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Different pathways and networks involved in the initiation and progression of diabetic kidney

disease.
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Presentation Notes
Different pathways and networks involved in the initiation and progression of diabetic kidney disease. AGE, advanced glycation end product; CTGF, connective tissue growth factor; JAK-STAT, Janus kinase/signal transducer and activator of transcription; PKC, protein kinase C; RAAS, renin-angiotensin-aldosterone system; ROS, reactive oxygen species; SAA, serum amyloid A; VEGF-A, vascular endothelial growth factor A. *JAK/STAT signaling can be unchanged (↔) or upregulated (↑) in early and later stages of diabetes, respectively.
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Podocytopathy in Diabetes: A Metabolic and Endocrine Disorder
Ana Diez-Sampedro, PhD," Oliver Lenz, MD,? and Alessia Fornoni, MD, PhD??

Figure 29.17 Electron micrograph of the
external surface of glomerular tufts from
rats after removal of Bowman’s capsule by
freeze-fracture. Loft, A normal rat kidney with
podocyte call body, the prnimary processes and
terminal foot procasses resting on the glomer-
ular capillary basement mambrane are clearly
saen. Right, The dacrease in the density of foot
processes and the denuded giomerular capil-
lary basement membrane are apparent. (From
reference 59)
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Table 3. International classification of interstitial and vascular |} |} a4 : (e ,'

lesions in diabetic kidney disease

Type of Lesion and Criteria

Score

IFTA, %
Absent
<25
25-50
>50
Interstitial inflammation
Absent
Infiltration only in relation to IFTA
Infiltration in areas without IFTA
Vascular lesions arteriolar hyalinosis
Absent
At least one area of arteriolar hyalinosis
More than one area of arteriolar hyalinosis
Presence of large vessels arteriosclerosis
No intimal thickening
Intimal thickening less than thickness
of media
Intimal thickening greater that thickness
of media

M =D W=

= o N =O

(g8

IFTA, interstitial fibrosis and tubular atrophy.
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Diabetic glomerulopathy. Changes in glomerular histology in diabetic glomerulopathy (A) Normal glomerulus. (B) Diffuse mesangial expansion with mesangial cell proliferation. (C) Prominent mesangial expansion with early nodularity and mesangiolysis. (D) Accumulation of mesangial matrix forming Kimmelstiel–Wilson nodules. (E) Dilation of capillaries forming microaneurysms, with subintimal hyaline (plasmatic insudation). (F) Obsolescent glomerulus. A–D and F were stained with period acid–Schiff stain, and E was stained with Jones stain. Original magnification, ×400.


ANN : ArapecoocwAnvaplokec BAaBec & YaAivwon tTwv aptnpldiwv

Thickened tubular basement

Normal renal cortex me

Arteriole with an intimal
accumulation of hyaline
materia

Solid arrows : Renal tubules with
thickening and wrinkled basement
membranes

Dashed arrow: atrophic tubules
and some containing casts

Dotted arrow : interstitial
widening with fibrosis
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Tubulointerstitial changes and arteriolar hyalinosis in diabetic kidney disease. Tubulointerstitial changes in diabetic kidney disease. (A) Normal renal cortex. (B) Thickened tubular basement membranes and interstitial widening. (C) Arteriole with an intimal accumulation of hyaline material with significant luminal compromise. (D) Renal tubules and interstitium in advancing diabetic kidney disease, with thickening and wrinkled tubular basement membranes (solid arrows), atrophic tubules (dashed arrow), some containing casts, and interstitial widening with fibrosis and inflammatory cells (dotted arrow). All sections were stained with period acid–Schiff stain. Original magnification, ×200.
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New therapeutic agents in diabetic nephropathy

Yaeni Kim and Cheol Whee Park

Nephrin

The Korean Journal of Internal Medicine Vol. 32, No. 1, January 2017
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mesangial expansion. €, Nodular lesion as well as mesangial expansion: there is a typical Kimmelstiel-Wilson nodule at the top of the glomerulus (arrow)
(A, B, and C, Periodic acid-Schiff reaction). D, Nodular lesion: methenamine silver staining shows the marked nodular expansion of mesangial matrix
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For example, GBM
width and Vv(Mes/glom) are not highly correlated with one
another; some patients have relatively marked GBM thickening
without much mesangial expansion and others have the
Converse
Mesangial fractional volume [Vv(mes/glom)]
total mesangium(matrix/mesg)
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Global glomerular sclerosis and glomerular arteriolar hyalinosi:
in insulin dependent diabetes

RarLrH D. Harris, MicHAEL W. STEFFES, RubpoLrF W. BiLous, Davip E.R. SUTHERLAND,
and S. MicHAEL MAUER

lesions of global glomerular
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Fig. 3. Relationship of global glomerular sclerosis and index of arte-
riolar hyalinosis (r = +0.66, P < 0.0005).



Glomerulotubular Junction Abnormalities Are Associated
with Proteinuria in Type 1 Diabetes

Behzad Najafian,*" John T. Crosson,” Youngki Kim,* and Michael Mauer*

( tubule (SAT). B, Glomerulus attached
Jand a tip lesion. D, Atubular glomeru-
proteinuria in type 1 diabetes, / Am Soc

FIGURE 38-5 Glomerulotubula
to a long atrophic tubule (LAT). {
lus (AG). (From Najafian B, Cros

Nephrol 17:553-560, 2006.) FIGURE 38-6 Frequency of glomerulotubular junction abnormalities
(GTJA) in normoalbuminuric (NA), microalbuminuric (MA), and protein-

. . uric (P) patients and control subjects (C). G#, Number of glomeruli; NT, |

Renal bIOpSIeS from normal tubules. (From Najafian B, Crosson JT, Kim Y, et al: Glomerulo-

; tubular junction abnormalities are associated with proteinuria in type 1
ContrOI SUbJeCtS wel diabetes, | Am Soc Nephrel 17:553-560, 2006.)

6 proteinuric pts, &5

phrol 17: S53-S60, 2006
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FIGURE 38-3 Light photomicrographs of (A) afferent and efferent arteriolar hyalinosis in a glomerulus from a type 1 diabetic patient, which shows diffus
and nodular mesangial expansion (periodic acid-Schiff [PAS] stain); (B) glomerular arteriole showing almost complete replacement of the smooth muscl
wall by hyaline matenial and luminal narrowing (PAS stain}; and (C) glomerulus with minimal mesangial expansion and a capsular drop at the 3 o'cloc

position.

@sterby R, Diabetologia. 2002;45(4):542-549



Correlation between glomerular basement membrane
(GBM) width and albumin excretion rate (AER)
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123 patients with type 1 diabetes ( 88 normoalbuminuric(NA), 17 microalbuminuric |
(MA), and 19 proteinuric (P)). The shaded area represents the mean + 2 standard ﬁ
deviation units in a group of 76 age-matched normal control subjects
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Is Podocyte Injury Relevant in Diabetic Nephropathy?
Studies in Patients With Type 2 Diabetes

Michele Dalla Vestra, Alessandra Masiero, Anna Maria Roiter, Alois Saller, Gaetano Crepaldi, and
Paola Floretto DIABETES, VOL. 52, APRIL 2003
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FIG. 1. Podocyte morphometric parameters. Bars represent mean = | SD. A: Numerical density of podocytes per glomerulus |Nv(epi/glom)] in
patients with type 2 diabetes and normal control subjects. 4 P < (.0001, control vs. all type 2 diabetic subjects; *P < (.01, NA vs. MA and P. B:
Filtration slit length density per glomerulus ( FSLv/glom) in patients with type 2 diabetes. *P < 0.01, NA vs. MA and P. C: FPW in patients with
type 2 diabetes. B P < 0.05, NA vs. MA and P < 0,005, NA vs. P.
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Presentation Notes
Kidney function and biopsy studies were
performed; 20 kidney donors served as control subjects.
Electron microscopic morphometric analysis was used
to estimate numerical density of podocytes per glomerulus
[Nv(epi/glom)], filtration slit length density per
glomerulus (FSLv/glom), and foot process width (FPW).
The number of podocytes per glomerulus (Epi N/glom)
was obtained by multiplying Nv(epi/glom) by mean glomerular
volume.


Table 4. Clinical features of patients with different glomerular and interstitial lesions

Class IIa

IFTA <25% (n=76)

Age (years) 479490
Duration of diabetes (m) 57.0 +54.0
BMI (kg/m?) 272+3.8
SBP (mmHg) 134 +15
DBP (mmHg) 84+9
MAP (mmHg) 101 £ 10
History of hypertension 763

24-h proteinuria (g/day) 0.93+1.10
Serum creatinine (mg/dL) 0.95+0.38
e-GFR(mL/min/1.73 m?) 94.8 +286

Serum albumin (g/L) 44.1+5.2

Cholesterol (mmol/L) 454 +1.57
Triglyceride (mmol/L) 2.14£1.05
FBS (mmol/L) 6.54 £1.62
HhA e (9%) 7194157

IFTA > 25% (n = 11)

522174
43.1+404
26213
135+8
85+5
1015
100.0
led+1.24
1.55+0.78
593+23.7
424 +4.2
413+1.20
222+1.34

6.30 £ 1.53
704 +0 87

Table 2. Associations between pathologic parameters and renal outcomes

Rate of renal survival

Univariate

HR (95% CI)

Glomerular lesions 2.99 (2.32-3.87)
IFTA 3.93 (3.01-5.12)
Interstitial inflammation 6.71 (4.27-10.53)
Arteriolar hyalinosis 7.95 (0.64-99.48)
Arteriosclerosis 1.28 (0.96-1.70)

Multivariate®

P-value  HR (95% CI)

<0.001 149 (1.10-2.02)
<0.001 151 (1.05-2.17)
<0.001 131 (0.76-2.28)
0.108
0.090

0.133
0.416
0.120
0.945
0.816
0.765
0.070
0.052
0.029
<0.001
0.299
0.424
0.831

0.648
N 796

0.011
0.028
0.332

Class IIb +I1I

IFTA <25% (n=106)  IFTA >25% (n=94)

50.0x£8.59
1193+ 73.7
245+32
141 £ 19
8219
102+10
77.4
2671274
1.07+0.39
79.8+258
35.816.3
531+ 1.60
1.82+0.50

7.14+2.82
737+ 149

523£9.1
116.9+ 66.0
247136
146+ 19
8611
106 £ 12
90.4
3.54+2.86
1.65+0.58
4941215
343+58
546 £1.55
1.50 +1.08

6.39 £ 1.99
671+ 149

Survival from doubling of creatinine

Univariate

HR (95% CI)

2.55 (2.05-3.16)
2.98 (2.37-3.74)
5.21 (3.51-7.73)
5.07 (0.90-28.5)
1.20 (0.93-1.56)

Multivariate®

P-value  HR (95% CI)

<0.001  1.38(1.05-1.80)
<0.001  145(1.03-2.03)
<0.001  1.49 (0.90-2.45)
0.066
0.163

0.078
0.806
0.715
0.084
0.007
0.010
0.013
0.030
<0.001
<0.001
0.070
0.508
0.555

0.029
N A

0.021
0.031
0.120

IFTA, interstitial fibrosis and tubular atrophy; HR, hazard ratio; CI, confidence interval.

“Adjusting for baseline log-proteinuria, MAP and eGFR.
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Reversal of Lesions of Diabetic Nephropathy after Pancreas

Transplantation

Figure 2. Photomicrographs of Renal-Biopsy Specimens
Obtained before and after Pancreas Transplantation from 2
33-Year-Old Woman with Type 1 Diabetes of 17 Years'
Duration at the Time of Transplantation (Periodic Acid-
Schiff, x120).

Panel A shows a typical glomerulus from the base-lin
biopsy specimen, which is characterized by diffuse an
nodular (Kimmelstiel-Wilson) diabetic
glomerulopathy. Mesangial-matrix expansion and the
palisading of mesangial nuclel around the nodular
lesions are evident. In Panel B, a typical glomeruius
five years after transplantation shows the persistence
of the diffuse and nodular lesions. Panel C shows a
typical glomerulus 10 years after transplantation, witk
marked resolution of diffuse and nodular mesangial
lesions and more open glomerular capillary lumina,
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Remodeling of renal interstitial and tubular lesions
in pancreas transplant recipients

P Fioretto', DER Sutherland?, B Najafian® and M Mauer®
8 non-uremic type | DM patients at 5 and 10 years after PTA

5 and 10 years after PTA from the same ptlet
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Presentation Notes
s. This study quantified tubular,
interstitial, and arteriolar parameters in PTA recipients.
Kidney function studies and biopsies were performed in eight
non-uremic type I D patients (pts) at 5 and 10 years after PTA.
Renal biopsies were analyzed by morphometric analysis. All
pts were normoglycemic and insulin independent and
received CSA during the study
There was a reduction in the
volume fraction of interstitial collagen and cells per cortical
tissue, measured using electron microscopy, from 5
(0.12670.061 and 0.10370.026, respectively) to 10 years
(0.07970.031, Po0.05, and 0.07470.018, Po0.05,
respectively). The volume fraction of tubules which were
atrophic (AT) was abnormal at 5 years (0.16070.090) and
decreased from 5 to 10 years (0.04470.034, Po0.02),
apparently due to AT reabsorption. T
Panel a illustrates the 5-year post-PTA renal biopsy specimen. There are areas of advanced interstitial fibrosis (double arrows) and tubular
atrophy (single arrows). Note the presence of diffuse and nodular D glomerulopathy. Panel b illustrates the 10-year post-PTA biopsy specimen.
There is marked improvement in the interstitial fibrosis compared to panel a. Only a few TBM remnants of ATs remain (single arrow). There is a
globally sclerotic glomerulus surrounded by normal tubules (double arrow). The remaining glomeruli show almost complete resolution of D
glomerular changes compared to panel a. Panel c: This photomicrograph of the10-year post-PTA biopsy illustrates three glomeruli: the central
glomerulus is nearly normal; the globally sclerotic glomerulus on the left contains intensely PAS-positive staining basement membrane and
mesangial matrix materials, and is surrounded by intact Bowman’s capsule, ATs, and interstitial fibrosis. The glomerulus on the right is also
globally sclerotic, but with much less PAS positivity in the extracellular matrix staining and nearly absent Bowman’s capsule. The tubules
surrounding this pale sclerotic glomerulus are normal, but for a small TBM remnant PAS, original magnification  150.


@'pOAGG TOV VEDPPOU GTO LETALOALGIO TNG YAUKOTNG

3. Enavappodnon tng

Auvkolnc otouc Neppwve
Triose phosphates «+—— Gilycerol

4 * Enavadopa tng
Glycolysis ®Ti @ Gluconeogenesis VAUKéan otn
Phosphoenol KU KAO(I)Opla ano 1o
wru;a(t; Citrate OTIELPOLUOLTIKO SLOnpa
*i * Artouteiton n
(@ | Oxaloacetate KOTAVAAWON EVEPYELOLG
4 \ oto EZA
l o-Keto-
W:Vﬂ% glutarate:
I NH5 ,\T NH
Glutamate «.L Glutamine
Lactate

1
]

Figure 1| Renal glycolysis and gluconeogenesis—pathway
and enzyme localization. Glycolytic key enzymes (1) hexokinase,
(2) phosphofructokinase, and (3) pyruvate kinase are
predominantly localized in cells of the renal medulla. The key
enzymes of gluconeogenesis, (4) pyruvate carboxylase, (5)
phosphoenol pyruvate carboxykinase, (6) fructose-1,6-
biphosphatase, and (7) glucose 6-phosphatase, are found mainly
in renal cortical cells.® Copyright 1997, Springer-Verlag.

& Gerich JE. Diabet Med. 2010:27:136-142
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Presentation Notes
The human kidney contributes to the body’s regulation of glucose through three primary mechanisms: glucose production, utilization, and filtration/reabsorption.
With respect to glucose production, the liver and kidneys provide roughly equal amounts of glucose via gluconeogenesis in the post-absorptive state. After an overnight fast, 75%–80% of glucose released into the circulation is derived from the liver and the remaining 20%–25% is derived from the kidneys.
In terms of glucose utilization, after an overnight fast, the kidneys utilize roughly 10% of all glucose used by the body. The metabolic fate of glucose is altered in various regions of the kidney. The renal medulla (with low levels of oxidative enzymes) is an obligate user of glucose for its energy, doing so anaerobically and producing lactate.
Finally, the kidney can also influence glucose balance by returning glucose to the circulation via reabsorption of glucose from glomerular filtrate. Normally, approximately 180 L of plasma are filtered by the kidney each day. Because the average plasma glucose concentration throughout a 24-hour period is 100 mg/dL, approximately 180 g of glucose are filtered per day. Thus, changes in renal tubular glucose reabsorption may be expected to have appreciable impact on glucose homeostasis.
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Glucose handling by the kidney

Amanda Mather' and Carol Pollock'
"Department of Medicine, Kolling Institute of Medical Research, University of Sydney. Sydney, NSW. Australia
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Figure 3 | Relative magnitude of glucose transport
characteristics in different segments of the proximal tubule.
Jnax, Maximal glucose transport rate; K,,, affinity constant for
glucose.’®?' Copyright 2007, Saunders, an imprint of Elsevier.
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In the normal kidney, the vast majority of glucose is reabsorbed through the action of SGLT2 in the proximal tubule. Any glucose that isn’t reabsorbed by SGLT2 is reabsorbed by SGLT1. Together, both sodium–glucose transport proteins reabsorb virtually all glucose so that there is minimal or no urinary excretion

References:
Wright EM. Renal Na(+)-glucose cotransporters. Am J Physiol Renal Physiol 2001;280:F10–18.
Lee YJ, et al. Regulatory mechanisms of Na(+)/glucose cotransporters in renal proximal tubule cells. Kidney Int Suppl 2007;106:S27–35.
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SGLT-2=sodium-glucose cotransporter-2; GLUT=facilitative glucose transporter; ATPase=adenosine-5’-triphosphotase.
22 1. Zhao FQ et al. Curr Genomics. 2007;8:113-128.
2. Asano T et al. Curr Med Chem. 2004;11:2717-2724.
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Now let’s take a closer look at glucose transport across the proximal tubule of a nephron. Glucose can only be transported across cellular membranes with the aid of facilitative glucose transporters.
Two major classes of glucose transporters allow movement of glucose across cell membranes in mammals. The facilitative glucose transporters (GLUTs) are driven by the downward glucose concentration gradient across the plasma membrane, and sodium-glucose cotransporters (SGLTs) are driven by the sodium gradient created by the active sodium-potassium adenosine-5’-triphosphatase (ATPase) pump. In the proximal convoluted tubules of the kidney, glucose is either absorbed or reabsorbed against its gradient by the sodium concentration gradient established by the sodium-potassium ATPase pump.
The passive, bidirectional glucose transport process is mediated by the GLUT family. Thirteen members of this family have been identified, GLUT1–12 and HMIT (H+/myoinositol transporter), plus four pseudogenes. GLUT1 is widespread throughout the body, including the kidney, where it functions to provide glucose uptake and transport across blood tissue barriers. GLUT2 is expressed in the kidneys, pancreas, liver, and gastrointestinal tract. Some GLUTs are responsive to insulin, and others function in an insulin-independent manner.
The active, unidirectional sodium-dependent glucose transport process is mediated by the family of sodium-glucose cotransporters (SGLTs). Six members of this family have been identified, but only SGLT-1 and SGLT-2 are well characterized. SGLT-1 is present in the brush border of the small intestine, where it functions primarily in absorption of glucose from the intestinal lumen. SGLT-2 expression is limited to S1 and S2 segments of the proximal tubules of the kidney, where it plays a dominant role in the reabsorption of glucose from the glomerular filtrate. SGLT activity is not insulin dependent. 
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Human exfoliated proximal tubular epithelial cells (HEPTECs), which can be isolated from urine, continue to express a variety of proximal tubular markers, including SGLT2 through several subsequent subcultures.
In this study, HEPTECs isolated from individuals with NGT and type 2 diabetes were cultured in a hyperglycemic environment. As shown in the left graph, the cells from the type 2 diabetes patients expressed significantly more SGLT2 and GLUT2 proteins than cells from NGT individuals. In addition, renal glucose uptake, measured using the glucose analogue methyl-α-D-[U14C]-glucopyranoside (AMG), was significantly greater in the type 2 diabetes HEPTECs than the NGT cells.
These findings demonstrate that type 2 diabetes is associated with increases in renal glucose transporter expression and activity.

	Rahmoune H, Thompson PW, Ward JM, Smith CD, Hong G, Brown J. Glucose transporters 	in human renal proximal tubular cells isolated from the urine of patients with non-insulin-	dependent diabetes. Diabetes. 2005;54:3427-3434.
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Presentation Notes
As the level of glucose in the blood rises, the amount of Glucose which is filtered in the kidney increase (yellow). The re-absorption rate progressively increases up to the point marked Tmax (red line). At plasma glucose concentrations below this level, all the filtered glucose is re-absorbed (observe that the ‘filtered’ and ‘re-absorbed’ curves are superimposed below this point. As the filtered and re-absorption curves separate, the point marked ‘threshold’ is reached, and the body starts to excrete glucose into the urine (green line) (i.e. as the plasma glucose concentration rises, there comes a point where the maximum re-absorptive capacity of the proximal tubule is exceeded). Above this point, the ‘excreted’ curve rises with increasing plasma glucose concentration. In T2D the Tmax is slightly increased due to up regulation of SGLT2, therefore the renal Glucose excretion is shifted to the right (green line). Inhibition of SGLT2 changes the titration curve of renal glucose absorption. SGLT2 inhibition lowers the Tm – the maximum re-absorptive capacity of the proximal tubule – and such an individual will start to renally excrete up to 80 g glucose per day (see graph). As the Tm is lowered, the excreted curve is left shifted and also the threshold where Glucose will occur in the urine is shifted to a hypoglycaemic range. 


SGLT2 decreases HbAlc on top of other diabetic

medications

Add-on Combinations with

Monotherapy ! Metformin SuU Met/SU Met/Pio Insulin ~ Current Thelrapyl
(DIA3005) (DIA3006) (DIA3008) (DIA3002) (DIA3012) (DIA3008)  in Older Subjects
N =584 N = 1284 N =127 N =469 N = 342 N=1718 (DIA3010)
N = 714
BL Mean
HbA1C (%) 8.0 7.9 8.4 8.1 79 8.3 7.7
0.0

LA
N o

L
T

Placebo-subtracted
LS Mean Change in HbA,_ (%) (95% CI)
S
[as]

L
o™

All at 26 weeks except 18 weeks DIA3008 Insulin, SU sub-studies

« p<0001 W CANA 100 mg CANA 300 mg
Based on ANCOVA models, data prior to rescue (LOCF)
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104-week study with empagliflozin H2H versus glimepiride
Change in body weight over time

2 -

i .

S
o 1
Y= —
7,
c
o 4=
% %’ 0 T T T
25 52 78 104
o =
X2 Week
TS -1 -4.6 kg
& 9
= = (95% Cl:
> o -A-Glimepiride  =@=Empagliflozin 25 mg QD -5.0,-4.2)
£ .S 2 p < 0.0001
- O
QS @
n O
=
k=) -3 - l
< i +ﬁ $__
4
Analysed patients
Glimepiride 745 743 703 610 526 462
Empagliflozin 739 737 706 643 595 555

Cl, confidence interval; H2H, head-to-head; QD, once daily; SE, standard error.
MMRM. FAS (OC).
Ridderstrale M, et al. Lancet Diabetes Endocrinol. 2014;2:691-700.
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Observed cases means data observed before anti-diabetic rescue medication. 



SGLT2 inhibition

Physiologic mechanisms implicated in the

cardiovascular and renal protection with
SGLT2 inhibition
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Dapagliflozin diuretic effects: lower plasma volume,

body weight, and 24-hr blood pressure

Plasma volume Body Weight 24hr SBP
60 - 0
0 |
-1 A4
40 - =
=3
et _2 a
20 - w 1
@
= 3
=]
0- o o
Q 2 -4
<
ZD -
0] 5
= Placebo [ 3. -
40 - T T T T T T T 5 |
HCTZ 0 2 4 6 8 10 12
Dapagliflozin Time (weeks)

+ Dapagliflozin reduces plasma volume compared to placebo or HCTZ as measured by >'Cr Albumin

* Reductions in body weight during the initial 4 weeks paralleled reductions in body weight during
HCTZ
Abbreviations: HCTZ, hydrochlorothiazide, SBP, systolic blood pressure

Heerspink et al. Diabetes Obesity Metabolism 2013;15(9):853-62 29
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Empagliflozin reduced CV events

CV death, non-fatal MI, or non-fatal stroke

PBO EMPA HR ? NNT3
CV death, Ml, stroke (%) 12.1 10.5 0.86 0.04 63
20 - CV deaths (%) 5.9 3.7 0.62 | <0.001 46
Nonfatal Ml (%) 5.2 4.5 0.87 0.22
Nonfatal stroke (%) 2.6 3.2 1.24 0.16
15 4| Hosp. heart failure (%) 4.1 2.7 0.65 0.002 72
All-cause mortality (%) 8.3 5.7 0.68 | <0.001 39

Patients with event (%)
—
o
1

Placebo

Empagliflozi
n

HR 0.86
95.02% CI (0.74, 0.99)

S P < 0.001 for non-inferiority
p=0.04 for superiority
0 T T T T T T T 1
0 6 12 18 24 30 36 42 48
Months

No. of patients
Empaglifiozin [N 4580 4455 4328 3851 2821 2359 1534 370
Placebo 2333 2256 2194 2112 1875 1380 1161 741 166 SLABETES

Zinman B et al. N Engl ) Med 2015; DOI: 10.1056/NEIM0a1504720

NOT FOR COMMERCIAL USE
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Presentation Notes
The EMPA-REG outcome study included 7020 people with type 2 diabetes and clinical cardiovascular disease.  Those treated with empagliflozin had significantly fewer cardiovascular events compared to placebo after 3.1 years of followup, which was driven by a significant decrease in cardiovascular mortality as nonfatal events were not significantly reduced.



N Engl J Med. 2015 Nov 26;373(22):2117-28. doi: 10.1056/NEJMoa1504720. Epub 2015 Sep 17.
Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes.
Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, Mattheus M, Devins T, Johansen OE, Woerle HJ, Broedl UC, Inzucchi SE; EMPA-REG OUTCOME Investigators.
Collaborators (705)
Abstract
BACKGROUND: 
The effects of empagliflozin, an inhibitor of sodium-glucose cotransporter 2, in addition to standard care, on cardiovascular morbidity and mortality in patients with type 2 diabetes at high cardiovascular risk are not known.
METHODS: 
We randomly assigned patients to receive 10 mg or 25 mg of empagliflozin or placebo once daily. The primary composite outcome was death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke, as analyzed in the pooled empagliflozin group versus the placebo group. The key secondary composite outcome was the primary outcome plus hospitalization for unstable angina.
RESULTS: 
A total of 7020 patients were treated (median observation time, 3.1 years). The primary outcome occurred in 490 of 4687 patients (10.5%) in the pooled empagliflozin group and in 282 of 2333 patients (12.1%) in the placebo group (hazard ratio in the empagliflozin group, 0.86; 95.02% confidence interval, 0.74 to 0.99; P=0.04 for superiority). There were no significant between-group differences in the rates of myocardial infarction or stroke, but in the empagliflozin group there were significantly lower rates of death from cardiovascular causes (3.7%, vs. 5.9% in the placebo group; 38% relative risk reduction), hospitalization for heart failure (2.7% and 4.1%, respectively; 35% relative risk reduction), and death from any cause (5.7% and 8.3%, respectively; 32% relative risk reduction). There was no significant between-group difference in the key secondary outcome (P=0.08 for superiority). Among patients receiving empagliflozin, there was an increased rate of genital infection but no increase in other adverse events.
CONCLUSIONS: 
Patients with type 2 diabetes at high risk for cardiovascular events who received empagliflozin, as compared with placebo, had a lower rate of the primary composite cardiovascular outcome and of death from any cause when the study drug was added to standard care. (Funded by Boehringer Ingelheim and Eli Lilly; EMPA-REG OUTCOME ClinicalTrials.gov number, NCT01131676.).
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Effects of S 2 inhibitors on progression of albuminuria.
Effects of SGLT2 inﬁilbltors on alI -cause I(::)Iea ? 7

top) and cardiovascular death (bottom).

Events/Total Events/Total %
Outcome/Trial (year) SGLT2 inhibitor ~ Control HR (95% Cl) Weight
Events/Total Events/Total 0 )
Outcome/Trial (year) SGLT2 inhibitor ~ Control HR (95% Cl) Weight
Progression of albuminuria
EMPA-REG OUTCOME (2015)22 459/4091 330/2033 —A— 062(0.54,0.72) 31.51
CANVAS (2017)" 895/2655 479/1301 = 0.80(0.72,0.90) 34.86
CANVAS-R (2017)12 446/2541 635/2518 —4— 0.64 (0.57,0.73) 33.62
Random-effects (DerSimonian-Laird) 1800/9287 1444/5852 o 0.68(0.58,0.81)  100.00
Fixed-effects (Mantel-Haenszel) o 0.70 (0.65, 0.75)
(I-squared = 80.5%, p = 0.006)
I !
04 1 2.0
. . Favors SGLT2 inhibitor _ Favors Control .

Random-effects (DerSimonian-Laird) 440/10482 322/6680 0.77 (0.60,0.98) 100.00

Fixed-effects (Mantel-Haenszel) 0.76 (0.66, 0.88)

(l-squared = 61.7%, p = 0.073)

I I I
04 1 20
Favors SGLT2 inhibitor Favors Control
[ 4
Amaer Amaeri in-Li -7
e I e Xin-Lin Zhang et al. J Am Heart Assoc 2018;7:e007165

Assoclation | Association. © 2018 Xin-Lin Zhang et al.
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Presentation Notes
Effects of SGLT2 inhibitors on all‐cause death (top) and cardiovascular death (bottom). CI indicates confidence interval; CANVAS, Canagliflozin Cardiovascular Assessment Study trial; CVD‐REAL, the Comparative Effectiveness of Cardiovascular Outcomes in New Users of SGLT‐2 Inhibitors study; EASEL, the evidence for cardiovascular outcomes with sodium glucose co‐transporter 2 inhibitors in the real world study; EMPA‐REG OUTCOME, BI 10773 (Empagliflozin) Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients; HR, hazard ratio; SGLT2, sodium–glucose cotransporter 2.


SGLT2 inhibitors decrease RPF and GFR

Type 1 diabetes Type 2 diabetes
120
. 200 -
- 07 164 _ 172.0 _
£ 1600 - g 180 - =
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— 1400 - i 139.0 ™ _
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= _
> 800 € g o
o ® © 80 -
0 g S
= 400 - S a0 =
200 - 20 -
0 0 60 -
RBF T1D-H (Euglycemia) baseline week 12

(Cherney D et al. Circulation 2014:129;587-99
(Heersbink et.al. DOM 2013: 15:853-62 32



EMPAREG: Empagliflozin reduces renal risk

N wWith Event/N Patients

New onset/worsening
of nephropathy 525/4124 | 388/2061 | 0.61 | (0.53,0.70) o <0.0001
M t . ;

W S 459/4091 | 330/2033 | 0.62 | (0.54,0.72) -4 <0.0001
macroalbuminuria
Doubli f o : " o ; .

RS 70/4645 | 60/2323 | 0.56 | (0.39,0.79) —e— 0.0009
creatinine
Initiation of renal T ) ; = 5
replacement therapy 13/4687 | 14/2333 | 045 | (0.21,0.97) 1 0.0409

y ? I T T + 1
0.13 0.25 0.50 1.00 2.00
* Accompanied by estimated glomerular filtration rate (MDRD) 245 mL/min/1.73 m?, 4 -
Favours empagliflozin Favours placebo

Wanner C et.al. N Engl J Med. 2016 Jul 28;375(4):323-34
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Clin J Am Soc Nephrol. 2017 Dec 7;12{12):2032-2045. doi: 10.2215/CJN.11491116. Epub 2017 May 18.

Diabetic Kidney Disease: Challenges, Progress, and Possibilities.

Alicic RZ12 Rooney MT3, Tuttle KR3245.6.

Name of the Tested
Study Intervention Drugs
SAVOR-TIMI Saxagliptin (DPP-
) 4 inhibitor)
CARMELINA Linagliptin (DPP-
(3% 4 inhubitor}

LEADER (™) Liraghutide (GLP-
| receptor agonist)

AWARD-7.  Dulaglutide (GLP-
() | receptor agonist)
EMPA-REG  Empaglifozin
OUTCOME  (SGLT-2 inhibitor)
)

CREDENCE  Canaglifozin

(87 {SGLT-2 inhibitog)

Study Population

DM2, HbAlc26.5%, high risk for
CV events

DM2, 6.5%>HbAle<10%,
albuminuria, macrovascoalar
complications, eGFR>15 ml'min
per 173 m’

DM2, HbAlc=T%, eGFR<60
ml'min per 1.73 m*, CV coexisting
disease

DM2, 7.5%>HbA lc<10.5%,
15>eGFR<60 ml/min per 1.73 m*

DM?2, eGFR=30 ml/min per 1.73
m*, high CV risk

Kidiiey outcomes i chiucal tials of newer antibyperglycenuc therapies

.ﬂ'l.iICDn.‘iES
Improvement in and or less deterioration in ACR categories from baseline to end of trial (P=0.02, P<0.001, and

P=0.05 for normoalbuminuna, nucrealbuminuna, and macroalbuminuna, respectively); no changes in eGFR
In progress, estimated completion in Jamuary of 2018

Lower incidence of nephropathy {new-onset albuminuria, doubling of SCr and CrCl<45 ml'min per 1.73 m;
need for RRT, death to renal causes [1.5 mumber of events per 100 patients per vear versus 1.9 number of events
per 100 patients per year; P=0.003])

In progress, estimated completion in July of 2018

44%; Relative risk reduction of doubling of SCr { 1.5% versus 2.6%); 38% relanve nisk reduction of progression
to macroalbuminuria ( 11.2% versus 16.2%); 35% relative nisk reduction of inination of RRT (0.3% versus
0.6%); slowing GFR decline (annual decrease 0.19:0.11 versus 1.67=0.13 ml/min per 1.73 m"; P<0.001)

DM2, 6.5%=HbAlcs12%, high CV  In progress. estimated completion in June of 2019

risk, 300 mg/'e>UACR=3000 mg'g.,
302eGFR<90 ml/min per 1.73 o

Alicic R, Clin J Am Soc Nephrol 13: ccc—ccc, 2017
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