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Eiman Jahangir, MD, MPH,a,b,c Matthew E. Harinstein, MD,d

Venkatesh L. Murthy, MD, PhD,e and Javid Moslehi, MDa,b,c

a Division of Cardiovascular Medicine, Department of Medicine, Vanderbilt University Medical

Center, Nashville, TN
b Division of Oncology, Department of Medicine, Vanderbilt University Medical Center,

Nashville, TN
c Cardio-Oncology Program, Department of Medicine, Vanderbilt University Medical Center,

Nashville, TN
d Division of Cardiology, Heart and Vascular Institute, University of Pittsburgh Medical Center,

Pittsburgh, PA
e Division of Cardiovascular Medicine, Department of Internal Medicine and Frankel Cardiovas-

cular Center, University of Michigan, Ann Arbor, MI

Received Jan 2, 2019; accepted Jan 3, 2019

doi:10.1007/s12350-019-01602-5

See related article, pp. 2154–2163

Advances in breast cancer treatment over the last

30 years have decreased mortality. Systemic adjuvant

therapy has been a key factor for this decrease.1 Nev-

ertheless, cardiotoxicity remains a major concern and a

sequelae of chemotherapy, occurring in 4.2% of all

patients treated with adjuvant therapy per a recent

study.2 Given the explosion of new oncologic therapies

which are applied for the treatment of new breast cancer

diagnoses each year (estimated to be 250,000 new cases

annually in the United States), early detection and

treatment of cardiotoxicity are critically important.3

Cardiotoxicity occurs in breast cancer due to a

number of traditional and novel therapies including

anthracyclines, human epidermal growth factor receptor

2 (HER2) inhibitors (e.g., trastuzumab) and radiation.4

With anthracyclines and trastuzumab, cardiotoxicity

often presents with a reduction in left ventricular ejec-

tion fraction (LVEF) prompting frequent screening

during cancer therapy and following completion of

therapy. Echocardiography is the most commonly used

method for screening due to its accessibility and low

cost. Nonetheless, echocardiography primarily screens

for overt and subclinical contractile abnormalities while

other testing modalities may detect other aspects of early

cardiotoxicity including cardiac biomarkers (e.g., tro-

ponin) and cardiac magnetic resonance imaging

(cMRI).5

Metabolic imaging using 18F-fluorodeoxyglucose

(FDG) positron emission tomography (PET) is used in

oncology to classify malignant versus benign tumors,

assist in tumor staging, and monitor response to treat-

ment. In order to quantitate metabolic activity in a

tissue, accounting for variation in patient way and

administered dose, standardized uptake values (SUVs)

may be computed from the FDG activity in a volume of

interest.6 This metric is commonly used in the evalua-

tion of a wide array of cancers including breast, small

cell lung, cervical, and prostate cancers. In general,

because a higher SUV reflects greater metabolic activity,

higher SUVs are associated with greater likelihood of

malignancy. Nonetheless, infectious diseases can also

produce high SUVs,7 and tissue hypoxia can also cause a

shift toward glycolytic metabolism and thus increased

SUV. Conversely, low SUVs are more likely to be

benign, although small malignant tumors may also

produce similar findings. Thus, SUV is seen as an

additive though not a definitive tool in determining

malignancy.8

In cardiology, PET can be used to evaluate

myocardial metabolism, inflammation, and ischemia.

Several studies have examined cardiac findings on FDG

PET images in relation to chemotherapy and radiation
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therapy. Increased left ventricular (LV) uptake has been

described among individuals with Hodgkin’s Disease

treated with anthracyclines. This increase in left ven-

tricular SUV persisted even after completion of therapy,

implying possible long-term effects of the anthracycline

on the myocardium.9 Individuals with low baseline LV

SUV more frequently developed cardiotoxicity, sug-

gesting a potential role of FDG-PET to predict

cardiotoxicity. Furthermore, increased right ventricular

(RV) uptake has been noted on FDG PET studies in

cases of pulmonary hypertension.10,11 In pulmonary

hypertension, RV SUV directly increased with the pul-

monary vascular resistance and decreased among those

who respond to vasodilator (i.e., epoprostenol) treat-

ment.12 Importantly, RV metabolism was correlated

with RV workload and strain which may help in iden-

tifying early stages of cardiotoxicity.

In this issue of the Journal of Nuclear Cardiology,
Kim et al. evaluated changes in myocardial FDG

uptakes among 121 individuals with breast cancer both

before and after treatment with anthracycline and/or

trastuzumab. The authors used baseline and posttherapy

tests obtained as part of oncologic treatment and retro-

spectively evaluated FDG-PET images (and their

respective SUVs) focusing on both RV and LV wall

uptakes. The authors identified 15 individuals with car-

diotoxicity after therapy and compared their results with

the remaining individuals. The patients with ‘‘car-

diotoxicity’’ had a mean posttherapy LVEF of 44.5%

(compared to 64.9% in patients with no cardiotoxicity).

The presence of RV myocardial uptake (SUV[ 1.8),

and a change of SUV of the RV myocardial of[ 0.4

were both associated with cardiotoxicity after control-

ling for age, radiotherapy, and treatment type.

Importantly, this correlation between SUV increased

uptake did not extend to LV SUV, suggesting that RV

SUV was better correlated with cardiotoxicity.

This study has several limitations. First, the authors

did not assess RV SUV based on specific cancer therapy.

Of the 15 individuals with cardiotoxicity, 7 received

anthracycline, 3 received trastuzumab, and 5 received

both anthracycline and trastuzumab. Given the different

changes in pathophysiology of cardiotoxicity as a result

of anthracyclines and HER2 inhibitors, a study where

RV FDG-free wall uptake is assessed depending on the

individual therapy may reveal different results. Second,

the small number of patients evaluated in the current

study limits conclusiveness of these results. Third, it is

unclear how many patients actually had clinical symp-

toms and whether the difference in RV SUV correlated

with patients with clinical heart failure. Fourth, this was

a retrospective study, in which PET scans were per-

formed as part of oncologic monitoring and treatment.

The metabolic preparation for these scans was a simple

6-hour fasting rather than a formal inflammation or

viability PET preparation.13 Consequently, these find-

ings could very well be confounded by diet, insulin

resistance, and glycemic state. Further, If FDG-PET

imaging were done after initial exposure to therapy, one

could assess whether RV SUV is a predictor of car-

diomyopathy (which generally occurs later).

Conversely, it would be interesting to see if RV SUV

normalizes in patients who have reversal of cardiomy-

opathy following completion of cancer therapy. An

earlier study demonstrated that increased LV SUV per-

sisted after completion of anthracycline therapy, but no

such research with HER2 receptor inhibitors have been

completed.9 Finally, it is unclear if the RV SUV increase

was in fact a consequence of the increased workload due

to the LV dysfunction or a primary metabolic modifi-

cation due to specific cancer therapy that then resulted in

myocardial dysfunction.

Nevertheless, this is an original study that demon-

strates RV involvement in chemotherapy-induced

cardiotoxicity and presents an additional application of a

commonly performed oncologic test. In the evaluation of

cardiotoxicity, the RV has been largely forgotten. Most

previous imaging research studies in cardio-oncology

have focused on the LV size, LVEF, and overall LV

metabolism. On the other hand, studies in other cardio-

vascular disease processes show an important role for the

RV. For example, RV FDG uptake correlates with worse

outcomes in individuals with dilated cardiomyopathy,

indicating that the clinical significance of the RV should

not be ignored.14 Why increased RV uptake occurs as the

LV fails remains unclear. Further research could deter-

mine if increased RV metabolism is due to a harder

working RV that is compensating for the failing LV, or is

it a true sign of a damaged RV that requires a higher

metabolic demand. The studies with pulmonary hyper-

tension appear to indicate that the increased metabolism

is reversible, though it is unclear if the same is true in

cancer therapy-induced cardiomyopathy.12

In the future, the utility of PET (and more generally

nuclear cardiology) may extend beyond mere cardiotox-

icity detection and monitoring and include better

mechanistic delineation of cardiotoxicity. Nuclear car-

diology may perhaps play an even a bigger role with new,

targeted cancer therapies. For example, many new

oncologic therapies target cancer metabolism.15 FDG-

PET may better elucidate cardiac metabolic effects of

these therapies. In addition, cancer immunotherapies

harness and activate the immune system (and specifically

T lymphocytes) and have revolutionized treatment for a

number of cancers in recent years. In breast cancer, ate-

zolizumab, an immune checkpoint inhibitor (ICI),

prolongs progression-free survival in metastatic triple-

negative breast cancer and will soon be approved in
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patients who have been exposed to anthracyclines and

radiation.16 However, ICIs have been associated with

fulminant myocarditis, pericarditis, and vasculitis in a

subset of patients, with the increasing reporting of these

toxicities given the fast-expanding use of ICIs.17,18 Given

the difficulty of detecting cardiovascular toxicities in this

setting, FDG-PET may serve as an adjunctive imaging

modality to detect myocarditis.19 In addition, recent

development of additional PET radiotracers has dramat-

ically expanded the scope and use of PET to detect

endogenous or adoptively transferred immune cells

in vitro.20 In the future, the use of these ‘‘immuno-PET’’

tracers could be used to identify the specific immune cells

that mediate myocarditis and pericarditis among patients

with immunotherapy-associated adverse events, poten-

tially enhancing treatment strategies for these conditions.

Indeed, we are hopeful that PET may soon become a

powerful tool in the arsenal of the cardio-oncologist.
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