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OVERVIEW

Introduction

The sodium glucose cotransporter 2 (SGLT-2) inhibitors are diabetic agents that act by inhibiting the
reabsorption of glucose in the proximal renal tubule, resulting in loss of glucose in the urine and reduction in
serum levels. SGLT-2 is the major enzyme responsible for glucose reabsorption in the kidney and its inhibition
causes a reduction in the threshold for glucose loss in urine. The excess loss of glucose causes a loss of calories,
reduction in serum glucose and mild osmotic diuresis. The SGLT-2 inhibitors also cause a modest weight loss
and slight decrease in blood pressure, both of which may contribute to their beneficial effects. Four specific
SGLT-2 inhibitors, canagliflozin, dapagliflozin, empagliflozin and ertugliflozin, have been shown to result in
improvements in glycemic control in type 2 diabetes and introduced into clinical use. Empagliflozin has also
been shown to decrease mortality in patients with type 2 diabetes and cardiovascular disease. In prelicensure
studies, none of the four agents was reported to be associated with increases in serum aminotransferase or
alkaline phosphatase levels and, since licensure, there have been only very rare, isolated and not completely
convincing reports of clinically apparent liver injury associated with their use.

Background

Canagliflozin (kan" a gli floe' zin) is a specific SGLT-2 inhibitor that in clinical trials was shown to result in a
reduction in serum HbA1c levels and improved glycemic control in type 2 diabetes, both as monotherapy (in
patients who failed to achieve adequate control on diet and exercise) or in combination with insulin, metformin
and/or sulfonylureas. Canagliflozin was approved for use in the United States in 2013 and current indications are
for management of hyperglycemia in patients with type 2 diabetes in conjunction with diet and exercise, with or
without other antidiabetic medications. Canagliflozin is available in tablets of 100 and 300 mg under the brand
name Invokana, the recommended dose being 100 to 300 mg once daily. Combinations of canagliflozin with
metformin are also available (Invokamet). Common side effects include symptoms of thirst, urinary tract
infections and mycotic genital infections. Less common side effects are hypoglycemia, dehydration, hypovolemia
and serum creatinine elevations. Canagliflozin may be associated with an increased risk of lower limb
amputations in patients with type 2 diabetes.

Dapagliflozin (cap' a gli floe' zin) is a specific SGLT-2 inhibitor that has been shown to result in a reduction in
serum HgbAlc levels and better control of type 2 diabetes, both as monotherapy (in patients who failed to
achieve adequate glycemic control on diet and exercise) or in combination with insulin, metformin and or
sulfonylureas. Dapagliflozin was approved for use in the United States in 2014 and current indications are for
management of hyperglycemia in patients with type 2 diabetes in conjunction with diet and exercise, with or
without other antidiabetic medications. Dapagliflozin is available in tablets of 5 and 10 mg under the brand



2 LiverTox

name Farxiga, the recommended dose being 5 to 10 mg once daily. Fixed extended release combinations of
dapagliflozin with metformin are also available (Xigduo XR). Common side effects include symptoms of thirst,
urinary tract infections and mycotic genital infections. Less common side effects are hypoglycemia, dehydration,
hypovolemia and serum cholesterol and creatinine elevations.

Empagliflozin (em" pa gli floe' zin) is a specific SGLT-2 inhibitor that in clinical trials was shown to result in a
reduction in serum HbA1c levels and better glycemic control in type 2 diabetes, both as monotherapy (in
patients who failed to achieve adequate control on diet and exercise) or in combination with insulin, metformin
and or sulfonylureas. Empagliflozin was approved for use in the United States in 2014 for management of
hyperglycemia in patients with type 2 diabetes in conjunction with diet and exercise, with or without other
antidiabetic medications. In 2017, the indications for empagliflozin were extended to decrease the risk of
cardiovascular death in adults with type 2 diabetes and cardiovascular disease. Empagliflozin is available in
tablets of 10 and 25 mg under the brand name Jardiance, the recommended initial dose being 10 mg once daily,
which can be increased to 25 mg daily. Fixed dose combinations of empagliflozin with metformin (Synjardy) and
with linagliptin (Glyxambi) are also available. Common side effects include symptoms of thirst, urinary tract
infections and mycotic genital infections. Less common side effects are hypoglycemia, dehydration, hypovolemia
and serum creatinine elevations.

Ertugliflozin (er" too gli floe’ zin) is a specific SGLT-2 inhibitor that in clinical trials was shown to result in a
reduction in serum HbA1c levels and better glycemic control in type 2 diabetes, both as monotherapy (in
patients who failed to achieve adequate control on diet and exercise) or in combination with insulin, metformin
and sulfonylureas. Ertugliflozin was approved for use in the United States in 2018 for management of
hyperglycemia in patients with type 2 diabetes in conjunction with diet and exercise, with or without other
antidiabetic medications. Ertugliflozin is available in tablets of 5 and 15 mg under the brand name Steglatro, the
recommended initial dose being 5 mg once daily, which can be increased to 15 mg daily. Fixed dose
combinations of ertugliflozin with metformin (Segluromet) and with sitagliptin (Steglujan) are also available.
Common side effects include symptoms of thirst, urinary tract infections and mycotic genital infections. Less
common side effects are hypoglycemia, dehydration, hypovolemia and serum creatinine elevations. Ertugliflozin
may be associated with an increased risk of lower limb amputations in patients with type 2 diabetes.

Hepatotoxicity

In multiple large randomized controlled trials, canagliflozin, dapagliflozin, empagliflozin and ertugliflozin were
not associated with serum enzyme elevations during therapy. Indeed, in retrospective analyses, therapy with
SGLT-2 inhibitors was associated with improvements in ALT levels, probably as a result of concurrent
improvements in fatty liver disease due to improved glycemic control or weight loss or both. During prelicensure
studies, no instances of clinically apparent acute liver injury were convincingly linked to use of the SGLT-2
inhibitors, and serum enzyme elevations accompanied by jaundice occurred equally in the actively treated and
placebo groups. Since their approval and more widespead use, at least one report of liver injury possibly due to a
SGLT-2 inhibitor has been published. A woman with nonalcoholic fatty liver disease and cirrhosis developed
decompensation with jaundice, ascites and encephalopathy 10 weeks after starting dapagliflozin. She improved
somewhat after stopping therapy, but ultimately required liver transplantation several months later. Thus,
hepatotoxicity from canagliflozin, dapagliflozin, empagliflozin and ertugliflozin is quite rare, if it occurs at all.

Canagliflozin likelihood score: E* (unproven but suspected rare cause of clinically apparent liver injury).
Dapagliflozin likelihood score: D (possible rare cause of clinically apparent liver injury).
Empagliflozin likelhood score: E* (unproven but suspected rare cause of clinically apparent liver injury).

Ertugliflozin likelhood score: E* (unproven but suspected rare cause of clinically apparent liver injury).
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Mechanism of Injury

The relative lack of hepatotoxicity of the SGLT-2 inhibitors may relate to their minimal hepatic metabolism
which is largely via UDP-glucuronylsyltransferase (UGT-1A9 and 2B4 among others).

Outcome and Management

Liver injury from the SGLT-2 inhibitors is rare, and they have not been associated with acute liver failure,
vanishing bile duct syndrome or chronic hepatitis. The similarity of structure and function of the SGLT-2
inhibitors suggests that there may be some degree of cross sensitivity to their adverse events.

Drug Class: Antidiabetic Agents

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Canagliflozin - Invokana®

Dapagliflozin - Farxiga®

Empagliflozin - Jardiance®

Ertugliflozin - Steglatro®

DRUG CLASS

Antidiabetic Agents

COMPLETE LABELING [Canagliflozin]

Product labeling at DailyMed, National Library of Medicine, NIH

CHEMICAL FORMULAS AND STRUCTURES

DRUG CAS REGISTRY NO. MOLECULAR FORMULA STRUCTURE
Canagliflozin 928672-86-0 C24-H25-F-05-8.1/2H2-0O
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Dapagliflozin 461432-26-8 C21-H25-Cl-06

Empagliflozin 864070-44-0 C23-H27-Cl-07

[ [=]
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Ertugliflozin  1210344-57-2 C22-H25-Cl-07
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[5-6%] and genital infections [12%]; no mention of ALT elevations or hepatotoxicity).

Jahagirdar V, Barnett AH. Empagliflozin for the treatment of type 2 diabetes. Expert Opin Pharmacother.
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inhibitor therapy [3.7% vs 5.9%], while total and serious adverse event rates were similar in the 3 groups and no
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Leiter LA, Forst T, Polidori D, Balis DA, Xie ], Sha S. Effect of canagliflozin on liver function tests in patients
with type 2 diabetes. Diabetes Metab. 2016;42:25-32. PubMed PMID: 26575250.

(Among 2313 patients with type 2 diabetes treated with canalgifozin or placebo for 26 weeks in 4 controlled trials,
ALT, AST and Alk P levels decreased more with canagliflozin than placebo, but the decreases correlated more
with reductions in HbAIc levels and weight rather than canagliflozin).

Storgaard H, Gluud LL, Bennett C, Grondahl MF, Christensen MB, Knop FK, Vilsbell T. Benefits and harms of
sodium-glucose co-transporter 2 inhibitors in patients with type 2 diabetes: a systematic review and meta-
analysis. PLoS One. 2016;11:¢0166125. PubMed PMID: 27835680.

(Systematic review of 18 controlled trials of SGLT-2 inhibitors in type 2 diabetes found that SGLT-2 inhibitors
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Injury. ACG Case Rep J. 2016;3:e169. PubMed PMID: 28008402.

(A 48 year old woman with cirrhosis due to nonalcoholic steatohepatitis and type 2 diabetes developed jaundice and
ascites 10 weeks after starting dapagliflozin [bilirubin 1.2 before treatment rising to 20 mg/dL, ALT 45 to 78
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Leiter LA, Forst T, Polidori D, Balis DA, Xie ], Sha S. Effect of canagliflozin on liver function tests in patients
with type 2 diabetes. Diabetes Metab. 2016;42:25-32. PubMed PMID: 26575250.

(Among 2313 patients with type 2 diabetes enrolled in 6 placebo controlled trials of canagliflozin, serum levels of
ALT, AST, GGT and Alk P decreased with canagliflozin but not placebo and the degree of improvements
correlated with both weight loss and improvements in HbAIc levels, an additive effect).

Famularo G, Sajeva MR, Marino G, Granato C. Acute hepatitis caused by empagliflozin in a nonalcoholic fatty
liver disease patient. Ann Pharmacother. 2017;51:1142-3. PubMed PMID: 28845675.

(75 year old woman with type 2 diabetes developed fever and jaundice 6 weeks after starting empagliflozin
[bilirubin 4.1 mg/dL, ALT 311 U/L, Alk P 587 U/L], which resolved within a week of stopping and remained
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(Among 461 patients with type 2 diabetes treated with ertugliflozin [5 or 15 mg] or placebo daily for 26 weeks,
improvements in glycemic control and weight loss were greater with active treatment while adverse event rates
were no different from placebo except for genital mycotic infections; no mention of ALT levels or hepatotoxicity).

Miller S, Krumins T, Zhou H, Huyck S, Johnson ], Golm G, Terra SG, et al. Ertugliflozin and sitagliptin co-
initiation in patients with type 2 diabetes: the VERTIS SITA randomized study. Diabetes Ther. 2018;9:253-
68. PubMed PMID: 29313282.

(Among 291 patients with type 2 diabetes treated with the combination of ertugliflozin [5 or 15 mg] and sitagliptin
[100 mg] or placebo daily, glycemic control was better and decreases in HbAIc greater with the active treatment,
while adverse event rates were similar in all three groups; no mention of ALT elevations or hepatotoxicity).

Hollander P, Liu J, Hill ], Johnson J, Jiang ZW, Golm G, Huyck S, et al. Ertugliflozin compared with glimepiride
in patients with type 2 diabetes mellitus inadequately controlled on metformin: the VERTIS SU randomized
study. Diabetes Ther. 2018;9:193-207. PubMed PMID: 29282633.

(Among 1326 patients with type 2 diabetes inadequately controlled on metformin treated with the addition of
ertugliflozin [5 or 15 mg] or glimepiride [~3 mg] daily, HbAIc decreases were similar in the 3 groups [-0.6 to
-0.7%] and adverse event rates were similar except for higher rates of genital mycotic infections in patients on
ertugliflozin; no mention of ALT elevations or hepatotoxicity).

Aronson R, Frias J, Goldman A, Darekar A, Lauring B, Terra SG. Long-term efficacy and safety of ertugliflozin
monotherapy in patients with inadequately controlled T2DM despite diet and exercise: VERTIS MONO
extension study. Diabetes Obes Metab. 2018;20:1453-60. PubMed PMID: 29419917.

(Extension, open label assessment of ertugliflozin in diabetic patients enrolled in a placebo controlled trial [Terra
2017], found that the improvements in glycemic control were maintained, and while mean levels of ALT and
AST decreased, one patient on 5 mg daily of ertugliflozin had ALT and AST elevations "possibly related to study
medication” with no details provided).

Pratley RE, Eldor R, Raji A, Golm G, Huyck SB, Qiu Y, Sunga S, et al. Ertugliflozin plus sitagliptin versus either
individual agent over 52 weeks in patients with type 2 diabetes mellitus inadequately controlled with
metformin: The VERTIS FACTORIAL randomized trial. Diabetes Obes Metab. 2018;20:1111-20. PubMed
PMID: 29266675.

(Among 1233 patients with type 2 diabetes inadequately controlled on metformin treated with ertugliflozin [5 or 15
mg] or sitagliptin [100 mg] or both, improvements in HbA1c and glycemic control were greatest with the
combination, while adverse event rates were similar among groups except for higher rates of genital mycotic
infections in those on ertugliflozin).

Ertugliflozin for type 2 diabetes. Med Lett Drugs Ther. 2018;60(1545):70-2. PubMed PMID: 29667948.

(Concise review of the mechanism of action, clinical efficacy, safety and costs of ertugliflozin, the fourth SGLT-2
inhibitor approved for use in the US; mentions side effects of genital mycotic infections and possible adverse
reactions of hypovolemia, dehydration, renal injury, and increased risk for lower-limb amputations; no mention
of ALT elevations or hepatotoxicity).

Markham A. Ertugliflozin: first global approval. Drugs. 2018;78:513-9. PubMed PMID: 29476348.

(Review of the mechanism of action, chemistry, pharmacology, clinical efficacy and safety of ertugliflozin shortly
after its US approval; mentions frequency of genital mycotic infections on treatment and that non-traumatic
lower limb amputations occurred in 11 of 3409 [0.3%] ertugliflozin vs 1 of 1450 [<0.1%] comparator group
patients; no mention of ALT elevations or hepatotoxicity).

Kuchay MS, Krishan S, Mishra SK, Farooqui KJ, Singh MK, Wasir JS, Bansal B, et al. Effect of empagliflozin on
liver fat in patients with type 2 diabetes and nonalcoholic fatty liver disease: a randomized controlled trial
(E-LIFT Trial). Diabetes Care. 2018;41:1801-8. PubMed PMID: 29895557.
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(Among 42 patients with type 2 diabetes and fatty liver treatment with empagliflozin was associated with greater
decline in body weight [-3.3 vs -1.6 kg], ALT levels [-15 vs -4 U/L] and liver fat as assessed by MRI [-5% vs
-1%)]).

Eriksson JW, Lundkvist P, Jansson PA, Johansson L, Kvarnstrom M, Moris L, Miliotis T, et al. Effects of
dapagliflozin and n-3 carboxylic acids on non-alcoholic fatty liver disease in people with type 2 diabetes: a
double-blind randomised placebo-controlled study. Diabetologia. 2018;61:1923-34. PubMed PMID:
29971527.

(Among 84 patients with type 2 diabetes and fatty liver treated with dapagliflozin or n-3 carboxylic acids or both or
placebo, ALT levels, HbA1c and body weight declined with dapagliflozin therapy whereas liver fat volume was
decreased in all 3 active therapy groups).

Sattar N, Fitchett D, Hantel S, George JT, Zinman B. Empagliflozin is associated with improvements in liver
enzymes potentially consistent with reductions in liver fat: results from randomised trials including the
EMPA-REG OUTCOME? trial. Diabetologia. 2018;61:2155-63. PubMed PMID: 30066148.

(Among 7020 patients with type 2 diabetes enrolled in a large, long term placebo controlled trial of empagliflozin
[Zinman 2015], serum ALT levels declined by week 28 by -3.0 U/L on empagliflozin vs -0.7 U/L on placebo and
the changes were greatest in those with highest baseline ALT values).

Bajaj HS, Brown RE, Bhullar L, Sohi N, Kalra S, Aronson R. SGLT2 inhibitors and incretin agents: Associations
with alanine aminotransferase activity in type 2 diabetes. Diabetes Metab. 2018;44:493-9. PubMed PMID:
30149145.

(Among 3667 diabetic patients enrolled in a health care registry and started on antidiabetic therapies, serum ALT
levels deceased with canagliflozin [-4.3 U/L], dapagliflozin [-3.5], sitagliptin [-1.8], liraglutide [-2.1] but not in
controls [-0.3], and the decreases in ALT correlated with weight loss, but was greater with the SGLT-2 inhibitors
than the incretin agents).

Shimizu M, Suzuki K, Kato K, Jojima T, Iijima T, Murohisa T, Iijima M, et al. Evaluation of the effects of
dapagliflozin, a sodium-glucose co-transporter-2 inhibitor, on hepatic steatosis and fibrosis using transient
elastography in patients with type 2 diabetes and non-alcoholic fatty liver disease. Diabetes Obes Metab.
2019;21:285-92. PubMed PMID: 30178600.

mong 57 patients with type 2 diabetes and fatty liver treated with dapagliflozin [5 mg daily| or standard thera

(Among 57 p h type 2 diab d fatty | d with dapagl [5 mg daily] dard therapy
for 24 weeks, serum ALT levels decreased with dapagliflozin [38 to 26.5 U/L] as did liver fat [CAP 315 to 290
dB/m], with little or no change in either with standard treatment).

Choi DH, Jung CH, Mok JO, Kim CH, Kang SK, Kim BY. Effect of dapagliflozin on alanine aminotransferase
ilmprovement in type 2 diabetes mellitus with non-alcoholic fatty liver disease. Endocrinol Metab (Seoul).
2018;33:387-94. PubMed PMID: 30229578.

(Among 102 ptients with type 2 diabetes and fatty liver disease started on metformin and either dapagliflozin or a
dipeptidyl peptidase-4 inhibitor, ALT levels declined more with dapagliflozin [-21 vs -10 U/L] as did body weight
[-2.9 vs -0.4 kg]).

Itani T, Ishihara T. Efficacy of canagliflozin against nonalcoholic fatty liver disease: a prospective cohort study.
Obes Sci Pract. 2018;4:477-82. PubMed PMID: 30338118.

(Among 35 patients with nonalcoholic fatty liver treated with canagliflozin, serum ALT levels decreased from a
mean of 74 to 40 U/L at 6 months with concurrent decrease in body weight [73 to 70 kg] and HbAIc [7.5% to
6.4%]).
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