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Abstract

BACKGROUND: Myocardial atrophy and left ventricular (L) mass reductions are associated
with fatigue and exercise intolerance. The relationships between the receipt of anthracycline-based
chemotherapy (Anth-bC) and changes in LV mass and heart failure (HF) symptomatology are
unknown, as is their relationship to LV ejection fraction (LVEF), a widely used measurement
performed in surveillance strategies designed to avert symptomatic HF associated with cancer
treatment.

METHODS AND RESULTS: We performed blinded, serial assessments of body weight, LVEF
and mass, LV-arterial coupling, aortic stiffness, and Minnesota Living with Heart Failure
Questionnaire measures before and 6 months after initiating Anth-bC (n=61) and non—-Anth-bC
(n=15), and in 24 cancer-free controls using paired ¢and XZ tests and multivariable linear models.
Participants averaged 51+12 years, and 70% were women. Cancer diagnoses included breast
cancer (53%), hematologic malignancy (42%), and soft tissue sarcoma (5%). We observed a 5%
decline in both LVEF (/£<0.0001) and LV mass (P=0.03) in the setting of increased aortic stiffness
and disrupted ventricular-arterial coupling in those receiving Anth-bC but not other groups
(P=0.11-0.92). A worsening of the Minnesota Living with Heart Failure Questionnaire score in
Anth-bC recipients was associated with myocardial mass declines (/=—0.27; £<0.01) but not with
LVEF declines (+=0.11; P=0.45). Moreover, this finding was independent of LVEF changes and
body weight.

CONCLUSIONS: Early after Anth-bC, LV mass reductions associate with worsening HF
symptomatology independent of LVEF. These data suggest an alternative mechanism whereby

Correspondence: W. Gregory Hundley, MD, Section on Cardiovascular Medicine, Department of Internal Medicine, Wake Forest
School of Medicine, Medical Center Blvd, Winston-Salem, NC 27157. ghundley@wakehealth.edu.

Disclosures

None.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Jordan et al.

Page 2

anthracyclines may contribute to HF symptomatology and raise the possibility that surveillance
strategies during Anth-bC should also assess LV mass.
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Decrements in left ventricular (LV) myocardial mass are associated with fatigue and heart
failure (HF) symptomatology in the general population.1=3 This phenomenon has been
reported in autopsy studies of patients with cancer® and in imaging studies of childhood® and
adult®-8 cancer survivors late after anthracycline-based chemotherapy (Anth-bC). Although
patients may develop HF symptomatology during or within weeks or decades after
administration of Anth-bC, the relationship between change in LV mass and the onset of HF
symptoms during and immediately after administration of Anth-bC is unknown. Moreover,
most surveillance strategies implemented to detect early evidence of HF focus on serial
assessment of LV ejection fraction (LVEF) to identify LV systolic dysfunction but have not
evaluated LV mass.10

Accordingly, we performed this cohort analysis to assess time-dependent changes in LV
mass and HF symptomatology from pre-chemotherapy to 6 months after initiating Anth-bC.
In addition, we assessed serial changes in body mass index and patient weight—both of
which can influence LV mass—as well as aortic stiffening and ventriculo-vascular coupling,
all of which may contribute to exercise intolerance and HF symptomatology.11-13

METHODS

Study Population

This study complies with the Declaration of Helsinki. The Wake Forest Health Sciences
Institutional Review Board approved this study, and all participants provided written,
witnessed informed consent. Eligible patients scheduled to receive chemotherapy for breast
cancer, soft tissue sarcoma, leukemia, or lymphoma were consecutively recruited (of whom
55 were reported in 2 prior studies of LV function415 and 45 were reported in a prior study
of statin effects16) from the Comprehensive Cancer Center of Wake Forest Health Sciences.
Cancer-free community volunteers of similar age to the patients with cancer were enrolled
as comparators. Exclusions included those with cardiovascular magnetic resonance (CMR)
contraindications. Solid tumors and lymphoma diagnoses were classified as either early or
advanced staged (stages | and Il versus 111 and 1V). Chemotherapy regimens and the
cumulative anthracycline dose were abstracted for each patient with cancer.

Study Design

CMR images were acquired at 1.5 Tesla using either a Magnetom Avanto (Siemens Medical
Solutions, Malvern, PA) or Signa Twinspeed (General Electric Medical Systems, Waukesha,
WI) scanner. Baseline CMR examinations were performed in controls and before
chemotherapy administration in patients with cancer. Six months thereafter, all participants
underwent imaging with identical protocols on the same scanner used at baseline.
Cardiovascular parameters assessed with CMR included LVEF, LV mass, volumes, wall
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thickness, sphericity index, wall stress, LV and vascular elastance, aortic distensibility, and
ventricular-arterial coupling assessments. Images were analyzed by individuals blinded to
temporal sequence of images, participant identifiers, and clinical data. The 21-item
Minnesota Living with Heart Failure Questionnaire (MLHFQ) was administered at each
CMR examination to the cancer participants to assess the impact of symptoms associated
with HF.YY

CMR Image Acquisition and Analysis

LV Volumes and Mass—Using previously reported techniques,!8 cine short-axis white-
blood steady-state free precession images were acquired encompassing the LV in 8-mm
thick planes separated by 2-mm gaps. Imaging parameters included a 40-cm field of view,
192x109 matrix, 10-ms repetition time, 1.12-ms echo time, 20° flip angle, 930 Hz/pixel
bandwidth, and 40-ms temporal resolution. LV volumes (LV end-diastolic volume, LV end-
systolic volume, and stroke volume), ejection fraction, and LV myocardial mass were
calculated. Endocardial and epicardial contours were drawn at end-systole and end-diastole
for each slice, excluding papillary muscles. LV volumes (LV end-diastolic volume, LV end-
systolic volume, and stroke volume), LVEF, and LV myocardial mass were calculated.18 LV
volumes and mass were indexed to body surface area, and myocardial mass was indexed to
LV end-diastolic volume as a marker of LV remodeling.1®

LV Shape—The sphericity index was measured to assess LV shape from an end-diastolic 4-
chamber white blood image.2° Imaging parameters included a 40-cm field of view, 192x120
matrix, 2.3-ms repetition time, 1.05-ms echo time, 65° flip angle, 1130 Hz/ pixel bandwidth,
and 7-mm slice thickness. Sphericity index was calculated as the short-axis diameter divided
by the long-axis length. In addition, end-diastolic wall thickness was measured on
midpapillary short-axis white blood images in the septal and lateral walls.?!

LV Wall Stress and Elastance—LV end-systolic wall stress index was calculated from a
pressure-independent, volume-based model using LV end-systolic volume and LV
myocardial tissue volume.?2 To determine the influence of LV mass and volume on
functional measures, LV wall stress was indexed to 1 kPa of pressure without invasive
pressure measurements to create a unitless index.22 The LV elastance index was calculated
as the ratio of the end-systolic pressure to LV end-systolic volume index.23

Aortic Stiffness—Aortic stiffness was assessed as ascending aortic distensibility using
phase-contrast CMR images of the proximal thoracic aorta in a subset of participants (41
Anth-bC and 10 non-Anth-bC). Phase-contrast imaging parameters included a 34- to 36-cm
field of view, 256x192 matrix, 10-ms repetition time, 3- to 5-ms echo time, 15° to 20° flip
angle, 491 Hz/pixel bandwidth, 5-mm slice thickness, and a through-plane velocity encoding
of 150 cm/s.24 The ascending aorta was contoured on each frame of the magnitude image,
and the velocity-time curve was extracted. Distensibility was calculated using a maximal
lumen area averaged from the 3 peak velocity frames and the minimal lumen area averaged
from 3 mid-diastole frames.2* In addition, the arterial elastance index was calculated as the
ratio of end-systolic pressure to stroke volume index.23 The ventricular-arterial coupling was
then calculated as the ratio of the LV to arterial elastance indices.23
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HF Questionnaire

The MLHFQ” was administered to patients with cancer at baseline and 6-month visits, and
the total MLHFQ sum and domains including HF symptoms were scored according to
previously published data.1” In addition, we divided the 21 questions into categories relevant
to patients with cancer undergoing treatment (Table I in the Data Supplement), including
financial stresses, fatigue, activities of daily living, sleep, factors that may be associated with
chemotherapy effects, pleasure, HF symptoms, and emotional burden.

Statistical Analysis

Cancer patient demographics were compared with controls using Student #tests for
continuous variables and XZ or Fisher exact tests for categorical variables. Cancer groups
were classified based on the receipt of anthracycline (Anth-bC) or not. Serial data were
compared using 2-sided paired Student ¢tests for each group, and between-group differences
were assessed using general linear models adjusting for sex and group (and baseline value
when assessing 6-month changes). The association of 6-month changes in CMR variables
with HF questionnaire scores was assessed using general linear models adjusting for
baseline HF score. Thereafter, adjusted models were fit to include body weight and other
factors associated with LV remodeling. All continuous data are presented as mean+SD and
categorical variables as number (percentage). All analyses were performed using SAS
version 9.3 (SAS Institute, Cary, NC) with £<0.05 considered statistically significant. The
data, analytic methods, and study materials will not be made available to other researchers
for purposes of reproducing the results.

RESULTS

Study Participants and Cancer Treatment

Participant demographics are displayed in Table 1. The Anth-bC group included patients
with breast cancer (53%), hematologic malignancies (42%), and sarcomas (5%) who
received an average cumulative doxorubicin dose equivalent of 232+103 mg/m2. Other drugs
administered included cyclophosphamide (62%), taxol (32%), and trastuzumab (16%). After
completing Anth-bC treatment, 22 breast cancer participants received chest radiation therapy
(with cardiac-sparing or limiting techniques with prone, respiration-controlled photon
therapy) before the follow-up CMR examination (mean dose of 43.8+20.6 Gy). The non-
Anth-bC group consisted mainly of women treated for breast cancer using a trastuzumab
regimen with either docetaxel or taxol (n=13) and patients treated for a hematologic
malignancy with either all transretinoic acid (n=1) or bendamustine/rituxan therapy (n=1).

Cardiac Magnetic Resonance Measurements

Overall, 6-month changes in LV remodeling parameters occurred in the group treated with
anthracyclines; these changes were statistically significant and greater in magnitude than
those observed among nonanthracycline-treated patients with cancer or cancer-free controls
(Table 2). In Anth-bC recipients, notable results were LVEF and myocardial mass declines
of similar magnitude (5% and 5 g, respectively; Figure 1). The LV wall stress index
increased, whereas the ventricular-arterial coupling index decreased, primarily because of a

Circ Heart Fail. Author manuscript; available in PMC 2019 September 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Jordan et al.

Page 5

change in the LV elastance index relative to the arterial elastance index (Table 2). In
addition, Anth-bC recipients on a statin compared with those not on a statin demonstrated
similar changes in LVEF (—3.7%6.8% versus —4.2%+7.6%; £=0.82) and LV mass
(-2.0£16.4 versus —5.4+16.4 g; P=0.53). Similarly, Anth-bC recipients with radiation
therapy had no significant difference in LVEF change (—3.6%+5.4% versus —4.4%8.3%);
P=0.65) or LV mass change (-6.7+17.8 versus —3.5+15.5 g; £=0.47) compared with those
without radiation therapy.

We performed 2 analyses to gain insight into the confounding of cancer and Anth-bC
cardiotoxicity.?® First, we compared the baseline LV mass of cancer participants diagnosed
with early versus late stage cancer. There were no differences in LV mass between those
with early versus late stage cancer at the time of entry into the study. Second, we recruited
patients with cancer scheduled to receive non—Anth-Bc—-associated potentially reversible
myocardial dysfunction as a second comparator group in the era of multiagent therapy.2> In
the 6-month study period, we observed no significant LV remodeling in our non—Anth-bC
comparators (Figure 1).

HF Questionnaire

The MLHFQ total, domain, and category scores are included in Table 3 for cancer
participants. Overall, all MLHFQ scores increased in patients with cancer during the first 6
months of treatment with similar rates of increased total MLHFQ score observed in Anth-bC
and non—Anth-bC participants (57% and 60%, respectively). For Anth-bC patients, the total
MLHFQ score and the domains of physical and other increased as well (Table 3). The HF
symptom category score also increased from 0.9£1.6 to 2.0+2.5 in Anth-bC patients
(P<0.001) but not in those treated with a nonanthracycline regimen (1.1+2.3-1.8+3.4;
P=0.16; Table 3). Combining the categories of fatigue with HF symptoms yielded similar
results. Anth-bC recipients on a statin demonstrated similar 6-month changes in total
MLHFQ (10.5+31.5 versus 11.8+23.7; P=0.87) and HF symptom category (1.0+2.7 versus
1.242.3; P=0.78) compared with those not on a statin.

Associations of HF Questionnaire With CMR Measures of LV Remodeling

We were interested in whether LVEF or LV mass declines were closely associated with early
HF symptomatology after receipt of chemotherapy. As shown in Figure 2, the change in total
MLHFQ score in those receiving Anth-bC was associated with LV mass declines (/=-0.27;
adjusted A<0.01) but not changes in LVEF (r=0.11; adjusted P=0.45). Associations of
changes in LVEF and LV mass with MLHFQ score were not observed in patients treated
with nonanthracycline regimens (P=0.07 and P=0.29, respectively).

MLHFQ was associated with decrements in LV mass after accounting for LVEF (/<0.01)
and body weight (/<0.01). Interestingly, MLHFQ scores trended toward an association with
aortic distensibility (P=0.06) and were borderline associated with and LV wall stress index
(P=0.05) after treatment with Anth-bC. MLHFQ scores were not associated with changes in
body weight (P=0.57), LV elastance index (P=0.51), arterial elastance index (P=0.76), or
ventricular-vascular coupling (P=0.62) after treatment with Anth-bC.
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DISCUSSION

The results of this study indicate that LV mass declines (by 5%) as early as 6 months after
initiating Anth-bC in comparison to nonanthracycline-based chemotherapies and healthy
comparators. These declines in LV mass are associated with increases in HF
symptomatology consistent with mild established HF.26 These findings occur independent of
declines in LVEF—the standard imaging biomarker for cardiotoxicity—and, therefore,
highlight the potential of an additional mechanism for the development of HF besides a
decline in LVEF.

Myocardial Mass

Evidence suggests that anatomic LV remodeling precedes LV functional decline after Anth-
bC.27 Furthermore, cardiotoxicity is a complex, multifactorial disease encompassing not
only myocellular injury associated with LV systolic dysfunction but also mitochondrial
injury, extracellular remodeling, myocellular apoptosis, and myocellular atrophy.28 Prior
studies in pediatric and adult cancer survivors have shown that LV myocardial mass is
reduced 2 to 20 years after receipt of Anth-bC.6-8:29-31 Our results indicate that LV mass
may decline within 6 months after initiating Anth-bC (Table 2). This finding suggests an
early association between the onset of LV mass reduction and receipt of Anth-bC in addition
to other potential etiologies of LV mass loss (eg, aging, deconditioning, or the long-term
effects of chemotherapy).

Prior studies have evaluated the relationship between LV mass and afterload. In those with
cachexia from cancer, anorexia nervosa, or those who have experienced space travel or
prolonged bed rest, where LV afterload is reduced, the LV mass falls.1:34:32.33 |n the elderly
or those with hypertension where LV afterload increases, the LV mass also increases. In this
study, we observed a high LV afterload (similar to that in elderly HF patients13:34:35) byt
paradoxically found that LV mass decreased (Figure 1).

In addition to assessing LV mass, we also measured body weight throughout the study.
Hellerstein and Santiago-Stevenson?® previously described in 1950 that as many as three
quarters of patients with myocardial atrophy identified in a postmortem study experienced
their atrophy in the setting of an underlying malignancy. In the current study, we observed
decreases in LV mass without necessarily a concomitant decline in patient weight (Tables 1
and 2). This finding suggests a process other than cancer-associated cachexia can reduce LV
mass within 6 months of initiating Anth-bC. Of note, symptomatology associated with HF
was not associated with decreases in body weight.

Prior studies have demonstrated both declines and possible increases in mass after receipt of
Anth-bC. Lipshultz et al® have promoted the expression, Grinch syndrome, a form of cardiac
remodeling that occurs in childhood cancer survivors, in which LV mass declines without
necessarily a marked decline in LVEF.34 These individuals may be predisposed to
development of restrictive cardiomyopathy later in life. In adult survivors of cancer who
received Anth-bC a median of 88 months prior, Neilan et al® reported that CMR identified
reductions in LV mass (51+5 versus 71+12 g/m?; £<0.0001). Furthermore, in this cohort, LV
mass index <57 g/m? provided a sensitivity of 100% and specificity of 85% for prediction of
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cardiovascular events (£<0.001).6 Conversely, Narayan et al3® found that echocardiographic
measures of LV mass may increase at 1 year after receipt of Anth-bC (A9.2 g; 95%
confidence interval, 5.4-13.1 g) but then return to baseline at 2 to 3 years after treatment
(change from baseline of A2.3 g and A7.5 g, respectively; £>0.05 for both).

There are several implications of reduced LV mass in the setting of increased biomechanical
stress and deteriorating LV function after cancer therapy. First, atrophic remodeling with
increased wall stress can contribute to progressive myocardial fibrosis development, LV
contractile dysfunction, reduced cardiac output, and the development of a cardiomyopathy.
2,36-38 Second, inappropriate LV remodeling (reduced LV mass in setting of increased
afterload) is associated with diminished exercise tolerance in other patient populations.3’
Persistent decreases in LV mass and increases in LV wall stress could impact the
implementation of therapeutic exercise training regimens that are rapidly evolving for the
purpose of reducing cardiovascular morbidity and mortality in cancer survivors.3® This is
supported by our finding showing impacts in the physical domain of the MLHFQ and its
association with LV mass declines after therapy.

For the most part, current management strategies to identify cardiac abnormalities after
receipt of Anth-bC involve the serial assessment of LVEF or global longitudinal strain.® We
and others have shown that HF symptomatology can worsen during receipt of potentially
cardiotoxic chemotherapy and overall LVEF may also decline.14:30.3240 |n this study, HF
symptomatology became more evident during the 6 months after initiating potentially
cardiotoxic chemotherapy (Table 3). As expected, MLHFQ scores were low at initiation of
chemotherapy and nearly doubled in 6 months, ending in the range consistent with mild,
established HF.26 Unexpectedly, we found that worsening of the HF questionnaire score was
associated with decrements in LV mass as opposed to the overall decline in ejection fraction.
This association between LV mass and HF questionnaire score persisted after accounting for
both changes in LVEF and changes in body weight.

Analyses

Data from our comparators demonstrate the longitudinal reproducibility of both CMR and
our other methods. The accuracy and precision of CMR to measure cardiovascular structure
and function is well known and thus permits smaller sample sizes.*!

We performed 2 analyses to gain insight into the potential confounding of cancer and Anth-
bC cardiotoxicity because a treatment-free cancer group could not be studied for the effect
of cancer versus Anth-bC treatment.2® First, we compared the baseline LV mass of cancer
participants diagnosed with early versus late stage cancer as we reasoned that if the presence
of malignancy itself promoted a decrease in LV mass, then those individuals with more
advanced cancer should exhibit smaller LV mass at baseline CMR relative to those
presenting with less advanced disease. There were no differences in LV mass between those
with early versus late stage cancer at the time of entry into the study. Although limited in
nature, these data suggest that tumor burden does not exhibit a marked effect on LV mass
before the start of therapy. Second, we recruited patients with cancer scheduled to receive
non-Anth-bC-associated potentially reversible myocardial dysfunction as a second
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comparator group in the era of multiagent therapy.2> In the 6-month study period, we
observed no significant LV remodeling in our non—Anth-bC comparators (Figure 1).

We acknowledge the following limitations. First, although our comparators were similar to
those receiving Anth-bC, our study design did not allow us to control for all potential
confounders. Additional larger studies are needed be to determine whether other factors are
associated with LV mass declines in those with cancer. Second, we used a noninvasive
CMR-derived measurement of LV end-systolic wall stress normalized to 1 kPa. Although
this represents an indexed volume-based wall stress measurement, 22 it is proportional to the
mass/ LV end-diastolic volume ratio commonly used in CMR studies (Table 2). Third, we
are unable to compare early changes in LV mass, LVEF, and MLHFQ (<6 months) with late
outcomes to determine if individuals with early disruptions to the cardiac plasticity and
remodeling persist chronically and if these early changes occur in those at highest risk for
HF and late cardiovascular events. Future studies will be aimed at addressing the need to
capture late cardiovascular effects in patients with cancer undergoing cancer therapy. Fourth,
we recruited cancer participants representative of our catchment area. Because of the
predominance of white women with breast cancer, the generalizability of our interpretations
to other cancers and race/ethnicities is limited. Finally, it is important to note that although
our association of MLHFQ scores was associated with declines in LV mass were mildly
associated with worsening MLHFQ scores (/=-0.27; £<0.01), future studies are required to
determine other factors that may contribute to HF symptomatology in patients receiving
potentially cardiotoxic chemotherapy, including objective maximal and submaximal
measures of exercise intolerance.

Conclusions

In conclusion, in middle-aged adults, early declines in LV myocardial mass may occur 6
months after initiating Anth-bC. This observation occurs coincident with increased LV
afterload and increases in HF questionnaire scores consistent with mild, established HF.
These findings persist after accounting for LVEF, highlighting the potential independence of
myocellular dysfunction from structural degradation and impaired adaptive remodeling after
cardiotoxicity from anthracycline chemotherapy. Further studies are warranted to determine
if this early decrease in LV mass is dose dependent, persists, or contributes to objective
measures of exercise intolerance, fatigue, HF, or other cardiovascular events experienced by
cancer survivors. Importantly, early declines in LV myocardial mass may represent an
imaging biomarker for future interventions in this population even when LVEF is preserved.
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WHAT IS NEW?

. Myocardial mass declines of 5% occur as early as 6 months after receipt of
anthracycline-based chemotherapy regimens in the setting of increased
afterload.

. In this acute period, patients with cancer who received anthracyclines

experienced increased heart failure symptomatology consistent with mild,
established heart failure.

. Worsening heart failure scores were associated with reduced myocardial mass
and not with left ventricular ejection fraction in patients with cancer who
received anthracyclines.

WHAT ARE THE CLINICAL IMPLICATIONS?

. Current consensus and position papers emphasize the role of systolic
dysfunction (left ventricular ejection fraction and myocardial strain) in
screening and monitoring patients with cancer at risk for cardiotoxicity.

. Although previous studies have shown declines in myocardial mass and left
ventricular ejection fraction after anthracycline treatment, our findings
highlight the potential independence of myocellular dysfunction from
structural degradation and impaired adaptive remodeling after cardiotoxicity
from anthracycline chemotherapy.

. Imaging of myocardial mass changes with cardiac magnetic resonance or
echocardiography should be considered as an alternative or supplemental
surveillance strategy, particular in those with preserved left ventricular
ejection fraction.
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Figure 1. Six-month change in cardiovascular magnetic resonance (CMR)-derived left
ventricular (LV) remodeling measurements after anthracycline-based chemotherapy.

Six-month change in CMR-derived measurements of left ventricular remodeling in adults
treated with anthracycline-based chemotherapy (Anth-bC, orange), non-Anth-bC (purple)
for breast cancer or hematologic malignancy and cancer-free comparators of similar age
(white). Compared with cancer-free comparators, those receiving Anth-bC had a significant
decrease in LV ejection fraction (LVEF; A; A<0.01) and LV myocardial mass (B; £=0.03)
that occurred concurrently with increased end-systolic wall stress index (C; £<0.01) and
reduced ventricular-arterial coupling (D; A<0.01). Changes among patients with cancer who
received non—-Anth-bC were not statistically different than those observed in noncancer
comparators (P>0.15 for all). Data shown as mean+SEM.*P<0.05 for change from baseline.
t/P<0.05 vs change in controls.
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Cancer Patients Treated with
Anthracycline-based Chemotherapy
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Figure 2. Associations of cardiovascular magnetic resonance—derived changes in left ventricular
(LV) remodeling with worsening Minnesota Living With Heart Failure Questionnaire in patients
with cancer treated with anthracyclines.

Subclinical declines in LV ejection fraction (LVEF; A) were not associated with worsening
of total Minnesota Living With Heart Failure Questionnaire (MLHFQ) score (P=0.45).
Instead, atrophic remodeling (reduced myocardial mass; B) was associated with worsening
total MLHFQ score (/<0.01) 6 mo after initiation of cancer treatment. Correlation of
variables in (A) and (B) with Pvalues for model adjusted for baseline MLHFQ score.
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Baseline Participant Demographics

Table 1.

Participants

Participants

All Cancer Receiving Receiving Noncancer
Participants Anth-bC Non-Anth- bC | Comparators
(n=76) (n=61) (n=15) (n=24)

Race

White 65 (86) 51 (84) 14 (93) 21 (88)

Black 11 (14) 10 (16) 1(7) 3(13)
Sex

Men 20 (26) 19 (31) 1(7) * 10 (42)

Women 56 (74) 42 (69) 14 (93) * 14 (58)
Age, y 51+13 51+14 54412 52+8
Height, cm 169+11 170+11 166+7 172+10
Weight, kg 81+22 81+21 82+27 80+15
Estimated GFR >60 mL/min per 1.73 meter? 72 (95) 57 (93) 15 (100)
Body mass index, m/kg 28+7 28+6 3049 2745
Follow-up interval, mo 5.8£1.5 6.0+1.5 5.2+0.90 6.1+4.4
Cardiovascular risk factors

Diabetes mellitus 12 (16) 11 (18) 1(7) 1(4)

Hypertension 30 (39) 23(38) 7(47) 6 (25)

Hyperlipidemia 19 (25) 16 (26) 3 (20) 5(21)

Known CAD 3(4) 3(5) 0 (0) 0 (0)
Cardiovascular medication use

Statins 15 (20) 13 (21) 2 (13)

ACE inhibitors 15 (20) 12 (20) 3(20)

ARBs 6 (8) 5 (8) 1(7)

B-Blockers 13 (17) 8 (13) 5(33)
Primary cancer diagnosis

Breast cancer 40 (53) 27 (44) 13 (87)

Leukemia 11 (14) 11 (18)

Lymphoma 21 (28) 19 (31) 2 (13)

Sarcoma 4 (5) 4(7)
Received radiation therapy 23 (30) 22 (36) 1(7)

Page 15

Continuous variables reported as mean+SD. Categorical variables reported as number (percentage). £<0.05 considered statistically significant
versus comparators. Cardiovascular medication use and GFR data not available for healthy comparators. ACE indicates angiotensin-converting
enzyme; Anth-bC, anthracycline-based chemotherapy; ARB, angtiotensin receptor blockers; CAD, coronary artery disease; GFR, glomerular

filtration rate.

*
Noncancer descriptors.
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