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ABSTRACT

Aims: Insulin therapy remains the cornerstone for treatment of type 2 diabetes
mellitus (T2DM), and basal-bolus administration usually requires multiple daily
injections. Non-adherence to the treatment regimen and failure to achieve target A1C
levels are common. To overcome this dilemma, a study evaluated V-Go a 24-hour
wearable basal-bolus insulin delivery device using a physician-directed insulin bolus
titration algorithm over a 4-month period in patients with T2DM.

Methods: Fifteen (15), most of whom were non-insulin naive, were initiated on V-Go
and advised to record blood glucose four times daily (fasting and 2-hour
postprandial breakfast, lunch and dinner) for 4 weeks. At weekly intervals, the
physician titrated bolus doses of insulin, based on 2-hour postprandial averages,
respectively. Basal doses were adjusted after bolus dosing was optimized. Clinical
outcomes were evaluated after 4 months.

Results: Following initiation of V-Go, the bolus dose was actively titrated (either up or
down) for the first three weeks of therapy after which insulin dosing remained fairly
stable. Nearly two-thirds of patients achieved an A1C <7.5% compared to 13% at
baseline on prior regimens. A significant decrease (p<0.001) in A1C of 1.6% was
found compared to baseline. The prevalence of hypoglycemia decreased from 23%
at baseline to 7% at month four. This study supports the view that V-Go can improve
glycemic control using an easy to follow physician-directed titration algorithm.

INTRODUCTION

Despite the increase in the availability of new pharmaceutical products to improve
glycemic control over the past decade, nearly half of patients with type 2 diabetes
mellitus (T2DM) are not achieving the recommended glycated hemoglobin (A1C) goal
of <7% and the percentage of patients poorly controlled (A1C>9%) has increased
from 12.6% to 15.5% [1]. Given the progressive nature of T2DM, many patients will
require insulin therapy over time to maintain or achieve glycemic control [2]. When
insulin therapy is warranted in these patients, basal insulin is typically recommended
first and has demonstrated to be an effective therapy. However, with disease
progression, pancreatic f-cell function declines leading to elevations in both fasting
and postprandial blood glucose levels. Under normal physiological conditions, a
continuous small amount of insulin secretion from the P-cells of the pancreas suppresses

hepatic glucose output by direct and indirect mechanisms, and a larger amount of
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insulin is secreted when food is ingested to maintain euglycemia
[3,4]. Exogenous basal insulin administered in the fasting state
for the treatment of diabetes is not designed or sufficient to
target postprandial hyperglycemia despite ongoing upward
titration. Intensification to basal-bolus therapy by incorporation
of a prandial insulin also known as bolus or mealtime insulin to
address postprandial glucose excursions provides a more
physiological way to control glycemia and has proven effective
[5].

The initiation and titration of basal-bolus therapy is often
viewed as complex and time-consuming. Further, a traditional
basal-bolus insulin regimen requires multiple daily injections
(MDI) and the need for two types of insulin (a basal insulin for
fasting and pre-prandial control and prandial insulin for
postprandial control). MDI can interfere with daily living,
increase

injection discomfort and increase anxiety when

injecting in public [6-8]. Unfortunately, evidence supports over
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50% of patients prescribed MDI report missing injections [8].
Patients as well as physicians report the two most common
difficulties that impact adherence are the number of daily
injections required and taking insulin at the prescribed time or
with meals on a daily basis® Non-adherence to prescribed
regimens can negatively impact efficacy and insulin can only
be effective

if administered and optimized, therefore,

addressing challenges that limit insulin  adherence and
intensification should be explored.
Advancements in  insulin  delivery have demonstrated

improvements in adherence and glycemic control [9]. One novel
device which simplifies basal-bolus therapy is the V-Go®
Wearable Insulin Delivery device (Valeritas, Inc., Bridgewater,

NJ) shown in Figure 1.
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Figure 1: V-Go Wearable Insulin Delivery Device.

This disposable, mechanical device is applied once every 24
hours and provides basal-bolus insulin therapy with the use of
one insulin (U-100 fast-acting) and without the need for
multiple daily injections. V-Go is available in basal rates of 20,
30, or 40 units/24 h and can administer up to an additional 36
units of insulin for mealtime bolus dosing. V-Go is worn like a

patch, and insulin delivery is initiated when the patient presses

a button to insert a small 4.6 mm, 30-gauge needle
subcutaneously. Once the needle is inserted, a continuous preset
basal rate (0.83 U/hour, 1.25 U/hour or 1.67 U/hour) of
insulin is delivered for 24 hours, and on-demand bolus dosing
can be administered in 2-unit increments to meet prandial

(bolus) insulin needs by pressing two buttons consecutively.

Patients report a self-perception of good adherence with V-Go
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and report missing only one mealtime dose on average during
a 30-day period [10]. V-Go has proven effective across
multiple studies [10-13], however, to our knowledge no data
exists, evaluating the safety and efficacy of optimizing V-Go
bolus dosing using a simple bolus titration algorithm. This proof-
of-concept study was designed to evaluate the impact to
glycemic control and hypoglycemia when patients were
titrated on a weekly basis using a physician-directed bolus
titration algorithm and to provide information on the design of
a larger prospective study to evaluate a patient-driven insulin
titration trial in a similar population.

MATERIALS AND METHODS

This study was conducted as a retrospective review of
Electronic Medical Records (EMR) from an adult internal
medicine clinic in Bedford, Texas, United States. Patients were
prescribed V-Go as part of their standard clinical practice with
the goal of improving A1C levels. A systematic search using
keywords to identify potential patients switched to V-Go was
conducted and patient charts were then reviewed against
predetermined criteria.

Eligibility criteria required (1) a diagnosis of type 2 diabetes;
(2) age equal to or > 21 years; (3) a documented baseline
A1C prior to switching to V-Go; (4) documented baseline insulin
dosing (in patients switched to V-Go for insulin delivery from
prior insulin regimens); and (5)a follow-up A1C on V-Go within
6 months of V-Go initiation. Patients were excluded for (1) no
baseline A1C; (2) undeterminable insulin dosing due to
insufficient medical record information; or (3) discontinuation of
V-Go prior to a follow-up A1C measurement.

The primary objective was to evaluate the percentage of
patients achieving an A1C target (<7.5%) and the prevalence
of hypoglycemia after 4 months of V-Go use. Change in A1C,
insulin doses and body weight, compared to baseline were
evaluated as secondary objectives.

At baseline, patient age, A1C, BMI, weight, and presence of
hypoglycemia were extracted using the EMR system. In
addition, prescribed Oral Anti-Hyperglycemic Drugs (OAD)
and insulin type and dose were collected. A1C and weight

were extracted after 4 months of V-Go use and adjustments to
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insulin were captured for the first 4 weeks post V-Go initiation
and after 4 months of V-Go use.

Means and Standard Deviations (SD) were reported for
continuous measures and percentages were reported for
categorical measures. Statistical significance between baseline
and month four for changes in A1C, insulin dosing and weight
was assessed using the paired t-test for continuous measures.
All statistical analyses were performed using SPSS v. 25.0
(Armonk, NY) with a p < 0.05 denoting a statistically
significant difference.

The study protocol was reviewed by the Texas Health Research
and Education Institute institutional review board, and a waiver
of patient informed consent was approved as it was
determined that the risk that patients could be identified was
minimal as only de-identified data was utilized in the analyses
and stored in the research database.

BOLUS INSULIN TITRATION APPROACH

The physician-driven titration approach evaluated in this study
utilized daily 4-point (fasting and 2-hour postprandial
breakfast, lunch and dinner) self-monitored blood glucose
(SMBG) profiles for weekly titration decisions. Based on the
algorithm, V-Go bolus up-titration was recommended when 2-
hour postprandial averages exceeded 170 mg/dL and V-Go
bolus down-titration when 2-hour postprandial averages were
below 100 mg/dL. The magnitude of the titration was
dependent on the SMBG profiles provided by the patients. The
pre-set V-Go basal rate of insulin was also adjusted by the
physician, if needed, following the optimization of bolus dosing
for all meals.

RESULTS

A total of 24 patients with T2DM were screened and 15 of
them met eligibility requirements. Reasons for ineligibility
included, no follow-up A1Cvalue within 6 months of V-Go
initiation (n=4), discontinuation of V-Go prior to follow-up A1C
(n=3), and missing baseline data (n=2). In the 15 patients
analyzed, baseline characteristics (mean £ SD) were age 60 *
9 years, weight 258 + 76 pounds, BMI 39.4 + 10.4 kg/m?
and A1C 8.7 + 1.4% (range 6.7 to 10.8%). Twelve of the 15
patients had been prescribed insulin therapy (3.5 £ 1.4

injections/day) delivered via insulin pen devices or insulin
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syringes with a total daily dose (TDD) 144 + 81 U/day (range
45 to 292 U/day) prior to the initiation of V-Go. Of these 12
patients, 8 had baseline A1C values > 7.5% despite being
prescribed > 75 U/day of insulin. Due to expected non-
adherence to prior insulin therapy, conservative dosing was
used to initiate V-Go with mean * SD basal and bolus doses of
27 * 8 and 18 £ 5 U/day, respectively.

Following initiation of V-Go, active bolus titration based on
SMBG occurred following weeks 1, 2 and 3 post V-Go
initiation with 73, 26 and 20% of patients advised to up-titrate
and 27, 26 and 20% of patients advised to down-titrate at
each time point, respectively. The largest mean adjustment to
insulin occurred following the first week of V-Go use when

bolus dosing was increased by 10 U/day (18 to 28 U/day)
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across the patient population. Basal rates increased in 5
patients and decreased in 1 patient during the first month.
Basal and bolus dosing prescribed at V-Go initiation and after
4 months of V-Go, by patient, are shown in Figure 2.

Use of V-Go improved achievement of A1C targets after 4
months achieving an

A1C<7.5% compared to 13% at baseline (Figure 3). A
significant decrease in mean A1C of 1.6% (8.7 to 7.1%;

with nearly two-thirds of patients

p<0.001) was observed with V-Go despite a significant
decrease in insulin 84 U/day (144 to 60 U/day; p=0.002).
Mean £ SD body weight was unchanged from baseline to
month four (258 * 76 to 258 *+ 72 pounds) and hypoglycemia
prevalence decreased from 23% of patients at baseline to 7%

after 4 months.
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Individual data for A1C, insulin dosing and concomitant OADs at both baseline and during V-Go use are shown in Table 1. Use of

OAD:s remained unchanged after 4 months of V-Go use in 11 of 15 patients prescribed OADs at baseline.

Table 1: Comparison of Treatment Regimen by Patient before and On V-Go.
Diabetes Treatments Before V-Go Diabetes Treatments On V-Go (4 months)

. aic | Basal | Prandial | TDD ALC | V-GoBasal | V-Go Bolus | 1. °°

Patient %) Insulin Insulin Insulin | OAD %) Ulday Ulday TDD OAD

U/day U/day U/day U/day

1 6.7 26 48 74 D 6.4 20 16 36 D
2 6.8 60 60 120 - 6.2 20 36 56 -
3 7.6 70 90 160 - 7.5 40 30 70 -
4 7.6 A B 5.9 40 30 70 A B
5 7.6 75 75 - 7.1 40 36 76 A
6 7.8 40 54 94 A 6.7 20 34 54 A
7 8.5 B 6.7 20 18 38 B
8 8.7 11* 34* 45 - 7.7 30 12 42 -
9 8.8 120 120 240 A C 7.5 40 36 76 A CE
10 9.0 46 46 A 6.9 30 12 42 A
11 9.3 B 6.1 20 14 34 -
12 10.2 80 90 170 A 9.0 40 36 76 A
13 10.5 120 110 230 - 7.3 20 18 38 -
14 10.7 160 132 292 (3 7.4 40 36 76 C
15 10.8 180 180 D 8.8 40 26 76 D, E

Mean 8.7 82** 82** 144 7.1 31 26 57t

OAD: Oral Anti-hyperglycemic Drug; TDD: Total Daily Dose of Insulin

*Patient prescribed 15 u/day 70/30 premix insulin (calculated 11 basal, 4 prandial) + 30 u/day prandial insulin.

**Mean calculated from patients prescribed insulin at baseline

TMean calculated from all patients on V-Go

A: Metformin; B: Sulfonylurea; C: DPP-4 Inhibitor; D: Metformin/DPP-4 Inhibitor Combination, E. SGLT-2 Inhibitor

DISCUSSION

Insulin is the most consistently effective and potent way to
improve blood glucose control and with disease progression,
basal-bolus insulin therapy is required by many patients with
T2DM. However, as is the case for all therapeutics, to achieve
ultimate effectiveness, appropriate titration and adherence to
insulin dosing are necessary to maximize benefit [14].
Optimizing basal-bolus titration reduces the incidence of both
hypoglycemia and hyperglycemia and can be an important
component in  maintaining optimal glucose ranges for
individuals who have previously been unable to achieve. When
persistent hyperglycemia exists, it is important to evaluate if
the prescribed insulin regimen provides adequate coverage to
match glycemic fluctuations and to explore potential therapy
challenges which may hinder adherence by the patient.

In this study, the majority of patients were prescribed insulin at
baseline and despite a baseline mean TDD of 144 U/day,
glycemic targets were not achieved in most cases. Insulin doses

of this magnitude should provide better glycemic control

suggesting non-adherence was likely prevalent in those
previously prescribed insulin. Adherence can be improved by
providing straightforward solutions to ease the complexities of
insulin therapy and minimize the impact to daily living. As
suggested by the improvement in glycemic control in this proof
of concept study, insulin adherence improved by initiating a
novel way to deliver insulin delivery. The treatment burden of
a basal-bolus insulin regimen was lessened by removing the
need for multiple daily injections and allowing for discrete, on-
demand dosing with the incorporation of a 24-hour wearable
V-Go insulin delivery device. Further, implementation of a
simple weekly physician-directed bolus titration algorithm
based on 2-hour postprandial SMBG levels maximized the
benefit of V-Go. Patient follow-up is a critical component to
successful treatment outcomes. Following the initiation of insulin
therapy, insulin dosing should be evaluated and titrated (up or

down) every 3 to 7 days if blood glucose levels are not within

set targets. Due to suspected non-adherence to prior insulin
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therapy, conservative dosing was prescribed when initiating V-
Go, making the need for patient follow-up even more crucial.
After 1 week of V-Go use, all patients required a dose
adjustment, resulting in a mean bolus dose increase of 10
U/day. This bolus titration was necessary to achieve the level
of glycemic improvement observed and without it, the patient
experience and satisfaction may have been diminished. In most
patients, insulin dosing remained stable after 3 weeks of
titration without the need for further active ftitration.
Hypoglycemia decreased over time, which we attribute to
lower prescribed doses of insulin, appropriate matching of
insulin dosing and timing to glycemic needs due to the ability of
patients to bolus dose on-demand with meals or snacks as
insulin is readily available at the push of a button with V-Go.

Simplifying both the initiation and intensification of insulin
therapy can lessen the treatment burden for both health care
providers and patients. However, intensification of insulin by
health care providers is often delayed due to a lack of time
and resources. The majority of patients with diabetes receive
diabetes care from their primary care physician [15], yet
primary care teams often report a lack of confidence in newer
therapies and insulin initiation [16]. Often a “wait until next
visit” approach is employed. This puts the patient at
unnecessary risk for an extended glycemic burden and the
potential for related complications. Partnering with patients to
empower self-management of their disease and insulin regimen
has been shown to be beneficial [17]. Recent studies [18,19],
have shown that ftitration is equally effective whether it is
guided by the healthcare professional or a patient who has
been instructed on a simple titration approach based on SMBG
readings. Based on the findings in this proof-of-concept study,
it is our opinion, that patients prescribed V-Go could simply
and safely titrate bolus dosing with physician oversight which
would lessen the burden on healthcare providers and empower
the patient to manage their own diabetes. A randomized trial
to assess V-Go with a similar patient-driven bolus titration
algorithm based on weekly SMBG for the first 4 weeks would
be of interest to evaluate the impact to glycemic control and

treatment satisfaction. As is the case with all studies, this study

is not without limitations. First and foremost, the sample size
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was small, and the study was retrospective, non-randomized
and did not include a comparator. It is possible that the
threshold levels for adjusting the insulin dose or the frequency
of glucose measurements per week could be modified to
improve control, but the results shown here clearly demonstrate
that this method is feasible and robust over a 4-month period.
It should be noted that prescribed insulin dosing and perceived
adherence were based on information obtained from EMR;
actual insulin dosing and adherence may have differed. Finally,
the prevalence of hypoglycemiaq, recorded by the patient may
have differed as patient self-reports were evaluated in the
study.

CONCLUSION

With appropriate titration and management, insulin therapy is
the most effective option to treat hyperglycemia. Practical and
straight forward guidance to manage insulin therapy can
positively impact outcomes. The adoption of a physician-
directed bolus titration algorithm to optimize insulin dosing
when prescribed V-Go in this proof-of-concept study proved
safe and resulted in clinically relevant glycemic improvement.
These findings support the view that many patients could safely
and effectively self-manage their insulin treatment with
physician oversight. Applying these findings to a patient-
directed approach needs further investigation.
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