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EMPEROR—-Preserved RCT <75 &3, Ty o5 A#glo]
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fraction, HFrEF) 2z} W HutEFo] HEH A AFA (heart failure
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Table 1. A summary of the protocol of a hypothetical target trial in the study

Protocol

components

Description

Eligibility criteria

Patients with type 2 diabetes mellitus between July 2018
and December 2019, and with no history of taking the

same medications in the past 6 months

Treatment

strategies

Case: Initiate empagliflozin at baseline and remain on it
during the follow-up unless the patients experience
adverse events related to the drug

Control: Initiate sitagliptin at baseline and remain on it
during the follow-up unless the patients experience
adverse events related to the drug

In case of medical necessity, dose reduction or
discontinuation of background medication could occur.
Adjusting glucose lowering therapy to achieve
glycemic control is allowed except using SGLT2

inhibitors or DPP4 inhibitors.

Assignment

procedures

Participants will be randomly assigned to either strategy at
baseline and will not be aware of the strategy to which

they have been assigned

Follow-up period

Starts at randomization and ends at detection of outcome,
death, loss to follow-up, change in medications using
SGLT?2 inhibitors or DPP4 inhibitors, or 1 year after

baseline, whichever occurs first.

Outcomes

Primary outcomes: Composite kidney outcomes (acute
kidney injury, albuminuria/proteinuria, end stage
kidney disease, eGFR decline more than 30% from
baseline)

Secondary outcomes: Acute kidney injury;
Albuminuria/Proteinuria; End stage kidney disease;
eGFR decline more than 30% from baseline; Weight

loss; Increased urination; Reduction of antihypertensive

12 M 2}



medications; change in laboratory parameters from
baseline on eGFR, systolic blood pressure, diastolic
blood pressure, hematocrit, serum sodium, serum
potassium, serum chloride, serum calcium, serum

phosphorus, and serum uric acid

Causal contrast of ) ' '
Modified intention-to-treat effect, Per-protocol effect

interest
Modified intention-to-treat effect estimated via 1-year
kidney outcomes among individuals assigned to each
treatment strategy.
Per-protocol effect estimated after adjustments for pre-and
Analysis plan

post-baseline prognostic factors associated with
adherence to strategies of interest. All analyses will be
adjusted for pre- and post-baseline prognostic factors

associated loss to follow-up.

Abbreviations: eGFR = estimated glomerular filtration rate, SGLT2 = sodium-

glucose cotransporter 2, DPP4 = dipeptidyl peptidase 4
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Figure 1. Graphic summary of the study design
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Table 2. The list of drugs used in the analysis

Generic name

ATC Code

Dosage strength

Approved date

in Korea

Reimbursement

approved date

Empagliflozin

A10BKO03

Empagliflozin 10 mg

Empagliflozin 25 mg

Empagliflozin 5 mg/Metformin 500 mg
Empagliflozin 5 mg/Metformin 850 mg
Empagliflozin 5 mg/Metformin 1000 mg
Empagliflozin 12.5 mg/Metformin 500 mg
Empagliflozin 12.5 mg/Metformin 850 mg
Empagliflozin 12.5 mg/Metformin 1000 mg

Aug 12,2014

May 01, 2016

Sitagliptin

A10BHO1

Sitagliptin 25 mg

Sitagliptin 50 mg

Sitagliptin 100 mg

Sitagliptin 50 mg/Metformin 500 mg
Sitagliptin 50 mg/Metformin 850 mg
Sitagliptin 50 mg/Metformin 1000 mg
Sitagliptin 100 mg/Metformin 1000 mg

Sep 21, 2007

Dec 01, 2008
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Table 3. The list of exclusion criteria compared to indication/contraindication of empagliflozin

Contents in the FDA Label*

Exclusion criteria applied in the

Category Contents in the MFDS Label '
analysis
* As an adjunct to diet and exercise to As an adjunct to diet and exercise to Under 18 years of age (Not adults)
improve glycemic control in type 2 improve glycemic control in adults No diagnosis of type 2 diabetes
diabetes mellitus with type 2 diabetes mellitus mellitus within 6 months before
To reduce the risk of cardiovascular index date
death in adults with type 2 diabetes
Indication mellitus and established
cardiovascular diseases
To reduce the risk of cardiovascular
death plus hospitalization for heart
failure in adults with heart failure
and reduced ejection fraction
* Hypersensitivity to empagliflozin or Hypersensitivity to empagliflozin or Diagnosis of type 1 diabetes
Contraindication/ any of the excipients in the drug any of the excipients in the drug mellitus before index date
Limitations of ¢ Patients with type 1 diabetes Patients on dialysis Diagnosis of diabetic ketoacidosis
use mellitus of diabetic ketoacidosis Not recommended in patients with before index date

¢ Patients with eGFR less than 20

type 1 diabetes mellitus

Baseline eGFR less than 30

19



mL/min/1.73m? * Not recommended for use to mL/min/1.73m?

¢ Patients with end stage renal disease improve glycemic control in adults ¢ Diagnosis of end stage renal disease
or on dialysis with type 2 diabetes mellitus with before index date excluding

¢ Patient with any of the following: an eGFR less than 30 concomitant diagnosis of kidney
galactose intolerance, Lapp lactase mL/min/1.73m? transplant status

deficiency, glucose-galactose

malabsorption
Contraindication * Pregnancy contraindication due to - * Women with diagnosis related to
in DUR unestablished safety pregnancy at index date

TThe contents were collected from Jardiance® MFDS Label as revised on November 23, 2021.
1The contents were collected from Jardiance® FDA Label as revised on August 18,2021.
Abbreviations: MFDS = Ministry of Food and Drug Safety, FDA = Food and Drug Administration, eGFR = estimated glomerular filtration rate, DUR =

Drug Utilization Review

3§ 53 17 ]
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Table 4. The lists of marketed drugs of SGLT?2 inhibitors and DPP4 inhibitors

in Korea used for modified intention-to-treat method

Drug class Generic name ATC code
Sodium-glucose Dapagliflozin A10BKO1
cotransporter 2 inhibitors Empagliflozin A10BKO03
(SGLT2i) Ertugliflozin A10BK04

Ipragliflozin A10BKO05
Dipeptidyl peptidase-4 Alogliptin A10BH04
inhibitors (DPP4i) Anagliptin A10BH
Evogliptin A10BHO07
Gemigliptin A10BHO06
Linagliptin A10BHO05
Saxagliptin A10BHO03
Sitagliptin A10BHO1
Teneligliptin A10BHO8
Vildagliptin A10BHO02

Abbreviations: ATC = anatomical therapeutic chemical
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Case 1. Exposure period with prescription gaps < 30 days
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Figure 2. Definitions of exposure period of the study drug
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Table 5. Definitions of primary outcomes and included outcomes in the study

Outcomes Definitions
Composite kidney Any one of the following outcomes:
outcomes 1) Acute kidney injury
2) Albuminuria/Proteinuria
3) End stage kidney disease
4) Estimated glomerular filtration rate declines of by > 30% from baseline
Acute kidney injury Any one of the following criteria:
(AKI) 1) Diagnostic codes: Identified new diagnosis of ICD-10 code N17

Albuminuria/Proteinuria

2) Clinical notes: Identified newly recorded terms indicating acute kidney injury after the index date

3) Laboratory parameters: Increase in serum creatinine of by > 0.3 mg/dL within 48 hours; or increase in serum
creatinine to > 1.5 times baseline; or urine volume < 0.5 mL/kg/h for 6 hours

Any one of the following criteria:

1) Diagnostic codes: Identified new diagnosis of ICD-10 codes R80, E11.2, E12.2, E13.2, E14.2, N08.3

2) Clinical notes: Identified newly recorded terms indicating albuminuria or proteinuria

3) Laboratory parameters for proteinuria: Identified new-onset proteinuria (defined as urine protein-to-creatinine

ratio (PCR) > 50 mg/g or protein excretion rate (PER) > 150 mg/24hr)

26 ’



End stage kidney
disease

(ESKD)

Estimated glomerular
filtration rate declines
of by > 30% from

baseline

4) Laboratory parameters for albuminuria: Identified new-onset albuminuria (defined as urine albumin-to-
creatinine ratio (ACR) > 30 mg/g or albumin excretion rate (AER) > 30 mg/24hr or urine albumin dipstick of >
trace)

Any one of the following criteria:

1) Diagnostic codes: Identified new diagnosis of [CD-10 codes N18.5, Y84.1

2) Clinical notes: Identified newly recorded terms indicating end stage kidney disease, dialysis for 30 days or more,
or kidney transplantation

3) Laboratory parameters: an estimated glomerular filtration rate < 15 mL/min/1.73m? for 3 months or more
(confirmed by a subsequent measurement)

Laboratory parameters: a decline in estimated glomerular filtration rate > 30% from baseline
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Table 6. Definitions of secondary categorical outcomes in the study

Outcomes

Definitions

Acute kidney injury
(AKI)

Any one of the following criteria:

1) Diagnostic codes: Identified new diagnosis of ICD-10 code N17

2) Clinical notes: Identified newly recorded terms indicating acute kidney injury after the index date

3) Laboratory parameters: Increase in serum creatinine of by > 0.3 mg/dL within 48 hours; or increase in serum

creatinine to > 1.5 times baseline; or urine volume < 0.5 mL/kg/h for 6 hours

Albuminuria/Proteinuria

Any one of the following criteria:

1) Diagnostic codes: Identified new diagnosis of ICD-10 codes R80, E11.2, E12.2, E13.2, E14.2, N08.3

2) Clinical notes: Identified newly recorded terms indicating albuminuria or proteinuria

3) Laboratory parameters for proteinuria: Identified new-onset proteinuria (defined as urine protein-to-creatinine
ratio (PCR) > 50 mg/g or protein excretion rate (PER) > 150 mg/24hr)

4) Laboratory parameters for albuminuria: Identified new-onset albuminuria (defined as urine albumin-to-creatinine

ratio (ACR) > 30 mg/g or albumin excretion rate (AER) > 30 mg/24hr or urine albumin dipstick of > trace)

End stage kidney
disease

(ESKD)

Any one of the following criteria:

1) Diagnostic codes: Identified new diagnosis of ICD-10 codes N18.5, Y84.1

2) Clinical notes: Identified newly recorded terms indicating end stage kidney disease, dialysis for 30 days or more,
or kidney transplantation

3) Laboratory parameters: an estimated glomerular filtration rate < 15 mL/min/1.73m? for 3 months or more




(confirmed by a subsequent measurement)

Estimated glomerular Laboratory parameters: a decline in estimated glomerular filtration rate > 30% from baseline

filtration rate declines

of by > 30% from
baseline
Weight loss Any one of the following criteria:
1) Clinical notes: Identified newly recorded terms indicating weight loss or newly recorded weight loss of > 3% of
the baseline body weight
2) Laboratory parameters: A loss of > 5% of the body weight over a period of 6-12 months
Increased urination Any one of the following criteria:
1) Diagnostic codes: Identified new diagnosis of ICD-10 code R35
2) Clinical notes: Identified newly recorded terms indication frequent urination, polyuria, nocturia
Reduction of Medications: Reduction of any antihypertensive medications based on total daily dose, potency, and the number of
antihypertensive active ingredients
medications

b i 211 5
30 M =2-TH @



3.5 & W< (Confounding variables)

BoTeln BRe) A, dRe we Wse] sl $e)
AP FEANFANAY W ol FRAAT. mwF AFe] P

retinopathy), T A7 W F (diabetic neuropathy),
JF 2= (diabetic . nephropathy), %3 #2 3k (peripheral

vascular disease), 3—5%A¢ " FEH (chronic kidney disease),

E = 3 stA = metformin, sulfonylurea7| ok E,
thiazolidinedioneZ] °F&, meglitinideZ] ©°F&, alpha—glucosidase
A A, glucagon—like peptide—1 (GLP—1) &A1z, Q&EHOoT

& =S e A
T8 A Al nd, ol AAGT o e oFEoln AV|e
#dF °kEZ | angiotensin—converting enzyme (ACE) &AA] W
angiotensin receptor blockers (ARBs), Zr<alldxletkA] (Calcium—
channel blockers, CCBs), ©|xAl, AElelS &35 TH(Table 7).
Empagliflozin % sitagliptin®] T AW iAol = dx< H&
aEste], A7 B-EEo UARE 7]HE] freto] ol AR H|EH
Aol & HAEHR)EA AYXF Al (nonsteroidal anti—inflammatory
drugs, NSAIDs) & & WHFolA Attt Ee WE o= g
ofFE ol EJE oFEg ARl Ao TN, kA Ao

ALES

-
1SS

B3R AT

£l

SO
&
4
2
rlr
gk
ofl
BN
i)
M)
w
=N
ofr
i
us
e
i,
O

fx. =T II

17



st sidsls A AARE 93" M A (hemoglobin Alc, HbAlc),
FAATAARE (eGFR), 9% YEFNa), ¥ ZEK), IF
daCh, 9% ZECa), 83 A®), dF L2AH(Uric acid),
e 8 (Het), 3lE =249 (hemoglobin, Hb), &A% (platelet, Plt),
W& St (white blood cell, WBC), Z&+(red blood cell, RBC),
F%7149H(SBP), o718 (DBP), ®EF (pulse rate, PR)C|th.
ZIAA = okEAIRYs 2] TP TR IR HAF ARE

CEL T

32 . H kl 1_'_” i



Table 7. Definitions of categorical confounding variables

Category Variables Definitions

Diabetic retinopathy ~ Any one of the following criteria during screening period:
1) Diagnostic codes: Diagnosis of ICD-10 codes E11.3, E12.3, E13.3, E14.3, H36.0

2) Clinical notes: Recorded terms indicating diabetic retinopathy

Diabetic neuropathy ~ Any one of the following criteria during screening period:
1) Diagnostic codes: Diagnosis of ICD-10 codes E11.4, E12.4, E13.4, E14.4, G59.0, G63.2

2) Clinical notes: Recorded terms indicating diabetic neuropathy

Diabetic nephropathy ~ Any one of the following criteria during screening period:

1) Diagnostic codes: Diagnosis of ICD-10 codes E11.2, E12.2, E13.2, E14.2, N08.3

Diabetic severity 2) Clinical notes: Recorded terms indicating diabetic nephropathy
Peripheral vascular Any one of the following criteria during screening period:
disease 1) Diagnostic codes: Diagnosis of ICD-10 codes E11.5, E11.72, E11.73, E11.74, E11.75, 170.2,

173, 174, L03.01, L03.02, L03.11, L98.4, R02
2) Clinical notes: Recorded terms indicating diabetic foot or other peripheral vascular disease with

diabetes mellitus as underlying disease or an obvious diabetic cause

Chronic kidney Any one of the following criteria during screening period:
disease stages 3-5 1) Diagnostic codes: Diagnosis of [CD-10 codes N18.3, N18.4, N18.5,N18.9, T86.1, Z49, 7Z91.15,
794.0, 799.2
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2) Clinical notes: Recorded terms indicating chronic kidney disease with stages 3-5 or end stage

kidney disease

Amputations Clinical notes: Recorded terms indicating amputation of all or any parts of a limb with an obvious
diabetic cause
Metformin All of the medications including metformin at the index date
Sulfonylureas All of the medication including following drug substances at the index date: gliclazide, glimepiride,
glipizide, glibenclamide
Thiazolidinediones All of the medications including following drug substances at the index date: pioglitazone,
lobeglitazone
Meglitinides All of the medications including following drug substances at the index date: repaglinide,
Antidiabetic mitiglinide, nateglinide
comedications Alpha-glucosidase All of the medications including following drug substances at the index date: acarbose, voglibose
inhibitors
GLP-1 receptor All of the medications including following drug substances at the index date: lixisenatide,
agonists liraglutide, dulaglutide, exenatide, albiglutide
Insulins All of the medications including following drug substances at the index date: insulin lispro, insulin
aspart, insulin glulisine, regular insulin, human NPH, insulin detemir, insulin glargine, insulin
degludec
Concomitant Angiotensin- All of the medications including following drug substances at the index date:
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medications converting enzyme
inhibitors/
Angiotensin II

receptor blockers

1) Angiotensin-converting enzyme inhibitors: captopril, enalapril, lisinopril, perindopril, ramipril,
quinapril, benazepril, cilazapril, fosinopril, moexipril, temocapril, zofenopril, imidapril
2) Angiotensin II receptor blockers: losartan, eprosartan, valsartan, irbesartan, candesartan,

telmisartan, olmesartan, azilsartan, fimasartan

Calcium-channel

blockers

All of the medications including following drug substances at the index date: amlodipine, s-
amlodipine, felodipine, isradipine, nicardipine, nifedipine, nimodipine, nisoldipine, lacidipine,
nilvadipine, manidipine, barnidipine, lercanidipine, cilnidipine, benidipine, efonidipine,

verapamil, diltiazem

Diuretics

All of the medications including following drug substances at the index date: chlorthalidone,
metolazone, xipamide, indapamide, cicletanin, furosemide, torasemide, spironolactone,

eplerenone, amiloride, trichlormethiazide, hydrochlorothiazide

Statins

All of the medications including following drug substances at the index date: atorvastatin,

fluvastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin, simvastatin

Abbreviations: GLP-1 = glucagon-like peptide-1
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Patients diagnosed with type 2 diabetes
at SNUH in 2018.07.~2019.12.
(n=42,880)

!

New-users of empagliflozin
at SNUH in 2019.01.~2019.12.
(n=1,038)

]

New-users of sitagliptin
at SNUH in 2019.01.~2019.12.
(n=1,336)

Excluded
Under 18 years of age (n=0)
No diagnosis of type 2 diabetes mellitus within 6 months
before index date (n=43)
Diagnosis of type 1 diabetes mellitus before index date (n=4)
Diagnosis of diabetic ketoacidosis before index date (n=0)
Baseline eGFR < 30 mL/min/1.73m2 (n=13)
Diagnosis of end stage kidney disease before index date (n=5)
Pregnancy at index date (n=0)
Not a real new-user (n=97)
Not available to access EMR (n=19)
Under 6 months coverage in EMR (n=151)
Not available to follow-up after index date (n=22)
Data inconsistencies (n=8)
No data on baseline of laboratory parameters (n=67)
Concomitant prescriptions of SGLT2 inhibitors and DPP4
inhibitors at index date (n=126)
Prior use of any of SGLT2 inhibitors during previous 6 months
(n=52)

New-users of empagliflozin
eligible for inclusion
(n=431)

Excluded
Under 18 years of age (n=1)
No diagnosis of type 2 diabetes mellitus within 6 months
before index date (n=52)
Diagnosis of type 1 diabetes mellitus before index date (n=2)
Diagnosis of diabetic ketoacidosis before index date (n=2)
Baseline eGFR < 30 mL/min/1.73m2 (n=16)
Diagnosis of end stage kidney disease before index date (n=0)
Pregnancy at index date (n=1)
Not a real new-user (n=556)
Not available to access EMR (n=18)
Under 6 months coverage in EMR (n=155)
Not available to follow-up after index date (n=23)
Data inconsistencies (n=7)
No data on baseline of laboratory parameters (n=80)
Concomitant prescriptions of SGLT2 inhibitors and DPP4
inhibitors at index date (n=18)
Prior use of any of DPP4 inhibitors during previous 6 months
(n=97)

New-users of sitagliptin
eligible for inclusion
(n=308)

Propensity score estimation and 1:1 matching

!

New-users of empagliflozin
included in the matched cohort
(n=219)

!

* eGFR: estimated glomerular filtration rate

New-users of sitagliptin
included in the matched cohort
(n=219)

EMR: electronic medical records
SGLT2: sodium-glucose cotransporter 2
DPP4: dipeptidyl peptidase 4

Figure 4. Flow chart of the selection process in the study
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Table 8. Baseline characteristics before and after propensity score matching

Before matching

After matching

Variables Empagliflozin Sitagliptin y Empagliflozin Sitagliptin Std.diff
(n=431) (n=308) (n=219) (n=219)

Demographic characteristics

Age (yrs)' 63.1+12.1 64.8+12.8 -0.13  63.8+11.6 643+13.1 -0.045

Male sex, no. (%) 278 (64.5) 165 (53.6) 0.22 121 (55.3) 119 (54.3) 0.018
Diabetes Severity, no. (%)

Diabetic retinopathy 80 (18.6) 50 (16.2) 0.06 34 (15.5) 39(17.8)  -0.061

Diabetic neuropathy 28 (6.5) 27 (8.8) -0.09 18 (8.2) 18 (8.2) 0.000

Diabetic nephropathy 44 (10.2) 26 (8.4) 0.06 21 (9.6) 22 (10.1)  -0.015

Peripheral vascular disease 8(1.9) 6 (2.0) -0.01 3(1.4) 4(1.8) -0.036

Chronic kidney disease stages 3-5 10 (2.3) 2(0.7) 0.14 3(1.4) 2(0.9) 0.043

Amputations 2(0.5) 0 0.10 0 0 0
Antidiabetic comedications, no. (%)

Metformin 387 (89.8) 282 (91.6) -0.06 196 (89.5) 196 (89.5) 0.000

Sulfonylureas 159 (36.9) 76 (24.7) 0.27 67 (30.6) 64 (29.2) 0.030

Thiazolidinediones 9(2.1) 6 (2.0) 0.01 6(2.7) 6 (2.7) 0.000

Meglitinides 0 0 0 0 0 0
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Before matching After matching
Variables Empagliflozin Sitagliptin Empagliflozin Sitagliptin
(n=431) (=308 Std.diff (n=219) (=219 Std.diff

a-glucosidase inhibitors 0 1(0.3) -0.08 0 0 0
GLP-1 receptor agonists 4(0.9) 1(0.3) 0.08 1(0.5) 1(0.5) 0.000
Insulins 61 (14.2) 34 (11.0) 0.09 23 (10.5) 26 (11.9)  -0.044
Concomitant medications, no. (%)
Angiotensin-converting enzyme inhibitors/Angiotensin

232 (53.8) 111 (36.0) 0.36 92 (42.0) 91 (41.6) 0.009

receptor blockers
Calcium-channel blockers 191 (44.3) 76 (24.7) 0.42 66 (30.1) 69 (31.5)  -0.030
Diuretics 85 (19.7) 37 (12.0) 0.21 29 (13.2) 33(15.1)  -0.052
Statins 336 (78.0) 200 (64.9) 0.29 154 (70.3) 161 (73.5) -0.071
Baseline of clinical laboratory parameters’

HbAlc (%) 7.7+£1.2 8.0=x1.6 -0.21 7.8+1.3 7.7+13 0.036
Estimated glomerular filtration rate (mL/min/1.73m?) 79.7+183  80.3+19.0 -0.03 80.2+18.6 80.1+19.6 0.004
Sodium (mmol/L) 140.2+£22 1399+25 0.12  140.1+23 140.1+24 0.023
Potassium (mmol/L) 45+04 44+04 0.19 44+04 44+04 0.018
Chloride (mmol/L) 103.2+2.8 103.1£3.0 0.05 1033+2.8 103.2+3.0 0.055
Calcium (mg/dL) 94+04 93+04 0.13 93+04 93+04 0.045
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Before matching After matching
Variables Empagliflozin Sitagliptin Empagliflozin Sitagliptin
(n=g431) (nf308) Std.diff (n=g219) (n5219) Std.diff

Phosphorus (mg/dL) 34+£0.5 34+0.5 -0.08 34+0.6 34+0.5 -0.005
Uric acid (mg/dL) 51+14 47+14 0.30 49+1.3 49+14 0.024
Hemoglobin (g/dL) 13.9+1.6 13.5+1.8 0.26 13.7+1.6 13.7+1.5 -0.039
Hematocrit (%) 41.7+4.4 404+438 026 409+43 41.1+4.1  -0.058
Platelet (x10°/uL) 236.4+62.6 239.1£753 -0.04 237.6+649 2369+73.3 0.011
White blood cell (x10%/uL) 73+19 6.8+23 0.24 69+1.6 69+22 0.020
Red blood cell (x10%uL) 4.6+0.6 45+0.6 0.25 45+0.5 45+0.5 -0.009
Systolic blood pressure (mmHg) 134.0+16.5 131.3+17.3 0.16 1324+16.8 1322+16.8 0.012
Diastolic blood pressure (mmHg) 77.5+114 76.8+124 0.06 77.0+11.3 77.2+£12.0 -0.020
Pulse rate (beats/min) 81.0+12.7 809=+14.1 0.01 80.8+13.1 80.5+134  0.028

Abbreviations: GLP-1 = glucagon-like peptide-1, Std.diff = standardized difference

tData are presented as mean + standard deviation.
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Table 9. Association of kidney outcomes in the matched population

Empagliflozin (n=219)

Sitagliptin (n=219)

Outcomes Events/1,000
Events (%)
patient years

Events/1,000
Events (%)
patient years

Hazard ratio

(95% CI)

Composite kidney outcomes

(acute kidney injury,

albuminuria/proteinuria, end stage kidney 34 (15.5) 184.8

disease, eGFR decline > 30% from

baseline)
Acute kidney injury 2 (0.9) 10.0
Albuminuria/Proteinuria 27 (12.3) 142.9
End stage kidney disease 0 -
eGFR decline > 30% from baseline 73.2) 35.5

43 (19.6) 237.6

7(3.2) 352

34 (15.5) 183.8
0 -

11 (5.0) 55.8

0.78 (0.50 — 1.22)

0.29 (0.06 — 1.37)
0.78 (0.47 — 1.30)

0.64 (0.25 — 1.65)

Abbreviations: eGFR = estimated glomerular filtration rate
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Table 10. Association of outcomes related to kidney in the matched population

Empagliflozin (n=219) Sitagliptin (n=219)
Hazard ratio
Outcomes Events/1,000 Events/1,000
Events (%) Events (%) (95% CI)

patient years patient years
Weight loss 89 (40.6) 589.4 37 (16.9) 198.9 2.95 (2.01 — 4.33)
Increased urination 12 (5.5) 60.9 3(1.4) 14.9 4.05 (1.14 — 14.34)
Reduction of antihypertensive medications 2(0.9) 10.0 2(0.9) 10.0 0.99 (0.14 - 7.03)

Bold font indicates statistical significance(p<0.05).
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Table 11. Linear mixed model’s p estimates for laboratory parameters related to kidney function

Drug? Duration of drug use Drug*Duration of drug use
Laboratory parameters’ B estimate 95% CI B estimate 95% CI P estimate 95% CI
(x107) (x107%) (x107) (x107) (x107) (x107)

Estimated glomerular filtration rate (mL/min/1.73m?) 8.82 -17.17 - 34.81 -0.11 -0.18 —-0.04 0.13 0.03 -0.23
Systolic blood pressure (mmHg) -2.74 -24.03 — 18.55 -0.02 -0.09 — 0.04 -0.04 -0.13 - 0.05
Diastolic blood pressure (mmHg) -25.81 -50.42 - -1.21 -0.12 -0.19 —-0.04 0.06 -0.04 -0.16
Hematocrit (%) -4.58 -25.34-16.17 -0.06 -9.86 -17.97 0.20 0.11-0.29
Serum sodium (mmol/L) -2.17 -5.56 -1.22 0.22 1.9x10°-0.03 -5.6x10°  -0.02-0.01
Serum potassium (mmol/L) 0.42 -16.72 - 17.56 -0.10 -0.17 —-0.03 0.05 -0.04-0.14
Serum chloride (mmol/L) -0.72 -5.70-4.27 0.02 2.6x10° - 0.04 -0.02 -0.05 - 1.8x10°
Serum calcium (mg/dL) 6.28 -1.94 - 14.50 0.02 -8.5x107 - 0.04 -0.02 -0.05 -0.02
Serum phosphorus (mg/dL) 4.52 -20.61 —29.65 0.10 0.02 - 0.17 0.12 0.01 -0.23
Serum uric acid (mg/dL) 10.53 -30.21 -51.27 0.19 0.09 - 0.30 -0.30 -0.44 —-0.15

Abbreviations: CI = confidence interval

tData were analyzed as log-transformed ratios of the change from baseline.

1The effect was estimated as empagliflozin against sitagliptin.

Bold font indicates statistical significance(p<0.05).
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Table 12. The results of sensitivity analysis on categorical outcomes in the matched population

Empagliflozin (n=219) Sitagliptin (n=219)
Hazard ratio
Outcomes Events/1,000 Events/1,000
Events (%) Events (%) (95% CI)
patient years patient years
Composite kidney outcomes
(acute kidney injury,
albuminuria/proteinuria, end stage kidney 34 (15.5) 196.5 43 (19.6) 251.5 0.78 (0.50 — 1.23)
disease, eGFR decline > 30% from
baseline)
Acute kidney injury 2(0.9) 10.7 7(3.2) 37.2 0.29 (0.06 — 1.38)
Albuminuria/Proteinuria 26 (11.9) 147.7 32 (14.6) 182.9 0.81(0.49 - 1.37)
eGFR decline > 30% from baseline 7(3.2) 37.8 11 (5.0) 59.1 0.64 (0.25 - 1.66)
Weight loss 84 (38.4) 583.3 35 (16.0) 198.9 2.92 (1.96 — 4.33)
Increased urination 11 (5.0) 60.9 3(1.4) 15.9 3.74 (1.04 — 13.39)
Reduction of antihypertensive medications 2(0.9) 10.7 2 (0.9) 10.6 1.01 (0.14 - 17.14)

Abbreviations: eGFR = estimated glomerular filtration rate

Bold font indicates statistical significance(p<0.05).
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Table 13. The results of sensitivity analysis on the change in laboratory parameters in the matched population

Drug? Duration of drug use Drug*Duration of drug use
Laboratory parameters’ B estimate 95% CI B estimate 95% CI P estimate 95% CI
(x107) (x107%) (x107) (x107) (x107%) (x107)

Estimated glomerular filtration rate (mL/min/1.73m?) 8.06 -17.78 —33.91 -0.13 -0.20 —-0.06 0.15 0.04 — 0.25
Systolic blood pressure (mmHg) 0.15 -20.33 - 20.62 -0.02 -0.08 — 0.05 -0.05 -0.14 - 0.04
Diastolic blood pressure (mmHg) -21.47 -45.00 - 2.06 -0.11 -0.18 —-0.03 0.05 -0.05-0.15
Hematocrit (%) -3.34 -23.70-17.03 -0.08 -0.14 —-0.01 0.26 0.17 - 0.36
Serum sodium (mmol/L) -2.41 -5.79 - 0.96 0.01 -1.6x10°-0.03  -1.7x10°  -0.02-0.02
Serum potassium (mmol/L) 0.16 -17.03 - 17.35 -0.11 -0.18 —-0.03 0.08 -0.02 - 0.17
Serum chloride (mmol/L) -1.00 -5.95-3.94 0.02 -3.7x10* - 0.04 -0.02  -0.05-2.6x107
Serum calcium (mg/dL) 7.11 -0.96 - 15.17 0.01 -0.01 —0.04 -5.8x10°  -0.04 -0.03
Serum phosphorus (mg/dL) 4.19 -20.77-29.14 0.10 0.02 -0.18 0.16 0.05-0.27
Serum uric acid (mg/dL) 12.63 -27.94 -53.19 0.20 0.09 — 0.31 -0.30 -0.44 —-0.14

Abbreviations: CI = confidence interval

tData were analyzed as log-transformed ratios of the change from baseline.

1The effect was estimated as empagliflozin against sitagliptin.

Bold font indicates statistical significance(p<0.05).
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thH] eGFR W3}&9 =fol7F &1¥ It} Sitagliptin Al TFAFE- AL A =
oFEE G770l XFe] wel eGFRol TAFUAT,  empagliflozin
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AREAF A= eGFRO] A E it olgst & A5t Ave 714

.I—_IL
A% 59l H#3 HdA empagliflozin A TAFE AN A AR T G 3}

2 AT EE:FdE olgst Ay Agg#Ads 7R
empagliflozin AFEAF A} 7] AFEolA EdE AR FIe)
o] A%t} 20159, Zinman < 1A Ad8#A3S 712 A2

Iy #AE o ® 8¢ EMPA-REG OUTCOME 24 w4

ks

FAId A placebo ©H]  empagliflozin AFS- 22l FAJAIEG
A3 BAE AANSATHB]. °o]F 2016 Wanner Fo] 33t AFS
w2o A empagliflozin A APl FuWITEHST WA T

otste] 9ol fFomlatAl  FAske AS #gddsidlen, HA

AATsEATH13]. 20219, AR $AE O ® Packer 5°
T3% EMPEROR—-Reduced 291 w4 A4ADelA  sacubitril
Fo] ool BHEA empagliflozin AFE AFo A eGFR #HA £E2
Ast7E FRJAHJT[37]. ot 7]E ATt Ade E ATelA
empagliflozin  AFg  ©o]F  oFEEE7|ito] FURgke] wEl  eGFRO]
FAEE Aol AdA3H, empagliflozin®] AXHITaI7E A BA S
ol F#sHA AA empagliflozin AFAFEAFANA = F-2E & A Al S

& ATeld EEE olelst A AFASS 7F empagliflozin
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AR B 71 AFEA Sl ARTERGE 7

2016 Cherney <& mAgdHuy = AgIdREtussS 712 #2423

Far ARE e A AlFS 36 21, empagliflozin AR

VAR B R

WA FZEE S 7R gxtoll A empagliflozin® AR I EHE F9lE)Y)

A F2ES A" A dJA AP FolARK[18], VI

canagliflozin, dapagliflozing & 83 AT EY 32 oz 3w
2]

g wg QAARNA fulE ARFEA )
%

3 empagliflozin®] ARZEgHE 1= Ho=F

2020 KDIGO (Kidney Disease: Improving Global Outcomes) ol 4]

s

=

<l
i,
rﬁ
ox
o iJ

T BAAN gxy slolsetele
dgel 2 gt Fnde U wyTEy @

30 mL/min/1.73m* ©o]A¢l A% SGLT2 <AA

ARESES Ao ANAEAT38]. 2 AT AHelAE AET

7}
W KDIGO #iel Zg&Ade]l dAsty, & A+ d3E

metformin® 2 g FHo] EFE3I A28 HnH

ofr

AE BId @27 tlF-F metformin

AgAE 59k FaeAl empagliflozing A4 0=

Fo A= SGLT2 AAAES giro=
AAREYoly A3 E Aol Aty SGLT2 o
=7 AAREYolE Aol eGFR Ha

mlo
ok
ofo
ol
fd
S

metformin©. =

Aol Al eGFRe]

AAEFR o [19], ofAegdolA  SGLTZ2 oAAl ez 34

gAAED 7R AARRHOH ATolM= 30% ©1de eGFR A2,

HEAEGoR QA% e 2 AR - Adduddor

=

K

A% Ao

-

doje 53 QAR FoAve o AAaTF AAE AT [20].
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etk olE FE Y AlEHE 5ol EAsta AbAIU o
AastA =M, AA Fof it st dRRINTE sk gt
UepdTH22,23]. ol oln 2RI aHVt §5®  RAS(Renin—
angiotensin system) SAAZ} &35 Hol= 7|3} H]S28A]TF RAS
AAAE= & AsHs A

SGLT2 oAAE 59 AFWS $HAA AFAYLS BRI F

%3] (interstitial volume) & ZAAI7]a HEdt AAFS &9
ArH23]. Al WA= FUEAQL AAARD AEY A 7]dold
TAAl =R Y HEF AF57E il wel A Av7F aetar,
TE Ao AiaFo] &stEo Axd AAAiTol fHAce aYE
AL F 9dvh(22,23]. HES AgAE A fasta, AAAT A

TEEHE AREE dAEY A 2ol ALdte 2R de

B Ao A AAEH = empagliflozin®] AESTE¥ 7]HS EF
SGLT2 JAAl dAe] aR=H AAEI = 7]dE0)th AR
SGLT2 AA:= oFEHZ SGLT29 SGLT1 zre] Agide] gdmeo
zpo) 7k ek 53], empagliflozin® SGLT1 tjH] SGLT2 A&Ao]

25008] &, canagliflozin, dapagliflozin, ertugliflozin Bt} %2 SGLT2
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AEAEE HQAT[39]. webA  empagliflozinel A= SEA AAE

avEs Al

3
=

AREEI} N AEC] FAA BASRAGE o

<
OH

& AFeld= DPP4 AAIAl AYG k=9 skl sitagliptint

Bl W&kt Sitagliptine W&  AlEA 9Fo] LR wpr)

N

ojr

Nom[34], ARZT SHME HAIA AFoMut ARIZTF}
Fe/dol A=Ak 40]. wheba] 2 Aol A sitagliptin A1 AF-2F 9}
Hlw sl empagliflozin Al AR AFOl A E1E AR S gy 7 gof A

] JEFS S JloR ddEn

3
&

B AFo = empagliflozin®  sitagliptin A 7FAFEX}ol| A BIE

HAARA WA AR SEA gtk S RARTAR /)

FAWES Ay, WrAREA dAEo] 0.79%/1000person—years®
UEbSEH21]. & Ao A 7)ol o 1371€ =2 vwE

of W e WAARAL Bslel g b Aol ARk

B A= empagliflozin AFE Al AE=7042] F9v)3t 98 U=

galslgiomn, o]= 7] A4 AyE3 dX sl 20149 Hiring 5°]
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\]
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% HAE A TY41]. 20159 Ferrannini 6+ empagliflozin
&

T AT A2E Selskglen, o daph F widE 3 4%

[e)
T
A¥E 7HMto g2 & uw, empagliflozin® A&7

st ARG ga)
Qeraths EEO o WAR A% A% Fa& D AT Fa

7
¥ 9= empagliflozin AGAREAl A Wi F7Ee] 91 # o]
FomsiA S-S AAEAL ol 7]
linagliptinell  F7}sto] 3 F249] W AR A5 A}
JAetm [43], "= Z7}=  empagliflozin® 7] &7 @ARH
REQ ] 9l Fag oAbt [10]. Wix FTlel diEiAE VIS

Ao A AFEA olxe] i AR AAEFIF oY, SGLT2 A=

i

o] empagliflozins
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2 e BA A, empagliflozin =~ A AR A A A =

28§77 wWek eGFR FA §AHE AFol wgou

4

sitagliptin = ATFAME APl A = B8 47k wa} eGFR  $%|7}
ks Aol gRlE ). okEeo] & eGFRE xfo]7} FASHA o=
o)t A= FokARE, Wl Aol Fongk ato]rh EelE AE F3
QA
AAQTh mE B AF A sitagliptin AlTFAFEAFRF 8] w ko]
empagliflozin A7fFAREAFS] o] k7] dQtel| A oFEef whel §-2]%k zto] 7}
golyglom,  empagliflozin  ATFAFEAFIA © wgth o=
ARz ade] d9qsta] Sdex I3 o] Aol Fhael Avwd
Nol ARZENE AXT F 9l Aotk SARE oFEe ujsted
olet7] HtellA12] 71 A A ] Wgh&o] wEh FHA7F - 25.81x10°

‘mmHg® 7Ha u]go] ol YAl AL vt dekd)

empagliflozin® 714 A& wE AHFTFY 7S

a

_] U

B AFoAE empagliflozin - ALTFAFE ROl A sitagliptin
AlfARERE9L Bl sle] k&8 7|7 wE X QA X F7F ALt
FAACcRE  FoulstA F AIEFS AAEAG. old Ayst

#H 3] 7]E empagliflozin & ol A

|

AL X FkARE, 2018
Blau 5°] &3 canagliflozin A AAAI oA canagliflozing
85 AT Aol EF 1 FA Tk @4 7% FGF23 7
g4 PTH <x¢ <7l 1,25—-dihydroxyvitamin D 747}
Sl AT[45]. = A AFF VG R
14k (phosphate) o] HEF o&H AFF Aol low, SGLT2 A

Al Q1A A|EF7E FUFeke| weEl FGF23/1,25—dihydroxyvitamin
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D/PTH axisel A=o] =Hw PTH7} F7tstal &3 <Qlo] F7isitke=
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Abstract

The effect of empagliflozin
on renal function in patients
with type 2 diabetes:
emulation of a target trial
using electronic medical records
of a single institution

Min Ju Kang
Clinical Pharmacy, College of Pharmacy
The Graduate School

Seoul National University

Empagliflozin is one of the SGLTZ inhibitors that lower blood
sugar by increasing urinary excretion of glucose to treat type 2
diabetes. For the effect of empagliflozin on renal function, the risk of
kidney injury was suggested in the pre—marketing clinical trials and
the domestic and international post—marketing surveillance studies,
but renal protective effects were suggested in the studies for patients
with underlying cardiovascular disease or albuminuria. In addition,
both the risk of kidney injury and the possibility of renal protective
effects exist in the mechanistic aspects. However, there are
insufficient studies in Korea to evaluate the effects on renal function
for all patients who actually use empagliflozin regardless of the
underlying diseases, and there is a lack of studies using a target trial
emulation that can minimize the bias of retrospective observational
.
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studies. Therefore, this study aimed to examine the effect of
empagliflozin on renal function in all patients taking empagliflozin,
regardless of the presence of absence of underlying diseases,
through a retrospective observational study using electronic medical
records of a single institution.

This study was conducted in patients with type 2 diabetes who
are over the age of 18 for new—users who were first prescribed
empagliflozin in 2019 at Seoul National University Hospital. The
effects on renal function was evaluated by follow—up using a modified
intention—to—treat method for up to 13 months from the index date.
In this study, new—users of sitagliptin were used as an active control
group, and analysis was performed with a one—to—one propensity
score—matched cohort from the patients who met the inclusion and
exclusion criteria. Gender, age, diabetic severity, concomitant
medications including antidiabetic medications, and baseline values of
related clinical laboratory parameters were used as matching
variables. Successful matching was evaluated when the standardized
difference in all the variables was less than 0.1.

In assessing the effects on renal function, the primary outcomes
are composite kidney outcomes defined as acute kidney injury,
albuminuria or proteinuria, end—stage kidney disease, and a decrease
of eGFR (estimated glomerular filtration rate) more than 30% from
baseline. The secondary outcomes are each adverse event included
in the primary outcomes, including acute kidney injury, albuminuria
or proteinuria, end—stage kidney disease, and a decrease of eGFR
more than 30% from the baseline. The incidence of weight loss,
increased urination, and a reduction of antihypertensive medications
were also evaluated as renal function—related effects. In addition,
eGFR, systolic and diastolic blood pressure, hematocrit, serum
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sodium, serum potassium, serum chloride, serum calcium, serum
phosphorus, and serum uric acid levels were evaluated as ratio from
baseline in clinical laboratory parameters related to renal function.

Statistical analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, North Carolina, USA). For categorical outcomes,
the Cox proportional hazard model was used and the results were
presented using a hazard ratio (HR) and 95% confidence interval. For
continuous outcomes, a linear mixed model was used, and the ratio
from the baseline was analyzed after log transformation. Each result
was evaluated to be statistically significant when the p—value was
less than 0.05. Sensitivity analyses were conducted using an as—
treated method in which the follow—up criteria were limited to the
duration of drug exposure.

431 new—users of empagliflozin and 308 new-—users of
sitagliptin met the inclusion and exclusion criteria in 2019. As a result
of one—to—one propensity score matching, the cohort to be analyzed
was finally constructed as a cohort of 291 new—users in each group.
Compared to new—users of sitagliptin, composite kidney outcomes
(HR, 0.78; 95% CI 0.50—1.22), acute kidney injury (HR, 0.29; 95%
CI 0.06—1.37), albuminuria or proteinuria (HR, 0.78; 95% CI 0.47—
1.30), and a decrease of eGFR more than 30% from the baseline (HR,
0.64; 95% CI, 0.25—1.65) showed a risk reducing trend in new—
users of empagliflozin. There were no cases of end—stage kidney
disease identified in either group.

A statistically significant increase in risk was found in weight loss
(HR, 2.95; 95% CI, 2.01—4.33) and increased urination (HR, 4.05;
95% CI, 1.14—14.34) in new—users of empagliflozin compared to
new—users of sitagliptin. As a result of the linear mixed model

analyses, there was a statistically significant difference in diastolic
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blood pressure depending on the drug (p<0.05). Moreover, in new—
users of empagliflozin compared with new—users of sitagliptin, the
tendency of maintaining eGFR, increasing serum phosphorus level,
and decreasing serum uric acid level were statistically significant
according to the duration of drug use (p<0.05).

In this study, through the study design of a target trial emulation
using electronic medical records from a tertiary hospital in Korea,
the favoring trend of renal protection effects among all new—users
of empagliflozin with type 2 diabetes regardless of the presence or
absence of underlying cardiovascular disease or kidney disease was
presented. In addition, as the effects related to renal function,
significant weight loss, increased urination, and the tendency of
maintaining eGFR, increasing serum phosphorus, and decreasing
serum uric acid according to the duration of drug use were suggested
in new—users of empagliflozin. Through this study, it is expected that
it will be possible to consider the preferential use of drug therapy
that adds empagliflozin to metformin in patients with type 2 diabetes
in clinical practice. In addition, this study can be used as a basic study
to raise awareness of the effect of empagliflozin on renal function,

and to evaluate the effects on renal function, which lacks evidence.

Keywords : Empagliflozin, SGLTZ2 inhibitor, Kidney function,
Electronic medical records, Target trial emulation, Linear mixed model
Student Number : 2020—29099
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