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Anthracycline therapy remains a mainstay for breast cancer (BC) many other cancers.
However, anthracyclines incur a >5-fold risk of incident heart failure. Substrate for heart
failure is myocardial fibrosis that is preceded by myocardial edema, supported by preclinical
studies of AC-induced myocardial damage?. Loss of endothelial progenitor cells (EPCs) has
also been viewed as a contributor to myocardial damage?. However, detection of early
changes via blood biomarkers for better risk stratification in humans remains challengings.
Recently, cardiac magnetic resonance (CMR) has been successfully applied in the detection
of post-treatment anthracycline-induced fibrosis through T1 mapping, paralleling decline in
left ventricular ejection fraction (LVEF)?. Given preclinical evidence that myocardial edema
precedes fibrosis in AC-induced myocardial damagel, we tested the hypothesis that
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myocardial edema could be detected using the CMR relaxation parameter T2, comparing its
value to EPC assay in human subjects receiving anthracyline therapy for breast cancer.

We prospectively enrolled at Ohio State University’s James Comprehensive Cancer Center
consecutive women with non-metastatic BC initiating doxorubicin-containing regimens who
provided written informed consent to participate in this Institutional Review Board-approved
longitudinal study. Females =18 years old treated with doxorubicin for neoadjuvant or
adjuvant therapy were included. We excluded those with prior anthracycline exposure,
coronary disease, or contraindication to magnetic resonance. Scans were performed pre-
treatment (=2 weeks before anthracycline-initiation), post-cycle 1 of treatment (early), and
2-4 weeks after the last cycle of anthracyclines (post-treatment). Correlative biomarkers,
including high-sensitivity troponin-1 (Tnl), brain natriuretic peptide (BNP), and peripheral
blood EPCs were assayed from blood collected at the time of imaging. EPCs were processed
according to previously published protocols®. Available CMR data from those presenting for
follow-up CMR >1 year post-anthracycline initiation were also assessed.

The primary outcome was change in myocardial T2 following anthracycline initiation. All
scans were completed at 1.5 Tesla (Magnetom Avanto, Siemens Healthcare). Acquired data
included conventional cine imaging in long and short-axis planes, T2 mapping, and late
gadolinium enhancement (LGE) imaging following intravenous administration of 0.2
mmol/kg gadolinium-based contrast agent (gadopentetate dimeglumine). CMR analyses
were performed blinded to clinical information and included: i) computation of ventricular
volumes from endocardial contour delineation, ii) circumferential systolic strain
computation using feature tracking (VVI, Siemens), iii) identification of maximum T2 by
manual segmentation, and iv) recording of presence or absence of myocardial damage by
full width at half-maximum segmentation of LGE images. Pretreatment characteristics are
described with mean + standard deviation for continuous variables and frequencies for
categoric variables. One-way repeated measures analysis of variance (ANOVA) models were
fit to model changes in measures over time. Mean differences in measures at timepoints
relative to pretreatment (pre-anthracycline exposure) were estimated from the model and
presented with standard errors. Statistical significance of CMR measures was set at a
Bonferroni-corrected a.=0.017 to maintain an overall a=0.05 and account for three tests at
time points post-anthracycline initiation (early, post-treatment, and late); a Bonferroni-
corrected a=0.025 was used for correlative biomarkers to account for two tests at time
points post-anthracycline initiation (early and post-treatment). All tests were two-sided. The
data that support the findings of this study are available from the corresponding author upon
reasonable request.

Twenty-nine BC patients were studied: age 54+10 years, BMI 31+8 kg/m?2, 45%
hypertensive, 7% diabetic, 21% on angiotensin-converting-enzyme inhibitor, angiotensin-
receptor-blocker, or beta-blocker; 31% on statins; 10% additionally receiving herceptin,
baseline LVEF 65.9+6.4%, and baseline T2 of 51.84+3.5 ms; no subject had LGE
abnormality at baseline. Median cumulative doxorubicin dose was 237.1+7.6 mg/m?2. After
the first AC treatment, there was no significant change in LVEF (-0.4+1.2%, p=0.76) or
circumferential strain (1.8+0.9%, p=0.05). However, there was a significant increase in
myocardial T2 by 3.3+0.8ms (p<0.001); (Figure). After completion of doxorubicin therapy
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(post-4t cycle), there remained no difference in LVEF (-1.6+1.5%, p=0.30) or
circumferential strain (1.7£1.1, p=0.12); however, myocardial T2 had further increased by
5.4+0.8ms (p<0.001). There was no significant change in Tnl or BNP across visits. When
compared to similar healthy volunteers, BC patients had lower baseline EPC levels
(110.7+10.1 vs. 49.6£27.2, p<0.01), but there was no significant difference in EPC levels
before and after doxorubicin initiation. There was also no clear correlative pattern between
EPC morphology and CMR or cardiac biomarker parameters.

Among those with late CMRs [17 BC patients; median 19.8 months (range 13.5-24.6) post-
doxorubicin initiation], LVEF decreased by —7.5£1.8% (p<0.001), with 35% (6) seeing
>10% decline. Three subjects (18%) developed LGE. However, there was no significant
correlation between early change in T2 (Spearman’s r=0.01; p=0.96), circumferential strain
(Spearman’s r=—0.22; p=0.39) and late LVEF decline. Limitations include a focus on BC,
sample size, and the unavailability of longer-term follow-up.

In summary, patients undergoing anthracycline-therapy are at high-risk for significant
reductions in LVEF. The presence of early myocardial inflammation as shown by T2
increase appears to associate with anthracycline administration, even before fibrosis, strain,
and decline in LVEF. Additional studies evaluating the prognostic role of CMR-derived early
myocardial T2 change as a potential biomarker target for cardioprotective strategies are
needed.
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In a cohort of women with breast cancer, myocardial T2 values increased over the course of
anthracycline therapy (A). One subject, for instance, had a pre-treatment T2 value of 55 ms
that increased to 60ms after the first cycle and 61 ms post-treatment; while T2 then
normalized to 56 ms (B-E), late gadolinium enhancement imaging after one year showed
evident subepicardial scarring (F, arrow). Of note, her LV ejection fraction remained normal
until 14 months when it had fallen to 47%.
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