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ndividuals with type 1 diabetes rep-

resent only ~6% of all patients with

diabetes in the United States and re-
quire characteristically complex treat-
ment modalities (1). Autoimmune
pancreatic B-cell destruction ultimate-
ly results in an absolute insulin defi-
ciency, the presence of autoimmune
markers, and little to no residual
C-peptide (2,3). Additionally, pan-
creatic 0-cell dysfunction is present,
resulting in excess glucagon in both
the fasting and postprandial states,
and the gastric emptying rate is altered
in many patients.

Exogenous insulin serves as the
foundation of therapy for type 1
diabetes and is commonly delivered
via a multiple-dose regimen or an
insulin pump. The two most com-
mon adverse effects associated with
insulin use are hypoglycemia and
weight gain. Recent data suggest that
68% of people with type 1 diabe-
tes are overweight or obese and that
severe hypoglycemia occurs at a rate
of 9-20% (4). The latter complica-
tion is considered a limiting factor
to achieving glycemic targets in the
type 1 diabetes population. Indeed,
the average A1C for adults >18 years
of age with type 1 diabetes in the
United States was 7.9% in 2015, a
value well above the target of 7% rec-
ommended by the American Diabetes
Association for most adult patients.
Further complicating matters, dia-
betic ketoacidosis (DKA) occurs at
a rate of 10% per year in some age-
groups (4). Overall, these data suggest
a need for adjunctive therapies for

type 1 diabetes that reduce the risk
for hypoglycemia and weight gain.

While B-cell dysfunction is clearly
a therapeutic focus for all types of
diabetes, multiple other pathways of
hyperglycemia present opportunities
for alternate treatment modalities that
may assist in achieving glycemic tar-
gets (5). The ideal pharmacotherapy
regimen for a patient with type 1 dia-
betes would not only target the B-cell
dysfunction, but also decrease blood
glucose through hyperglycemic path-
ways independent of B-cell function.

One possible adjuvant therapy is
the amylin analog pramlintide, which
was approved by the U.S. Food and
Drug Administration (FDA) for the
treatment of type 1 diabetes in 2005
(6). Pramlintide delays gastric emp-
tying, blunts pancreatic secretion
of glucagon, and enhances satiety
(7). When 30 or 60 pg pramlintide
is administered subcutaneously in
addition to insulin three to four
times daily, there is a reduction in
the total daily dose (TDD) of insu-
lin, a decrease in body weight, and
a modest reduction in A1C (8-10).
Unfortunately, significant nausea and
vomiting, high cost, and the need for
multiple daily injections results in rel-
atively uncommon use of pramlintide
in this population.

Metformin, dipeptidyl-peptidase-
4 inhibitors, and thiazolidinediones
have also been studied in type 1
diabetes but have not demonstrated
clinically significant beneficial
outcomes and therefore have not

been approved by the FDA for this
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use (3). The role of two other non-
insulin classes of medications,
sodium—glucose cotransporter (SGLT)
inhibitors and glucagon-like peptide
1 (GLP-1) receptor agonists, have
also been studied in type 1 diabetes.
This literature review focuses on the
use of these agents in patients with
type 1 diabetes and provides a critical
appraisal of evidence regarding their
efficacy and safety for this purpose.

SGLT Inhibitors

Located in the proximal tubule of
the nephron, the SGLT2 receptor
is responsible for 90% of renal glu-
cose reabsorption. Inhibition of this
transporter reduces reabsorption of
filtered glucose, thereby increasing
glucosuria and reducing plasma glu-
cose concentrations (7). The SGLT1
receptor is located in both the prox-
imal renal tubule and the proximal
small intestine. In the proximal renal
tubule, it is responsible for reabsorp-
tion of the remaining 10% of renal
glucose. In the small intestine, it is
the primary transporter in glucose and
galactose absorption (11,12). Because
the mechanism of SGLT inhibitors is
independent of B-cell function, this
drug class may offer glucose-lowering
benefit to patients with type 1 dia-
betes (3). Known adverse effects of
SGLT inhibitors include lipid abnor-
malities, genital infections, hypoten-
sion, and euglycemic DKA (7). A list
of available SGLT inhibitors can be
found in Table 1.

Early studies of SGLT inhibi-
tors in patients with type 1 diabetes
demonstrated modest improvements
in glycemic control, weight reduction,
and insulin dose reduction but were
limited by small sample sizes and
short durations. Although these bene-
fits were promising, patients receiving
SGLT inhibitors also experienced
more episodes of ketoacidosis and
genital mycotic infections (11,13-16).

Two large-scale clinical trials eval-
uating the role of SGLT inhibitors in
type 1 diabetes are described in Table
2. The DEPICT-1 trial (17) evaluated
the safety and efficacy of dapagli-
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flozin, an SGLT?2 inhibitor, added to
insulin therapy in 833 patients with
type 1 diabetes over 24 weeks. The
primary outcome, change in A1C at
24 weeks, statistically favored treat-
ment with dapagliflozin 5 or 10 mg
compared to placebo. Severe hypogly-
cemia occurred in 21 (8%), 19 (6%),
and 19 (7%) of the patients in the
dapagliflozin 5 mg, dapagliflozin 10
mg, and placebo groups, respectively.
Adjudicated definite DKA occurred
in four (1%), five (2%), and three
(1%) patients in the dapagliflozin 5
mg, dapagliflozin 10 mg, and pla-
cebo groups, respectively. This trial
excluded patients with a recent history
of severe hypoglycemia or DKA.

The inTandem 3 trial (12) eval-
uated the safety and efficacy of
sotagliflozin, an SLGT1 and SLGT2
inhibitor, in 1,402 patients with
type 1 diabetes over 24 weeks. The
combined safety and efficacy pri-
mary outcome was the proportion
of patients achieving an A1C <7.0%
without hypoglycemia or DKA. Two
hundred of the patients in the sota-
gliflozin group (28.6%) achieved
this primary outcome, whereas 107
(15.2%) patients in the placebo group
achieved the outcome, resulting in
a number needed to treat of eight.
Conversely, of patients who failed to
meet the target A1C, more patients
in the sotagliflozin group had at
least one episode of DKA compared
to placebo (16 [2.3%] vs. 13 [1.8%)],
respectively, P <0.003), resulting in a
number needed to harm of 50. The
rate of DKA events in the sotagliflozin
group was higher in patients who used
an insulin pump compared to those
who did not use an insulin pump.
As in the DEPICT-1 study, this trial
excluded patients with a recent history
of DKA or hypoglycemia.

The data from these two landmark
trials further support the benefits
of reduction in A1C, weight, and
insulin TDD with SGLT inhibi-
tors. Although both trials excluded
patients with a recent history of severe
hypoglycemia, there is no indication
in the literature of an increased risk of
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hypoglycemia with these agents. There
is a risk of ketoacidosis; therefore, these
agents should not be used in patients
with a history of or who are known to
be at increased risk for DKA.

A position statement from the
American Association of Clinical
Endocrinologists and American
College of Endocrinology recom-
mends that future trials of SGLT
inhibitors in type 1 diabetes should
use lower doses of these agents and
that insulin doses should not be rou-
tinely reduced on initiation of an
SGLT inhibitor (18). Future trials that
are longer in duration and specifically
designed to evaluate the long-term
safety of these medications in patients
with type 1 diabetes are essential.
Additionally, future studies should
evaluate the benefit of this class in the
prevention or delay of microvascular
and macrovascular complications of
diabetes.

GLP-1 Receptor Agonists
Human GLP-1 is a peptide that, in
conjunction with glucose-dependent
insulinotropic polypeptide, is respon-
sible for >90% of the increased insu-
lin secretion after an oral glucose load.
Human GLP-1 levels rise shortly after
food ingestion, enhancing insulin se-
cretion, suppressing glucagon secre-
tion, slowing gastric emptying, and
reducing food intake by increasing
satiety (19). GLP-1 receptor agonists
are analogs of human GLP-1 that in-
crease glucose-dependent insulin se-
cretion, delay inappropriate glucagon
secretion, delay gastric emptying, and
decrease food intake. Animal models
and in vitro data have also demon-
strated increased B-cell growth and
replication. The proposed benefit of
GLP-1 receptor agonists in type 1 di-
abetes is mostly related to the mech-
anistic avenues independent of B-cell
function. However, the potential to
improve residual B-cell function and
increase glucose-dependent insulin se-
cretion may be beneficial early in the
diagnosis of type 1 diabetes.

The most common adverse effects
of GLP-1 receptor agonists include

165



@ PHARMACY AND THERAPEUTICS

‘'snoaueindgns ‘DS ‘Ajuo Alseqo jo Juswiessy syl 1oj \/JH oyi Aq
panoidde s) esop Bw gt "se1e1S paluN 8y ul 8sn yoj paaoidde jou Lolqiyul z[71DS Pue [ 57S [endd ‘810z eunr g o se ebexoed uad eoud sjessjoym sbelsny,

paipnis 10N 0Z'118% Apreem aouo uonoalu pg Bw | pue ‘50 'SZ°0 spnn|Bewss
paipnis 10N A JAAS Ajiep @2uo uonosful DS Bri oz pue oL apneussIxn
(9€) 8L0Z " 12 29N
(62) 9L0Z "|e 10 UIYY
(82) 910Z "|e 1@ naiyie
(92) 9102 “|e 10 pieebleq
(S2) SLOZ "|e 1o usspuely 105 0vy'L$ Bw o
(£2'22) 9102 ‘€102 |2 18 eAipRyn)y| 00'896% 6w g'| 6w ¢ pue
(12) LLOZ "|e 10 3sEBja1y vE'Gr9$ Bw z'| pue 90 Ajiep @ouo uonosful DS '81L'TL'90 spnn|Beur
A._VNV ¥10¢ r_m 19 euled] Or.NQN% \A_v_wm\s [S)elV]e) CO:.Uw‘:\: Om Buwi l 43 mb_pmcwxm
(€2) €102 "|e 10 Jewiny| ey 90°058% Ajiep @21m1 uonoalur g Brigl pueg opneusxy
paipnis 10N Y2 '9.8% APpreem aouo uonoalu pg Buw gy pueg/o spnn|be|ng
palpn1s 10N 17°'929% Apjeam aouo uonoslul pg Brl oG pue ¢ spnn|biq|y
sysiuobe Joydedal |-475)
(zl) £10Z "2 10 BieD
(L1) GLOZ “|e 32 spueg — Ajrep @ouo yinow g Bw 0or luizoy|berog
(7L) GLOZ "|e 10 49Gald
(€1) ¥L0Z "|e 18 supjiad v6'/55$ Ajrep souo yinow g Bw gz pue g uizojjiBedwy
(£1) £102 |2 18 BUOPUEQ]
(91) 9L0Z “[e 1e eAipRyny S¥'/5S$ Alrep aouo yinow Ag Buw ol pueg uizojjyiiedeq
(S1) 510z "2 18 AuusH 0S'/SS$ Ajrep @ouo yinow g Bw 0o¢ pue 001 uizoyl|Geue)

sloNqIyul 1795

saraqelq | @dA] ul seipnig

+SKeq@ Q¢ 104 od14d ajesajoypp abesany

uoneJsiuiwpy

saso( o|qe|leAy

(££'9€'62-12'LL-LL"L) sisiuoby Jordaday |-471D pue siodqiyu| [1DS d|qejieAy ‘| 319Vl

SPECTRUM.DIABETESJOURNALS.ORG

166



(2]
>
(2]
]
>m
R RN
Dsla™ x
é’.of\,"“? &
[] .. i
PR
o —
=8nx
o 0o
(9]
c
©
<
(O]
(2]
=]
0
1
4
o
SAERY
U)Dd N2 *
+ i [ o
G’Cu,_'rsd |
.Q'__CUD\—
Slga| o
A c
©
- | <
ol Y
>
l—
Sl w
=3
n|l®n
o| o
o
2R x5
.QU~(<\],.<I' X
=|<= O - o Ne)
—:<_QO| <t
Elco| ! . o
._UL-r.io ]
I—m_mo‘_
_Imn_ [|)
Q| c
| 8
-
oV
N
G
S
Flo
X | < O
| < SSL{)N
Bl o olgo|©
EleR| T 50|
BT |A24|0
%m o %)
-
N
L
323
[a1]
[ (o))
= 29 | €
= o = o
o CQ-AO
& mu;m#
- n > C
a c®| 5
2 | == |0
E |82c|E
= C [©)]
o =N ©
SC |5
4 |
N+
N~
o
O\ ™~
N | =
c = |9
e O N
o — | _=
© L ©
6 O | T
—_ O o
= 4|5
= Qs |O

VOLUME 32, NUMBER 2,

P: 8.21

+ TTT insulin vs. placebo

= O
< ¥
D 5
x X X
29 /8%  |bo:
O N N <t O
& 0 o
9T | GaE |G
e R Soo
° 9
<
o2
Do\°
Qo
; (e XX xox X
© cyloam Lrlv,\lg
@ .52 \5.I-| ”|
2 oo 9(\‘.00 3‘\400
o = -
g w| S 98 oo = 39 S5
= (V] o wn
© 105
) [0} Qo
5 e >
R ©
=S R
—
= o *
P - U -
i= 0SS 9| o« % ¥ K X
'6‘ Q_<_Q owo < nwn
&= >edissd Ny &
S e8| 799|999
Q —
I £ | oo O Ao O A ©
(o] " C wn oo =
4 2| 332320 s
= 210 =
O = @
(%) o) >
o [0)]
Q < |
3 o
i 2|
2 AR
> (V] O AN Oy
= v|® glogoo |mee
[0)) (V) LS| N~ — < S & &
3 ElOE|oqeT | SO
& T|28|Soot |20
= o|l=a
N =3
Ke) Ol w
= o« | @
) o
o
- =
o = | R
§ . d 0 O < o~ <
a) = E ———=wm | QOO
N © OOoooog 00 0O ©O
2 E|g 2882 sqa
P cl% |20 i
c ©| @
N
o .| @
&= o
> |y :
o~ o~
=5 Q o . o) . E
S8 <| S I = s T
= o ~|©° 0 9=9 |0 P2n
~ ~ [} EDU EC
— | O = (@] [ (@} W=
1 Q @ G)OO.E—O_ 0 X T
c| o o O+ ._QFGQ)_
~| O € 505 |50
S ° [55F2 3§58
o () 9% L5 | D0
D = >l 4+
B | _
e}
+ —
= I9)
I ~N
O O = <
] |E O i © O
— < —
= |.D NZ o=
3 0 — N
o | 2 5 Q i
E = 4—"_ — =
IS IR ®) ©
(V] RS sz 4—tZ
T |5 o
c |0 B3 cD
© = — S 0 =
= © © + N <~
k= A = o <o
S x = > <

SPRING 2019

P: 11

P:8.12
*Statistically significant difference. L0.6, liraglutide 0.6 mg; L1.2, liraglutide 1.2 mg; L1.8, liraglutide 1.8 mg; P, placebo.

versus placebo
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nausea and vomiting, increased heart
rate, and headache. This class should
not be used in patients with a personal
or family history of thyroid cancer or
multiple endocrine neoplasia syn-
drome (7,20). A list of GLP-1 receptor
agents can be found in Table 1.

Preliminary literature evaluating
the role of GLP-1 receptor agonists
in type 1 diabetes is largely incon-
clusive. Except for one 56-week trial,
most trials had small sample sizes and
short durations ranging from 4 to 26
weeks. The results of the trials were
variable with regard to A1C reduction
(0.3 to —2.3%), weight loss (0.5
to —6 kg), and reduction in TDD
of insulin up to 20%. Although the
benefits demonstrated in these early
studies are promising, many of the
studies were retrospective, open-
label, or observational, limiting their
usefulness (21-27).

Two large-scale trials examining
the use of GLP-1 receptor agonists
in type 1 diabetes are described in
Table 3. The ADJUNCT-ONE (28)
trial evaluated the safety and efficacy
of liraglutide added to treat-to-target
insulin with regard to effects on A1C,
insulin requirement, and body weight
in adults with type 1 diabetes over
52 weeks. A statistically significant
decrease in A1C and insulin TDD
was seen with liraglutide 1.2 and 1.8
mg doses compared to placebo. All
three doses of liraglutide were associ-
ated with weight loss.

Although benefits were seen at the
higher doses of liraglutide, they were
accompanied by an increased rate of
symptomatic hypoglycemic events.
The rate of symptomatic hypoglycemia
events observed was 16.5/patient-year
of exposure (PYE) and 16.1 PYE in
the liraglutide 1.8 and 1.2 mg groups,
respectively, compared to a rate of
12.3/PYE in the placebo group (P
<0.05). Additionally, liraglutide 1.8
mg was associated with a higher rate of
hyperglycemic episodes with ketosis.
There were a total of eight adjudicated
events of DKA in all three liraglu-
tide groups combined. In all but one
of these events, a clinically relevant

167



event unrelated to the study drug was
deemed to be the trigger of the DKA.

Lastly, gastrointestinal adverse
effects, particularly nausea, were
notable in all liraglutide groups. The
ADJUNCT-ONE authors identified
that patients with residual C-peptide
levels at baseline had a greater
decrease in A1C with liraglutide 1.8
and 1.2 mg compared to those with-
out residual C-peptide at the same
doses. Additionally, patients with
residual C-peptide experienced fewer
episodes of hypoglycemia or hypergly-
cemia with ketosis.

The ADJUNCT-TWO trial (29)
evaluated the efficacy and safety of
liraglutide added to a capped insulin
dose in patients with type 1 diabetes
over 26 weeks. All three doses of lira-
glutide demonstrated a statistically
significant decrease in A1C, insulin
TDD, and body weight compared to
placebo. The highest rate of symptom-
atic hypoglycemia was unexpectedly
seen in the liraglutide 1.2 mg arm. As
in the ADJUNCT-ONE trial, hyper-
glycemia with ketosis was seen most
often in the liraglutide 1.8 mg arm.
The subgroup analysis of ADJUNCT-
TWO revealed that patients with
residual C-peptide at baseline showed
a greater reduction in A1C with lira-
glutide 1.8 mg compared to those
without residual C-peptide (29).

ADJUNCT-ONE and ADJUNCT-
TWO are the largest trials available
to date evaluating liraglutide in type
1 diabetes. Although the results of
both trials are promising with regard
to A1C reduction, weight loss, and
reduction in insulin requirements,
the treatment did show an increased
risk of dose-dependent hypoglycemia
and hyperglycemia with ketosis, as
well as gastrointestinal adverse events.
Future studies focused on prevention
of microvascular or macrovascular
outcomes would be beneficial to truly
determine the clinical utility of this
class in type 1 diabetes.
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Comparing SGLT Inhibitors and
GLP-1 Receptor Agonists in
Type 1 Diabetes

Overall, the benefits of both SGLT in-
hibitors and GLP-1 receptor agonists
in addition to insulin therapy in type
1 diabetes appear to be promising.
However, the potential for adverse ef-
fects, lack of FDA approval for use in
type 1 diabetes, the additional cost of
the therapeutic regimen (Table 1), as
well as a lack of insurance coverage for
drugs in either class for patients with
type 1 diabetes limit the practicality
of their use at present.

Given these constraints, patients
with type 1 diabetes who are over-
weight or obese and interested in an
oral agent may be good candidates
for an SGLT inhibitor. Duration
of diabetes does not appear to be a
factor affecting the efficacy of SGLT
inhibitors in type 1 diabetes. Because
the trials did not show an increased
rate of hypoglycemia in patients with
type 1 diabetes, agents from this class
might be an option if used with cau-
tion in patients who are at risk for
hypoglycemia. However, this class
should be avoided in patients with a
recent history of or who are known to
be at increased risk of a DKA episode.
Patients on insulin pumps may be at
higher risk of DKA due to mechanical
pump failures; therefore, extreme cau-
tion should be used if recommending
an SGLT inhibitor for patients using
an insulin pump. Sotagliflozin is the
only SGLT inhibitor currently under
FDA review for potential approval
of use in type 1 diabetes. The FDA
is expected to take action on this in
March 2019 (30).

A GLP-1 receptor agonist may
be a better option in patients with
newer-onset type 1 diabetes, residual
[B-cell function, or residual C-peptide
levels, given that the preliminary lit-
erature and subgroup analyses show
the most benefit in this population.
Obese and overweight patients with
type 1 diabetes may benefit from
the weight loss properties of GLP-1
receptor agonists, but drugs from this
class should be used with caution in

patients at a higher risk of DKA or
hypoglycemic events, as the recent
evidence showed a higher incidence
of these adverse effects. Similar to
pramlintide, GLP-1 receptor agonists
would add an undesirable additional
injection to the medication regimen
in this patient population. However, a
GLP-1 receptor agonist is a once-daily
or once-weekly injection, whereas
pramlintide must be injected before
each meal three to four times per day.

Paradigm Shift

Landmark trials such as the Diabetes
Control and Complications Trial
and its long-term follow-up the
Epidemiology of Diabetes Inter-
ventions and Complications study
have demonstrated that there is a
direct, inverse correlation between
duration of time within glycemic
targets and risk of microvascular
and macrovascular complications
(31,32). In recent years, the overall
approach to medication management
in type 2 diabetes has changed from
a primary focus on A1C lowering
to a broader focus on the reduction
of complication risk via nonglyce-
mic pathways. This shift is, in large
part, due to results of trials such as
LEADER (Liraglutide Effect and
Action in Diabetes: Evaluation of
Cardiovascular Outcome Results),
CANVAS (Canagliflozin Cardio-
vascular Assessment Study), and
EMPA-REG OUTCOME (BI
10773 [Empagliflozin] Cardiovascular
Outcome Event Trial in Type 2
Diabetes Mellitus Patients), which
have shown cardiovascular and renal
benefits irrespective of A1C low-
ering with the use of specific drug
classes in patients with type 2 diabe-
tes and elevated cardiovascular risk
(33-35). Perhaps there is also more
to prevention of complications in
patients with type 1 diabetes than
merely striving for glycemic goals
with the use of insulin. These non-
insulin agents may have pleiotropic
benefits that extend beyond glyce-
mic control. Future trials evaluating
the prevention of microvascular and
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macrovascular complications with
SGLT inhibitors and GLP-1 receptor
agonists in the treatment of type 1
diabetes have the potential to trans-
form current treatment algorithms.
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