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Call on the reserve: Coronary vasomotor
dysfunction is a potential biomarker
of cardiovascular risk in patients with breast
cancer
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Coronary vasomotor dysfunction in the absence of

obstructive epicardial coronary artery disease (CAD)

associates with adverse cardiovascular events in an array

of cardiac and non-cardiac diseases, including hyper-

trophic cardiomyopathy, obesity, and chronic kidney

disease.1-3 Myocardial perfusion imaging (MPI) with

positron emission tomography (PET) facilitates the

assessment of coronary vasomotor dysfunction through

quantification of myocardial flow reserve (MFR) as the

ratio of peak stress to rest myocardial blood flow.4 In

individuals without obstructive CAD, reduced MFR is a

marker of subclinical cardiovascular disease (CVD) that

may be indicative of impaired vasomotor function,

myocardial fibrosis or inflammation, or diffuse

atherosclerosis.5

CVD is a leading cause of morbidity and mortality

in patients with prior or current breast cancer. This

association has been linked in part to overlapping risk

factors between the two diseases (e.g., obesity, tobacco

use, and lack of exercise), shared biology, and the

adverse cardiovascular effects of standard cancer treat-

ments such as cytotoxic chemotherapies (e.g.,

anthracyclines), targeted therapies (e.g., trastuzumab),

immune therapies, and thoracic radiation that are each

linked in some part to heart failure, accelerated

atherosclerosis, and cardiovascular events.6 Women

treated for breast cancer also experience a marked

impairment in functional capacity. Specifically, women

treated for breast cancer have a 20-30% lower functional

capacity, 77% of breast cancer survivors have a peak

oxygen consumption (measured as peak VO2) that is

below the 20th percentile for their age group, and the

peak VO2 of a 40-year-old woman treated for breast

cancer with chemotherapy and radiation therapy is

similar to that of a 70-year-old healthy, sedentary

woman.7,8 In breast cancer patients with higher CVD

risk receiving anthracyclines, current guidelines rec-

ommend echocardiography at baseline, upon therapy

completion, and six months after therapy comple-

tion.6,9,10 Those receiving trastuzumab are additionally

recommended to undergo echocardiography every three

months during therapy.6,9 It is also recommended that

patients receiving these therapies routinely undergo

assessment of electrocardiograms, troponin, and B-type

natriuretic peptide.6,9,11 This surveillance facilitates

identification of patients with abnormalities suggestive

of subclinical cardiac dysfunction due to cardiotoxic

therapies principally to consider initiation of cardio-

protective medical therapy (e.g., beta-blockers,

angiotensin receptor blockers, and angiotensin-convert-

ing enzyme inhibitors).6,9,12 Similarly, guidelines

recommend that breast cancer patients receiving radia-

tion therapy should undergo echocardiography at

baseline with follow-up echocardiography and stress

testing five to ten years later depending on their baseline

CVD risk.13 Guidelines currently consider nuclear and
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magnetic resonance imaging to be alternative methods

for the evaluation and monitoring of patients receiving

cardiotoxic therapies.9 Notably, additional routine car-

diovascular surveillance is not currently recommended

for breast cancer patients who do not receive cardiotoxic

therapies.

The assessment of MFR as a marker of coronary

vasomotor dysfunction with PET MPI in patients with

breast cancer may provide a novel means of evaluating

for subclinical CVD and cardiovascular risk in this

population. In addition to the adverse effects on MFR of

shared cardiovascular and breast cancer risk factors,

radiation and doxorubicin have also both been associ-

ated with impaired vasomotor function.1,14-17 In a recent

study, Groarke et al showed for each Gray increase in

mean cardiac radiation dose, there was a graded

decrease in global MFR as well as MFR in the left

anterior descending coronary artery distribution.15

Accordingly, by accounting for the adverse effects of

both pre-existing risk factors and malignancy therapies,

MFR could provide a synergistic assessment of cardio-

vascular risk in this population. Nevertheless, prior to

the current study, the relationship between coronary

vasomotor dysfunction and adverse events had not pre-

viously been studied in a general cohort of individuals

with known malignancy.

In this issue of the Journal of Nuclear Cardiology,
Divakaran et al seek to address this knowledge gap by

testing the hypothesis that abnormal MFR could serve as

a predictor of cardiovascular risk in a retrospective

population of breast cancer patients.18 They evaluated a

cohort of 87 consecutive patients with prior or active

breast cancer and no clinically overt CAD, left ven-

tricular dysfunction (left ventricular ejection fraction

C 45%), or abnormal myocardial perfusion who under-

went clinically indicated vasodilator PET MPI with

MFR quantification between 2006 and 2017 at a single

center to report on the relationship between MFR and

adverse cardiovascular events. The study sample was

almost entirely female (98.9%), and many had received

chemotherapy (31.0%) and thoracic radiation (65.5%).

There was a median 7.9 years between breast cancer

diagnosis and PET MPI. Over a median follow-up

interval of 7.6 years after imaging, 15 patients experi-

enced major adverse cardiovascular events (MACE,

defined as cardiovascular death, non-fatal myocardial

infarction, heart failure admission, or coronary revas-

cularization), and there were 23 total deaths. MFR as

both a continuous variable and as tertiles associated with

MACE in models adjusted for the competing risk of all-

cause death as well as the Morise scale, a validated

assessment of pre-test probability that incorporates

standard cardiovascular risk factors, and chronic kidney

disease.19 Although a non-significant trend was

observed, there was no association between MFR and

all-cause death. Of note, the lowest tertile of MFR

included individuals with markedly reduced global MFR

of\ 1.71.

Several interesting observations were made within

these primary findings. Impaired MFR had no associa-

tion with coronary artery calcification, which is similar

to findings in a separate small pilot study of breast

cancer patients who received radiation.20 Further,

among those with in the lowest tertile of MFR there was

a pattern of high resting flow with relatively reduced

peak stress flow. These findings collectively suggest a

mechanism of coronary vasomotor dysfunction in this

population in which impaired flow augmentation

appears more common than diffuse atherosclerosis.

There was also no association between MFR and

malignancy treatment (i.e., chemotherapy, surgery, and

thoracic radiation) in this cohort. The authors conclude

that MFR may serve as marker of cardiovascular fitness

and facilitate improved cardiovascular risk stratification

among patients with prior or current breast cancer

(Figure 1).

The study should be interpreted within the context

of its design. This was a retrospective single center study

with a population that was referred primarily for the

assessment of cardiovascular symptoms, and the sample

size was modest with relatively few adverse events.

Accordingly, it was unable to evaluate whether MFR

measurements were more predictive of adverse events in

different subpopulations of breast cancer patients (e.g.,

those that received chemotherapy or radiation). Further,

the study design did not provide MFR results before and

after different treatments to determine the effect of pre-

existing risk factors and cancer therapies on coronary

vasomotor dysfunction.

These findings support the need for further studies

to better understand the prognostic implications of

coronary vasomotor dysfunction in a broad population

of patients with breast cancer and not only those with

symptoms or a clinical indication for PET MPI. Further,

the clinical implications of impaired MBF will need to

be compared with those of other more widely imple-

mented measures such as ejection fraction and strain

derived from echocardiography and serological

biomarkers. Additionally, the impacts of chemotherapy

and radiation and their interaction with traditional risk

factors on coronary vasomotor dysfunction could be

evaluated with PET MPI before and after cancer ther-

apy, especially as the field of breast cancer treatment is

changing with increasing approvals for immune-based

therapies. Through such a study, the population of

individuals who would benefit most from PET MPI, a

relatively costly and limited resource, could be identi-

fied. In subsequent studies, the impact of therapies on
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MFR and CVD events could also be assessed. Finally,

the finding that abnormal MFR does not associate with

coronary artery calcification and largely stems from a

failure to appropriately augment high resting myocardial

blood flow suggests that the underlying mechanism of

coronary vasomotor dysfunction in breast cancer merits

further investigation.

Among patients with a history of breast cancer,

coronary microvascular dysfunction detected by PET

MPI appears to serve as an effective biomarker for

cardiovascular risk. Further work is needed to determine

how MFR performs compared to guideline recom-

mended testing and to identify those who would benefit

most from its measurement among patients with breast

cancer. Nevertheless, the time has come that MFR

should no longer be kept in reserve for the assessment of

cardiovascular risk in malignancy patients.
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