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Main Results

Once-weekly basal insulin Fc (BIF) demonstrated similar glycemic control to once-daily insulin degludec in insulin-naive 
pa�ents with type 2 diabetes (T2D) in this phase 2 randomized controlled trial. CGM, con�nous glucose monitoring.  

Pa�ent Popula�on Study Design

Conclusion
Once-weekly BIF demonstrated excellent glycemic control similar to Once-daily degludec and no difference in 
hypoglycemia or other safety findings in insulin-naive pa�ents with T2D.     

N = 278 insulin-naive 
people with T2D

BackgroundBackground
Once-weekly BIF combines a novel single-chain insulin variant with a human IgG2 Fc domain and
is designed for once-weekly subcutaneous administra�on for the treatment of diabetes. 
Once-weekly BIF combines a novel single-chain insulin variant with a human IgG2 Fc domain and
is designed for once-weekly subcutaneous administra�on for the treatment of diabetes. 

Mean Baseline Characteris�cs:

Age = 58 years

HbA1c = 8.0%

Dura�on of T2D = 10 years

55% male 45% female

2-week screening/lead-in

26-week treatment period

BIF 
administered 
once weekly

Degludec 
-administered 

once daily  

• Treat-to-target fas�ng glucose: BIF used
101-140 mg/dL (5.6 to <7.8 mmol/L) for
the first 2 weeks only; 80-100 mg/dL 
(4.4 to <5.6 mmol/L) was used for both 
treatments

HbA1c
(Efficacy Popula�on)

Pa�ent-reported Hypoglycemia
(Safety Popula�on)

• Assessed HbA1c, fas�ng glucose,
incidence and rate of hypoglycemia

• All pa�ents underwent intermi�ent
blinded CGM (Abbo� Libre Pro)

d l d d diff i

p yp g y

0

1

2

3

4

Level 1 Level 2

Ag
gr

eg
at

e
Ra

te
 

(r
at

e/
pa

�e
nt

/y
ea

r)

BIF Degludec

(Efficacy Popula�on)

8.
06

6.
80

7.
96

6.
74

6.0

6.5

7.0

7.5

8.0

8.5

Baseline Week 26

Hb
A 1c

 (%
)

BIF Degludecp=0.292

p=0.561

ARTICLE HIGHLIGHTS

• This study assessed once-weekly basal insulin Fc (BIF) as a treatment option for insulin-naive patients with type 2
diabetes (T2D).

• The research question was whether BIF is a safe and efficacious treatment for insulin-naive patients with T2D.
• BIF administered once weekly achieved similar glycemic control with similar hypoglycemia risk compared with

once-daily degludec.
• BIF has the potential to safely and effectively manage glycemic control in insulin-naive patients with T2D while re-

ducing injection burden.
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OBJECTIVE

Basal insulin Fc (BIF) (insulin efsitora alfa; LY3209590), a fusion protein combining
a novel single-chain insulin variant with a human IgG Fc domain, is designed for
once-weekly basal insulin administration. This phase 2 study assessed the safety
and efficacy of BIF versus degludec in insulin-naive patients with type 2 diabetes
(T2D) previously treated with oral antihyperglycemic medications.

RESEARCH DESIGN AND METHODS

During this randomized, parallel, open-label study, 278 insulin-naive patients with
T2D were randomly assigned (1:1) to receive BIF once weekly or degludec once daily
over the 26-week treatment period. Both groups were titrated to fasting glucose of
80–100 mg/dL (4.4 to <5.6 mmol/L). The primary end point was HbA1c change from
baseline to week 26 (noninferiority margin 0.4%). Secondary end points included
fasting blood glucose (FBG), six-point glucose profiles, and rate of hypoglycemia.

RESULTS

After 26 weeks of treatment, BIF demonstrated a noninferior HbA1c change from base-
line versus degludec, with a treatment difference of 0.06% (90% CI 20.11, 0.24; P =
0.56). Both BIF and degludec treatment led to significant reductions in FBG from base-
line. At week 26, the between-treatment difference for BIF versus degludec was
4.7 mg/dL (90% CI 0.1, 9.3; P = 0.09). The rate of level 2 hypoglycemia was low and
not significantly different between treatment groups (BIF 0.22 events/patient/
year, degludec 0.15 events/patient/year; P = 0.64); there was no severe hypoglyce-
mia. The occurrence of treatment-emergent adverse events was also similar be-
tween BIF and degludec.

CONCLUSIONS

Once-weekly BIF achieved excellent glycemic control similar to degludec, with no
concerning hypoglycemia or other safety findings.

Current clinical guidelines recommend an HbA1c target of <7% (53 mmol/mol)
without significant hypoglycemia for adults with diabetes (1). To achieve this target,
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basal insulin therapy may be needed in
patients with type 2 diabetes (T2D). How-
ever, there is often hesitancy to initiate
and appropriately adjust insulin for peo-
ple with T2D. Prior to initiation of insulin,
people with T2D feel that incorporating
insulin into their treatment regimen will
be painful, lead to a significant time and
physical burden, and represent a personal
failure (2). Furthermore, for patients in
whom insulin is initiated, relatively few
reach their glycemic targets. Less than
30% of people with T2D reach an HbA1c
<7% within 12 months of treatment (3).
A once-weekly insulin regimen has the

potential to overcome clinical inertia and
may encourage basal insulin treatment
initiation at the optimal time for patients.
Additionally, a reduction in patients’ men-
tal and physical burden could improve
adherence to and persistence with an
insulin regimen. Results from studies
with other antidiabetic agents, namely
glucagon-like peptide 1 (GLP-1) agonists,
indicated that a weekly treatment option
improves glycemia and medication adher-
ence compared with a once-daily option
(4,5).
Two once-weekly basal insulins are cur-

rently under clinical development: basal
insulin Fc (BIF) (insulin efsitora alfa;
LY3209590) and insulin icodec. BIF is a
fusion protein combining a novel single-
chain insulin variant together with a hu-
man IgG2 Fc domain and is designed for
once-weekly subcutaneous administration.
Previous phase 1 studies demonstrated
that BIF has a low peak-to-trough ratio
(1.14, or <15% variation in insulin con-
centration) and a half-life of 17 days,
with a sustained decrease in fasting glu-
cose over the course of 1 week (6). This
low peak-to-trough ratio may result in
more stable glucose levels both within
and between days. BIF also showed effec-
tive glycemic control in a phase 2 study
of people with T2D previously treated
with a basal insulin (7). Icodec is a novel
basal insulin analog with a half-life of
�1 week (8). Icodec was well tolerated
and demonstrated effective glycemic con-
trol in phase 2 studies of insulin-naive
people with T2D (9,10) and with T2D
previously treated with basal insulin (11).
Results from three phase 3 trials con-
ducted in insulin-naive patients with
T2D (ONWARDS 1, ONWARDS 3, and
ONWARDS 5) indicated that icodec dem-
onstrates noninferiority (and statistical
superiority) in reducing HbA1c compared

with once-daily basal insulin analogs
(12–14). The aim of the current phase 2
treat-to-target study was to assess the
safety and efficacy of once-weekly BIF
versus once-daily degludec in insulin-naive
patients with T2D previously treated with
oral antihyperglycemic medications.

RESEARCH DESIGN AND METHODS

Study Design
This study was a multicenter, randomized,
parallel, open-label, comparator-controlled
phase 2 trial conducted at 61 sites in
Argentina, Germany, Poland, and the U.S.
The study consisted of three study periods:
a 2-week screening and lead-in period, a
26-week treatment period, and a 5-week
safety follow-up (Supplementary Fig. 1).

The trial was conducted in accordance
with the principles of the Declaration of
Helsinki and Good Clinical Practice guide-
lines and was approved by the indepen-
dent ethics committee or institutional
review board at each site. All participants
provided written informed consent prior
to participation.

Patients
Eligible participants included insulin-naive
patients with T2D previously treated with
metformin alone or in combination with
dipeptidyl peptidase 4 (DPP-4) and/or
sodium–glucose cotransporter 2 (SGLT2)
inhibitors for at least 3 months prior to
screening. Patients were 18–75 years of
age; had a baseline HbA1c value of 7.0–
9.5%, inclusive; and a BMI between 20
and 45 kg/m2, inclusive, with no signifi-
cant weight change ($5%) in the past
3 months. Inclusion and exclusion crite-
ria are provided in Supplementary Table 1.
Patients were recruited between 1 July
2020 and 4 February 2021.

Randomization
Patients were randomly assigned 1:1 to
BIF or degludec treatment groups using
an interactive web-response system. The
BIF group used a paper-based algorithm
that provided guidance on BIF initiation
and titration. Another BIF group that used
a digital dosing algorithm was discontinued
because of technical issues with the tool
caused by missing values and data entry
errors. Patients randomly assigned to the
digital algorithm (n = 14) were transitioned
to the BIF paper-based algorithm, and
their data were included in safety analyses
but excluded from efficacy analyses.

Procedures
During the screening and lead-in period,
patients were trained on disease man-
agement, study diaries, and procedures.
Patients were provided with a glucose
meter to collect self-monitoring of blood
glucose (SMBG) measurements. Patients
were instructed on signs, symptoms, and
treatment of hypoglycemia and to docu-
ment all readings#70 mg/dL (<3.9 mmol/L)
in the electronic diary. Patients were
provided with and trained on the Libre
Pro continuous glucose monitoring (CGM)
system (Abbott), which was used in a
blinded mode during three predefined
14-day periods: prior to weeks 0, 12, and 26.

BIF was provided as a lyophilized pow-
der and dosed in milligrams immediately
following reconstitution. One goal of the
phase 2 program was to determine the
international unit conversion. Rather than
rely on the conventional use data derived
from clamp studies to determine the unit
definition for ultra–long-acting insulins,
which may not be accurate for all diabe-
tes populations (15), phase 2 data were
used to determine the BIF unit defini-
tion for phase 3 development.

Patients randomly assigned to the BIF
treatment received one dose of BIF once
weekly during the 26-week treatment
period approximately on the same day
and at the same time each week (7). BIF
was titrated weekly for weeks 1–12, then
every 4 weeks thereafter.

BIF was administered by study per-
sonnel at the site from weeks 0 to 8.
The starting dose was based on previous
phase 1 studies and an interim analysis
of another phase 2 study in patients with
T2D previously treated with basal insulin
(7), as well as from pharmacokinetics/
pharmacodynamics modeling using virtual
patients. The first weekly dose was based
on baseline median fasting blood glucose
(FBG) and body weight (details provided
in the Supplementary Material) and in-
cluded a one-time loading dose admin-
istered at day 0, which was a threefold
increase of the estimated weekly dose.
This loading dose was based on results
of phase 1 studies and used to achieve
steady-state concentrations more quickly
and to minimize transient hyperglycemia.
For weeks 9–12 and 16, either study per-
sonnel or patients could administer BIF
at the site. At weeks 13–15 and 17–25,
BIF could be self-administered by patients
at home or by study personnel at the
site. Patients randomly assigned to the

diabetesjournals.org/care Bue-Valleskey and Associates 1061

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/46/5/1060/702248/dc222396.pdf by guest on 22 Septem

ber 2023

https://doi.org/10.2337/figshare.22144145
https://doi.org/10.2337/figshare.22144145
https://doi.org/10.2337/figshare.22144145
https://diabetesjournals.org/care


degludec treatment self-administered deglu-
dec once daily at approximately the same
time each day (starting dose 10 units)
using a dose algorithm with prespecified
FBG tiers and dosing increments (Supple-
mentary Material).

Both the BIF and degludec treat-
ment groups had an FBG target of 80 to
#100 mg/dL (4.4 to <5.6 mmol/L), used
the median of at least three FBG readings
in the prior week for dose adjustment,
and had similar hypoglycemia criteria for
dose reduction. Because of the long half-
life of BIF and the potential risk of early
accumulation after the loading dose, the
titration target for the first 2 weeks of
treatment was 101–140 mg/dL (5.6 to
<7.8 mmol/L). Treatments were admin-
istered via subcutaneous injections, ro-
tating among the left, right, upper, and
lower abdominal quadrants.

Outcomes
The primary end point was the efficacy of
BIF versus degludec as measured by the
HbA1c change from baseline to week 26.
Daily FBG (prebreakfast) measurements
were recorded in the patients’ electronic
diaries. Measurements could have been
collected as often as possible, especially
as needed to evaluate hypoglycemia
symptoms. Additionally, two six-point
SMBG assessments (before and 2 h after
each meal) were performed on noncon-
secutive days in the week prior to weeks
0, 3, 6, 9, 12, 16, 24, and 26.

Patients also underwent three blinded
CGM sessions using the Libre Pro system
in the 14-day period prior to randomiza-
tion (week 0), prior to week 12, and
prior to week 26. The mean percent
time in range (TIR) (70–180 mg/dL [3.9–
10.0 mmol/L]), time below range
(<70 mg/dL [3.9 mmol/L] or <54 mg/dL
[3.0 mmol/L]), and time above range
(181–250 mg/dL [10.0–13.9 mmol/L]) were
calculated.

Safety was monitored throughout the
study, and analyses were performed on
the safety population. The incidence and
rate of hypoglycemia were based on the
data recorded by the participant. Level 1
hypoglycemia was defined as a glucose
<70 mg/dL (3.9 mmol/L) and $54 mg/dL
(3.0 mmol/L), and level 2 hypoglycemia
was defined as a glucose <54 mg/dL
(3.0 mmol/L). Severe hypoglycemia (level 3)
was defined as an event requiring assis-
tance because of neurological impairment.

Incidence of treatment-emergent adverse
events and clinical assessments, including
a physical examination, body weight, vital
signs, electrocardiograms, and laboratory
measures, were assessed.

Statistical Analysis
The sample size was determined such
that �250 total randomly assigned pa-
tients, with �200 completers, would
provide >80% statistical power to dem-
onstrate noninferiority for the primary
objective with the following assump-
tions: true mean difference of 0%, SD
of 1.1%, noninferiority margin of 0.4%
(Diabetes Control and Complications Trial
[DCCT] units), and two-sided a = 0.1. All
tests of treatment effects were con-
ducted at a two-sided a = 0.1, and all
CIs were given at a two-sided 90% level.

Efficacy analyses were conducted on
the efficacy population of randomly as-
signed patients receiving at least one
dose of study treatment, excluding those
previously allocated to the discontinued
BIF digital algorithm. Safety analyses were
conducted on the safety population of all
randomly assigned patients who took at
least one dose of study treatment. Pa-
tients previously assigned to the discontin-
ued BIF algorithm were pooled with the
BIF paper-based algorithm group for the
safety analysis.

The treatment efficacy estimand was
used to evaluate the primary end point,
which was defined as the treatment dif-
ferences in the change in HbA1c from
baseline to week 26 for all patients who
adhered to the assigned treatment and
did not initiate noninsulin glucose-lowering
agents during the treatment. This ap-
proach provided an estimation of the
population-level treatment effect without
confounding effects of other glucose-
lowering agents.

The mixed models for repeated meas-
ures (MMRM) model was used with the
HbA1c changes at week 6, 12, 16, and
26, and the missing values were handled
implicitly in the MMRM analysis under
the assumption of missing at random.
The MMRM model included treatment
(BIF [paper-based, nondigital] algorithm,
degludec), strata (country, DPP-4 [yes/no],
SGLT2 [yes/no], and baseline BMI [<30,
$30 kg/m2]), visit, and treatment-by-visit
interaction as the fixed effects and the
baseline value of the dependent variable
as the covariate. The HbA1c is reported in

the DCCT unit of percent. Other efficacy
end points were analyzed using the same
MMRM model with the addition term of
HbA1c strata (<8.5% and$8.5%).

The hypoglycemia event rate was cal-
culated by the total number of patient-
reported events divided by total treat-
ment exposure. The relative rate was
used for treatment comparison. The CI
was estimated by an empirical method
based on the delta method and assump-
tion of log-normal distribution because
the regular method with Poisson distri-
bution may underestimate the variance,
especially since the patient-reported hy-
poglycemia data in this insulin-naive pop-
ulation were sparse.

No multiplicity adjustments were con-
ducted. Data were analyzed using SAS
version 7.1 or later statistical software.

Data and Resource Availability
The data sets generated and/or analyzed
during the current study are available
from the corresponding author upon
reasonable request.

RESULTS

Of the 278 randomly assigned patients,
129 were allocated to the BIF group
(paper-based algorithm, efficacy popula-
tion) and 135 to degludec, with a total
of 143 in the BIF safety population. The
BIF safety population included the 14
patients previously assigned to the dis-
continued BIF digital algorithm. Overall,
93.0% and 89.6% of patients in the BIF
and degludec groups, respectively, com-
pleted the study (disposition shown in
Supplementary Fig. 2). Discontinuations
from the study were due to adverse events
(two in the BIF group), death (1 in the de-
gludec group), loss to follow-up (three in
the degludec group), physician decision
(1 in the degludec group), protocol devi-
ation (two in the BIF group), and with-
drawal by the patient (six in the BIF and
nine in the degludec groups). The partici-
pant death was not considered related
to study treatment.

Demographic and baseline character-
istics were well balanced across treat-
ments (Table 1). Approximately 55% of
the patients were male, and the overall
mean age was 58.3 years. The mean ±
SD HbA1c was 8.02 ± 0.77% (64.14 ±
8.39 mmol/mol), BMI was 32.0 ± 5.5 kg/m2,
and fasting serum glucose was 165.6 ±
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39.7 mg/dL (9.19 ± 2.21 mmol/L), and
the mean duration of T2D was 10.1 years.
No statistically significant treatment

differences in HbA1c values were ob-
served during the study (Fig. 1A). HbA1c
change from baseline to week 26 for BIF
(�1.20%) was noninferior to degludec
(�1.26%) with a treatment difference
of 0.06% (90% CI �0.11, 0.24; P = 0.561).
The proportion of patients achieving
HbA1c <7% (53 mmol/mol) was similar
between treatments at week 26 (BIF
62.3% vs. degludec 68.6%; P = 0.353). In
the subgroup analysis of patients with
baseline HbA1c above or below themedian

(7.9%), no significant treatment-by-
subgroup interactions were noted. Re-
sults are summarized in Supplementary
Table 2.

Based on SMBG readings, both treat-
ments achieved significant reductions in
FBG at week 26 compared with baseline
(Fig. 1B). The treatment difference be-
tween BIF and degludec at week 26 was
4.7 mg/dL (90% CI 0.1, 9.3 [0.26 mmol/L
(0.01, 0.52)]; P = 0.09) (Fig. 1B). The six-
point SMBG profiles were similar between
treatments for all time points and showed
improvement from baseline assessments.
No notable differences between treatments

other than the fasting value at week 26
were observed (Fig. 2A).

CGM assessments were performed
during three separate 14-day sessions
and were prespecified exploratory ob-
jectives. Compliance was erratic, result-
ing in �60% of patients providing valid
data (defined as 70% of data per day
for at least 3 days for baseline and post-
baseline assessments) for the session
prior to week 26. Criteria for valid data
were loosened to include as much data
as possible, which creates the potential
for bias that is likely equally distributed
between treatments.With these caveats

Table 1—Baseline characteristics for randomly assigned patients

BIF

Characteristic
Insulin degludec

(n = 135)
Efficacy population

(n = 129)
Algorithm 2 population

(n = 14)
Pooled safety population

(n = 143)
Total

(N = 278)

Age, years 59.4 ± 9.1 57.4 ± 9.9 56.3 ± 8.8 57.3 ± 9.7 58.3 ± 9.5

Sex, %

Female 43.7 45.0 64.3 46.9 45.3
Male 56.3 55.0 35.7 53.1 54.7

Ethnicity, n (%)

Hispanic or Latino 59 (43.7) 61 (47.3) 8 (57.1) 69 (48.3) 128 (46.0)
Non-Hispanic or Latino 76 (56.3) 68 (52.7) 6 (42.9) 74 (51.7) 150 (54.0)

Duration of T2D, years 9.7 ± 6.0 10.6 ± 6.9 9.1 ± 5.9 10.4 ± 6.8 10.1 ± 6.4

HbA1c
% 8.0 ± 0.8 8.1 ± 0.8 8.4 ± 0.8 8.1 ± 0.8 8.0 ± 0.8
mmol/mol 63.4 ± 8.2 64.5 ± 8.4 68.1 ± 9.1 64.8 ± 8.5 64.1 ± 8.4

Fasting serum glucose

mg/dL 160.7 ± 36.7 169.7 ± 42.0 174.5 ± 43.4 170.2 ± 42.0 165.6 ± 39.7
mmol/L 8.9 ± 2.0 9.4 ± 2.3 9.7 ± 2.4 9.5 ± 2.3 9.2 ± 2.2

Weight, kg 90.6 ± 19.6 91.3 ± 21.0 88.4 ± 19.8 91.0 ± 20.8 90.8 ± 20.2

BMI, kg/m2 31.6 ± 5.5 32.2 ± 5.3 33.5 ± 6.3 32.3 ± 5.4 32.0 ± 5.5

Oral T2D medications, n (%)

Metformin alone 74 (54.8) 76 (58.9) 11 (78.6) 87 (60.8) 161 (57.9)
Metformin, DPP-4 inhibitors 18 (13.3) 17 (13.2) 0 17 (11.9) 35 (12.6)
Metformin, SGLT2 inhibitors 29 (21.5) 25 (19.4) 2 (14.3) 27 (18.9) 56 (20.1)
Metformin, SGLT2, DPP-4 inhibitors 14 (10.4) 11 (8.5) 1 (7.1) 12 (8.4) 26 (9.4)

Data are mean ± SD unless otherwise indicated.

A B

Figure 1—A: HbA1c levels over the course of the 26-week treatment period; inset shows estimated treatment difference (ETD) (90% CI) at 26 weeks.
B: FBG over the course of the 26-week treatment period; inset shows estimated treatment difference (90% CI) at 26 weeks. Data are least squares
mean ± SE. D, change from baseline.
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in mind, observations from TIR parame-
ters are presented by session in Fig. 2B.
The ambulatory glucose profiles from
baseline and week 26 are presented for
both treatments (Supplementary Fig. 3).
Parameters describing within- and be-
tween-day variability, as summarized in
Supplementary Table 3, suggest that
both treatments had a similar effect on
ambient glucose. Both treatments in-
creased percent TIR over a 24-h period
for the assessments prior to weeks 12
and 26 compared with baseline measures
(Fig. 2B). On average, the BIF and deglu-
dec treatment groups had $75% TIR

throughout the 24-h period by the end
of study treatment, with BIF demon-
strating a tendency for lower percent time
below range (<70mg/dL [3.9mmol/L]).

Using patient-reported doses, increases
in doses during treatment were observed
for both groups (Supplementary Fig. 4);
however, no statistical analyses were
performed. The mean ± SD weekly insu-
lin dose for the BIF group at baseline
was 2.76 ± 1.15 mg (using a conversion
factor of 35 units/mg, which corresponds
to �97 units/week or �14 units/day);
this was calculated as one-third of the
dose at week 0 because of the loading

dose. The weekly BIF dose at week 26
was 10.25 ± 6.16 mg (�350 units/week
or 51 units/day). The mean ± SD daily de-
gludec dose was 10.42 ± 3.77 units at base-
line and 45.48 ± 27.14 units at week 26.
Clinical relevance of this apparent dif-
ference in estimated daily dose at end
point is uncertain. Patients in both groups
may have required additional time to
complete titration, as median doses had
not plateaued by week 26.

The hypoglycemic events summary is
presented in Table 2. The rates of all
documented, nocturnal, and nonnoctur-
nal level 2 patient-reported hypoglycemia

A

B

Figure 2—A: Glucose profile for six-point SMBG monitoring. Data are the least squares mean ± SE. B: TIR parameters for 24-h period collected from
assessments performed at baseline and after 12 and 26 weeks of treatment. Data are least squares mean. CGM assessments at week 26 reflect
�60% of the BIF group. *P< 0.1 for BIF vs. insulin degludec.

Table 2—Patient-reported hypoglycemia (safety population)

24-h Daily documented hypoglycemia Nocturnal hypoglycemia (bedtime-waking)

n (%) Episodes, n
Mean aggregate

rate per patient per year Pa n (%) Episodes, n
Mean aggregate

rate per patient per year Pa

Level 1 hypoglycemia
BIF (n = 143) 52 (36.4) 229 3.29 19 (13.3) 35 0.50
Degludec (n = 135) 36 (26.7) 181 2.77 17 (12.6) 51 0.78
RR (90% CI) 1.19 (0.68, 2.08) 0.616 0.64 (0.32, 1.28) 0.290

Level 2 hypoglycemia

BIF (n = 143) 8 (5.6) 15 0.22 2 (1.4) 3 0.04
Degludec (n = 135) 4 (3.0) 10 0.15 3 (2.2) 4 0.06
RR (90% CI) 1.41 (0.42, 4.75) 0.644 0.70 (0.14, 3.42) 0.714

No severe hypoglycemia (level 3: hypoglycemia requiring assistance because of neurological impairment) was reported. RR, relative rate. aBased on
empirical variance estimation for the event rate.
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from week 0 to 26 were similar between
the treatments (all P $ 0.496). Similarly,
the rate of all documented, nocturnal, and
nonnocturnal level 1 hypoglycemia from
week 0 to 26 was similar between treat-
ments (all P$ 0.290). No severe hypoglyce-
mia (level 3)was reported.
Reported adverse events were bal-

anced between treatments (Supplementary
Table 4). One death occurred in the de-
gludec group (as a result of coronavirus
2019 pneumonia). No treatment-emergent
hepatic disorders were reported, and both
treatments showed reductions in hepatic
enzymes with no clinically significant
differences between treatments. Clini-
cal chemistry and hematology, vital signs,
and electrocardiogram assessments were
unremarkable. Adverse events identified
by standard Medical Dictionary for Regu-
latory Activities query for hypersensitivity
reactions were reported more frequently
with BIF (six vs. zero patients for deglu-
dec), and such events will be monitored
in the phase 3 trial. Other safety meas-
ures, including cardiovascular events, injec-
tion site reactions, and immunogenicity,
did not indicate any unexpected or con-
cerning safety findings with BIF treatment
compared with degludec. Additionally,
no statistically significant differences
(P = 0.253) in body weight gain were
noted between BIF (2.9 kg) and degludec
(2.5 kg) at week 26, with a treatment dif-
ference of 0.4 kg (90% CI �0.2, 1.1).

CONCLUSIONS

An efficacious and safe once-weekly basal
insulin treatment has the potential to
overcome clinical inertia and support the
initiation of insulin therapy at an appropri-
ate time for insulin-naive patients with
T2D. Moreover, a basal insulin option that
is simple to initiate, easy to titrate, conve-
nient, and provides relevant glycemic im-
provement is essential for this patient
population.
Therefore, this 26-week, phase 2, treat-

to-target study assessed the efficacy and
safety of BIF in insulin-naive patients with
T2D against best-in-class degludec with
an ambitious fasting glucose titration tar-
get of 80–100 mg/dL. Although the study
used a complex dosing algorithm for BIF,
both BIF and degludec achieved a mean
HbA1c <7% at week 26. Other glycemic
parameters, such as fasting glucose,
SMBG, and TIR, were all similar between
the treatments and reflected notable

improvements from baseline. The rate of
hypoglycemia per year was very low, and
there was no significant increase of docu-
mented hypoglycemia based on patient-
reported events with BIF compared with
degludec. Despite the theoretical hypogly-
cemia risk with once-weekly basal insulin
treatment and limitations of the CGM
data set for this study, passive collection
of hypoglycemia using CGM was not con-
cerning between treatment differences.
No severe hypoglycemia was reported.
Though the glycemic control end points
were quite similar between treatments,
interpretation of dosing information is
confounded by differences in the dosing
algorithms; residual uncertainty related
to the current unit definition, which will
not be confirmed until the end of phase 3;
and the likelihood that patients in both
groups may have required additional time
to complete titration.

These results are consistent with re-
sults from a previous phase 2 BIF study,
which demonstrated that BIF is safe and
efficacious in patients with T2D subopti-
mally controlled with basal insulin (7).
In that study, BIF demonstrated noninfe-
rior glycemic control compared with de-
gludec as measured by HbA1c change
from baseline to study end point, de-
spite higher fasting glucose targets for
BIF than for degludec. Results from the
current study are also comparable with
those from another phase 2 study eval-
uating weekly basal insulin icodec in in-
sulin-naive patients with T2D (9). With
an FBG target of 70–108 mg/dL, icodec
demonstrated noninferior glycemic con-
trol compared with insulin glargine. Re-
ported rates of level 1 hypoglycemia
were low. With a fasting glucose target
of 80–100 mg/dL, the incidence and
rate of level 1 hypoglycemia after BIF
administration in the current study were
also low and not significantly different
than degludec. BIF’s low weekly peak-to-
trough ratio and long half-life may
convey lower between-day glucose vari-
ability (16), which could influence hypo-
glycemia risk relative to day of injection
and provide some flexibility with regard to
the timing of the weekly injection within a
range of 2–3 days; however, these hypoth-
eses require confirmation.

BIF was well tolerated, and routine
safety assessments in this study were
unremarkable, but there was an imbal-
ance in hypersensitivity reactions. Though
none of these presented as systemic

hypersensitivity, hypersensitivity and in-
jection site reactions will be monitored
during phase 3.

A unit definition for BIF was esti-
mated using data from the BIF phase 1
program, but an important aim of the
broader phase 2 program was to refine
the unit definition based on glycemic
outcomes from all relevant patient pop-
ulations. Therefore, BIF was dosed in
milligrams during the current study. As
was done during development of basal
insulin peglispro, efficacy outcomes from
the phase 2 studies were used to inform
a meta-analysis of a unit definition for all
patient populations (15) rather than rely-
ing on a unit definition obtained from
data derived from clamp studies that may
not be sufficiently accurate for all in-
tended patient populations. As all phase 2
trials are now complete, the current unit
definition for weekly dosing is set at 1 mg
of BIF being equivalent to 35 IU and will
be confirmed when phase 3 is complete.

This study has several limitations. One
limitation, common for phase 2 research,
was the lack of generalizability to the
broader insulin-naive T2D population. At
the time of study conduct, there was
limited phase 1 experience and no out-
patient experience in this patient popula-
tion or on a background therapy of GLP-1
analogs. With limited sample size, it was
not possible to appropriately evaluate
multiple concomitant medication sub-
groups, especially with drugs that create
confounding issues from weight loss. It
was therefore important to characterize
a broad range of exposure/response and
safety/tolerability so that BIF can be
more safely and effectively studied with
GLP-1 analogs and other oral agents as
part of the larger, more diverse phase 3
program.

Another limitation required BIF dosing
at the study site for the first 12 weeks of
the study, and this lack of visit flexibility
may have impacted patients’ willingness
to continue participation. This limitation
is common across the BIF phase 2 pro-
gram and is related to use of a lyophi-
lized powder formulation, which also
contributed to the lack of blinding be-
cause of differing appearance and dos-
age. These formulation-dependent issues
will not be applicable in phase 3 when a
prefilled pen formulation with dosing in
international units will be used.

Compliance with collection of CGM
was limited, and the system’s reduced
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accuracy in the hypoglycemic range lim-
ited the strength of interpretations from
the CGM data. Although �60% of patients
provided valid data for the week 24–26
CGM session, improvements in the am-
bulatory glucose profiles were evident
from baseline to week 26, which were
supported by other indices of glycemic
control.

The BIF dose adjustment algorithm
was unusually complex compared with
those commonly used with daily basal
insulin because it was intended to serve
as a manual, paper-based backup for dose
adjustment in the event of technical issues
with the digital algorithm. Despite this
complexity, a potential strength of this
study was the use of predefined dosing
algorithms for both BIF and degludec us-
ing the same FBG target (80–100 mg/dL)
for both treatments, which enabled com-
parisons between groups. Although the
initiation and titration approaches differed
between BIF (mg) and degludec (units),
the titration used for degludec in this
study has been used successfully in prior
basal insulin studies. The results are con-
sistent with expectations for degludec
treatment in insulin-naive patients with
T2D (17) and provided a robust frame
of reference for the outcomes observed
with weekly administration of BIF.

This phase 2 study was crucial for un-
derstanding how to dose BIF in insulin-
naive patients and for determining the
unit definition. The BIF dosing algorithm,
albeit complex, was developed to accom-
modate the unique pharmacokinetics/
pharmacodynamics of BIF and was not
intended for the general clinical setting.
It used an individualized starting dose
strategy based on both body weight
and FBG and a loading dose approach.
This resulted in a range of BIF starting
doses that was necessary to achieve an
appropriate therapeutic concentration
more quickly and to achieve FBG goals
within the first 12–14 weeks for assess-
ment of HbA1c at 26 weeks. Ultimately,
this approach resulted in effective titra-
tion to treatment target with minimal
hypoglycemia risk. Data from this study
will be used to develop a phase 3 dosing
algorithm that is more consistent with
commonly used approaches for daily basal
insulin adjustment and less individualized.
BIF is currently in phase 3 development,
referred to as the Once Weekly Insulin Ther-
apy (QWINT) program, and two studies are
focusing on insulin-naive patients (QWINT-2

[ClinicalTrials.gov reg. no. NCT05362058]
and QWINT-1 [ClinicalTrials.gov reg. no.
NCT05662332]).

This study demonstrated the clinical
utility and potential of BIF as a promis-
ing once-weekly basal insulin that will
reduce the injection burden in insulin-
naive patients with T2D. Once-weekly
BIF achieved excellent glycemic control,
with low rates of hypoglycemia similar
to degludec titrated in a manner consis-
tent with standard of care.
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