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Aims: To compare the immunogenicity profiles and the potential effects on clinical outcomes of LY2963016 insulin glargine (LY IGlar) and Lantus®
insulin glargine (IGlar), products with identical primary amino acid sequences, in patients with type 1 or type 2 diabetes mellitus (T1DM or T2DM).
Methods: To assess immunogenicity, anti-insulin glargine antibodies (measured as percent binding) were compared between treatments in 52-week
(open-label) and 24-week (double-blind) randomized studies in total study populations of patients with TIDM (N = 535) and T2DM (N = 756), respectively,
and two subgroups of patients with T2DM: insulin-naive patients and those reporting prestudy |Glar treatment (prior IGlar). Relationships between insulin
antibody levels and clinical outcomes were assessed using analysis of covariance and partial correlations. Insulin antibody levels were assessed using
Wilcoxon rank sum. Treatment comparisons for treatment-emergent antibody response (TEAR) and incidence of detectable antibodies were analysed
using Fisher's exact test.

Results: No significant treatment differences were observed for insulin antibody levels, incidence of detectable anti-insulin glargine antibodies, or
incidence of TEAR [overall and endpoint, by last-observation-carried-forward (LOCF)] in patients with TIDM or patients with T2DM, including the
insulin-naive subgroup. A statistically significant difference was noted in the overall incidence of detectable antibodies but not at endpoint (LOCF)
nor in TEAR for the prior IGlar subgroup of patients with T2DM. Insulin antibody levels were low (<5%) in both treatment groups. Insulin antibody levels
or developing TEAR was not associated with clinical outcomes.

Conclusions: LY IGlar and IGlar have similar immunogenicity profiles; anti-insulin glargine antibody levels were low for both treatments, with no
observed effect on efficacy and safety outcomes.
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Introduction

Insulin glargine, along-acting basal insulin, is a protein product similar to th? r'eference prqduct, inc.luding clinical trial data
that is a human insulin analogue manufactured using recom-  t0 assess their immunogenic potential [5-7]. Because subtle
binant DNA technology [1]. In September 2014, LY2963016  differences may exist among protein products manufac-
(LY IGlar; Eli Lilly and Co. and Boehringer-Ingelheim), tured in living cells that can result in different immune
an insulin glargine product with an identical primary  responses and clinical effects in patients, evaluating safety
amino acid sequence to Lantus® (recombinant DNA ori-  and efficacy of LY IGlar compared with IGlar included two
gin; Sanofi-Aventis, Paris, France) insulin glargine (IGlar) [1], phase. III? pros.pectivef global, parallel, randomized,‘ clini-
became the first biosimilar insulin to be granted marketing €3l t.r1als in patients with type 1 (TIDM) or type 2 diabetes
authorization in the European Union [2]. LY IGlar has been ~ mellitus (T2DM). ELEMENT-1 was an open-label study
shown to have similar efficacy and safety to IGlar [3,4]. in patients with T1DM that included a 24-week treatment

The US Food and Drug Administration (FDA) and Euro- period' for the .primarY. efficacy outcome, and.then a 28-week
pean Medicines Agency require a comprehensive approach ~ extension period designed to generate primary data for

to demonstrating that the proposed biosimilar is highly ~ evaluating immunogenicity after 52weeks of therapy in
patients with T1IDM [3]. ELEMENT-2 was a 24-week double-

blind study in patients with T2DM [4] that provides important
supportive evidence of comparative immunogenicity, espe-
cially in the subpopulation of insulin-naive patients, in whom

Correspondence to: Liza L. llag, Lilly Corporate Center, 893 South Delaware Street, Indianapolis,

IN 46285, USA. treatment-related immune responses may be evaluated without
E-mail: ilag_liza_l@lilly.com interference from previous exposure to exogenous insulin.
This is an open access article under the terms of the Creative Commons Attribution- Although similar immunogenicity proﬁles, including pro-

NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided . £ . ith d bl ibodi h b
the original work is properly cited, the use is non-commercial and no modifications or adaptations portlons 0 patlents wit etectable antibodies, have been

are made. reported with LY IGlar and IGlar treatments [3,4], the present



DIABETES, OBESITY AND METABOLISM

paper presents other immunogenicity-related findings, such  antibody binding level of at least 1.26% postbaseline (i.e.
as treatment-emergent antibody response (TEAR) in patients ~ 1.26% = 1% + the assay threshold of 0.26%).

with T1DM and T2DM and the relationship of antibody lev- The definition noted above of an absolute increase of >1%
els and TEAR status to clinical outcomes. Findings in the sub-  ensures that an absolute meaningful increase must occur
groups of patients with T2DM who are insulin-naive and those ~ near the assay threshold, whereas a >30% relative increase
who reported prestudy treatment with IGlar are also provided. ~ from baseline ensures that relative increases at the higher

ends of the range are meaningful. Additionally, a 30% rela-
) tive increase assures identification of a potentially relevant
Materials and Methods treatment-emergent change. For patients with non-detectable

Both studies followed the International Conference on Har-  antibodies at baseline (i.e. <0.26%), an absolute increase of 1%
monisation Guidelines for Good Clinical Practice and the Dec- il insulin antibody level equates to an approximately fourfold
laration of Helsinki [8]. The study design and methods for both increase from baseline, which is a scientifically reasonable
studies have been previously reported [3,4]. The trials were reg- margin to acc01.1nt for assay Varia‘bility [10]. o
istered at ClinicalTrials.gov: NCT01421147 and NCT01421459. The pr oportion Ofl patients with detectable antibodies and

Samples for antibody determination were collected before the proportion of patients with :FEAR were compared between
randomization (baseline) and prespecified visits during treat- ~ {reatment groups using Fisher’s exact test. .Insulin ar.ltibody
ment. Insulin antibody testing was conducted by Millipore levels were compared between treatments using the Wilcoxon
(St. Charles, MO, USA). LY IGlar antibodies were quantified rank sum test.' ‘ _ ' o
as percent binding using a radioimmunoassay where percent The potential impact of antibody forrr%atlon. on clinical
binding is the percent of the total amount of radiolabelled ~ eSPonse was analysed as follows. Relationships between
tracer (LY IGlar) that coprecipitates with the antibodies. insulin antibody levels and selecte?d efficacy and safety
Specificity was determined using excess unlabelled LY IGlar, ~ Measures [e.g. glycated haemoglobin (HbAl, %).’ basal
Cross-reactivity to human insulin was determined using excess insulin dqse (Urkg/day) and total hypoglycaemia rate
unlabelled insulin. Because of shared epitopes between LY (events/patients/30 days; blood ) glucose  <3.9mmol/l or
IGlar, IGlar, human insulin and insulin analogues, this anti-LY <70 mg/. dh] were. evaluated. using scatterplots and an?l—
IGlar antibody assay also detects antibodies to IGlar, insulin ysed using ar}alyms (?f covariance for the FAS at endp 01.nt
and other insulin analogues. Non-specific binding ranged from [last-ob§ervat10n-carr}ed-forward (LOC.F)] and by partial
0 to 0.26% bound/total (or percent binding) using a population c.orrelatlons [:.1fter .ad!u.stm.ent for baseline HbAlc, country,
of healthy volunteers. The assay’s sensitivity was 25 ng/ml using time of basal insulin injection .(AM’ PM), and sulphor'lylur?a
polyclonal affinity-purified anti-insulin antibody, satisfying Y€ (ELEMENT_.Z only)]. A 51.gn1.ﬁcant treatme.nt—lz?y—lnsul.ln
the FDA’s recommendation that screening assays be sensitive antibody interaction (p.< 0.0?) indicates a potential differential
enough to detect clinically relevant antibody concentrations treatment effect. Relationships between TEAR and selecte{d
of 250-500 ng/ml [9]. A concentration of 250 ng/ml equated eﬂica?y an.d safety measures (e.g. HbAlc, total hypoglycaemia
to ~5% binding in the anti-LY IGlar antibody assay; therefore, rate, insulin (.105e fm(.l immune-related adverse events) were
this assay is capable of detecting anti-LY IGlar and anti-IGlar also analysed in a similar manner.
antibody levels well below clinically relevant levels.

The proportion of patients with detectable antibodies over  Results
time was determined as well as antibody levels as measured by
percent binding over time. Analyses of insulin antibody lev-
els (percent binding) included any patient in the full analysis ~ Of the 535 patients in the FAS population (ELEMENT-1), 532
set (FAS), defined as all randomized patients who took > one  had a valid antibody testing at baseline and postbaseline, of
dose of study medication, with valid antibody testing at baseline ~ which 212 (39.8%) had detectable antibodies at any point dur-
and > one postbaseline visit. Further analyses of cross-reactive  ing the 52-week treatment period [3]. There were 452 patients
insulin antibodies (i.e. anti-IGlar and anti-insulin) were con-  (84.5%) who reported prestudy treatment with IGlar and 83
ducted to confirm that the immune response to LY IGlar and  (15.5%) who were taking other basal insulin (neutral protamine
IGlar were similar with respect to antibodies formed against =~ Hagedorn or determir) at baseline, with fewer patients in the LY
human insulin. The threshold for the cross-reactive insulin ~ IGlar group (81.3%) reporting prestudy treatment with IGlar
antibody assay was a 1.06% binding value. than in the IGlar group (87.6%). Subgroup analyses based on

TEAR is a measure of incidence that converts percent  basal insulin at study entry showed no significant differential
binding, a continuous measure, to a dichotomous measure of  treatment effects on safety outcomes (incidence of detectable
antibody response at any given timepoint relative to baseline  antibodies, TEAR) for prior IGlar and other prestudy basal
antibody status (non-detected/detected) and percent binding insulin subgroups (data not shown); therefore, data on the FAS
level. In these studies, TEAR was defined as: (i) for patients  only for ELEMENT-1 are presented here.
who were positive for detectable antibodies at baseline, an Of the 756 patients in the FAS population (ELEMENT-2),
absolute increase of at least 1% in percent insulin antibody 730 had valid antibody testing at baseline and postbaseline, of
binding and at least a 30% relative increase in insulin antibody =~ whom 96 (13.2%) had detectable antibodies at any point during
binding from baseline; and (ii) for patients who were negative  the 24-week treatment period [4]. At study entry, 299 patients
for insulin antibodies at baseline, a change to a detected insulin ~ (39.6%) comprised the prior IGlar subgroup whereas 457

Patients
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patients (60.4%) comprised the insulin-naive group. In addition
to assessing immune responses in the FAS, subgroup analyses
for patients with T2DM who were insulin-naive [LY IGlar: 221
patients (58.8%); IGlar: 236 patients (62.1%); p=0.372] and
for patients with T2DM who reported prestudy treatment with
IGlar [prior IGlar subgroup; LY IGlar: 155 patients (41.2%);
IGlar: 144 patients (37.9%); p = 0.372] are presented.

Immunogenicity Outcomes

Total Study Population in ELEMENT-1 (Type 1 Diabetes). The
proportion of patients with detectable insulin antibodies was
similar between the treatment groups. No statistically sig-
nificant treatment differences were observed at any visit or
at endpoint (LOCF) (Figure 1A). Overall incidence, which
included all patients with detectable antibodies at any time
during the treatment period, was also similar [24 weeks: LY
IGlar: 80 patients (30.2%); IGlar: 90 patients (33.7%); p = 0.404;
52 weeks: LY IGlar: 107 patients (40.4%); IGlar: 105 patients
(39.3%), p = 0.859]. Median insulin antibody levels were low for
both treatment groups, and no significant treatment differences
were observed at any visit or at the 52-week endpoint (LOCF;
LY IGlar: 0.92; IGlar: 0.89; p = 0.987; Figure 1B). There were no
statistically significant differences between treatment groups in
incidence of TEAR at the 52-week endpoint (LOCF) or overall
throughout the 24- or 52-week treatment periods (Figure 1C).

Subsequent analysis of patients with cross-reactive antibod-
ies indicated no statistically significant treatment differences
in the proportion of patients with cross-reactive antibodies at
any visit (Figure S1), endpoint (LOCF), or overall (52 weeks;
Table S1). The median cross-reactive insulin antibody levels
were similar between treatments at all visits (Figure S1) and at
the 52-week endpoint (LOCF; Table S1).

Total Study Population in ELEMENT-2 (Type 2 Diabetes). The
overall (24 weeks) proportion of patients with T2DM with
detectable antibodies was similar between treatment groups
[LY IGlar: 56 patients (15.3%); IGlar: 40 patients (11.0%);
p=0.100]. No statistically significant treatment differences
were observed at any visit or at endpoint (LOCF), except at
week 4 [LY IGlar: 26 patients (7.2%); IGlar: 13 patients (3.6%);
p =0.047; Figure 2A]. No statistically significant treatment dif-
ferences were observed for median insulin antibody levels at
any visit or at the 24-week endpoint (LOCF; Figure 2B); low
median insulin antibody levels were observed up to the 24-week
endpoint (LOCF; LY IGlar: 1.07; IGlar: 0.65; p=0.331). No sta-
tistically significant differences in the incidence of TEAR were
observed between the treatment groups at the 24-week end-
point (LOCEF) or overall (Figure 2C).

No statistically significant differences were observed in the
proportion of patients with cross-reactive antibodies at any
visit (Figure S2) or at the 24-week endpoint (LOCF; Table
S$2). Median cross-reactive insulin antibody levels were similar
between treatments at all visits (Figure S2) and at the 24-week
endpoint (LOCF; Table S2).

Subgroup Analyses Based on Basal Insulin at Study Entry
in ELEMENT-2 (Type 2 Diabetes). In the insulin-naive sub-
group of patients with T2DM, the proportion of patients with
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detectable insulin antibodies was similar in the treatment
groups during the 24-week treatment period (Figure 3A)
and overall [LY IGlar: 27 patients (12.6%); IGlar: 29 patients
(12.8%); p>0.999; Figure 3A]. No statistically significant
differences were observed in median insulin antibody levels at
any visit or at the 24-week endpoint (LOCF; Figure 3B). No
statistically significant treatment differences in the incidence
of TEAR were observed at the 24-week endpoint (LOCF) or
overall (Figure 3C).

In the prior IGlar subgroup, numerically more patients with
detectable antibodies at baseline were randomly assigned to LY
IGlar [LY IGlar: 10 patients (6.6%); IGlar: six patients (4.3%);
p =0.448], with statistically significant differences noted at
weeks 4 and 24 and overall [LY IGlar: 29 patients (19.2%); IGlar:
11 patients (7.9%); p = 0.006], but not at the 24-week endpoint
[LOCEF; LY IGlar: 13 patients (8.6%); IGlar: five patients (3.6%);
p =0.091; Figure 3D]. Although median insulin antibody lev-
els were higher for LY IGlar vs IGlar at baseline (1.64 vs 0.35;
p =0.057), these were similar by week 4 and at subsequent visits
through the 24-week endpoint (LOCF; Figure 3E). Few patients
developed TEAR, and there were no statistically significant dif-
ferences in the incidence of TEAR between the groups at the
24-week endpoint (LOCF) or overall (Figure 3F).

The proportion of patients with cross-reactive antibodies at
any visit (Figure S3) or at endpoint (LOCF) was similar between
treatment groups, regardless of basal insulin at study entry
(Table S2). Likewise, median levels of cross-reactive insulin
antibodies were similar between the groups at all visits (Figure
S3) and at endpoint (LOCEF; Table S2).

Relationships between Insulin Antibodies and Clinical Outcomes.
In addition to the analyses of immunogenicity measures
discussed previously, further analyses were carried out to
understand whether TEAR status or insulin antibody levels
had any significant effects on clinical outcomes. Figure 4A
shows the least-squares mean (standard error) change from
baseline to endpoint (LOCF) by treatment for each clinical
outcome [HbAlc (%), basal insulin dose (U/kg/day), and total
hypoglycaemia rate (events/patient/30 days)] for patients with
T1DM who did or did not develop TEAR during the 52-week
study. Treatment-by-TEAR interactions for these clinical
outcomes were not statistically significant, indicating no differ-
ential treatment effects in patients who did or did not develop
TEAR during the 52-week study. Similarly, no statistically
significant treatment-by-TEAR interactions were observed
for each clinical outcome for patients with T2DM who did or
did not develop TEAR during the study (Figure 4B). In both
studies, the change in each clinical outcome from baseline to
endpoint (LOCF) was similar among treatment groups and
across TEAR status at endpoint.

No significant correlation was seen between endpoint insulin
antibody levels and clinical outcomes [HbA1c (%), basal insulin
dose (U/kg/day), hypoglycaemia rate (events/patient/30 days)]
in either the total study population of patients with T1DM
(Figure 5A) or patients with T2DM (Figure 5B).

In both studies, there were no statistically significant
treatment-by-TEAR interactions for the occurrence of
treatment-emergent adverse events (TEAEs) related to study
drug, allergic events, injection site reactions, or serious adverse
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Figure 1. (A) Proportion of patients with detectable anti-insulin glargine antibodies in the full analysis set (FAS) population with type 1 diabetes (T1IDM).
(B) Level of insulin antibodies (percent binding) in patients with detectable antibodies in the TIDM FAS. *Data are presented as median + interquartile
range. PFive percent binding level in the screening assay approximately equates to 250 ng/ml. Insulin antibody values depicted in the graph are from
determinations following screening. (C) Incidence of treatment-emergent antibody response (TEAR) in the TIDM FAS. IGlar, insulin glargine; LOCF,
last-observation-carried-forward (endpoint); LY IGlar, LY2963016 insulin glargine.

events (SAEs; Table S3). A significant treatment-by-TEAR  of these events in relation to TEAR showed no association and
interaction was observed for patients who experienced >1  no patient who developed TEAR in either treatment group
TEAE in the open-label ELEMENT-1 study but was not  discontinued the study as a result of an adverse event (data
observed for the double-blind ELEMENT-2 study. Closer  not shown). Furthermore, few cases of nasopharyngitis among
examination of system organ classes and pertinent individ-  patients with TEAR were observed in each treatment group in
ual preferred terms in ELEMENT-1 showed a statistically  the double-blind ELEMENT-2 study (Table S4).

significant difference in the incidence of nasopharyngitis,

albeit low in both groups [LY IGlar: 6 patients (20.7%); IGlar: . .

0 patients (0.0%); p=0.025], but occurrence of TEAEs was Discussion

otherwise similar between treatment groups in patients with ~ Because treatment of patients with therapeutic protein products
TEAR (Table S4). The incidence of nasopharyngitis in LY  such as insulin could result in a variety of immune responses
IGlar-treated patients who developed TEAR [six patients  ranging from antibody responses without clinical effects to
(20.7%)] was similar to that in those who did not develop life-threatening reactions, evaluating the immune response to
TEAR [LY IGlar: 37 patients (15.5%); IGlar: 45 patients  insulin analogues involves measuring insulin antibody lev-
(18.6%)]. Moreover, no IGlar-treated patients who developed  els and investigating their association with clinical sequelae.
TEAR experienced nasopharyngitis. Evaluation of the timing  Previous insulin studies used assays ranging from ~5% to at
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Figure 2. (A) Proportion of patients with detectable anti-insulin glargine antibodies in the type 2 diabetes (T2DM) total study population. (B) Level
of insulin antibodies (percent binding) in patients with detectable antibodies in the T2DM full analysis set (FAS) population. ?Data are presented as
median + interquartile range. Five percent binding level in the screening assay approximately equates to 250 ng/ml. Insulin antibody values depicted in the
graph are from determinations following screening. (C) Incidence of treatment-emergent antibody response (TEAR) in the T2DM FAS population. IGlar,
insulin glargine; LOCF, last-observation-carried-forward (endpoint); LY IGlar, LY2963016 insulin glargine.

least 20% binding as a clinically relevant level of antibody
response [11-13]. We used a sensitive screening assay capa-
ble of measuring levels well below the FDA-recommended
antibody concentration threshold for clinically relevant lev-
els of antibody response [9]. In both studies, LY IGlar and
IGlar both exhibited low levels of insulin antibodies (i.e. <5%
binding).

In addition to measuring antibody levels, determining
whether significant increases have occurred over time
compared with baseline levels is important. TEAR, a mea-
sure of immune response indicating a patient’s antibody
status has changed during the study (postbaseline), was
intended to identify a relatively increased level of binding
higher than that expected from analytical and biologi-
cal variability alone (i.e. reflects a real treatment-related

Volume 18 [ No. 2 | February 2016

change). The TEAR threshold in patients without detectable
antibodies at baseline (>1.26% binding) was stringent enough
to capture potential treatment-emergent changes in percent
binding levels that may be associated with clinical events
(<5% binding). In patients with TIDM or T2DM (including
insulin-naive and prior IGlar subgroups), the proportion
of patients with TEAR was similar between both treatment
groups.

Because the development of antibody responses can
differ in patients with TIDM versus those with T2DM,
immunogenicity was studied separately and results are pre-
sented separately. As expected, a greater proportion of patients
with TIDM (ELEMENT-1) had detectable antibodies to
insulin glargine at baseline and throughout the study relative to
patients with T2DM (ELEMENT-2). This finding is consistent

doi:10.1111/dom.12584 | 163
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Figure 3. (A) Proportion of patients with detectable antibodies in the type 2 diabetes (T2DM) insulin-naive subgroup. (B) Level of insulin antibodies
(percent binding) in patients with detectable antibodies in the T2DM insulin-naive subgroup. *Data are presented as median + interquartile range.
bFive percent binding level in the screening assay approximately equates to 250 ng/ml. Insulin antibody values depicted in the graph are from determinations
following screening. (C) Incidence of treatment-emergent antibody response (TEAR) in the T2DM insulin-naive subgroup. (D) Proportion of patients with
detectable antibodies in the T2DM prior IGlar subgroup. (E) Level of insulin antibodies (percent binding) in patients with detectable antibodies in the
T2DM prior IGlar subgroup. *Data are presented as median + interquartile range. ®Five percent binding level in the screening assay approximately equates
to 250 ng/ml. Insulin antibody values depicted in the graph are from determinations following screening. (F) TEAR in the T2DM prior IGlar subgroup.
IGlar, insulin glargine; LOCEF, last-observation-carried-forward (endpoint); LY IGlar, LY2963016 insulin glargine.

with reports that patients with TIDM, a disease characterized =~ LY IGlar-treated patients had first on-treatment detectable anti-
by an autoimmune condition [14], are more likely to have  bodies than IGlar-treated patients at 52 weeks, overall percent
pre-existing anti-insulin antibodies [15] and exhibit differ-  binding and TEAR for both treatment groups were similar
ent immune responses from those with T2DM [16]. Within ~ for 0-24 and 24-52 weeks. Moreover, both treatment groups
each study, antibody levels (percent binding) were similar  had low (i.e. <5%) and similar median percent insulin binding
between the treatment groups with no statistically significant  levels; therefore, the apparent increase in the incidence of
differences at any visit or at the 52-week (ELEMENT-1) or detectable antibodies in LY IGlar-treated patients was not
24-week (ELEMENT-2) endpoints in the total study popu-  considered to be clinically significant.
lation. The majority of patients [ELEMENT-1: 320 patients Results of subgroup analyses of patients with T2DM based
(60.2%); ELEMENT-2: 634 patients (86.8%)] had no detectable ~ on basal insulin at study entry provide additional details about
antibodies throughout the studies or changes in total insulin  the similarity of LY IGlar to IGlar. Patients in the insulin-naive
antibody level that ranged from antibody-negative at baseline  subgroup, where stronger immune responses to newly admin-
to a maximum percent binding value within 0.26-1.26% during  istered insulin were expected and not confounded by previous
the study. insulin exposure, showed no significant treatment differences
For patients with T1DM, the difference in the propor-  in the proportion of patients with detectable antibodies, levels
tion of patients with overall detectable antibodies through  of antibodies, or proportion of patients with TEAR. Findings
52 weeks, but not through 24 weeks, included patients with first ~ in the prior IGlar subgroup of patients with T2DM were not
on-treatment detectable antibodies at 52 weeks. Although more  as straightforward to interpret as the insulin-naive subgroup
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Figure 4. (A) Effect of treatment-emergent antibody response (TEAR) status on change in clinical outcomes [glycated haemoglobin (HbAlc), basal

insulin dose, total hypoglycaemia rate] in the type 1 diabetes (T1DM)
clinical outcomes (HbAlc, basal insulin dose, total hypoglycaemia rate)

full analysis set (FAS) population. (B) Effect of TEAR status on change in
in the type 2 diabetes (T2DM) FAS population. Data are presented as least

squares mean =+ standard error change from baseline to LOCF endpoint. p > 0.05 for all treatment-by-TEAR interactions. IGlar, insulin glargine; LOCF,

last-observation-carried-forward (endpoint); LY IGlar, LY2963016 insulin

because of an imbalance in the incidence of detectable antibod-
ies at baseline where more patients allocated to LY IGlar had
detectable antibodies at baseline. Although statistically signif-
icant treatment differences in the proportion of patients with
detectable antibodies were observed at weeks 4 and 24 and over-
all, actual antibody levels (Figure 3E) at the respective time-
points and the incidence of TEAR were similar between the
treatment groups, suggesting the significant differences were
probably attributable to chance. Moreover, this finding was not
corroborated in patients with TIDM (ELEMENT-1), a more
sensitive population where more patients had prior treatment
with IGlar or other insulins and a higher incidence of detectable
antibodies.

Because LY IGlar and IGlar have the same primary amino
acid sequence, the adaptive immune response should be to
the same epitope. Although factors such as glycosylation and
impurities in the final preparation may affect the magnitude
of the response, antibodies directed against the same epitope
on either synthetic insulin will recognize the same epitope on
endogenous insulin [15]. Analyses of cross-reactive antibod-
ies in both studies further confirmed the immune response
to LY IGlar and IGlar was similar with respect to antibodies
formed against human insulin. Clinical evidence from both

Volume 18 [ No. 2 | February 2016

glargine.

studies showed similar immune responses in patients with
T1DM or T2DM treated with either LY IGlar or IGlar, despite
distinct manufacturing processes for these insulin glargine
products.

No significant differential treatment effect or relationship
was seen between TEAR status or antibody levels and HbAlc,
insulin dose, or hypoglycaemia rate in either study, indicating
no clinically relevant effect of the observed immune responses
on these clinical outcomes. Few and similar incidences of injec-
tion site reactions and allergic reactions were noted with LY
IGlar and IGlar in both studies, consistent with what has been
observed with more recently purified insulin formulations [15].
Although our studies did not assess insulin-neutralizing anti-
bodies, the lack of an association between antibody levels (or
incidence of TEAR) and clinical outcomes does not suggest
neutralizing effects of anti-insulin glargine antibodies. The inci-
dence of SAEs and deaths were also similar between LY IGlar
and IGlar in both studies [3,4]. The frequency of TEAEs among
LY IGlar- or IGlar-treated patients with TEAR in both studies
was similar, except for a single preferred term (nasopharyngi-
tis) in patients with T1DM; however, this involved few events,
and no temporal association existed between TEAR and the
adverse event. Because incidence of nasopharyngitis in the LY
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Figure 5. (A) Relationship between antibody level (percent binding) and clinical outcomes [glycated haemoglobin (HbA1lc), basal insulin dose, total
hypoglycaemia rate] in the type 1 diabetes (T1IDM) full analysis set (FAS) population. *Quantitative detection limit of the assay. ®Partial correlation
measures the relationship between endpoint measure (HbA ¢, basal insulin dose, or total hypoglycaemia rate) and endpoint antibody level after adjustment
for baseline HbAlc, country, and time of basal injection stratification factors. Only patients with non-missing endpoint antibody levels and non-missing
baseline value and at least one non-missing post-baseline value of the response variable were included in the analysis. (B) Relationship between antibody
level (percent binding) and clinical outcomes (HbA1c, basal insulin dose, total hypoglycaemia rate) in the T2DM FAS population. *Quantitative detection
limit of the assay. PPartial correlation measures the relationship between endpoint measure (HbA1c, basal insulin dose, or total hypoglycaemia rate) and
endpoint antibody level after adjustment for baseline HbA ¢, country, time of basal injection (AM, PM), and sulphonylurea use stratification factors. Only
patients with non-missing endpoint antibody levels and non-missing baseline value and at least one non-missing post-baseline value of the response variable
were included in the analysis. IGlar, insulin glargine; LY IGlar, LY2963016 insulin glargine.

IGlar subgroup with TEAR (ELEMENT-1) was similar to that ~ were similar in patients with TIDM or T2DM who received LY
of LY IGlar- or IGlar-treated patients without TEAR, reported  IGlar or IGlar. Moreover, levels of antibodies and the incidence
events for IGlar appear to be unusually low in the small subset
of TEAR patients. Moreover, the incidence of nasopharyngi-
tis was similar between treatment groups in the double-blind
ELEMENT-2 study, which suggests the possibility of reporting

bias contributing to this isolated finding in the open-label
ELEMENT-1 study. ity profiles of LY IGlar and IGlar in patients with T1IDM or

In conclusion, the incidence of detectable anti-insulin T2DM and add to the totality of preclinical and clinical data
glargine antibodies, antibody levels and incidence of TEAR  demonstrating similarity of LY IGlar to IGlar.

of TEAR were low in both treatment groups, and no observed
association was seen between clinical outcomes and insulin
antibody levels or the incidence of TEAR. Our results add
to the evidence supporting similar safety and immunogenic-
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diabetes (T1DM). (B) Level of cross-reactive insulin antibod-
ies (percent binding) in patients with detectable antibodies in
the T1IDM FAS. *Data are presented as median + interquartile
range. °5% binding level in the screening assay approximately
equates to 250 ng/mL. Insulin antibody values depicted in
the graph are from determinations following screening. IGlar,
insulin glargine; LOCE last-observation-carried-forward (end-
point); LY IGlar, LY2963016 insulin glargine.

Figure S2. (A) Proportion of patients with cross-reactive anti-
bodies in the full analysis set (FAS) of patients with type 2
diabetes (T2DM). (B) Level of cross-reactive insulin antibod-
ies (percent binding) in patients with detectable antibodies in
the T2DM FAS. ?Data are presented as median + interquartile
range. ®5% binding level in the screening assay approximately
equates to 250 ng/mL. Insulin antibody values depicted in
the graph are from determinations following screening. IGlar,
insulin glargine; LOCE last-observation-carried-forward (end-
point); LY IGlar, LY2963016 insulin glargine.

Figure S3. (A) Proportion of patients with cross-reactive anti-
bodies in the insulin-naive subgroup of patients with type
2 diabetes (T2DM). (B) Level of cross-reactive insulin anti-
bodies (percent binding) in patients with detectable antibod-
ies in the insulin-naive subgroup of patients with T2DM.
Data are presented as median + interquartile range. ®5% bind-
ing level in the screening assay approximately equates to 250
ng/mL. Insulin antibody values depicted in the graph are from
determinations following screening. (C) Proportion of patients
with cross-reactive antibodies in the prior IGlar subgroup
of patients with T2DM. (D) Level of cross-reactive insulin
antibodies (percent binding) in patients with detectable anti-
bodies in the prior IGlar subgroup of patients with T2DM.
Data are presented as median + interquartile range. ®5% bind-
ing level in the screening assay approximately equates to 250
ng/mL. Insulin antibody values depicted in the graph are from
determinations following screening. IGlar, insulin glargine;
LOCE, last-observation-carried-forward (endpoint); LY IGlar,
LY2963016 insulin glargine.
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