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BACKGROUND Sodium glucose cotransporter-2 inhibitors (SGLT2is) are hypothesized to reduce the risk of

anthracycline-associated cardiotoxicity.

OBJECTIVES This study sought to determine the association between SGLT2is and cardiovascular disease (CVD) after

anthracycline-containing chemotherapy.

METHODS Using administrative data sets, we conducted a population-based cohort study of people >65 years of age

with treated diabetes and no prior heart failure (HF) who received anthracyclines between January 1, 2016, and December

31, 2019. After estimating propensity scores for SGLT2i use, the average treatment effects for the treated weights were

used to reduce baseline differences between SGLT2i-exposed and -unexposed controls. The outcomes were hospitali-

zation for HF, incident HF diagnoses (in- or out-of-hospital), and documentation of any CVD in future hospitalizations.

Death was treated as a competing risk. Cause-specific HRs for each outcome were determined for SGLT2i-treated people

relative to unexposed controls.

RESULTS We studied 933 patients (median age 71.0 years, 62.2% female), 99 of whom were SGLT2i treated. During a

median follow-up of 1.6 years, there were 31 hospitalizations for HF (0 in the SGLT2i group), 93 new HF diagnoses, and

74 hospitalizations with documented CVD. Relative to controls, SGLT2i exposure was associated with HR of 0 for HF

hospitalization (P < 0.001) but no significant difference in incident HF diagnosis (HR: 0.55; 95% CI: 0.23-1.31; P ¼ 0.18)

or CVD diagnosis (HR: 0.39; 95% CI: 0.12-1.28; P ¼ 0.12). There was no significant difference in mortality (HR: 0.63; 95%

CI: 0.36-1.11; P ¼ 0.11).

CONCLUSIONS SGLT2is may reduce the rate of HF hospitalization after anthracycline-containing chemotherapy. This

hypothesis warrants further testing in randomized controlled trials. (J Am Coll Cardiol CardioOnc 2023;5:318–328)
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AB BR E V I A T I O N S

AND ACRONYM S

ATT = average treatment

effect for the treated

CVD = cardiovascular disease

eGFR = estimated glomerular

filtration rate

HbA1c = glycated hemoglobin

HF = heart failure

OHIP = Ontario Health

Insurance Plan

PS = propensity score

Q1 = quartile 1

Q3 = quartile 3

SGLT2i = sodium-glucose

cotransporter 2 inhibitor
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A nthracyclines are important chemothera-
peutic agents for several malignancies but in-
crease the risk of heart failure (HF).1 Sodium-

glucose cotransporter 2 inhibitors (SGLT2is) reduce
cardiovascular disease (CVD) in adults with type 2
diabetes,2,3 reduce adverse outcomes in people with
HF,4 and preserve renal function in people with
chronic kidney disease.5 These observations, along
with intriguing data from in vitro studies and mice
models, have raised the hypothesis that SGLT2is can
reduce the risk of anthracycline-associated cardiotox-
icity.6,7 SGLT2is are generally well tolerated but are
associated with rare but important complications.
Cancer patients undergoing chemotherapy may be at
increased risk for SGLT2i-associated ketoacidosis
given the potential for gastrointestinal side effects,
decreased oral intake, and fluid perturbations.8-12

Furthermore, SGLT2is have been postulated to have
antitumor properties that may improve cancer-
specific outcomes.13-18

We conducted a population-based cohort study of
people $65 years of age with treated diabetes and
without prior HF who received anthracycline-based
chemotherapy for cancer. Our objective was to study
the association of SGLT2i exposure with the devel-
opment of HF. We also studied the association of
SGLT2i use with the risk of diabetes-specific adverse
outcomes as well as overall mortality, which is ex-
pected to be driven by cancer-related deaths. We
hypothesized that SGLT2i-treated individuals would
have a lower rate of incident HF and mortality with a
low rate of diabetes-related adverse outcomes.

METHODS

DATA SOURCES. This was a population-based cohort
study of patients from Ontario, Canada’s largest and
most racially diverse province. Health care for long-
term residents is provided by the provincial govern-
ment through the Ontario Health Insurance Plan
(OHIP). This allows us to leverage several adminis-
trative data sets for analysis. These data sets were
linked using unique encoded identifiers and analyzed
at ICES (formerly the Institute for Clinical Evaluative
Sciences).19 The use of data in this project was
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Patients with cancer were identified using
the Ontario Cancer Registry, which records
data on all patients who are diagnosed with
malignancy in the province (excluding non-
melanoma skin cancers).20 The Activity Level
Reporting database records data on systemic
therapy at regional cancer centers, and the
New Drug Funding Program records exposure
to higher-cost intravenous systemic thera-
pies. These 2 data sets were used to identify
patients who received anthracycline-
containing chemotherapy. Medical di-
agnoses were determined using validated al-

gorithms leveraging several administrative data
sets.21-37 The Canadian Institute of Health Informa-
tion Discharge Abstract Dataset stores data on hospi-
talized patients, whereas the National Ambulatory
Care Reporting System records data on emergency
department visits and hospital-based ambulatory
care. The OHIP physician claims database records
data on physician services. The Ontario Drug Benefit
program covers prescription medications for
residents $65 years of age,38 enabling the determi-
nation of exposure to prescription medications. Dates
of birth and death were obtained from the Ontario
Registered Persons Database. Pretreatment levels of
glycated hemoglobin (HbA1c) and creatinine were
obtained from the Ontario Laboratory Information
System.39 Estimated glomerular filtration rate (eGFR)
was calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation.40

COHORT CREATION. Using these data sets, we
identified all patients $65 years of age who were
treated between January 1, 2016, and December 31,
2019, with anthracycline-containing chemotherapy
that began within 1 year of being diagnosed with
cancer. These dates were chosen because SGLT2is
became available in Ontario in 2015, and we wanted
to minimize follow-up after the onset of the corona-
virus disease-2019 pandemic. The index date was that
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of anthracycline initiation. We excluded nonresidents
of Ontario, people with inaccurate/missing key data
(age, sex, or death dates), people eligible for OHIP
coverage <1 year, and long-term care residents. We
also excluded patients with prior inpatient or outpa-
tient diagnoses of HF to allow us to focus on the role
of SGLT2is on primary prevention. Furthermore, we
excluded patients who did not have a pre-existing
diagnosis of diabetes and those who were not
receiving pharmacologic therapies for diabetes. This
left us with a cohort of people $65 years of age
without prior HF who were receiving medications for
diabetes and who received anthracycline-based
chemotherapy for cancer.

The primary exposure was treatment with an
SGLT2i on the date of chemotherapy initiation. We
identified all prescriptions for SGLT2is in the 365 days
preceding the chemotherapy start date. Patients were
classified as being exposed to SGLT2is if they
dispensed 2 prescriptions for an SGLT2i (dapagli-
flozin, empagliflozin, or canagliflozin) where the
second prescription was dispensed within 150% of the
number of days supplied by the first prescription, and
the period covered by 1 of the 2 prescriptions
included the chemotherapy start date. Patients who
were dispensed a prescription for an SGLT2i but did
not fulfill these criteria were excluded from the
analysis because we could not determine if they were
taking an SGLT2i or not. Patients who were not
dispensed an SGLT2i in the 365 days preceding the
index date were considered nonexposed and
included in the comparator group.

We studied 3 separate efficacy outcomes a priori: 1)
hospitalization with a most responsible (primary)
diagnosis of HF (International Classification of
Diseases-10th Revision code I50); 2) a new diagnosis
of HF in- or out-of-hospital (hospital admission for HF
or 2 claims for HF in the National Ambulatory Care
Reporting System and/or OHIP within 365 days of
each other);21 and 3) hospitalizations that included
CVD within any of the discharge diagnostic fields
(International Classification of Diseases-10th Revision
codes I00-I78) (Supplemental Table 1).36 We also
conducted a post hoc analysis in which the outcome
encompassed inpatient HF diagnoses in any of the
diagnostic fields because new HF diagnoses made as
inpatients may be important contributors to hospi-
talization for patients with cancer even if not listed as
the primary diagnoses. Death from any cause was
treated as a competing risk for these outcomes. We
also studied death from any cause as a competing risk
for the aforementioned outcomes. Moreover, we
explored diabetes-related complications by identi-
fying diagnoses of hypoglycemia, a composite of
ketoacidosis and hyperglycemia as captured in hos-
pitalizations within the Discharge Abstract Dataset, as
well as hospitalizations with a most responsible
diagnosis related to diabetes.
STATISTICAL ANALYSIS. Baseline characteristics of
participants were compared based on SGLT2i expo-
sure at baseline. Continuous variables were summa-
rized using the median (with 25th/75th percentiles
[quartile 1 (Q1)-quartile (Q3)]), and the Wilcoxon rank
sum test was used to determine the statistical sig-
nificance of differences. Categoric variables were
summarized with counts/percentages, and the sta-
tistical significance of differences was assessed using
the chi-square test. Event rates are presented per 100
person-years with 95% CIs.

Missing values of HbA1c and eGFR were filled in as
previously described41 using multiple imputation.
The imputation model used the following variables:
SGLT2i exposure status; age; sex; year of chemo-
therapy; cancer category (breast, lymphoma, or
other); median neighborhood income quintile; rural
residence; diabetes duration; hypertension; ischemic
heart disease; atrial fibrillation; chronic obstructive
pulmonary disease; Johns Hopkins ACG System
Aggregated Diagnosis Groups risk score42; and the use
of metformin, insulin, statins, angiotensin antago-
nists, and beta-blockers. We also used available
values of HbA1c and eGFR for calculation of the
alternate missing variable. Each imputation model
also included the outcome used in that analysis (eg,
incident HF in the analysis of the primary outcome).
The number of imputed samples was set to twice the
percentage of missing observations (18 complete
samples were created).

In each of the 18 imputed (ie, complete) data sets,
we determined propensity scores (PSs) to reduce
differences in measured baseline covariates between
SGLT2i-treated and unexposed individuals. Logistic
regression was used to model the logit of receiving an
SGLT2i conditional on the baseline characteristics
used in the imputation model, with age modeled
using restricted cubic splines. Given the minimal
overlap in the distribution of the PS between SGLT2i-
treated and unexposed individuals, we used the PS to
calculate the average treatment effect for the treated
(ATT) weights. These are defined as follows: w ¼ Z þ
([PS[1 � Z]/[1 � PS]), where Z ¼ 1 for SGLT2i-treated
and Z ¼ 0 for unexposed individuals.

After the application of ATT weights, standardized
differences were used to assess for residual differ-
ences in baseline characteristics in the weighted
sample, with values <0.1 taken to be indicative of
good balance.43 We then used the Aalen-Johansen
estimate of the cumulative incidence function to
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FIGURE 1 Cohort Flow Diagram

This figure lists the number of participants who met inclusion criteria for the study and the numbers excluded at each step to generate the final study cohort.

OHIP ¼ Ontario Health Insurance Plan; SGLT2 ¼ sodium-glucose transport protein 2.

J A C C : C A R D I O O N C O L O G Y , V O L . 5 , N O . 3 , 2 0 2 3 Abdel-Qadir et al
J U N E 2 0 2 3 : 3 1 8 – 3 2 8 SGLT2i and Anthracycline Cardiotoxicity

321
determine the absolute incidence of CVD while
treating death as a competing risk. The statistical
significance of the difference between groups was
estimated using a weighted univariable Fine-Gray
regression model with a robust variance estimator.
Weighted Kaplan-Meier survival curves were used to
estimate differences in overall mortality while using
the weighted log-rank test to determine the statistical
significance of differences relative to SGLT2i expo-
sure status. Univariable cause-specific hazard
regression models were used to estimate the cause-
specific HR of each outcome associated with SGLT2i
exposure, treating death as a competing risk for
nonmortality outcomes. A robust variance estimator
was used to account for the within-person homoge-
neity induced by weighting.44 These analyses were
conducted in each of the imputed samples. The mean
values of baseline continuous variables, prevalence of
baseline categoric variables, regression coefficients,
and cumulative incidence function curves were
pooled across imputed samples using Rubin’s rules.

All analyses were performed using SAS Enterprise
Guide 7.1 (SAS Institute Inc) in a Unix environment.
The Johns Hopkins ACG System Version 10.0 was
used to determine aggregated diagnosis groups risk
scores. Cells with <6 individuals were suppressed to
reduce reidentification risk as per ICES policies.
Statistical significance was defined as a 2-tailed
P < 0.05.
RESULTS

BASELINE CHARACTERISTICS. We identified 991
Ontarians 18 to 105 years of age who were treated
with anthracyclines between 2016 and 2019, were
receiving medications for diabetes, and had no prior
history of HF (Figure 1). There were 157 patients who
dispensed prescriptions for SGLT2is in the year before
starting chemotherapy. We excluded 58 patients who
dispensed an SGLT2i but whose most recent medica-
tion supply did not cover the chemotherapy
start date, leaving 99 SGLT2i-treated patients to be
included in the analysis along with 834 unexposed
patients. Of these, 90 SGLT2i-treated individuals
(90.9%) dispensed SGLT2is in the 180 days after the
index date, whereas 16 controls (1.9%) dispensed
SGLT2is during that period.

The median age for the study cohort of 933 patients
was 71.0 years (Q1-Q3: 68.0-76.0), and 580 (62.2%)
were women. Baseline characteristics ae summarized
in Table 1. The most used anthracyclines were doxo-
rubicin (n ¼ 723, 77.5%) followed by epirubicin
(n ¼ 131, 14.0%). Compared with unexposed patients,
SGLT2i-treated patients were younger, with more
recent cancer diagnoses, greater frequency of breast
cancer, longer diabetes duration, higher HbA1c levels,
higher eGFR, and more frequent use of statins. A
detailed breakdown of malignancies is provided in
Supplemental Table 2. HbA1c values were missing for
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TABLE 1 Baseline Characteristics of Study Participants Stratified by SGLT2i

Exposure Status

SGLT2i Exposed
(n ¼ 99)

Unexposed to
SGLT2i (n ¼ 834) P Value

Age, y 70 (67-73) 71 (68-76) <.001

Male 35 (35.4) 318 (38.1) 0.59

Year of cohort entry

2016 14 (14.1) 235 (28.2) <.001

2017 18 (18.2) 219 (26.3)

2018 26 (26.3) 200 (24.0)

2019 41 (41.4) 180 (21.6)

Rural residence 13 (13.1) 93 (11.2) 0.8

Median neighborhood income quintile

1 19 (19.2) 163 (19.5) 0.85

2 22 (22.2) 203 (24.3)

3 19 (19.2) 168 (20.1)

4 22 (22.2) 140 (16.8)

5 17 (17.2) 159 (19.1)

Cancer site of origin

Breast 49 (49.5) 273 (32.7) 0.02

Lymph nodes 24 (24.2) 239 (28.7)

Other 26 (26.3) 322 (38.6)

Diabetes duration 15.9 (10.7-20.2) 12.6 (7.9-17.7) <.001

Johns Hopkins ADG score 14.0 (11.0-17.0) 14.0 (12.0-17.0) 0.32

Glycated hemoglobin 7.2 (6.9-7.7) 6.8 (6.2-7.5) <.001

Estimated glomerular filtration rate,
mL/min/1.73 m2

80 (65-89) 73 (58-87) 0.03

Hypertension <6 80 (9.6) 0.07

Ischemic heart disease 12 (12.1) 80 (9.6) 0.42

Atrial fibrillation 6 (6.1) 71 (8.5) 0.4

Chronic obstructive pulmonary disease 7 (7.1) 45 (5.4) 0.49

Medication use in past 6 months

Insulin 26 (26.3) 175 (21.0) 0.23

Metformin 90 (90.9) 710 (85.1) 0.12

Angiotensin antagonist 78 (78.8) 599 (71.8) 0.14

Beta-blockers 27 (27.3) 215 (25.8) 0.75

Statin 88 (88.9) 625 (74.9) 0.002

Sulfonylureas 39 (39.4) 207 (24.8) <.001

Dipeptidyl peptidase-4 inhibitors 68 (68.7) 318 (38.1) <.001

Values are median (quartile 1-quartile 3) or n (%).

ADG ¼ aggregated diagnosis group; SGLT2i ¼ sodium-glucose cotransporter 2 inhibitor.
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7 (7.1%) SGLT2i-treated individuals and 65 (7.8%)
controls, whereas creatinine was missing for <6
SGLT2i-treated individuals and 16 (1.9%) controls.
After the application of ATT weights derived from the
PS, the weighted sample was well-balanced on
measured baseline characteristics, with standardized
differences <0.1 for each variable in each of the 18
imputed samples for each outcome studied (Table 2,
Supplemental Tables 3 to 5).
OUTCOMES. There were 269 deaths (28.8%) in the
study cohort during a median available follow-up of
1.6 years (Q1-Q3: 0.8-2.9 years). There were 168
deaths before 2018 for which the cause of death could
be assigned, among which 137 (81.5%) were attributed
to malignancy and 8 (4.8%) to CVD. There were 31
(3.3%) hospitalizations with a most responsible diag-
nosis of HF (0 in the SGLT2i group), 93 (10%) new HF
diagnoses (6 in the SGLT2i group), and 74 (7.9%)
hospitalizations with CVD coded as 1 of the diagnoses
(<6 in the SGLT2i group). When inpatient HF di-
agnoses were expanded to include all diagnostic cat-
egories, we identified a total of 57 (6.1%) events (<6 in
the SGLT2i group). The rates of HF hospitalization
were 0 per 100 person-years in SGLT2i-treated people
and 2.1 (1.4-2.9) per 100 person-years in controls. For
any HF diagnosis, rates were 3.9 (1.8-8.8) per 100
person-years in SGLT2i-treated people and 6.1 (4.9-
7.5) per 100 person-years in controls. The rate of in-
hospital HF diagnosis in any diagnostic field was 1.3
(0.3-5.2) per 100 person-years in SGLT2i-treated in-
dividuals and 3.7 (2.8-4.8) per 100 person-years in
controls, and the rate of diagnosis of any CVD was 1.9
(0.6-6.0) per 100 person-years in the SGLT2i-treated
group and 4.9 (3.8-6.1) per 100 person-years in con-
trols. The mortality rate was 8.9 (5.3-15.1) per 100
person-years in SGLT2i-treated people and 16.6 (14.7-
18.8) per 100 person-years in controls.

After accounting for baseline differences in the
weighted sample, there was a numerically lower risk
estimate for all adverse CVD outcomes in the SGLT2i-
treated group, as illustrated in the pooled cumulative
incidence function curves in Figure 2. Because there
were no hospitalizations with HF as the most
responsible diagnosis in the SGLT2i group, the HR
was 0 (P < 0.001). When considering incident di-
agnoses of HF (inpatient or outpatient), there was no
statistically significant difference in the hazard of
new HF diagnosis, with a cause-specific HR of 0.55
(95% CI: 0.23-1.31; P ¼ 0.18) derived from the uni-
variable analysis of the PS-weighted sample. When
considering all diagnostic fields for people hospital-
ized after anthracycline initiation, there was no sta-
tistically significant difference in the hazard of HF
(HR: 0.32; 95% CI: 0.08-1.38; P ¼ 0.13) or any CVD
(HR: 0.39; 95% CI: 0.12-1.28; P ¼ 0.12). There was no
statistically significant difference in the hazard of
CVD within any of the diagnostic fields in hospitali-
zations after anthracycline initiation (HR: 0.29; 95%
CI: 0.07-1.24; P ¼ 0.09). There was also no statistically
significant difference in the risk of death from any
cause (HR: 0.63; 95% CI: 0.36-1.11; P ¼ 0.11).

There were no documented episodes of diabetic
ketoacidosis, hyperosmolar hyperglycemic state, or
hyperglycemia in subsequent hospitalizations in the
SGLT2i group compared with 15 (1.8%) in the nonex-
posed patients (HR: 0). There were <6 documented
hypoglycemia events compared with 22 (2.6%) in
controls and <6 hospitalizations with a most
responsible diagnosis related to diabetes in SGLT2i-
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TABLE 2 Baseline Characteristics of Weighted Samples Used for the Outcome of

Hospitalization for Heart Failure

Crude Data Weighted Data

SGLT2i
Exposed

SGLT2i
Unexposed SD

SGLT2i
Exposed

SGLT2i
Unexposed SD

Age 72.5 70.3 0.44 70.3 70.3 <0.01

Diabetes duration, y 13.1 15.7 0.38 15.6 15.7 <0.01

Total ADG score 14.2 13.8 0.11 13.6 13.8 0.05

Glycated hemoglobin 7.0 7.6 0.43 7.5 7.6 0.03

Estimated GFR 71.1 76.0 0.28 75.9 76.0 0.01

Treated in 2016, % 28.2 14.1 0.35 15.1 14.1 0.03

Treated in 2017, % 26.3 18.2 0.20 18.8 18.2 0.02

Treated in 2018, % 24.0 26.3 0.05 26.0 26.3 0.01

Treated in 2019, % 21.6 41.4 0.44 40.1 41.4 0.03

Female, % 61.9 64.7 0.06 65.6 64.7 0.02

Male, % 38.1 35.4 0.06 34.4 35.4 0.02

Breast cancer, % 32.7 49.5 0.35 50.0 49.5 0.01

Lymphoma, % 28.7 24.2 0.10 25.0 24.2 0.02

Other malignancy, % 37.9 26.3 0.25 24.6 26.3 0.04

Insulin use, % 21.0 26.3 0.13 27.3 26.3 0.02

Income quintile 1, % 19.5 19.2 0.01 17.1 19.2 0.06

Income quintile 2, % 24.3 22.2 0.05 21.9 22.2 0.01

Income quintile 3, % 20.1 19.2 0.02 20.9 19.2 0.04

Income quintile 4, % 16.8 22.2 0.14 21.7 22.2 0.01

Income quintile 5, % 19.1 17.2 0.05 18.5 17.2 0.03

Rural residence, % 11.2 13.1 0.06 12.8 13.1 0.01

Urban residence, % 88.7 86.9 0.06 87.1 86.9 0.01

Metformin, % 85.1 90.9 0.18 90.0 90.9 0.03

Statin, % 74.9 88.9 0.37 87.8 88.9 0.03

Angiotensin antagonist, % 71.8 78.8 0.16 80.4 78.8 0.04

Hypertension, % 9.6 <6 — 3.5 <6 —

Ischemic heart disease, % 9.6 12.1 0.08 12.6 12.1 0.01

Atrial fibrillation, % 8.5 6.1 0.09 6.6 6.1 0.02

COPD, % 5.4 7.1 0.07 6.5 7.1 0.02

Beta-blockers, % 25.8 27.3 0.03 26.7 27.3 0.01

The table presents pooled mean estimates for continuous variables and pooled prevalence for categoric variables.
Columns 2 to 4 present unweighted samples and the SD, whereas columns 5 to 7 present weighted samples and
SD. The weighted samples were used for association analysis.

ADG ¼ aggregated diagnosis group; COPD ¼ chronic obstructive pulmonary disease; GFR ¼ glomerular
filtration rate.
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treated patients compared with 14 (1.7%). Given the
low number of events, further analyses for diabetes
outcomes were not pursued.

DISCUSSION

We conducted a population-based cohort study to
determine the association of SGLT2i use with HF and
other adverse outcomes after anthracycline use in
patients with cancer and pre-existing diabetes but no
prior HF. We present event rates for important effi-
cacy and safety outcomes that can be useful for
planning of future randomized controlled trials
(RCTs). PS methods were used to reduce differences
in measured baseline covariates. There were no hos-
pitalizations with a most responsible diagnosis of HF
or another CVD in the SGLT2i group, translating to an
HR of 0 (P < 0.001). SGLT2i use was not associated
with a statistically significant reduction in the risk of
inpatient or outpatient diagnoses of incident HF (HR:
0.55; 95% CI: 0.23-1.31 in the weighted sample). The
study is summarized in the Central Illustration.

There are limited data on the association of
SGLT2is with outcomes in patients treated for cancer.
A recent case-control study by Gongora et al45

matched 32 SGLT2i-treated people to 96 controls on
age, sex, and anthracycline start date, all of whom
were treated with anthracyclines and had pre-
existing diabetes. The primary outcome was a com-
posite of newly incident HF, HF admissions, clinically
significant arrhythmias, or a >10% absolute decline in
left ventricular ejection fraction to a final value <53%.
This primary outcome occurred in only 22 people,
precluding statistical adjustment for differences in
characteristics of SGLT2i-treated and unexposed pa-
tients. The incidence was lower in SGLT2i-treated
patients (3% vs 22% in controls; P ¼ 0.015), as was
unadjusted mortality (9% vs 43%; P < 0.001). Our
analysis extends these findings by accounting for an
extensive list of baseline covariates. We also studied
a higher-risk group of patients and focused on HF as
the most plausible outcome to be affected by SGLT2is.
Furthermore, we explored the risk of diabetes-related
complications, which is germane for older patients
undergoing chemotherapy for cancer. Our findings
are also concordant with the results of the EMPEROR-
Preserved (Empagliflozin Outcome Trial in Patients
with Chronic Heart Failure with Preserved Ejection
Fraction) trial in patients without cancer but with HF
with preserved ejection fraction.46 In that trial, the
use of the SGLT2i empagliflozin was primarily asso-
ciated with a significant reduction in HF hospitaliza-
tion with an HR of 0.73 (95% CI: 0.61-0.88; P < 0.001).
The mechanism by which SGLT2i can reduce HF in
patients receiving anthracycline therapy is unclear.
Quagliarliello et al7 exposed HL-1 adult car-
diomyocytes to subclinical concentrations of doxo-
rubicin and trastuzumab and observed that
dapagliflozin coadministration increased myocyte
viability as measured by mitochondrial dehydroge-
nase activity, lipid peroxidation, and intracellular
calcium homeostasis. Dapagliflozin coadministration
also reduced cardiomyocyte expression of inflamma-
tory markers associated with cardiotoxicity develop-
ment and downregulated the expression of signaling
pathways associated with cardiomyocyte apoptosis.
Oh et al6 used a C57BL/6J mouse model injected with
intraperitoneal doxorubicin to investigate the impact



FIGURE 2 Risk of Adverse Outcomes in the Weighted Sample

(A to C) Pooled cumulative incidence function curves for the outcomes of interest from the 18 imputed weighted samples, with pooled P values derived from weighted

univariable Fine-Gray regression models. (A) Hospitalizations with a most responsible diagnosis of heart failure (HF) (0 events in sodium glucose cotransporter-2

inhibitors [SGLT2i]-exposed group). (B) New diagnoses of HF. (C) Hospitalizations with cardiovascular disease (CVD) among any diagnostic field. (D) Pooled Kaplan-

Meier estimates for overall survival from the 18 imputed weighted samples, with P values from the weighted log-rank test. In all figures, the x-axis represents time

since chemotherapy initiation (in days). The curves are depicted in red for SGLT2i-exposed individuals and blue for unexposed individuals.
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of a diet supplemented with 0.03% empagliflozin on
cardiotoxicity. Using cardiac magnetic resonance,
they showed that empagliflozin-fed mice had less
hypertrophy, less perivascular and interstitial
fibrosis, and improved fractional shortening relative
to mice fed a control diet. They observed that Sglt2
gene expression was very low in mice hearts, sug-
gesting that direct sodium-glucose transport protein 2
inhibition at the cardiac myocyte level was unlikely to
be the underlying mechanism. However, SGLT2i use
increased circulating levels of beta-hydroxybutyrate.
Coincubation of cardiac myocytes with beta-
hydroxybutyrate led to decreased doxorubicin car-
diotoxicity, possibly mediated by reducing reactive
oxygen species production and improving mitochon-
drial function.
We also observed a 37% reduction in the hazard of
death in the SGT2i-treated patients that was not sta-
tistically significant. This mirrors the observations in
the age- and sex-matched analysis by Gongora et al.45

There are several in vitro studies14-16 suggesting that
SGLT2i inhibition can reduce tumor growth and
induce malignant cell death, potentially providing a
synergistic approach to other cancer therapies. Some
of the proposed mechanisms13-18 include decreased
glucose availability to metabolically active cancer
cells through counteracting 1 of the adaptive ap-
proaches of cancer cells to support proliferation by
upregulating sodium glucose cotransporter expres-
sion as a mechanism to increase glucose influx.18

We must be careful in the interpretation of the
findings from our observational study and not



CENTRAL ILLUSTRATION The Association Between Sodium-Glucose Cotransporter 2 Inhibitors and Anthracycline
Cardiotoxicity

Abdel-Qadir H, et al. J Am Coll Cardiol CardioOnc. 2023;5(3):318–328.

Sodium-glucose cotransporter 2 inhibitors (SGLT2i) were associated with reduced rate of hospitalization for heart failure (HF) in patients receiving anthracycline-

containing chemotherapy, but there were no significant differences in the rates of other adverse outcomes studied. SGLT2i-treated and unexposed individuals were

compared using 18 imputed (ie, complete) data sets and propensity scores to reduce differences in baseline covariates. Univariable cause-specific hazard regression

models were employed to estimate the cause-specific HR of each outcome associated with SGLT2i exposure, treating death as a competing risk. Cumulative incidence

function determined the absolute incidence of cardiovascular disease (CVD), treating death as a competing risk. SGLT2 ¼ sodium-glucose transport protein 2.
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overstate our conclusions. The lower risk of adverse
outcomes in the SGLT2i group may be explained by
the healthy user effect47-49 wherein healthier people
are more likely to start medications than those with
worse health. This was demonstrated in the cardio-
oncology setting for statin use in which observa-
tional data in breast cancer suggested a protective
effect against HF that was not borne out in
RCTs.41,50-52 However, SGLT2i-exposed people in our
study had longer diabetes duration and higher HbA1c
than controls. There may be other unmeasured con-
founders related to SGLT2i access; we have recently
demonstrated that lower socioeconomic status is
associated with disparities in access to some services
in Ontario despite the absence of substantial financial
barriers to health care access.53 It is also plausible that
the diuretic effect of SGLT2i may reduce the risk of HF
secondary to steroid use or fluid challenges that can



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Peo-

ple with diabetes using SGLT2is before starting

anthracycline-associated chemotherapy may have a

lower risk of HF without an increase in cardiovascular-

or diabetes-related adverse events.

TRANSLATIONAL OUTLOOK: The findings from

this observational study warrant consideration of

RCTs to formally test the hypothesis that SGLT2i use

in patients undergoing anthracycline-containing

chemotherapy may reduce the risk of subsequent HF.
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accompany the use of anthracyclines. Thus, our data
should be interpreted as raising support for RCTs to
evaluate the potential cardioprotective effect of
SGLT2i, with utilization of the observed event rates
and HRs in their planning. One such trial has been
registered—the EMPACT (Empagliflozin in the Pre-
vention of Cardiotoxicity in Cancer Patients Under-
going Chemotherapy Based on Anthracyclines;
(NCT05271162).

STUDY LIMITATIONS. Our administrative data sets
do not provide data on clinical variables such as blood
pressure, obesity, or smoking. We did not have access
to data on ejection fraction, so we could not distin-
guish HF with reduced vs preserved ejection fraction.
We also could not determine which participants have
type 1 diabetes, but this is expected to affect <10% of
patients.54 We did not have sufficient cause-specific
mortality data to explore potential mechanisms of
mortality reduction. The small sample size and need
to impute missing creatinine/HbA1c values led to
wide CIs despite a large effect size. There were no
hospitalizations for HF in the SGLT2i group, pre-
cluding the ability to estimate CIs for the effect size of
a potential protective effect on this outcome.

CONCLUSIONS

This population-based cohort study supports the hy-
pothesis that SGLT2is may reduce the risk of HF in
patients receiving anthracycline-containing chemo-
therapy. We did not observe important safety con-
cerns with concurrent exposure to SGLT2is and
chemotherapy. Rather, we observed a lower rate of
death associated with SGLT2i use that was not sta-
tistically significant. These data lend further credence
to the need for RCTs of SGLT2i in cancer patients.
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