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Abstract

Background: This study investigated the effectiveness and safety of switching
from Basalin® to Lantus® in Chinese patients with diabetes mellitus (DM).
Methods: A retrospective chart review conducted using the electronic medical
records of patients hospitalized at the Qingdao Endocrine and Diabetes
Hospital from 2005 to 2016. All patients were diagnosed with DM and
underwent switching of insulin from Basalin to Lantus during hospitalization.
Data collected included fasting (FBG), pre- and post-prandial whole blood
glucose, insulin dose, reasons for insulin switching and hypoglycemia. Four
study time points were defined as: hospital admission, Basalin initiation, insulin
switching (date of final dose of Basalin), and hospital discharge. Blood glucose
measurements were imputed as the values recorded closest to the dates of
these four time points for each patient.

Results: Data from 73 patients (70 patients with type 2 diabetes, 2 with type 1,
and 1 undisclosed) were analyzed. At admission, mean glycated hemoglobin
(HbA1c) and FBG were 8.9% (SD=1.75) and 9.98 (3.22) mmol/L, respectively.
Between Basalin initiation and insulin switch, mean FBG decreased from 9.68
mmol/L to 8.03 mmol/L (p<0.0001), over a mean 10.8 (SD=6.85) days of
Basalin treatment, and reduced further to 7.30 mmol/L at discharge (p=0.0116)
following a mean 6.6 (7.36) days of Lantus. The final doses of Basalin and
Lantus were similar (0.23 vs. 0.24 IU/kg/day; p=0.2409). Furthermore,
reductions in pre- and post-prandial blood glucose were also observed
between Basalin initiation, insulin switch and hospital discharge. The incidence
of confirmed hypoglycemia was low during Basalin (2 [2.4%]) and Lantus (1
[1.2%)]) treatment, with no cases of severe hypoglycemia.

Conclusion: In this study population, switching from Basalin to Lantus was
associated with further reductions in blood glucose, although the dose of insulin
glargine did not increase. Further studies are required to verify these findings
and determine the reason for this phenomenon.
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Introduction

In China, insulin is more widely used to treat patients with type
2 diabetes mellitus (T2DM) compared with many Western
countries'”. Chinese patients with T2DM are characterized by a
relatively young age of diabetes onset, low bodyweight, and
early B-cell dysfunction combined with insulin resistance’. Fur-
thermore, progressive deterioration of B-cell function is known
to contribute to the increasing difficulty of achieving glyc-
emic control experienced during the T2DM disease course’.
Therefore, interventions to preserve B-cells are recognized to be
effective and, considering the early B-cell dysfunction which
characterizes Chinese T2DM patients, can be especially effec-
tive in this population®. However, challenges for implementing
insulin treatment in China include lack of patient education,
limitations of medical resources, inadequate health care systems
making patient follow up difficult, and suboptimal blood
glucose monitoring'. Therefore, Chinese physicians often prefer
to initiate intensified treatment regimens in an inpatient setting
to allow close control of treatment, and monitoring of effective-
ness and safety. Given this situation, early initiation of insu-
lin treatment in an inpatient setting is often favored in China for
the treatment of patients with T2DM. Several studies in Chi-
nese patients with newly-diagnosed T2DM have shown that
early intensive insulin treatment preserves [-cell function and
leads to glycemic remission’. Furthermore, a meta-analysis
of previous studies showed that 46.3% of Chinese patients
with T2DM who received intensive insulin treatment achieved
glycemic remission after 12 months, without the use of anti-
diabetic medication and relying solely on lifestyle modification
to control blood glucose levels'.

Basal insulin is recommended as a convenient way to initi-
ate insulin treatment by most international treatment guide-
lines, and by the Chinese Diabetes Association''™". (see the
International Diabetes Federations Diabetes Atlas, 7% edition)
As reported by the large, observational ORBIT study, insulin
glargine is the most popular basal insulin for the initiation of insu-
lin treatment in Chinese patients with T2DM (71%), followed
by detemir (13%) and neutral protamine Hagedorn (NPH)(16%)
insulin. In China, there are two available versions of insulin
glargine; the originator Lantus® (Sanofi), and the biosimilar
Basalin® (see Gan & Lee Pharmaceuticals history page), which
has been commercially available since 2005 in China, Egypt,
Pakistan, South East Asia, and countries in Latin America’.
Basalin was the first biosimilar of insulin glargine marketed in
China, and has since become a commonly used treatment option
for many Chinese physicians. However, while biosimilars are
developed to be highly similar to originator therapies, due to
the degree of natural variability inherent to biological drugs,
which are produced using living organisms, and because of
differences in manufacturing processes between products, they
are not identical to the original therapy'. Results from a previous
head-to-head study of Basalin and Lantus in Chinese people
with T2DM showed equivalent glycemic control and safety, and
a further crossover study in Chinese people with T2DM using a
continuous glucose monitoring system (CGMS) reported non-
inferiority of Basalin to Lantus for mean blood glucose, blood
glucose fluctuations and rates of hypoglycemia'®'’. However,
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other than these two previous reports, there are no further con-
firmatory studies in real-world clinical practice. In addition, a
local-language case report described improved blood glucose
control and reduced insulin dose in three Chinese patients with
T2DM who switched from Basalin to Lantus due to subopti-
mal glycemic control'. Given this situation, it is important to
further verify the findings of this case report in a larger popula-
tion of patients who switched from Basalin to Lantus in a real-
life clinical practice setting. We therefore hypothesized that
patients with diabetes who switch from Basalin to Lantus in a
real-world setting may achieve improved control of blood
glucose with a similar safety profile.

Methods

Study design and patients

This was a retrospective chart review conducted based on the
electronic medical records (EMRs) of patients hospitalized
at the Qingdao Endocrine and Diabetes Hospital from 2005
to 2016. Qingdao Endocrine and Diabetes Hospital is a pub-
lic, non-profit, tertiary hospital that was established in 2002
and is located in Qingdao city, one of the biggest cities on the
east coast of China. The Hospital is the only specialist diabe-
tes hospital, not only in Qingdao, but also throughout the region,
with a catchment area of approximately 100 kilometers, which
covers 7.2 million people. The majority of the patients treated
in the Hospital are Han Chinese residing in Qingdao city and
the surrounding regions. Less than 1% of patients are national
ethnic minorities or of foreign origin. In general, patients are
hospitalized due to suspected acute diabetic complications
including ketosis, ketoacidosis, diabetic hyperosmolality, uncon-
trolled hyperglycemia and at least one chronic complication, or
significant worsening of chronic complications of diabetes
(including rental hemorrhage, significant elevated albuminuria
and/or serum creatinine, acute myocardial infarction, etc.).

The data selection process is summarized in Figure 1. EMRs
were first searched using the keywords “Lantus”, “Basalin” or
“insulin glargine” to identify EMRs with recorded use of insu-
lin glargine. EMRs were then subdivided based on the type
of insulin glargine used; Lantus and Basalin (103), Basalin
only (690), Lantus only (4311), or no information about which
type of insulin glargine had been used (3). The EMRs with
recorded use of both Lantus and Basalin were further sorted into
two groups; switch from Basalin to Lantus (82) and switch from
Lantus to Basalin (21). Finally, the EMRs were evaluated by hand
to exclude cases involving multiple switches between Basalin
and Lantus, and identify multiple EMRs for the same patient
on different hospitalizations (in such instances only the case
from the most recent hospitalization was included in the analy-
sis). Of the 21 EMRs including a switch from Lantus to Basalin,
nine reported multiple switches of insulin, and therefore only 12
EMRs (each representing one patient) were eligible for inclu-
sion, and these data were not included in the present analysis.
Of the 82 cases including switching from Basalin to Lantus,
six records included multiple switches of insulin, and one sub-
ject had been hospitalized four times, and therefore had four
medical records; therefore, a total of 73 patients who switched
from Basalin to Lantus were included.
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Figure 1. Data selection flow diagram.

The key objective of the present analysis was to evaluate the
change in FBG for patients with DM after switching from Basa-
lin to Lantus. Secondary aims of the analysis included evalua-
tion of changes in seven-point blood glucose, basal and pran-
dial insulin dose, and hypoglycemia after switching from
Basalin to Lantus. Four study time points were defined as hospital
admission, Basalin initiation, insulin switching (the date of the
final dose of Basalin), and hospital discharge (Figure 2). For
each study subject, values of blood glucose at hospital admis-
sion and hospital discharge were imputed as the measurements
recorded closest to the date of hospital admission and discharge,
and values at Basalin initiation and insulin switch were defined
as the measurements recorded closest to the date of the first
and last doses of Basalin, respectively. The duration of insulin
glargine treatment was calculated as the end date of the final
dose minus the start date of the initial dose +1 day. If the
date of the final dose of Lantus was not recorded then the
final dose date was taken as the date of hospital discharge.

The study protocol was approved by the Ethical Review Board
of Qingdao Endocrine and Diabetes Hospital in a regular
meeting during October 2016 (Document No 2016-10-1). All
procedures followed were in accordance with the ethical stand-
ards of the responsible committee on human experimentation
(institutional and national) and with the Helsinki Declara-
tion of 1964, as revised in 2013. As this was a retrospective

observational study based on electronic medical records it was not
possible to contact each patient for individual consent, however
the researchers received anonymized data from the hospital’s
IT department with permission from both the Ethical
Review Board and the Principal of the Hospital.

Study treatments

Basalin (Gan & Lee Pharmaceutical, Beijing, China) and Lantus
(Sanofi, Paris, France) are both provided in a 100 IU/mL
concentration by the manufacturers. Both insulin glargines are pro-
vided with an injection pen; the GanLee Pen (Gan & Lee Phar-
maceutical) for Basalin and the SoloSTAR®/CIikSTAR® (Sanofi)
for Lantus.

Measurements and data collection

Data were retrospectively harvested from EMRs collected
in the hospital information system and included demograph-
ics, medical history, details of medication including pre-
hospitalization treatment regimen and concomitant use of oral
antidiabetic drugs (OAD), laboratory measurements such as gly-
cated hemoglobin (HbAlc) and daily blood glucose measure-
ments, and safety data. Raw data were encoded by a trained
member of staff. Daily blood glucose control was evaluated using
seven-point blood glucose, comprised of fasting blood glucose
levels (FBG) before breakfast, and blood glucose levels
post-breakfast, pre- and post- lunch and dinner, and pre-bed.
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Figure 2. Study schematic showing the four study time points.

Blood glucose measurements were conducted by hospital staff
from finger-stick blood samples and using the Nova StatStrip sys-
tem (Nova Biomedical, MA, USA). Hypoglycemia was defined
as any recorded incidence of blood glucose <3.9 mmol/L, and
severe hypoglycemia as blood glucose <2.8 mmol/L.

Statistical methods

Two subgroup analyses were performed; in patients who
received basal-bolus therapy with Basalin and prandial insulin
as their initial therapy (excluding patients who received OADs),
and for patients who switched from Basalin to Lantus due
to suboptimal glycemic control as recorded in their medical
record.

Data were summarized using descriptive statistics. Continuous
variables are presented as mean (standard deviation [SD]), and
discrete variables are summarized as frequency and percentage.
Paired Student’s t-tests were used to evaluate differences
between variables. A p-value <0.05 was considered statistically
significant. All analyses were conducted using SAS software
(version 9.4).

Results

Patients

At baseline, the majority of the study patients were middle aged
or older, with a mean body mass index of 27.4 kg/m? and a
mean duration of diabetes mellitus (DM) of 9.1 years (Table 1).
Metabolic control was poor in most patients, indicated by
an average HbAlc of 8.9%, and FBG of 9.98 mmol/L, at
hospital admission. Diabetic complications had been reported
in 86.3% of patients, and 38.4% had a history of cardiovascu-
lar disease. The mean duration of hospitalization was 22.3 days.
Initial treatment with Basalin insulin glargine was received in
combination with prandial insulin for the majority of patients
(84.9%). The most common reason for switching to Lantus as
recorded in patients’ medical records was suboptimal glycemic
control (30.1%), followed by patient decision (4.1%).

Table 1. Clinical characteristics of patients who underwent
switching from Basalin to Lantus insulin glargine.

Variable® N=73
Classification of diabetes mellitus, n (%)
Type 1 2(4)
Type 2 70 (96)
Unclassified 1
Age, years 59.8 (13.10)
Female, n (%) 39 (53.4)
Height, cm 164.5 (8.55)
Body mass index, kg/m? 27.4 (3.57)
Fasting blood glucose, mmol/L 9.98 (3.22)
Duration of diabetes mellitus, years 9.1 (5.92)
Hemoglobin A1c at hospital admission, % 8.9 (1.75)
Diabetic complications”, n (%) 63 (86.3)
History of cardiovascular disease, n (%) 28 (38.4)
Hypertension, n (%) 52 (71.2)
History of smoking, n (%) 14 (19.2)
Medication regimen before hospitalization, n (%)
OADs 30 (41.1)
Premixed insulin 25 (34.3)
Insulin glargine + OADs 5(6.9)
Basalin insulin glargine + OADs 3(4.1)
Basal + prandial insulin 1(1.4)
Other or data not available 9(12.3)
Days of hospitalization, days® 22.3(12.02)
Initial treatment regimen during hospitalization, n (%)
Basalin insulin glargine + prandial insulin 62 (84.9)

11(15.1)

“Data are summarized as mean (SD) unless stated; "Any diabetic
complication, yes or no;

‘patients may have received other treatment before initiating biosimilar
insulin glargine.

OADs, oral antidiabetic drugs.

Basalin insulin glargine + OADs
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Glycemic control

Overall, mean FBG decreased from initiation of Basalin insu-
lin glargine until hospital discharge (Table 2). From initia-
tion of treatment with Basalin insulin glargine until insulin
switch, FBG decreased by 1.65 mmol/L; from 9.68 mmol/L to
8.03 mmol/L (p<0.0001). From insulin switch until hospital
discharge (while patients were receiving Lantus), FBG
reduced by a further 0.73 mmol/L, to 7.30 mmol/L (p=0.0116).

Mean post-prandial blood glucose values indicated improved
glycemic control during treatment with Basalin, and further
improvements after switching to Lantus (Table 2, Supplementary
Figure 1). Seven-point blood glucose decreased at all four study
time points from hospital admission to hospital discharge.
Between Basalin initiation and insulin switch the reductions in
mean seven-point blood glucose were significant across all seven
blood glucose measurements (p<0.05). Subsequently, between
insulin switch and hospital discharge, reductions in mean seven-
point blood glucose values were significant (p<0.05) at all
times except post-lunch and pre-dinner.

Insulin dose during hospitalization

Subjects received Basalin insulin glargine for a mean dura-
tion of 10.8 (6.85) days, and during this time the mean insu-
lin dose increased significantly from 0.19 IU/kg/day to 0.23
IU/kg/day (p<0.0001)(Table 3). Lantus insulin glargine was
received for a mean duration of 6.6 (7.36) days; the initial mean
dose was 0.24 IU/kg/day and the final dose before hospital
discharge was 0.24 [U/kg/day (p=0.8720). In addition, the mean
final doses of Basalin and Lantus were similar (p=0.2409).

For patients receiving prandial insulin, the mean dose of pran-
dial insulin increased from 0.32 [U/kg/day to 0.40 IU/kg/day
between the initial and final dose of Basalin (p<0.0001), and
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decreased from 0.41 IU/kg/day to 0.40 IU/kg/day between initial
and final dose of Lantus (p<0.4830).

Subgroup analyses

The 62 patients who received basal-bolus (basal insulin plus
multiple daily injections of prandial insulin) therapy experi-
enced significant reductions in FBG from initiation of Basalin
to hospital discharge. Between initiation of Basalin therapy and
insulin switch mean FBG decreased from 10.03 mmol/L to 8.25
mmol/L (p=0.0001), and from insulin switch to hospital discharge
decreased further to 7.49 mmol/L (p=0.0217) (Table 4,
Supplementary Figure 2). In this subgroup, overall glycemic
control was also improved during treatment with Basalin, and
continued to improve after switching to Lantus. Between ini-
tiation of Basalin and insulin switch, seven-point blood glucose
reduced significantly at all seven measurements, and from insulin
switch to hospital discharge decreased significantly at all meas-
urements except post-lunch and pre- and post-dinner. The
final mean doses of Basalin and Lantus were similar (0.24
[0.08] IU/kg/day vs. 0.25 [0.09] IU/kg/day; p=0.1321), and the
final mean dose of prandial insulin at the last administrations
of Basalin (0.4 [0.15]) and Lantus (0.4 [0.16]) were also
similar (p=0.8429) (Supplementary Table 1).

Among the 22 patients who switched to Lantus due to subopti-
mal glycemic control as recorded in their medical records, FBG
decreased from 10.17 (3.59) mmol/L to 8.51 (2.18) mmol/L
(p=0.0540) during treatment with Basalin, and between insulin
switch and hospital discharge decreased further to 7.37 (1.70)
mmol/L. (p=0.0337) (Supplementary Table 2). Among these
patients, an overall trend towards reduction in seven-point blood
glucose was also observed. Similar to the results in the main
analysis population, the mean final doses of Basalin and Lantus
were comparable (0.25 [0.08] IU/kg/day vs. 0.26[0.1] IU/kg/day;

Table 2. Seven-point blood glucose summary.

Study time point (n=73)

Inter-group comparison p-values®

Blood glucose, Hospital Basalin Insulin Hospital Basalin initiation vs. Insulin switch vs. Hospital discharge
mmol/L® admission initiation switch discharge hospital admission Basalin initiation vs. insulin switch
FBG 9.98(3.22) 9.68(3.10) 8.03(2.39) 7.30(1.62) 0.1650 <0.0001 0.0116
Ecést-breakfast 12.32 (3.13) 11.95(3.27) 10.59 (3.28) 9.62 (2.40) 0.1644 0.0126 0.0164
Pre-lunch BG 10.96 (4.07) 10.25(3.56) 8.70(2.85) 8.13(2.82) 0.1050 0.0003 0.0312
Post-lunch BG ~ 12.09 (4.14) 11.33(4.29) 9.80 (2.65) 9.49(2.55) 0.0270 0.0024 0.3277
Pre-dinner BG ~ 11.07 (3.71) 10.50(3.75) 8.82(2.96) 8.38(2.55) 0.0578 0.0005 0.1054
Post-dinner BG  12.41 (4.00) 11.80 (3.64) 9.92 (2.53) 9.27 (2.22) 0.0492 <0.0001 0.0291
Erg-bedtime 10.50(3.57) 10.38(3.52) 8.65(2.80) 7.90(1.92) 0.6705 <0.0001 0.0088

“‘Data are summarized as mean (SD) unless stated; “calculated using a two-tailed Student’s t-test.

BG, blood glucose; FBG, fasting blood glucose.
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Table 3. Insulin doses during initial treatment with Basalin insulin glargine and after switching to Lantus.

Basalin insulin glargine

Insulin dose, IU/kg/day 0. quration 10.8 [6.85] days)

Initial dose Final dose
Insulin glargine 0.19 (0.07) 0.23 (0.08)
P-value, initial vs.
final dose* <L
Prandial insulin® 0.32 (0.08) 0.40 (0.15)
P-value, initial vs. <0.0001

final dose®

“Paired Student’s t-test; “for patients receiving basal + prandial regimens.

Insulin switch

(mean duration 6.6 [7.36] days)

P-value® (Basalin final

I ET N G BT I dose vs. originator final

dose)
Initial dose Final dose
0.24 (0.08) 0.24 (0.09) 0.2409
0.8720
0.41 (0.15) 0.40 (0.16) 0.8429
0.4830

Table 4. Seven-point blood glucose for patients who received basal-bolus treatment only with no OAD use.

Study time point (n=62)

Inter-group comparison p-values®

Blood glucose, Hospital Basalin Insulin Hospital Basalin initiation vs. Insulin switch vs. Hospital discharge
mmol/L? admission initiation switch discharge hospital admission Basalin initiation vs. insulin switch
FBG 10.29 (3.33) 10.03(3.17) 8.25(2.51) 7.49 (1.65) 0.3008 0.0001 0.0217
Post-breakfast BG 12.51 (3.15) 12.14 (3.37) 10.87 (3.39) 9.71 (2.44) 0.2238 0.0406 0.0129
Pre-lunch BG 11.37 (4.17) 10.69 (3.54) 8.9(2.85) 8.21(2.88) 0.1663 0.0002 0.0207
Post-lunch BG 12.54 (4.24) 11.77 (4.43) 9.96 (2.72) 9.46 (2.62) 0.0389 0.0021 0.1292
Pre-dinner BG 11.54 (3.71) 11.04(3.73) 9.12(3.05) 8.6 (2.65) 0.1248 0.0005 0.0993
Post-dinner BG ~ 12.97 (4.01) 12.27 (3.64) 9.91(2.6) 9.28(2.19) 0.0514 <.0001 0.0542
Pre-bedtime BG  10.89 (3.65) 10.71 (3.64) 8.77 (2.93) 7.95 (1.89) 0.6017 <.0001 0.0133
p=0.5069), as were the mean final doses of prandial insulin dose (0.23 IU/kg/day vs. 0.24 IU/kg/day; p=0.8720).

insulin at final administrations of Basalin and Lantus (0.43 (0.13)
IU/kg/day vs. 0.41 [0.14] IU/kg/day; p=0.5085) (Supplementary
Table 3).

Safety

Hypoglycemia was reported by 2 (2.4%) of patients during
treatment with Basalin insulin glargine, and by 1 (1.2%) of
patients during treatment with Lantus. No patients experienced
severe hypoglycemia during hospitalization.

Dataset 1: Switching from biosimilar (Basalin) to originator
(Lantus) insulin glargine, propensity score matching with readme
file explain the analysis

http://dx.doi.org/10.5256/f1000research.13923.d199674

Discussion

Our retrospective study found that Chinese patients with
T2DM who initiated Basalin with pre-prandial insulin or OADs
achieved further reductions in overall hyperglycemia, espe-
cially fasting hyperglycemia, after switching to Lantus (8.03
mmol/L vs. 7.30 mmol/L; p=0.0116) with a similar mean basal

This result is consistent with a previous case series that found
three Chinese patients with T2DM inadequately controlled
with Basalin achieved improvements in glycemic control
after switching to Lantus, with a similar dosage of insulin'®".
Patients in our study were relatively young (59.8 years) with
a moderate disease course (9.1 years), poor glycemic con-
trol (HbAlc of 8.9%) and a high proportion of existing diabetic
complications (86.3%) but a comparatively low prevalence of
cardiovascular disease (38.4%). This may explain why the
clinical decision was made to switch to Lantus, after achieving
sub-optimal glycemic control with Basalin.

In contrast to our findings, a recently published blinded cross-
over study showed non-inferiority in terms of mean blood
glucose, glucose fluctuations and rates of hypoglycemia as meas-
ured by CGMS for Chinese outpatients with T2DM receiving
Basalin or Lantus'®. Although patients in this previous study had
a similar mean age, BMI and duration of T2DM as our study,
there were several important differences. Firstly, patients in this
previous study had a relatively high mean blood glucose level
during the study period in both the Basalin group and Lantus
group (9.35 mmol/L vs. 9.67 mmol/L, respectively; p=0.387),
especially a high FBG concentration of nearly 10 mmol/L.
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Secondly, no insulin titration scheme was used and it was
not a treat-to-target study, in contrast to our study which utilized
insulin dose titration. Finally, the duration of the previous
study was 5 days with crossover on day 3, and 2 days of insulin
administration before and after cross over, which may not
have allowed adequate time for a full washout of the initial
insulin type.

Patients in this study had poor glycemic control at Baseline
(HbA1c=8.9%) and required intensified therapy to rapidly
lower blood glucose levels, despite the majority having already
received treatment for T2DM. Previous studies in hospitalized
Chinese patients with poorly-controlled T2DM receiving
intensive insulin therapy have shown that glycemic control tar-
gets based on blood glucose levels (FBG and post-prandial
glucose [PPG]) can be reached in around 4 days’’'. In com-
parison, the mean duration of Basalin (10.8 days) and Lantus
(6.6 days) insulin glargine in the present study was sufficient
to allow glycemic control targets to be reached. Additionally,
it should be noted that given the short-term nature of the inten-
sified insulin treatment being assessed in this study, the use
of FBG as the primary assessment of glycemic control is
justified versus other longer-term biomarkers such as HbAlc,
and a precedent has been set for this in previous studies
of short-term intensive insulin treatment’~".

Evidence suggests that intensive insulin treatment can protect
and improve B-cell function through achievement of optimal
glycemic control'’***. Furthermore, initiation of a basal-bolus
insulin regimen is recommended by most treatment guidelines
for treatment intensification in patients with T2DM who can-
not achieve glycemic control with OADs and basal insulin
and is also recommended for hospitalized patients''~'***. The
majority of patients in this study initiated treatment with a
basal-bolus insulin regimen and achieved reductions in mean
seven-point blood glucose during Basalin treatment, and
further reductions following the switch to Lantus with a simi-
lar final dose of prandial insulin to that recorded at the end of
Basalin treatment (0.40 IU/kg/day at both time points). This
suggests that the further reductions in FBG achieved with
Lantus treatment contributed to the overall control of hyper-
glycemia. As the glycemic profile of diabetes patients
consists of basal glycemia, basal hyperglycemia and postprandial
hyperglycemia, reductions of ‘“basal” hyperglycemia which is
often expressed as “fasting” blood glucose levels have been
hypothesized to contribute to a reduction of post-prandial
hyperglycemic excursions™. In addition, despite the use of an
intensive basal-bolus regimen in the majority of patients, the
incidence of confirmed hypoglycemia was similarly low during
treatment with Basalin and Lantus (2.4% vs. 1.2%).

To determine the potential confounding effects of concomi-
tant OAD and prandial insulin use on glycemic control associ-
ated with basal insulin , we conducted two subgroup analyses in
patients treated with a purely basal-bolus regimen with no OAD
use and patients with recorded switching from Basalin to Lan-
tus due to suboptimal glycemic control, and in both of these
subgroups mean FBG was lower after switching from Basalin;

F1000Research 2018, 7:477 Last updated: 11 MAY 2018

8.25 mmol/L vs. 7.49 mmol/L (p=0.0217) and 8.51 mmol/
Lvs.7.37 mmol/L. (p=0.0337). Furthermore, the results of the
Joint Asia Diabetes Evaluation (JADE) study also reported that
biosimilar insulin use in Asia is associated with suboptimal gly-
cemic control, indicated by higher FBG and HbAlc levels
and a lower proportion of patients achieving glycemic control
targets (HbAlc <7.0%) compared with originator insulin (13.6%
vs. 17.2%)".

There are several limitations of this analysis which deserve dis-
cussion. Firstly, this was a retrospective study that had many
potential confounding factors including patient age, duration of
DM, diabetic complications and co-morbidities, which may have
affected treatment outcomes, insulin dose and safety. However,
patients acted as their own controls, which reduces the effect
of these confounding factors somewhat, particularly because
most of the confounding factors would be constant over the
relatively short mean durations of treatment and hospital stay.
Secondly, all patients in this study were hospitalized with strictly-
controlled diet, exercise and monitoring of blood glucose,
which would be expected to have a positive effect on glyc-
emic control independently of basal insulin treatment, and it
may also be hypothesized that switching to a different basal
insulin perceived as ‘superior’ could lead to a placebo effect.
Although these are potential confounding factors for attribut-
ing improvements in glycemic control to basal insulin treatment
alone, it should be noted that patients achieved sub-optimal gly-
cemic control with Basalin during the initial part of their hospi-
tal stay (an average of 10 days) during which modified diet and
lifestyle would be expected to have the largest positive impact
on blood glucose levels. Finally, although this was a single-
center study with limited data the patient profile is similar to
that reported in the Fine Asia and ORBIT studies, which
indicated our findings potentially have treatment implications
generalizable to the broader population of Chinese patients with
T2DM**.

In conclusion, this study provides evidence from real-world
clinical practice that switching from Basalin to Lantus is
associated with an improvement in blood glucose levels, with a
similar insulin dose, in hospitalized patients with T2DM. Despite
the limitations of the present analysis, these findings warrant
further investigation by crossover randomized controlled
study or further real-world evidence from a larger population.
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Supplementary material
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Supplementary Table 1. Summary of insulin doses during initial treatment with Basalin insulin glargine and after switching to Lantus for
patients who received basal-bolus therapy only without OADs

Supplementary Table 2. Seven-point blood glucose summary for patients who switched due to suboptimal glycemic control as recorded
in medical records

Supplementary Table 3. Summary of insulin doses during initial treatment with Basalin insulin glargine and after switching to Lantus for
patients who switched to Lantus due to suboptimal glycemic control as recorded in medical records

Supplementary Figure 1. Seven-point blood glucose measurement for Chinese patients with diabetes mellitus at hospital admission, Basa-
lin insulin glargine initiation, insulin switch, and hospital discharge

Supplementary Figure 2. Seven-point blood glucose measurement for Chinese patients with diabetes mellitus who received basal-bolus
treatment only with no OAD use (n=62) at hospital admission, Basalin insulin glargine initiation, insulin switch, and hospital discharge

References
1. JiL, Newman J, Lu J, et al.: Understanding the standard of care in the treatment Medical Care in Diabetes 2017. J Diabetes. 2017; 9(4): 320-324.
of type 2 diabetes in China: results from a national survey. Chin Med J (Engl). PubMed Abstract | Publisher Full Text
2014; 127(20): 3524-9. 13.  China Diabetes Society: Chinese Type 2 Diat Mellitus Tr 1t Guidelines:
PubMed Abstract 2013 Edition. Chin J Diabetes Mellitus. 2014; 6(7).
2. MaRC, Chan JC: Type 2 diabetes in East Asians: similarities and differences 14.  Lavalle-Gonzalez FJ, Khatami H: The biosimilar insulin landscape: current
with populations in Europe and the United States. Ann N'Y Acad Sci. 2013; developments. Postgrad Med. 2014; 126(6): 81-92.
1281: 64-91. ) PubMed Abstract | Publisher Full Text
PubMed Abstract | Publisher Full Text | Free Full Text . . : L .
o . . . 15.  Kuhimann M, Covic A: The protein science of biosimilars. Nephrol Dial
3. Turner RC, Cull CA, Frighi V, et al.: Glycemic control with diet, sulfonylurea, Transplant. 2006; 21 Suppl 5: v4-8.
metformin, or insulin in patients with type 2 diabetes mellitus: progressive PubMed Abstraé:t | Publisher Full Text
requirement for multiple therapies (UKPDS 49). UK Prospective Diabetes . . . . .
Study (UKPDS) Group. JAMA. 1999; 281(21): 2005-12. 16. Li HQ,_Lu CF, Wang J,etal: A compansc'_n of cllplcal ef‘hcat_:y and eco_nomlc
PubMed Abstract | Publisher Full Text value in Basalin- and Lantus-treated patients with type 2 diabetes using
) ) continuous glucose monitoring system. J Endocrinol Invest. 2018; 41(2):
4. Reaven GM: HOMA-beta in the UKPDS and ADOPT. Is the natural history of 179-184.
type 2 diabetes characterised by a progressive and inexorable loss of insulin PubMed Abstract | Publisher Full Text
secretory function? Maybe? Maybe not? Diab Vasc Dis Res. 2009; 6(2): 133-8. . .
y y Y ! ! @) 17.  Zhu LQ, He LJ, Gu QK, et al.: A study on the control of fasting and postprandial
PubMed Abstract | Publisher Full Text X g . . . .
K - o hyperglycemia by glargine insulin combined with oral hypoglycemic agent.
5. Wajchenberg BL: Clinical approaches to preserve beta-cell function in Chin J Diabetes. 2009; 17(9).
diabetes. Adv Exp Med Biol. 2010; 654: 515-35. Publisher Full Text

PubMed Abstract | Publisher Full Text

6. Wajchenberg BL: beta-cell failure in diabetes and preservation by clinical
treatment. Endocr Rev. 2007; 28(2): 187-218.

18.  Zhang X, Liu N, Lv CC, et al.: Better Glucose Control After Switching from
Recombinant Insulin Glargineto Insulin Glargine with Equal Insulin Dosage:
Case Report on Three Type 2 Diabetes Patients. Drug Evaluation. 2017;

PubMed Abstract | Publisher Full Text 14(5): 5.

7. WengJ, LiY, XuW, et al: Effect of intensive insulin therapy on beta-cell 19.  GanilLU, Lau E, Luk A, et al.: Utilization of Biosimilar Insulin in Asian Patients
function and glycaemic control in patients with newly diagnosed type with Diabetes-The Joint Asia Diabetes Evaluation (JADE) Program [Abstract].
2 diabetes: a multicentre randomised parallel-group trial. Lancet. 2008; ADA: Boston, Massachusetts, 2015.

371(9626): 1753-60.

PubMed Abstract | Publisher Full Text 20. LiuL, Ke W, Wan X, et al.: Insulin requirement profiles of short-term intensive

insulin therapy in patients with newly diagnosed type 2 diabetes and its

8. Xu W, Weng J: Current role of short-term intensive insulin strategies in newly association with long-term glycemic remission. Diabetes Res Clin Pract. 2015;
diagnosed type 2 diabetes. J Diabetes. 2013; 5(3): 268-74. 108(2): 250-7.
PubMed Abstract | Publisher Full Text PubMed Abstract | Publisher Full Text

9. LiY,XuW, Liao Z, et al.: Induction of long-term glycemic control in newly 21.  Zhang T, Lin M, Li W, et al.: Comparison of the Efficacy and Safety of Insulin
diagnosed type 2 diabetic patients is associated with improvement of beta-cell Detemir and Insulin Glargine in Hospitalized Patients with Type 2 Diabetes: A
function. Diabetes Care. 2004; 27(11): 2597-602. Randomized Crossover Trial. Adv Ther. 2016; 33(2): 178-85.
PubMed Abstract | Publisher Full Text PubMed Abstract | Publisher Full Text

10.  Kramer CK, Zinman B, Retnakaran R: Short-term intensive insulin therapy 22, Choi SB, Lee JH, Lee JH, et al.: Improvement of B-cell function after
in type 2 diabetes mellitus: a systematic review and meta-analysis. Lancet achievement of optimal glycaemic control via long-term continuous
Diabetes Endocrinol. 2013; 1(1): 28-34. subcutaneous insulin infusion therapy in non-newly diagnosed type 2 diabetic
PubMed Abstract | Publisher Full Text patients with suboptimal glycaemic control. Diabetes Metab Res Rev. 2013;

11.  Garber AJ, Abrahamson MJ, Barzilay JI, et al.: Consensus Statement By The 29(6): 473-82.
American Association Of Clinical Endocrinologists And American College PubMed Abstract | Publisher Full Text
Of Endocrinology On The Comprehensive Type 2 Diabetes Management 23. Retnakaran R, Drucker DJ: Intensive insulin therapy in newly diagnosed type 2
Algorithm - 2017 Executive Summary. Endocr Pract. 2017; 23(2): 207-238. diabetes. Lancet. 2008; 371(9626): 1725-6.
PubMed Abstract | Publisher Full Text PubMed Abstract | Publisher Full Text

12.  Marathe PH, Gao HX, Close KL: American Diabetes Association Standards of 24.  American Diabetes Association: 6. Glycemic Targets. In Standards of Medical Care

Page 9 of 15


https://f1000researchdata.s3.amazonaws.com/supplementary/13923/1198a7eb-0a05-46e0-a2f5-a643503361b5.docx
http://www.ncbi.nlm.nih.gov/pubmed/25316223
http://www.ncbi.nlm.nih.gov/pubmed/23551121
http://dx.doi.org/10.1111/nyas.12098
http://www.ncbi.nlm.nih.gov/pmc/articles/3708105
http://www.ncbi.nlm.nih.gov/pubmed/10359389
http://dx.doi.org/10.1001/jama.281.21.2005
http://www.ncbi.nlm.nih.gov/pubmed/20368203
http://dx.doi.org/10.1177/1479164109336038
http://www.ncbi.nlm.nih.gov/pubmed/20217513
http://dx.doi.org/10.1007/978-90-481-3271-3_23
http://www.ncbi.nlm.nih.gov/pubmed/17353295
http://dx.doi.org/10.1210/10.1210/er.2006-0038
http://www.ncbi.nlm.nih.gov/pubmed/18502299
http://dx.doi.org/10.1016/S0140-6736(08)60762-X
http://www.ncbi.nlm.nih.gov/pubmed/23551748
http://dx.doi.org/10.1111/1753-0407.12054
http://www.ncbi.nlm.nih.gov/pubmed/15504992
http://dx.doi.org/10.2337/diacare.27.11.2597
http://www.ncbi.nlm.nih.gov/pubmed/24622264
http://dx.doi.org/10.1016/S2213-8587(13)70006-8
http://www.ncbi.nlm.nih.gov/pubmed/28095040
http://dx.doi.org/10.4158/EP161682.CS
http://www.ncbi.nlm.nih.gov/pubmed/28070960
http://dx.doi.org/10.1111/1753-0407.12524
http://www.ncbi.nlm.nih.gov/pubmed/25414937
http://dx.doi.org/10.3810/pgm.2014.10.2823
http://www.ncbi.nlm.nih.gov/pubmed/16959791
http://dx.doi.org/10.1093/ndt/gfl474
http://www.ncbi.nlm.nih.gov/pubmed/28643298
http://dx.doi.org/10.1007/s40618-017-0712-0
http://dx.doi.org/10.3969/j.issn.1006-6187.2009.09.015
http://www.ncbi.nlm.nih.gov/pubmed/25765670
http://dx.doi.org/10.1016/j.diabres.2015.02.011
http://www.ncbi.nlm.nih.gov/pubmed/26809253
http://dx.doi.org/10.1007/s12325-016-0288-7
http://www.ncbi.nlm.nih.gov/pubmed/23592489
http://dx.doi.org/10.1002/dmrr.2416
http://www.ncbi.nlm.nih.gov/pubmed/18502278
http://dx.doi.org/10.1016/S0140-6736(08)60736-9

25.

26.

in Diabetes-2017. Diabetes Care. 2017; 40(Suppl 1): S48-S56.

PubMed Abstract | Publisher Full Text

Monnier L, Colette C, Owens D: Postprandial and basal glucose in type 2
diabetes: assessment and respective impacts. Diabetes Technol Ther. 2011; 13
Suppl 1: S25-32.

PubMed Abstract | Publisher Full Text

JiL, Zhang P, Zhu D, et al.: Observational Registry of Basal Insulin

Treatment (ORBIT) in patients with type 2 diabetes uncontrolled with oral
antihyperglycaemic drugs: Real-life use of basal insulin in China. Diabetes

27.

28.

F1000Research 2018, 7:477 Last updated: 11 MAY 2018

Obes Metab. 2017; 19(6): 822-830.

PubMed Abstract | Publisher Full Text

Tsai ST, Pathan F, Ji L, et al.: First insulinization with basal insulin in patients with
Type 2 diabetes in a real-world setting in Asia. J Diabetes. 2011; 3(3): 208-16.
PubMed Abstract | Publisher Full Text | Free Full Text

Hu X, Zhang L, Dong Y, et al.: Dataset 1 in: Switching from biosimilar (Basalin)
to originator (Lantus) insulin glargine is effective in Chinese patients with
diabetes mellitus: a retrospective chart review. F1000Research. 2018.

Data Source

Page 10 of 15


http://www.ncbi.nlm.nih.gov/pubmed/27979893
http://dx.doi.org/10.2337/dc17-S009
http://www.ncbi.nlm.nih.gov/pubmed/21668334
http://dx.doi.org/10.1089/dia.2010.0239
http://www.ncbi.nlm.nih.gov/pubmed/28105735
http://dx.doi.org/10.1111/dom.12886
http://www.ncbi.nlm.nih.gov/pubmed/21631903
http://dx.doi.org/10.1111/j.1753-0407.2011.00137.x
http://www.ncbi.nlm.nih.gov/pmc/articles/3178786
http://dx.doi.org/10.5256/f1000research.13923.d199674

FIOOOResearch F1000Research 2018, 7:477 Last updated: 11 MAY 2018

Open Peer Review

Current Referee Status: v ¢ ¢

Referee Report 11 May 2018

doi:10.5256/f1000research.15136.r33299

v

Xia Li
Department of Metabolism and Endocrinology, The Second Xiangya Hospital, Central South University,
Changsha, China

I recommend the indexing of this paper in your journal based on the following considerations:

1. This is one of the few papers discussing the effectiveness and safety between biosimilar insulin and
originator insulin in real world clinical practice in a Chinese diabetes population. It releases the message
that biosimilar is potentially different in effectiveness from originator as reported by previous papers. It
helps provide a clinical implication to physicians and raise the necessity of long term observation or well
designed trials to identify the differences in real world at the same time.

2. Despite the limitation of small sample size, short term treatment duration and potential bias mentioned
in this paper, the authors smartly designed two subgroup analysis. It also showed that the mean FBG was
lower after switching from Basalin to Lantus , 8.25mM vs. 7.49mM(p=0.0217,for purely basal-bolus
regimen with no OAD population) and 8.51mM vs.7.37mM(p=0.0337,for recorded suboptimal glycemic
control population). The conclusion is consistent as that in the whole group.

3. The graphs should be displayed in a simple way to be well understood.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
| cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?

Page 11 of 15


http://dx.doi.org/10.5256/f1000research.15136.r33299

FIOOOResearch F1000Research 2018, 7:477 Last updated: 11 MAY 2018

Yes
Competing Interests: No competing interests were disclosed.

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Referee Report 08 May 2018

doi:10.5256/f1000research.15136.r33296

« YanlLi

Department of Endocrinology, Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University, Guangzhou,
China

1. The authors explored 73 diabetes patients treated with basal insulin regimen, starting from Basalin
and then switched to Lantus in hospitalized setting based on electronic medical records from 2005
to 2016. The main outcomes showed further fasting blood glucose reduction with similar insulin
required and similar safety profile. Meanwhile, the study released the same message that basal
insulin was not fully titrated as other studies in Chinese diabetes patient, only about 0.05U/kg
insulin dose increased (0.19U/kg to 0.24U/kg) at discharge compared with prandial insulin
(0.18U/kg insulin dose increased from 0.32 to 0.40 IU/kg) after almost three weeks of
hospitalization. The titration situation was supposed to be related to the limited clinical experience
of the two basal insulin, Lantus and Basalin, which was launched in 2004, 2005 respectively and
data included for analysis between 2005 and 2016, with diversified practice. But the outcomes did
reflect the effectiveness of Lantus and Basalin in real life.

2. In addition to the limitation mentioned in this article, some limitation should also be considered.
First, the treatment duration of Lantus was 6.6(7.36),which meant the minimum treatment duration
might be about 1-2 day. Therefore, it is much more appropriate to explore the data in steady
state,for example 4-5 day after the first dosing. Second, the data was from a single site and the
patient number was small for a retrospective study to address a strong conclusion but authors has
realized it and provided a quite fair conclusion on the effectiveness.

3. The article was well written and | personally agree it can be considered for publication in your
journal.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Page 12 of 15


http://dx.doi.org/10.5256/f1000research.15136.r33296

FIOOOResearch F1000Research 2018, 7:477 Last updated: 11 MAY 2018

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Referee Expertise: Prevention and treatment of diabetes mellitus and complications, thyroid diseases,
adrenal diseases

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Referee Report 04 May 2018

doi:10.5256/f1000research.15136.r33298

?

Benli Su
Department of Endocrinology, The Second Affiliated Hospital of Dalian Medical University, Dalian, China

As a peakless long-action insulin analogue, Insulin glargine has been widely used in China, as basal
insulin initiating paradigm become more and more accepted. Biosimilar insulin glargine has been on
market for many years. As debate if biosimilar is as effective as originator continued, we also once
noticed three patients switching from biosimilar glargine to originator resulted in improved glycemic
control without increase in dosage. In the report the authors retrieved data of inpatient electronic record,
studied retrospectively if the switching from biosimilar insulin glargine to its originator would improve
patients glycemic control. They found it did improve patient glucose control after the switching. The
authors discussed the possible reasons. But as reported, this is a retrospectively study, there was no
control. From the authors schematic description of data retrieval, we noticed there still had around 20
patients who switched their insulin from originator to biosimilar, although the number was small, this might
still be used as a control. We discussed our case report one possible reason of improvement in glucose
control might be due to inpatient diabetes education, strict dietary restriction. The adding of these
“control” patients would provide more strong evidence supporting the use of originator.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?

Page 13 of 15


http://dx.doi.org/10.5256/f1000research.15136.r33298

FIOOOResearch F1000Research 2018, 7:477 Last updated: 11 MAY 2018

Partly

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Referee Expertise: Clinical endocrinology and diabetes

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard, however | have significant reservations, as outlined
above.

Referee Report 03 May 2018

doi:10.5256/f1000research.15136.r33295

« Longyi Zeng
The Third Affiliation Hospital, Sun Yat-Sen University, Guangzhou, China

1. This study is well structured with a clear objective to explore a very common scientific question in
daily clinical practice. In this study, authors reported a significant FBG reduction(additional
-0.67mmol/L) and better overall hyperglycemia control after switching from Basalin to Lantus at
similar insulin dosage in hospitalized diabetes patients, mostly are type 2 diabetes patients. This
outcome helps provide an initial answer on the efficacy and safety difference between biosimilar
insulin and originator insulin in real clinical practice for physicians. This study also implies the
importance of FBG control on overall glycemic control for physicians.

2. As a retrospective chart study, the outcomes inevitably limited by some confounding factors as
discussed in the paper. To better verify the outcome, authors explored subgroup analysis in basal
bolus regimen and recorded suboptimal glycemic control population, from which with similar
outcomes as in total population. Sufficient and valid data in Lantus switching to Basalin as control
group or crossover design study may provide further useful and robust information on efficacy,
safety evaluation.

3. After a careful review of this manuscript, | do think it appropriate for publication in F1000 Research.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Page 14 of 15


http://dx.doi.org/10.5256/f1000research.15136.r33295

FIOOOResearch F1000Research 2018, 7:477 Last updated: 11 MAY 2018

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Referee Expertise: Diabetes

| have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

The benefits of publishing with F1000Research:

®  Your article is published within days, with no editorial bias

®  You can publish traditional articles, null/negative results, case reports, data notes and more
®  The peer review process is transparent and collaborative

®  Your article is indexed in PubMed after passing peer review

® Dedicated customer support at every stage

For pre-submission enquiries, contact research@f1000.com F]mResea rCh

Page 15 of 15



