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ABSTRACT

Introduction: Dapagliflozin is an orally active
inhibitor of sodium-glucose co-transporter 2
(SGLT2) that is indicated for use in adults with
type 1 diabetes (T1DM) (with a body mass index
(BMI) of at least 27 kg/m2 in Europe, no such
BMI limit in Japan), when insulin alone does
not provide adequate glycaemic control. The

aim of this study was to evaluate changes in
glycated haemoglobin (HbA1c), body weight
and insulin dose following discontinuation of
dapagliflozin for the management of T1DM in
the DEPICT clinical trial programme.
Methods: The interrelationship between treat-
ment discontinuation, insulin requirement and
outcomes post-discontinuation was evaluated
using descriptive summary statistics and linear
regression modelling. Data were analysed from
individuals with T1DM discontinuing dapagli-
flozin in DEPICT-1 or DEPICT-2 (unplanned or
end of study). HbA1c and body weight were
measured over the 56-week study period (con-
sisting of a 52-week treatment period and a
4-week follow-up period) at 4–8 weekly inter-
vals. Following discontinuation of dapagli-
flozin, 1-year change in HbA1c (%) and weight
(kg) following discontinuation of dapagliflozin
was estimated; total daily insulin doses were
descriptively summarised.
Results: Of the 1059 individuals that received
dapagliflozin during the DEPICT trials 91 met the
eligibility criteria and were included in the anal-
yses of HbA1c and body weight. The mean dura-
tion of follow-up was 209 days in both analyses.
Following dapagliflozin discontinuation, esti-
mated annualised changes in HbA1c and body
weight were ? 0.99% (95% CI 0.39, 1.59) and
? 3.75 kg (1.65, 5.86), respectively. An increase in
insulin dose was observed around the time of
discontinuation; insulin dose in the 2-week post-
discontinuation was ? 3.6 IU and ? 4.4 IU higher
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with dapagliflozin 5 mg and 10 mg than 2 weeks
pre-discontinuation, respectively.
Conclusion: Discontinuation of dapagliflozin is
predicted to lead to clinically meaningful
increases in HbA1c and body weight, in addi-
tion to higher insulin doses. These findings are
important in the management of people with
T1DM among whom insulin is the only existing
pharmacological treatment option.

Keywords: Body weight; Dapagliflozin; HbA1c;
Treatment discontinuation; Type 1 diabetes
mellitus

Key Summary Points

Why carry out this study?

The DEPICT clinical trial programme
demonstrated that adding the sodium-
glucose co-transporter 2 (SGLT2) inhibitor
dapagliflozin to insulin therapy, in adults
with type 1 diabetes mellitus (T1DM) and
suboptimal glycaemic control, resulted in
significant and clinically relevant
reductions in HbA1c, body weight and total
daily insulin dose, compared to placebo.

As adherence to T1DM treatment can be a
challenge, understanding the
implications of treatment discontinuation
on clinically relevant patient outcomes is
important.

This study evaluated changes in HbA1c,
body weight and insulin dose following
discontinuation of dapagliflozin in the
DEPICT trials.

What was learned from the study?

The study demonstrated that
discontinuation of dapagliflozin is
predicted to lead to clinically meaningful
increases in HbA1c and body weight, in
addition to higher insulin doses.

The results highlight the importance of
ongoing treatment with dapagliflozin in
the clinical management of T1DM to
prevent the adverse changes associated
with discontinuation.

INTRODUCTION

Type 1 diabetes mellitus (T1DM) is a chronic
autoimmune disease, characterised by a pro-
gressive decline in pancreatic insulin produc-
tion and a subsequent increase in glycated
haemoglobin (HbA1c) [1, 2]. The disease is most
often diagnosed in children and adolescents,
but it can also develop in adults in their late 30s
and early 40s [3].

Individuals with T1DM require lifelong
insulin therapy consisting of daily multiple
injections or continuous subcutaneous insulin
infusions (via an insulin pump), with doses
adjusted on the basis of frequent blood glucose
self-monitoring or through closed-loop systems.
A significant proportion of people have poor
adherence to insulin treatment and therefore
are unable to achieve or maintain HbA1c levels
within the recommended limits [4]. It has been
estimated that fewer than one in five people
with T1DM are meeting HbA1c targets [5]. As
intensive insulin therapy can result in an
increased incidence of hypoglycaemia and sub-
stantial weight gain [6–8], the fear of these side
effects is a barrier for many people with T1DM
to correctly follow treatment advice [9]. For
others the complexity of the treatment regimen
i.e. the requirement of multiple daily insulin
injections, testing blood glucose levels several
times a day and adjusting treatment in relation
to diet and exercise is a challenge [10]. Thus,
there is a need for new therapies as an adjunct
to insulin therapy, to better manage HbA1c and
potentially lower the risk of onset of
complications.

Dapagliflozin is a competitive, reversible,
selective and orally active inhibitor of the
human sodium-glucose co-transporter 2
(SGLT2), approved globally for people with
type 2 diabetes mellitus (T2DM). It also has
approval for use as an adjunct to insulin therapy
for people with T1DM with a body mass index
(BMI) of at least 27 kg/m2, when insulin alone is
unable to maintain glycaemic control, from the
European Medicines Agency (EMA) and without
the BMI restriction from Japan’s Pharmaceuti-
cals and Medical Devices Agency (PMDA)
[11, 12]. SGLT2 inhibition reduces glucose
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reabsorption in the renal tubule, leading to
increased glucose excretion and consequently
reducing hyperglycaemia and weight gain [13].
In addition to glycaemic effects, pleiotropic
actions of SGLT2 inhibitors on cardio- and
nephroprotection in T2DM have been demon-
strated with several large trials [14–16]. There is
the potential for such nephroprotection effects
to be replicated in T1DM; however, studies to
determine cardio-renal benefits in T1DM are
currently outstanding.

The EMA approval for dapagliflozin in peo-
ple with T1DM is based on phase 3 data from
the DEPICT (Dapagliflozin Evaluation in Pa-
tients with Inadequately Controlled Type 1
Diabetes) clinical programme. The programme
consists of two clinical trials, DEPICT-1 (Clini-
calTrials.gov number NCT02268214) and
DEPICT-2 (ClinicalTrials.gov number
NCT02460978), in which individuals with
T1DM inadequately controlled by insulin were
randomised to receive add-on dapagliflozin
(5 mg or 10 mg) or placebo orally, once daily for
52 weeks. The trial results demonstrated that
dapagliflozin as adjunct therapy to insulin in
individuals with inadequately controlled T1DM
was well tolerated and there were significant
and clinically relevant reductions in HbA1c,
body weight and total daily insulin dose, com-
pared to placebo, at both 5 mg and 10 mg doses
[17–19]. Furthermore, in pooled analyses of
24-week continuous glucose monitoring data
from DEPICT-1 and DEPICT-2, individuals
receiving dapagliflozin 5 mg or 10 mg both
spent more time in range compared to those
receiving placebo [20], according to the inter-
national consensus on time in range recom-
mendations of a blood glucose range of
70–170 mg/dL (3.9–10.0 mmol/L) [21]. An
increased risk of diabetic ketoacidosis (DKA) was
reported in individuals with T1DM receiving
dapagliflozin [17–19]. Since the risk of DKA
appeared to be less in those who were over-
weight or obese (BMI at least 27 kg/m2) [22] the
EMA indication for dapagliflozin is only in these
individuals with T1DM.

As adherence to T1DM treatment can be a
challenge, understanding the implications of
treatment discontinuation on clinically rele-
vant patient outcomes is important. This study

evaluated changes in HbA1c, body weight and
insulin dose following discontinuation of
dapagliflozin in the DEPICT trials.

METHODS

Study Population

In this retrospective analysis, data from indi-
viduals in DEPICT-1 and DEPICT-2 who
received dapagliflozin (5 mg or 10 mg) were
evaluated for inclusion in the analysis dataset.
Eligible individuals for analysis included those
who discontinued dapagliflozin prematurely
(i.e. unplanned, in accordance with protocol
guidelines for study drug discontinuation) and
as planned at the end of the study (i.e. com-
pleted scheduled treatment). Full details of the
trial design and patient disposition in the
DEPICT studies has been previously described
[17–19].

The previously conducted studies in the
DEPICT clinical trial programme were con-
ducted in accordance with the Declaration of
Helsinki and Good Clinical Practice Guidelines
as defined by the International Council for
Harmonisation. DEPICT-1 and DEPICT-2 were
approved by the institutional review boards and
independent ethics committees for all partici-
pating centres. All participants provided written
informed consent. For Japanese patients at least
18 to less than 20 years old, informed consent
was obtained from their parents/guardians.

Endpoints and Data Structuring

In this analysis, the primary endpoints of
interest were HbA1c (%) and body weight (kg),
with estimated total daily insulin dose (IU) dose
considered as a secondary endpoint to provide
context to the analysis of HbA1c and weight.

HbA1c and body weight were measured over
the 56-week study period (consisting of a
52-week treatment period and a 4-week follow-
up period) at 4–8 weekly intervals with addi-
tional assessments for body weight at weeks 1
and 2 post-baseline (study entry). Analysis of
HbA1c and body weight considered individuals’
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post-discontinuation measurements to form
HbA1c and weight trajectories following dis-
continuation of dapagliflozin. The analysis
dataset for both HbA1c and weight trajectories
consisted of all measurements post-discontinu-
ation (last on- and all off-treatment), with
individuals requiring at least three post-baseline
measurements to evaluate trends (trajectories)
in evaluated outcomes.

Total daily insulin doses were evaluated
using insulin midpoint data (the mean of the
highest and lowest dose received by the indi-
vidual over the previous 2-week period). Anal-
yses considered insulin dose change from study
baseline in absolute IU, as well as a percentage
and included all recorded IU measurements. An
index date for the analysis was defined as the
fortnight in which discontinuation occurred.
Fortnightly insulin midpoint data were then
recoded relative to this index date; fortnightly
periods before and after discontinuation were
defined as weeks - 2, - 4, - 6, etc. and 2, 4, 6,
etc., respectively.

Statistical Methods

Baseline characteristics of individuals included
in the analyses of post-discontinuation HbA1c
and body weight trajectories were statistically
summarised and compared to the overall pop-
ulation of dapagliflozin-treated individuals in
the DEPICT studies. Reasons for dapagliflozin
discontinuation were determined and mean
HbA1c and body weight at discontinuation (last
on-treatment observation) were calculated.

Ordinary linear regression models were used
to estimate the time-dependent relationship
between HbA1c and body weight following
treatment discontinuation. Overall post-dis-
continuation trajectories of HbA1c and body
weight were calculated as the mean of the
individual patient trajectories, with an associ-
ated 95% confidence interval (CI). Univariate
summary statistics describe the mean number of
observations and length of follow-up for indi-
viduals included in the analysis.

Insulin doses centred around the time of
discontinuation were statistically summarised
(mean and 95% CI) for all individuals who

received dapagliflozin to characterise the rela-
tionship between estimated HbA1c and body
weight changes post-discontinuation and insu-
lin doses.

RESULTS

Study Population

A total of 1059 individuals received dapagli-
flozin during the DEPICT trials and were
potentially eligible for the analysis of post-dis-
continuation trajectories, of which 91 met the
eligibility criteria and were included in the
analyses of HbA1c and body weight. Owing to
completeness of HbA1c and body weight data,
the sample of included individuals differed
slightly for each analysis; 89 individuals were
included in both analyses. The baseline char-
acteristics of those included in each analysis, as
well as for all dapagliflozin-treated individuals
in the DEPICT trials are summarised in Table 1.

Individuals included in the analyses were
more likely to have been from DEPICT-2 than
DEPICT-1 (58.2% versus 41.8% in both analy-
ses). There was a similar proportion of individ-
uals receiving a 10 mg and 5 mg dose of
dapagliflozin in each analysis (52.7% and 47.3%
in both analyses, respectively). The analysis
populations were broadly similar to the pooled
dapagliflozin-treated patient population of the
DEPICT trials in terms of all other baseline
characteristics. Mean HbA1c and weight at dis-
continuation for those included in each analysis
was 8.21% and 79.00 kg, respectively.

Reasons for Dapagliflozin Discontinuation

The most common reason for dapagliflozin
discontinuation was adverse events [44/91
(48%) and 43/91 (47%) for the HbA1c and body
weight analyses, respectively] (Table 2). The
most frequent adverse events as reported by the
investigator were metabolism and nutrition
disorders (including ketosis, ketoacidosis and
DKA) which were reported in 19 of 44 individ-
uals who discontinued dapagliflozin because of
adverse events in the HbA1c analysis and 19 of
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Table 1 Baseline characteristics

Baseline characteristic Individuals contributing to trajectory analysis Full analysis setb (N = 1059)

HbA1c (N = 91)a Body weight (N = 91)a

Trial

DEPICT-1 38 (41.8) 38 (41.8) 518 (48.9)

DEPICT-2 53 (58.2) 53 (58.2) 541 (51.1)

Trial arm

Dapagliflozin 10 mg 48 (52.7) 48 (52.7) 529 (50.0)

Dapagliflozin 5 mg 43 (47.3) 43 (47.3) 530 (50.0)

Age (years)

N# 91 91 1059

Mean (SD) 40.77 (13.35) 40.82 (13.52) 42.46 (13.57)

Median (min, max) 43.00 (18.00, 70.00) 43.00 (18.00, 70.00) 43.00 (18.00, 75.00)

Gender

Female 53 (58.2) 53 (58.2) 579 (54.7)

Male 38 (41.8) 38 (41.8) 480 (45.3)

Race (%)

White 83 (91.2) 83 (91.2) 924 (87.3)

Black or African-American 4 (4.4) 5 (5.5) 23 (2.2)

Asian 3 (3.3) 2 (2.2) 101 (9.5)

Other 1 (1.1) 1 (1.1) 11 (1.1)

Body weight (kg)

N# 91 91 1059

Mean (SD) 81.60 (20.71) 81.37 (20.68) 80.44 (17.89)

Median (min, max) 78.20 (49.70, 152.60) 77.50 (49.70, 152.60) 78.40 (45.90, 184.80)

BMI (kg/m2)

N# 91 91 1059

Mean (SD) 28.16 (5.84) 28.11 (5.82) 27.89 (5.42)

Median (min, max) 26.70 (18.60, 43.90) 26.70 (18.60, 43.90) 27.20 (18.20, 65.80)

Geographic region (%)

Asia/Pacific 5 (5.5) 3 (3.3) 120 (11.3)

Europe 36 (39.6) 36 (39.6) 480 (45.3)

Latin America 8 (8.8) 9 (9.9) 127 (12.0)
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Table 1 continued

Baseline characteristic Individuals contributing to trajectory
analysis

Full analysis setb

(N = 1059)

HbA1c (N = 91)a Body weight
(N = 91)a

North America 42 (46.2) 43 (47.3) 332 (31.4)

Duration of T1DM (years)

N# 88 88 1045

Mean (SD) 19.08 (10.63) 19.36 (10.60) 19.59 (11.69)

Median (min, max) 17.81 (2.76, 49.74) 18.15 (2.76, 49.74) 17.96 (0.003, 61.33)

Total baseline insulin (IU/kg)

N# 91 91 1058

Mean (SD) 0.72 (0.24) 0.73 (0.24) 0.73 (0.34)

Median (min, max) 0.67 (0.32, 1.46) 0.69 (0.32, 1.46) 0.67 (0.02, 7.83)

Total baseline insulin (IU)

N# 91 91 1058

Mean (SD) 59.42 (26.92) 59.99 (26.83) 59.58 (32.77)

Median (min, max) 50.86 (21.10, 169.23) 52.14 (21.10, 169.23) 52.19 (1.86, 593.29)

HbA1c (percent)

N# 91 91 1059

Mean (SD) 8.50 (0.69) 8.51 (0.69) 8.48 (0.69)

Median (min, max) 8.40 (7.50, 10.40) 8.50 (7.50, 10.40) 8.30 (7.50, 10.90)

Fasting plasma glucose (mg/dL)

N# 91 91 1059

Mean (SD) 185.01 (76.21) 186.56 (75.85) 184.51 (77.79)

Median (min, max) 187.00 (64.00,

402.00)

187.00 (64.00, 402.00) 176.00 (24.00, 492.00)

Fasting plasma glucose (mmol/L)

N# 91 91 1059

Mean (SD) 10.27 (4.23) 10.36 (4.21) 10.24 (4.32)

Median (min, max) 10.38 (3.55, 22.31) 10.40 (3.55, 22.31) 9.77 (1.33, 27.30)

Method of insulin administration

Continuous subcutaneous insulin

infusion

39 (42.9) 38 (41.8) 375 (35.4)

Multiple daily injections 52 (57.1) 53 (58.2) 684 (64.6)
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43 individuals in the body weight analysis, and
infections which were reported in 15 of 44
individuals who discontinued dapagliflozin
because of adverse events in the HbA1c analysis
and 15 of 43 individuals in the body weight
analysis. Less common adverse events resulting
in discontinuation included gastrointestinal
disorders, musculoskeletal and connective tis-
sue disorders, nervous system disorders, and
renal and urinary disease (Supplementary
Table 1).

Other reasons for dapagliflozin discontinua-
tion included individuals completed their
scheduled treatment, completed short-term
treatment period (up to week 24) without pro-
gressing to long-term treatment period (up to
week 52), lack of efficacy, poor/non-compli-
ance, pregnancy, subject request to discontinue
study treatment and subject no longer meets
study criteria (Table 2).

Changes in HbA1c, Body Weight
and Insulin Dose Following Dapagliflozin
Discontinuation

Estimated annual trajectories for HbA1c and
body weight post-discontinuation are sum-
marised in Fig. 1. The mean numbers of obser-
vations included in the trajectories for HbA1c

Table 1 continued

Baseline characteristic Individuals contributing to trajectory analysis Full analysis setb (N = 1059)

HbA1c (N = 91)a Body weight (N = 91)a

Use of CGM

No 71 (78.0) 71 (78.0) 715 (67.5)

Yes 20 (22.0) 20 (22.0) 344 (32.5)

Systolic blood pressure (mmHg)

N# 91 91 1059

Mean (SD) 120.62 (14.28) 120.59 (13.95) 121.88 (14.34)

Median (min, max) 119.00 (95.00, 158.00) 119.00 (95.00, 158.00) 121.00 (84.00, 176.00)

BMI body mass index, CGM continuous glucose monitoring, CI confidence interval, HbA1c glycated haemoglobin; N#
number of individuals with complete baseline measurement, SD standard deviation, T1DM type 1 diabetes mellitus
a 89 individuals were included in both analyses
b Based upon pooled data from the DEPICT-1 and DEPICT-2 studies

Table 2 Reasons for discontinuation

Reason for discontinuation
N (%)

Individuals
contributing to
trajectory analysis

HbA1c
(N = 91)

Body
weight
(N = 91)

Adverse event 44 (48.4) 43 (47.3)

Completed scheduled treatment

(short- and long-term)

17 (18.7) 17 (18.7)

Completed short-term period

without progressing to long-

term period

3 (3.3) 3 (3.3)

Lack of efficacy 1 (1.1) 1 (1.1)

Poor/non-compliance 1 (1.1) 1 (1.1)

Pregnancy 4 (4.4) 4 (4.4)

Subject request to discontinue

study treatment

11 (12.1) 11 (12.1)

Subject no longer meets study

criteria

1 (1.1) 1 (1.1)

Other 9 (9.9) 10 (11.0)

Short-term treatment period defined as up to week 24.
Long-term treatment period defined as up to week 52
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and body weight were 5.5 (minimum 3, maxi-
mum 10) and 5.6 (minimum 3, maximum 12)
respectively, with a mean duration of follow-up
of 209 (minimum 52, maximum 416) days in
both analyses. The estimated mean increase in
HbA1c was 0.99% per year (95% CI 0.39–1.59).
The estimated mean increase in body weight
was 3.75 kg per year (95% CI 1.65–5.86).

An increase in insulin dose was observed
around the time of discontinuation when con-
sidering absolute change in IU and percentage
change in IU from baseline (Fig. 2). Insulin dose

in the 2-week post-discontinuation time period
was ? 3.6 IU and ? 4.4 IU higher in the dapa-
gliflozin 5 mg and 10 mg arms than 2 weeks pre-

Fig. 1 Estimated trajectory of a HbA1c and b body weight following discontinuation of dapagliflozin

cFig. 2 a Insulin dose midpoint change from baseline
relative to discontinuation. b Insulin dose midpoint
percent change from baseline relative to discontinuation.
Insulin midpoint values 16 weeks pre-discontinuation and
6 weeks post-discontinuation are included reflecting
observed clustering of data for statistical evaluation
(excluding outlier observations)
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discontinuation, respectively. As a percentage
change, insulin dose was 7.0% and 8.4% higher
in the 5 mg and 10 mg arms, respectively.
Insulin dose in the 4-week post-discontinuation
time period was ? 4.4 IU and ? 5.4 IU higher in
dapagliflozin 5 mg and 10 mg than 4 weeks pre-
discontinuation, respectively. As a percentage
change, insulin dose in the 4-week post-dis-
continuation time period was 7.8% and 8.1%
higher, respectively.

DISCUSSION

Results of the DEPICT clinical trial programme
have shown that treatment with dapagliflozin
in individuals with T1DM is able to reduce both
HbA1c levels and weight gain and requires few
corrective insulin doses [17–19]. The results of
this study indicate that HbA1c levels, body
weight and insulin dose will increase following
treatment discontinuation and suggest that,
where clinically appropriate, ongoing treatment
with dapagliflozin should be considered to
prevent these changes associated with discon-
tinuation. On the basis of American Diabetes
Association (ADA) and National Institute for
Health and Clinical Excellence (NICE) treat-
ment guidelines, a change in HbA1c of 0.5% is
considered clinically significant [23, 24].
Therefore, the estimated annual trajectories in
HbA1c modelled in people with T1DM follow-
ing discontinuation of dapagliflozin in this
study (estimated mean annualised increase of
1% in HbA1c) are of clinical importance.

The most common reason for early dapagli-
flozin discontinuation in this study was adverse
events. As there are no progressive lines of
therapy for T1DM, this study supports the
importance of adverse event management, in
order to avoid dapagliflozin discontinuation.
Effective interventions to improve individuals’
engagement in their long-term therapy, prevent
treatment discontinuation and ultimately
improve their clinical outcomes are an unmet
need. This may include a range of strategies
including educational resources, behavioural
counselling or the use of digital technology to
continually reinforce to individuals the impor-
tance of staying on treatment [25, 26].

This study is limited by the small sample size
(N = 91 for each analysis of time-dependent
HbA1c and weight trajectories) as well as by the
short-term nature of the follow-up of individu-
als following discontinuation: the maximum
post-discontinuation follow-up for individuals
was 56 weeks (i.e. the maximum follow-up in
the DEPICT studies), with the majority of indi-
viduals having a shorter post-discontinuation
follow-up. Therefore, inferences concerning
long-term trajectories and their impacts should
be treated with caution. Furthermore, the data
utilised in this study reflects a clinical trial set-
ting and therefore the results must be treated
with caution when applying inferences to a real-
world setting. Moreover, it is possible that the
adverse changes in HbA1c, body weight and
insulin use following dapagliflozin discontinu-
ation may be a consequence of the return to
‘real life’ conditions out of the reinforced
monitoring within a clinical study as well as
physicians’ and patients’ inertia, rather than
being as a result of the treatment discontinua-
tion itself.

CONCLUSION

Discontinuation with dapagliflozin is predicted
to be associated with statistically and clinically
meaningful increases in HbA1c and body
weight and is accompanied by increases in
insulin doses. These findings are important in
the management of people with T1DM among
whom insulin is the only existing pharmaco-
logical treatment option.
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