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Abstract

Background: Pen devices can help to overcome some of the barriers associated with insulin therapy. The pres-
ent study evaluated the accuracy of dose delivery by people with diabetes using the novel prefilled, dispos-
able SoloSTAR® device with insulin glargine (Lantus®) and insulin glulisine (Apidra®) (all from sanofi-aven-
tis, Paris, France).

Methods: People with type 1 or type 2 diabetes (insulin users or insulin naive) were eligible to participate in
this randomized, single-center, open-label study. Each participant delivered six separate insulin doses into a
sponge using SoloSTAR (three with glargine [10, 40, and 80 units] and three with glulisine [5, 15, and 30 units]).
Pens were weighed before and after each test dose to determine the dose delivered. Thresholds for dosing ac-
curacy were calculated according to the 2000 International Organization for Standardization (ISO) recommen-
dations (Guideline 11608-1).

Results: All doses of glargine and glulisine delivered (60 participants; 360 individual doses) were within the
ISO limits. Mean (standard deviation) glargine doses delivered were 9.87 (0.24), 39.63 (0.36), and 79.02 (0.62)
units for 10, 40, and 80 units, respectively. Insulin glulisine doses delivered were 4.98 (0.20), 14.87 (0.29), and
29.67 (0.34) units for 5, 15, and 30 units, respectively.

Conclusions: The SoloSTAR pen allows people with diabetes to achieve a dosing accuracy with glargine and
glulisine similar to that achieved in laboratory conditions. The dosing accuracy and ease of use of SoloSTAR
may provide greater confidence in the precision and accuracy of the device while titrating glargine and/or
glulisine to goal.

abetes,®® leading to improved treatment adherence.!011
SoloSTAR® (sanofi-aventis, Paris, France) is a disposable,
prefilled insulin pen device for administration of insulin
glargine (Lantus®; sanofi-aventis) or insulin glulisine
(Apidra®; sanofi-aventis). Unlike other disposable insulin
pens, the body of the SoloSTAR pen is color coded to aid
with the correct identification of basal and bolus insulins,

Introduction

LTHOUGH THE EFFICACY of insulin therapy is well estab-
lished in terms of reducing the risk of diabetes-related
complications,’? many barriers to its successful use by pa-
tients with diabetes exist, including hypoglycemia, social ac-
ceptability, and the individual’s perceived ability to self-

manage his or her treatment with injections that may be
difficult and painful to administer.?

The introduction of pen devices has increased patients” ac-
ceptance of insulin therapy, by helping to overcome the fear
of injections associated with using a standard syringe.® Pens
can also increase accuracy of dosing (and, therefore, glyce-
mic control) in people with diabetes.®® However, the abil-
ity of patients to accurately administer the correct insulin
dose can vary between pen devices.®

Accurate dosing with an easy-to-use device can increase
a patient’s confidence in his or her ability to self-manage di-

even in patients with impaired vision.'? In addition, the
SoloSTAR pen requires a lower injection force and can de-
liver a higher maximum dose than some other disposable
pens.!3

Laboratory studies have shown that using the SoloSTAR
pen to deliver insulin glargine is highly accurate for three
different doses,'® according to procedures and standards de-
fined by the International Organization for Standardization
(ISO) (Guideline 11608-1)."* However, accuracy in the lab
does not necessarily reflect the real-life setting in which pa-
tients administer their own injections. Therefore, the present
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clinically relevant doses of insulin glargine (10, 40, and 80
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Mean =+ SD duration of diabetes (years)
Diabetes therapy (1 [%])
Oral antidiabetic drugs
Oral antidiabetic drugs + insulin
Insulin
Previous insulin pen experience (1 [%])
Mean =+ SD duration of insulin therapy
(years)
Moderate motor impairment (1 [%])
Moderate visual impairment (# [%])
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FIG.1. Accuracy of the SoloSTAR pen when delivering (A) 10-, (B) 40-, and (C) 80-unit doses of insulin glargine. The up-
per and lower limits, as defined by the ISO standard, 11608-1, are indicated for each dose. Each data point represents the

dose delivered by an individual person.
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be current or past users of injectable insulin or to be insulin
naive and considered to be candidates for initiation of in-
sulin therapy. Current insulin users with experience of dis-
posable pens (including SoloSTAR) and/or reusable pens
were eligible to participate in the study. Patients were re-
quired to speak and read German.

Exclusion criteria included the presence of a substance use
disorder, severe visual or motor impairment, or a diagnosis
of dementia, as recorded in the patient’s medical files, which
were reviewed after an initial screening visit. Patients with
mental illnesses rendering them unable to understand the re-
quirements and implications of the study and those consid-
ered unlikely to adhere to the study protocol were also ex-
cluded. All patients provided written informed consent prior
to study entry.

A total of 63 patients participated in the study (Table 1).
The majority of patients had type 2 diabetes (82%), the mean
disease duration was 14 years, and 88% had previous expe-
rience with insulin pens. Seven participants had moderate
motor impairment, and nine had moderate visual impair-
ment. All participants were instructed in the use of the
SoloSTAR pens prior to the study. Results from three par-
ticipants were excluded. In one case, 15 units of insulin gluli-
sine was injected twice instead of one 5-unit and one 15-unit
injection, in another case, a single patient was excluded for
providing a second set of measurements, and in the third
case, a patient with severe motor impairment was incorrectly
included.
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Study design

Patients were required to deliver six separate insulin in-
jections into a sponge. Study nurses demonstrated the use of
SoloSTAR pen. Patients were asked if they had any ques-
tions regarding the use of the SoloSTAR pen. After that pa-
tients were requested to give a test injection of 10 units into
a sponge.

Each participant dialed and delivered three doses with the
insulin glargine SoloSTAR pen (10, 40, and 80 units) and
three doses with the insulin glulisine SoloSTAR pen (5, 15,
and 30 units); the order of pen usage and dose delivery was
randomized. Between the study doses, the pens were primed
with an insulin dose of 2 units. The randomization list was
generated by the lead investigator using SYSTAT (Systat
Software, Inc., Chicago, IL) before the start of the study with
allocations sealed in envelopes, which were opened by the
nurse during the participant’s visit.

The SoloSTAR pens were weighed by the investigators fol-
lowing the priming doses and again following the test in-
jections delivered by the patients, using a precision balance
(P 205 DR/M, Mettler Toledo GmbH, Giessen, Germany).
Pens were fitted with 0.25-mm (31-gauge) X 8-mm needles
(Becton Dickinson GmbH, Heidelberg, Germany) for all
tests.

Statistical analysis

Dosing accuracy was assessed by comparing pre- and
post-injection weights of the SoloSTAR pens. Mean + stan-
dard deviation (SD) of the delivered doses were calculated
for each test dose for both insulins. The level of dosing ac-
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a set of criteria against which the dosing accuracy of an in-
sulin pen is assessed. Results are normally presented as mil-
liliters; for insulin formulations of 100 units/mL, results can
be presented in units for easier interpretation (as has been
done here).

The ISO limits are as follows:
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¢ For doses of =20 units, the tolerance is +5% (e.g., 3842
units for the 40-unit dose; Eq. 1)

¢ For doses <20 units, the tolerance is =0.01 mL (e.g., 46
units for the 5-unit dose), as defined in the ISO recom-
mendations (ISO 11608-1)

Further calculations were performed according to ISO
11608-1, as shown in Eq. 2, to confirm whether the data sets
were within the threshold limits. This calculation is valid for
k values of 2.667, for a P value of 0.975, and with a 95% con-
fidence interval (CI).

Visg + Viser 5%
Vset ak Vset - 5% (1)

Upper threshold value =
Lower threshold value =

where V. = volume set (i.e., 40 units [0.4 mL]).

x + (k - s) = upper threshold value
x — (k - s) = lower threshold value (2)

where s = standard deviation and x = mean dose delivered.
The k value was derived from a lookup table, which was
based on the number of samples and a P value of 0.975 with
a 95% CI (using the Clopper-Pearson method).' The k value
used was 2.667.

A third evaluation was the proportion of doses delivered
by the patients that were within the ISO ranges, with a suc-
cess criterion of =90%.

Dose ACCURACY FOR INSULIN GLARGINE
DELIVERED UsING SOoLoSTAR

TabLE 2.

Target dose Dose (units)

10 units (ISO limit, =1 unit: 9, 11 units)

Observed dose 9.87 = 0.24
Lowest dose delivered 9.15
Highest dose delivered 10.54
15O calculated minimum? 9.23
1SO calculated maximum? 10.50

40 units (ISO limit, +5%: 38, 42 units)
Observed dose 39.54 + 0.36
Lowest dose delivered 38.50
Highest dose delivered 40.33
1SO calculated minimum? 38.58
I1SO calculated maximum? 40.49

80 units (ISO limit, +=5%: 76, 84 units)
Observed dose 79.02 + 0.62
Lowest dose delivered 76.83
Highest dose delivered 80.31
ISO calculated minimum? 77.3b
1SO calculated maximum? 80.69

Values for observed dose are mean * SD.
2Calculated using Eq. 2.
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Results
Accuracy of doses delivered

For insulin glargine, the mean delivered dose in each test
was marginally below the target dose (between —0.9 and
—1.3%). For all three doses (10, 40, and 80 units), 100% of in-
dividual deliveries were within the established tolerance lim-
its according to the ISO standard (Fig. 1 and Table 2). When
the data sets were analyzed, the 95% CI (Eq. 2) for each dose
was within the tolerance limits, thus passing the ISO stan-
dards.

The mean delivered dose in each test for insulin glulisine
was marginally below the target dose (between —0.4 and
—1.1%). For all three doses (5, 15, and 30 units), 100% of in-

A
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the data sets were analyzed, the 95% CI (Eq. 2) for each dose
was within the tolerance limits, thus passing the ISO stan-
dards.

The predefined success rate of =90% of delivered doses
within the ISO ranges was also achieved for both insulin
glargine and insulin glulisine.

Discussion

The results of this study are consistent with those reported
previously in a clinical setting, when used by patients with
diabetes, and also in a laboratory setting, when delivered by
trained technicians. As required for regulatory approval,
and as previously demonstrated,'® in a laboratory setting
with doses delivered by technicians, the SoloSTAR device
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FIG. 2. Accuracy of the SoloSTAR pen when delivering (A) 5-, (B) 15-, and (C) 30-unit doses of insulin glulisine. The up-
per and lower limits, as defined by the ISO standard, 11608-1, are indicated for each dose. Each data point represents the
dose delivered by an individual person.
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Target dose Dose (units)

5 units (ISO limit, =1 unit: 4, 6 units)

Observed dose 498 = 0.20
Lowest dose delivered 4.50
Highest dose delivered 5.55
ISO calculated minimum? 444
ISO calculated maximum? 552

15 units (ISO limit, =1 unit: 14, 16 units)
Observed dose 14.87 = 0.29
Lowest dose delivered 14.07
Highest dose delivered 15.48
I1SO calculated minimum? 14.09
1SO calculated maximum? 15.65

30 units (ISO limit, +5%: 28.5, 31.5 units)
Observed dose 29.67 + 0.34
Lowest dose delivered 28.93
Highest dose delivered 30.69
I1SO calculated minimum? 28.76
ISO calculated maximum? 30.57

Values for observed dose are mean * SD.
2Calculated using Eq. 2.

achieved repeated doses and accuracy well within the ISO
standards. In the clinical setting, people who had not previ-
ously used an insulin pen device were able to accurately de-
liver repeated doses of insulin glargine with the SoloSTAR
pen.'® The majority of participants in the present study were
experienced in the use of insulin pens; therefore, this may
be considered a true test of dosing accuracy rather than us-
ability of the SoloSTAR device.

In the present study, we evaluated the inter-subject vari-
ability in dose accuracy. For future studies, it would also be
of interest to evaluate the intra-subject variability to confirm
whether people with diabetes can consistently deliver the re-
quired dose. In addition, future studies could also evaluate
the dose accuracy of SoloSTAR compared with alternative
pen devices or the vial and syringe, to investigate if other
devices achieve the same standards when used by patients
as shown here for SoloSTAR.

This study confirms that people with diabetes can achieve
a level of accuracy with the SoloSTAR device similar to that
of technicians in a controlled lab environment that is con-
sistently within ISO standards across the dosing range of the
pen.

Conclusions

When considered together, the dosing accuracy and ease
of use associated with the SoloSTAR device!®'” may en-
courage patients and healthcare professionals alike to strive
for optimal glycemic control with greater confidence in the
precision and accuracy of the device while titrating insulin
glargine and/or insulin glulisine to treatment goals.

Acknowledgments

This study was supported by sanofi-aventis. Editorial sup-
port was provided by the Global Publications Group of
sanofi-aventis.

N.H. 1s a member ot the Global Diabetes educator advi-
sory board for Eli Lilly. B.K. is a member of an advisory
board for Roche Diagnostics. T.H. is a member of the Global
Advisory Board for sanofi-aventis.

References

1. Diabetes Control and Complications Trial Research Group:
The effect of intensive treatment of diabetes on the devel-
opment and progression of long-term complications in in-
sulin-dependent diabetes mellitus. The Diabetes Control and
Complications Trial Research Group. N Engl | Med 1993;
329:977-986.

2. Nathan DM, Cleary PA, Backlund JY, Genuth SM, Lachin
JM, Orchard TJ, Raskin P, Zinman B: Intensive diabetes treat-
ment and cardiovascular disease in patients with type 1 di-
abetes. N Engl ] Med 2005;353:2643-2653.

3. Polonsky WH, Fisher L, Guzman S, Villa-Caballero L, Edel-
man SV: Psychological insulin resistance in patients with
type 2 diabetes: the scope of the problem. Diabetes Care
2005;28:2543-2545.

4. Kadiri A, Chraibi A, Marouan F, Ababou MR, el Guermai
N, Wadjinny A, Kerfati A, Douiri M, Bensouda JD, Belkhadir
J, Arvanitis Y: Comparison of NovoPen 3 and syringes/ vials
in the acceptance of insulin therapy in NIDDM patients with
secondary failure to oral hypoglycaemic agents. Diabetes
Res Clin Pract 1998;41:15-23.

5. Stockl K, Ory C, Vanderplas A, Nicklasson L, Lyness W,
Cobden D, Chang E: An evaluation of patient preference
for an alternative insulin delivery system compared to
standard vial and syringe. Curr Med Res Opin 2007;23:
133-146.

6. Fox C, McKinnon C, Wall A, Lawton SA: Ability to handle,
and patient preference for, insulin delivery devices in visu-
ally impaired patients with type 2 diabetes. Pract Diabetes
Int 2002;19:104-107.

7. Gnanalingham MG, Newland P, Smith CP: Accuracy and re-
producibility of low dose insulin administration using pen-
injectors and syringes. Arch Dis Child 1998;79:59-62.

8. Korytkowski M, Bell D, Jacobsen C, Suwannasari R: A mul-
ticenter, randomized, open-label, comparative, two-period
crossover trial of preference, efficacy, and safety profiles of
a prefilled, disposable pen and conventional vial/syringe for
insulin injection in patients with type 1 or 2 diabetes melli-
tus. Clin Ther 2003;25:2836-2848.

9. Rubin RR, Peyrot M: Factors affecting use of insulin pens
by patients with type 2 diabetes. Diabetes Care 2007;31:430—
432.

10. Graff MR, McClanahan MA: Assessment by patients with
diabetes mellitus of two insulin pen delivery systems ver-
sus a vial and syringe. Clin Ther 1998;20:486-496.

11. Lee WC, Balu S, Cobden D, Joshi AV, Pashos CL: Medica-
tion adherence and the associated health-economic impact
among patients with type 2 diabetes mellitus converting to
insulin pen therapy: an analysis of third-party managed care
claims data. Clin Ther 2006;28:1712-1725.

12. Austin F, Cox G: Lantus SoloStar and Apidra SoloStar pen
colors contributes to the differentiation by users with nor-
mal vision and by users with impaired color vision. | Dia-
betes Sci Technol 2007;1(Suppl 1):A4.

13. Clarke A, Spollett G: Dose accuracy and injection force dy-
namics of a novel disposable insulin pen. Expert Opin Drug
Deliv 2007;4:165-174.

Sanofi Exhibit 2130.005

DOCKET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




