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Background: Although the advances in the early diagnosis and therapies improved cancer treatment and
patient outcomes over the years, cardiovascular disease risk has been increased in the cancer survivors,
which might be due to the exposure to cardiotoxic-chemotherapeutic agents such as an anthracycline
and immune/radiotherapy.

Recently, sodium-glucose cotransporter 2 inhibitor (SGLT2i) has proven cardiovascular protection in type
2 diabetes patients, while angiotensin receptor-neprilysin inhibitor (ARNI) has shown the efficacy for
chronic heart failure (HF) patients. We hypothesized that concomitant therapy with SGLT2i and ARNI will
attenuate the anthracycline-induced cardiac dysfunction.

Methods: The acute and chronic doxorubicin (DOX) heart failure models were used to evaluate the
potential efficacy of SGLT2i and ARNI combo-therapy on chemotherapy-induced cardiomyopathy.

For the acute DOX model, mice were administered a single dose of DOX (15mg/kg, i.p.), and for the
chronic, six serial DOX (2.5mg/kg/dose, total 15mg/kg). Mice were then treated with oral gavage of the
following drugs (vehicle, SGLT2i, ARNI, SGLT2i/Low-ARNI, SGLT2i/ARNI), then cardiac function was
evaluated and histology, immunoblots, and blood parameters were examined.

Results: In general, survival rates in drug-treated groups were extended compared to the vehicle-
treated group. The lowest mortality was seen in SGLT2i/Low-ARNI group, displaying significantly
alleviated body weight loss. Furthermore, in the chronic model, SGLT2i/Low-ARNI combo-treatment
markedly improved cardiac structural remodeling and cardiac systolic function.

In addition, we examined the changes in renal function. A marker for renal epithelial injury, neutrophil
gelatinase-associated lipocalin (NGAL) was significantly decreased in SGLT2i/Low-ARNI group. Also,
glomerular tuft area and volume shrinkage were alleviated in SGLT2i/Low-ARNI group.

Conclusion: Concomitant therapy with SGLT2 inhibitor and ARNI showed a cardioprotective effect in an
anthracycline-induced HF murine model. Our finding suggests that combination therapy as a new
strategy might offer therapeutic benefits for patients with HF.



1) 0.9% MYS + Vishicle

2] BOK + Vehicke

{3} D03+ SGLTH

(] D » AR

() DOY + SGLT Low-ARHI
{8} DOX + SGLTZARNI

Dovgarabiein: 15 Mok P
Comtrod : 0.5% Nall LB

Single daily oral gavage for 1 weeks

|

Baseline

Doy 3

oy §

- . - -
Doy 7 Lay £ Oy 4 oay &

Probability of Survival (%)

Contrel
Vehick
SGLTA

SGLTZLow-ARNI
SELTAARNI

$H 4ty

Days after doxorublcin injection

=Bl
-

i PO
&

(Dot oot

T T T T T
L] & 10 16 LU
Days afr doxorubicininjection

F E
*
..
1
CT T
A
Elﬂ
Elﬂ
Rl
Do oo = 4 & 4 4 Domorubicin - + + + + +

I — - —
I == =
Control + Vahicka DOX + vahicle
:
: |—
DOX + SGELT2 DOX + aREMI
| - .
| .—-: =
QDX = SGLT2VLove-ARM| D + SELTARMI

SISEEE
e

{A) Schematic design of the acute doxorubicin challenge expenment.

(B) Survival curves of mice after acute DOX treatmant(15 mg/kg Lp) were created by Kaplan Meier method.
(C) Bady weight changes in acule doxorubicin challenged mice after reatment with the individual treatment.
(D) Percent change fram the basehne bady weigh on & day after the daxomnbican injecton.

(E) Represertative of photoplethysmagraphy at ddays after the intiation of the acute DOX treatment(15 maka ip).

{F) Sysiolic blood pressure and heart rate were measured by a tail cuff method afier the inifiation of the acute doxorubicin treatment.

G

=L Coniml

= 5060 THL mw-ARNI
=i SGLT2

= SGLT2UARNI
== ARNI

= vEH



. mova e oo ol ki
Singhe daily arsl gavage Tar & wieks
Daxonabicin : 2.5 ma/kg | F: every &ih day et bicte ‘
Cantrol : 0.5% MaCl LR (€400 » ot
—_— [8) D0 + GGLTZ1 Low-ARKI Tistua
[5H 00X # SCLT2/ARNE eallection
[ T T S )
Basalne  Week1  WekZ  Meebd  fwkd Kiekd Weekd  Week P memis  Weed
t . t
u Echocardiography | Cehocanlagraghy
*E -
—
e e
c
80— ELE rree e
7 A _ o waw wEE e
- @ * I—"_ —
Contrdl En-— g 70 . B EE EEE Ll L
& DOX +\Vehice ‘E s i T
-+ DOX + SGLT2i 5 £ ool i ol E s ’—\
-8 DOX +ARNI = % - 2s .l 58 ]
- DOX + SGLT2Low-ARNI % i EW- 9 wE
- DOX + SGLTZUARNI E ol E o E. .
2
T T b T T - ETs
531 DOX DOX DOX Doxonicin - 4+ + + 4 + Doxoubldn - 4 + 4+ 4 4
Iwok 9 wook 3 wook 3 wook
@ FE
S S S
Ll d’:’
L &
Eew
e
o
D E F G o
o
i s
(s
s e
hh kil
e i

EEE RREE

| = [ N

q

é

—.
]

LV End-Syeiolio Volume (uL)
atroke Volume (ulbeat)

Daxorubicin L Donconul boin L Domorubicin - % 4 e e Domorubbols =t e s
> " Ll
PO LEEL LI v
&5 & & L
& & & #

{A) Schematic of the chronic doxonubicin challenge experiment
(B} Representative M-made echocardiography images in 9 weeks fdlowing the initiation of the doxorubicin treatment (15 mghg accumulaiion dose)
(C) 3 weeks and 9 weeks of fractional shorening (FS) and eection fraction (EF) follvwing the initiation of the doxonubscin treatment (15 mafkg accumul ation doss).
F5 and EF of individual drug-treated mice were expressed as change from basgadine,
(D) LV wall thickness, (E) LV end-diastalic volume, (F) LY end-systolic valume, and (G) stroke volume at 9 week s following the initiation of the daxonubicin treatment.
(CTL, n=86; Viehicke, n=T, SGLT2i, =7, ARNI, r=8, SGLTA/Low-ARN|, n=6; SGLT2VARNI, n=T) "p<0.08, *"p<0.01, """ p<0.001
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{A) Whaole-heart photograph of mice in the control, vehicle, SGLT2i, ARMI, SGLT 2i/Low-ARNI, SGLT2i/ARNI groups after the daworubicn treatment,
{B) Heart weight to tibia length mtio (HW/TL was evaluated 9 weeks after following treatment .
{C) Representative H&E staining of heart cross-sections at 9 wesks after saline or DOX treatment.
(D) Quantitative results of thickness of myofibrillum were shown,
{E) Representative H&E staining of cytoplasmic vacuolization lacalized in the cardiac tissue at 9 weeks after saline or DOX treatment.
{F) Quantitative results of number of oytoplasmic vacuoles were shown,
{G) mRNA expression of cardiotoxicity-related genes in 9 weeks after the initiation of the doxorubicin treatment | 15 mg/kg accumulation dose).
(H) Representative immunablots of cardiac structural proteins after the following treatments and graphical quantification showing,
*p<0. 05, **p<0,01, ***p<0.001. DHPR; ditydropyridine receptor BMHC; beta-myosin heavy chain
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{A) Flasma concentration of BUN, (B} Creatinine, (C) NGAL in & weeks following the inittaion of the doxorubicin treatment {15 mgkg accumulation dose).
{D) Representative Perodic Acd Schiff (PAS) steining of kidney cross -secions from the acute doxornubicin challenge expenment.
{E} Quantitative res ults of glomenular wft area, and mean glomenular valume by Weibel -Gomez techniques were shown.

*p0.05, "p<0.01, ™p<0.001

Clinical Implications: Our study will help enable cardiovascular clinicians to adjust this novel
cardioprotective regimen in the management of LV dysfunction patients with cancer. Moreover,
adjuvant therapy for the patients undergoing cancer treatment by potentially cardiotoxic components.



