypoglycemia and Diabetes: A Report of a Workgroup of the American Diabetes Association and the
Endocrine Society. Diabetes Care, 36, 1384-1395. https://doi.org/10.2337/dc12-2480
[25] Chow, S.C., Wang, H. and Shao, J. (2007) Sample Size Calculations in Clinical Research. CRC Press, Boca Raton.
[26] Chakkarwar, P.N. and Manjrekar, N.A. (2005) Insulin Glargine: A Long Acting Insulin Analog. Journal of Postgraduate Medicine, 51, 68-71.
[27] Hamann, A., Matthaei, S., Rosak, C. and Silvestre, L. (2003) A Randomized Clinical
Trial Comparing Breakfast, Dinner, or Bedtime Administration of Insulin Glargine
in Patients with Type 1 Diabetes. Diabetes Care, 26, 1738-1744.
https://doi.org/10.2337/diacare.26.6.1738
[28] Albright, E.S., Desmond, R. and Bell, D.S. (2004) Efficacy of Conversion from Bedtime NPH Insulin Injection to Once- or Twice-Daily Injections of Insulin Glargine
in Type 1 Diabetic Patients Using Basal/Bolus Therapy. Diabetes Care, 27, 632-633.
https://doi.org/10.2337/diacare.27.2.632
[29] Valla, V. (2010) Therapeutics of Diabetes Mellitus: Focus on Insulin Analogues and
Insulin Pumps. Experimental Diabetes Research, 2010, Article ID: 178372.
https://doi.org/10.1155/2010/178372
[30] Raskin, P., Klaff, L., Bergenstal, R., Halle, J.P., Donley, D. and Mecca, T. (2000) A
16-Week Comparison of the Novel Insulin Analog Insulin Glargine (HOE 901) and
NPH Human Insulin Used with Insulin Lispro in Patients with Type 1 Diabetes.
Diabetes Care, 23, 1666-1671. https://doi.org/10.2337/diacare.23.11.1666
[31] Kanazawa, Y., Igarashi, Y., Komiya, K., Sakurai, Y., Shimizu, T., Fujitani, Y., Tanaka, Y., Watada, H., Kawamori, R. and Hirose, T. (2007) Long-Term Efficacy of Insulin Glargine after Switching from NPH Insulin as Intensive Replacement of Basal
Insulin in Japanese Diabetes Mellitus. Comparison of Efficacy between Type 1 and
Type 2 Diabetes (JUN-LAN Study 1.2). Endocrine Journal, 54, 975-983.
https://doi.org/10.1507/endocrj.K07E-035
[32] Bellia, A., Babini, A.C., Marchetto, P.E., Arsenio, L., Lauro, D. and Lauro, R. (2014)
Effects of Switching from NPH Insulin to Insulin Glargine in Patients with Type 2
Diabetes: The Retrospective, Observational Laurel Study in Italy. Acta Diabetologica, 51, 269-275. https://doi.org/10.1007/s00592-013-0531-5
[33] Lepore, M., Pampanelli, S., Fanelli, C., Porcellati, F., Bartocci, L., Di Vincenzo, A.,
Cordoni, C., Costa, E., Brunetti, P. and Bolli, G.B. (2000) Pharmacokinetics and
Pharmacodynamics of Subcutaneous Injection of Long-Acting Human Insulin
Analog Glargine, NPH Insulin, and Ultralente Human Insulin and Continuous Subcutaneous Infusion of Insulin Lispro. Diabetes, 49, 2142-2148.
https://doi.org/10.2337/diabetes.49.12.2142
[34] Pandya, N., DiGenio, A., Gao, L. and Patel, M. (2013) Efficacy and Safety of Insulin
Glargine Compared to Other Interventions in Younger and Older Adults: A Pooled
Analysis of Nine Open-Label, Randomized Controlled Trials in Patients with Type
2 Diabetes. Drugs Aging, 30, 429-438. https://doi.org/10.1007/s40266-013-0069-9
[35] Tentolouris, N., Kyriazopoulou, V., Makrigiannis, D. and Baroutsou, B. (2013) InDOI: 10.4236/ojemd.2017.74011

124

Open Journal of Endocrine and Metabolic Diseases

G. Puppalwar et al.
tensification of Insulin Therapy in Patients with Type 2 Diabetes: A Retrospective,
Non-Interventional Cohort Study of Patients Treated with Insulin Glargine or Biphasic Human Insulin in Daily Clinical Practice. Diabetology & Metabolic Syndrome, 5, 43. https://doi.org/10.1186/1758-5996-5-43
[36] Abe, S., Inoue, G., Yamada, S., Irie, J., Nojima, H., Tsuyusaki, K., Usui, K., Atsuda,
K. and Yamanouchi, T. (2011) Two-Way Crossover Comparison of Insulin Glargine
and Insulin Detemir in Basal-Bolus Therapy Using Continuous Glucose Monitoring. Diabetes, Metabolic Syndrome and Obesity, 4, 283-288.
[37] Younis, N., Soran, H. and Bowen-Jones, D. (2002) Insulin Glargine: A New Basal
Insulin Analogue. QJM: An International Journal of Medicine, 95, 757-761.
https://doi.org/10.1093/qjmed/95.11.757
[38] Kumar, S., Jang, H.C., Demirag, N.G., Skjoth, T.V., Endahl, L. and Bode, B. (2017)
Efficacy and Safety of Once-Daily Insulin Degludec/Insulin Aspart Compared with
Once-Daily Insulin Glargine in Participants with Type 2 Diabetes: A Randomized,
Treat-to-Target Study. Diabetic Medicine, 34, 180-188.
https://doi.org/10.1111/dme.13125
[39] Damci, T., Emral, R., Svendsen, A.L., Balkir, T., Vora, J. and Group, S.S. (2014)
Lower Risk of Hypoglycaemia and Greater Odds for Weight Loss with Initiation of
Insulin Detemir Compared with Insulin Glargine in Turkish Patients with Type 2
Diabetes Mellitus: Local Results of a Multinational Observational Study. BMC Endocrine Disorders, 14, 61. https://doi.org/10.1186/1472-6823-14-61
[40] Lucchesi, M.B., Komatsu, W.R., Gabbay, M.A. and Dib, S.A. (2012) A 12-Wk Follow-Up Study to Evaluate the Effects of Mixing Insulin Lispro and Insulin Glargine
in Young Individuals with Type 1 Diabetes. Pediatric Diabetes, 13, 519-524.
https://doi.org/10.1111/j.1399-5448.2012.00867.x
[41] Heller, S., Koenen, C. and Bode, B. (2009) Comparison of Insulin Detemir and Insulin Glargine in a Basal-Bolus Regimen, with Insulin Aspart as the Mealtime Insulin, in Patients with Type 1 Diabetes: A 52-Week, Multinational, Randomized,
Open-Label, Parallel-Group, Treat-to-Target Noninferiority Trial. Clinical Therapeutics, 31, 2086-2097. https://doi.org/10.1016/j.clinthera.2009.10.006
[42] Matyjaszek-Matuszek, B., Lenart-Lipinska, M., Rogalska, D. and Nowakowski, A.
(2013) Exenatide Twice Daily versus Insulin Glargine for the Treatment of Type 2
Diabetes in Poland—Subgroup Data from a Randomised Multinational Trial
GWAA. Endokrynologia Polska, 64, 375-382. https://doi.org/10.5603/EP.2013.0021
[43] Heinemann, L., Home, P. and Hompesch, M. (2015) Biosimilar Insulins: Guidance
for Data Interpretation by Clinicians and Users. Diabetes, Obesity and Metabolism,
17, 911-918. https://doi.org/10.1111/dom.12491
[44] Payne, T. (2012) Biosimilar Draft Guidance Issue by US FDA. Bioanalysis, 4, 759.
[45] Tripathi, K.K., Rathore, S.S., Kukrety, A. and Ahuja, A.A. (2012) Guidelines on Similar Biologics: Regulatory Requirements for Marketing Authorization in India.
Guidelines on Similar Biologics. Government of India, New Delhi.
http://dbtbiosafety.nic.in/Files%5CCDSCO-DBTSimilarBiologicsfinal.pdf

DOI: 10.4236/ojemd.2017.74011

125

Open Journal of Endocrine and Metabolic Diseases

Submit or recommend next manuscript to SCIRP and we will provide best
service for you:
Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.
A wide selection of journals (inclusive of 9 subjects, more than 200 journals)
Providing 24-hour high-quality service
User-friendly online submission system
Fair and swift peer-review system
Efficient typesetting and proofreading procedure
Display of the result of downloads and visits, as well as the number of cited articles
Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/
Or contact ojemd@scirp.org

