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Background. Adjuvant radiation therapy (RT) for breast cancer has improved overall survival.
However, incidental exposure of the heart has been linked to development of radiation-induced heart
disease.The aimof this studywas, in a cohort of asymptomatic post-irradiationbreast cancerpatients,
to investigate changes in myocardial blood flow (MBF) and presence of perfusion defects in
myocardial perfusion positron-emission-tomography (PET) in the irradiated myocardium.

Methods and Results. Twenty patients treated with RT for left-sided breast cancer underwent
13N-ammoniamyocardial perfusion PET 7(± 2) years after breath adaptedRT to a total dose of 48
Gy given in 24 fractions. No differences in rest or stress MBF were noted between the irradiated
and non-irradiated myocardium (1.29 (± 0.29) vs 1.33 (± 0.29) mL/g/min, ns; 2.74 (± 0.59) vs 2.78
(± 0.66) mL/g/min, ns, respectively). One patient demonstrated a myocardial perfusion defect
localized in the irradiated anterior wall myocardium.

Conclusion. Although limited by a small sample size, early signs of cardiac injury detected by
NH3 myocardial perfusion PET was at least not frequent in our cohort of patients treated with a
modernRTtechnique for left-sidedbreast cancer, even7yearsafter treatment.Thefindingshowever,
may not rule out subsequent development of myocardial injury. (J Nucl Cardiol 2021;28:1923–32.)
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Abbreviations

CACS Coronary Artery Calcium Score

CT Computed tomography

CVD Cardiovascular disease

LAD Left anterior descending artery

MBF Myocardial blood flow

MFR Myocardial flow reserve

NH3 Ammonia

PET Positron-emission-tomography

RCA Right coronary artery

RT Radiation therapy
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INTRODUCTION

Breast cancer is one of the most frequent types of

cancer in women worldwide.1 Treatment often consists

of a combination of surgery, systemic therapy and post-

operative adjuvant radiation therapy (RT), either to the

breast/chest wall alone or with the addition of regional

lymph nodes. Increasing the treatment volume to include

regional nodes has been shown to increase survival in

some patients but also increases the dose received by the

heart and lung.2–7

It has long been known that both anthracycline-based

chemotherapy and high radiation doses to the heart can

cause cardiac injury.8 However, recent studies indicate

that also even relatively small radiation exposures can

cause damage.9 Accordingly, numerous meta-analyses

have shown that women suffering from breast cancer,

left-sided in particular, exposed to RT are at an increased

risk of developing cardiovascular disease (CVD).2,10–12

The increase in CVD risk seems directly proportional to

the mean heart radiation dose and the volume of the heart

included in the RT field.13 High radiation exposures may

cause cardiac alterations as early as months after RT,

whereas small radiation exposures may not manifest until

decades after completed RT.13,14

Substantial efforts have been invested in reducing the

radiation exposure to the heart to minimize the risk of

adverse myocardial events following RT in patients with

breast cancer. Modern RT is carried out by three-dimen-

sional computed tomography (CT) planning using

conformal treatment techniques. Treatment planning

software now includes highly accurate algorithms for

calculation of the absorption and scattering of the radi-

ation in the tissues. The algorithm enables calculation of

the delivered radiation dose in every point in the patient,

taking into account tissue inhomogeneity using the

measured Hounsfield units. This approach has led to a

reduction in the radiation dose to the heart and, poten-

tially, reduced risk of cardiotoxicity.15,16 Newer

techniques employs breath adapted RT where the breast

region is only irradiated in deep inspiration, thus reducing

the radiation to themyocardiumbymoving the heart away

from the irradiated chest wall. This technique has been

shown to reduce the radiation dose to the heart even

further, without compromising the dose to the target.17–21

While the clinical manifestations of RT-induced

cardiac injuries often do not appear until many years

later, application of surrogate markers of cardiac disease

can prove useful to not only detect and treat asymp-

tomatic cardiac disease in the individual patient but also

to permit an evaluation and guide for current and future

RT techniques.10,14,22,23

Myocardial perfusion imaging employing positron-

emission-tomography (PET) facilitates non-invasive

detection of manifested myocardial ischemia as well as

coronary microvascular disease, an early indication of

endothelial dysfunction. Both of these alterations in the

regional myocardial perfusion are predictors of long-term

cardiac risk and proof of an on-going process in the

epicardial arteries or the myocardial microvasculature.24

Due to the long latency of radiation-induced heart

disease, the majority of meta-analyses have been con-

ducted on data from patients treated with outdated

radiation techniques. More recent studies have suggested

that the risk associated with modern RT techniques is

considerably lower, especially in women with no other

cardiac risk factor.25 Hence, an evaluation of modern

radiation techniques is warranted. Therefore, our aim was

to (1) compare myocardial blood flow (MBF) in the

irradiated part of the anterior wall myocardium with the

non-irradiated inferior wall, and to (2) evaluate the

frequency of myocardial defects in myocardial perfusion

PET in asymptomatic patients treated with modern

radiation techniques for left-sided breast cancer.

MATERIALS AND METHODS

Twenty breast cancer patients in remission after primary

treatment were enrolled in this study. The study was approved

by the Scientific Ethical Committee of the Capital Region in

Denmark (project H-3-2010-066). The inclusion criteria were:

adjuvant loco-regional RT for left-sided breast cancer after

radical breast conserving surgery (13 patients) or RT after

mastectomy (7 patients) and axillary lymph node dissec-

tion, treatment completed [ 4 years ago, age [49

years,[ 1% of the heart volume received[ 10 Gy according

to the approved radiation treatment dose plan. The exclusion

criteria were: preexisting cardiac disease or thoracic radio-

therapy prior to the planned RT for breast cancer, or non-

compliance with the investigational procedure (i.e. claustro-

phobia). After written informed consent patients entered the

study consecutively in 2011-2012.

Screening for Cardiovascular Risk Factors

Each patientwas screened for cardiac risk factors on the basis

of a predefined test panel including bodymass index (BMI), smok-

ing habits, alcohol habits, preexisting cardiac disease,

hypercholesterolaemia, hypertension, diabetes, cardiac family his-

tory, medication, and any early/intermediate radiation side effects.

Computed Tomography and Coronary
Artery Calcium Scores

Calcium scoring computed tomography was performed as

an electro-cardiogram-gated scan using the vendor’s standard

protocol with a hybrid PET-CT scanner Siemens Biograph-16

TruePoint PET/CT (Siemens Healthcare, Knoxville, USA).

See related editorial, pp. 1933–1935
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Scans were performed supine after full inspiration with

caudocranial scan direction including the entire heart and

upper abdomen with a low-dose technique. Data were recon-

structed with a section width of 3 mm and coronary artery

calcium scores (CACS) were assessed using a CACS module

for Syngo.Via (Siemens, Knoxville, USA) and reported as

Agatston scores. Furthermore, CACS was divided into three

groups according to CACS (CACS = 0, CACS = 1-400 and

CACS[ 400) as suggested by American College of Cardiol-

ogy Foundation/American Heart Association or ACCF/AHA.26

In two cases images for CACS analysis could not be retrieved.

NH3 Myocardial Perfusion Positron-
Emission-Tomography

Each patient underwent a two-phase, rest and adenosine

stress, PET scan with the use of Nitrogen-13 ammonia (13N-

NH3) as the perfusion radiotracer (Figure 1). All image data

were acquired in list mode on a Siemens Biograph-16

TruePoint PET/CT (Siemens Healthcare, Knoxville, USA)

with the TrueV option (axial field of view of 21.6 cm). Patients

were instructed to fast overnight and to avoid the consumption

of methylxantine-, caffeine-containing beverages and medica-

tions for at least 16 hours before the study. Prior to the rest

perfusion scans, a CT-based transmission scan (130 kVp; 25

ref.mAs; helical scan mode with a pitch of 0.95) was obtained

during normal breathing for correction of PET photon atten-

uation. Co-registration of the CT attenuation map with the PET

images was verified visually and alignment was corrected

when necessary by an experienced nuclear medicine techni-

cian. During rest, myocardial perfusion was assessed using 370

MBq of 13N-NH3. Imaging lasted for 10 minutes and began

simultaneously with peripheral injection of the radiotracer. The
13N-NH3 was administered as a single intravenous bolus (8-10

seconds with infusion rate 0.4 mL/s) followed by a 10 mL

saline flush. Pharmacologic stress imaging was performed 50

minutes later and started with a 6-minutes adenosine infusion

through a peripheral vein (140 mg/kg/min). A second dose of
13N-NH3 (370 MBq) was injected three minutes into the

administration of adenosine and image acquisition was started

simultaneously. Static, dynamic, and 8-bin ECG-gated images

were generated from the list mode data. Patient emission data

was reconstructed using 3D attenuation weighted ordered

subsets expectation maximization (OSEM3D) reconstruction

with 168 9 168 matrix, zoom 2, Gaussian filter with a full

width at half maximum of 5 mm, 2 iterations, and 21 subsets

for gated, static and dynamic images. CT-based attenuation,

scatter, decay, and random corrections were applied to the

reconstructed images. Dynamic images were reconstructed

with 21 frames for rest and stress: 12 9 10, 6 9 30, 2 9 60, 1

9 180 seconds.

Quantitative Perfusion Based on the dynamic

subsets, left ventricular contours were assigned automatically

using the SyngoMBF software (Siemens Medical Solutions,

Berlin, Germany) with minimum observer intervention when

appropriate. With a previously described 2-compartment

kinetic model for 13N-NH3, stress and rest flow values in

mL/g/min were computed for each sample on the polar map

through the resulting time-activity curves for global quantifi-

cation.27 Myocardial flow reserve (MFR) was calculated as the

ratio between the MBF during stress (sMBF) and MBF during

rest (rMBF). rMBF was corrected for the rate pressure product

(RPP). The left ventricle was divided into 17 segments

according to the AHA 17-segment model and MFR and

MBF were calculated.28

Four representative segments of the 17-segment model

were chosen to define either anterior or inferior wall

myocardium to assess differences between the two (Fig-

ure 2).28 Accordingly, segments 7, 8, 13 and 14 and segments

10, 11, 15 and 16 were chosen to define anterior (irradiated)

and inferior wall (non-irradiated) myocardium, respectively.

Figure 1. Diagram of scan protocol.
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Radiotherapy

All patients had been scanned and treated in the supine

position. Respiratory gating was applied as an audio-coached

enhanced free breathing end-inspiration technique (as

described by Damkjær et al).29 The clinical target vol-

umes comprised the residual breast/chest wall, the ipsilateral

internal mammary lymph node chain from intercostal space 1

through 4, the axillary nodes in level 2-3, and the supraclav-

icular nodes. The heart had generally not been contoured for

the delivered plans following the standard procedure at

Rigshospitalet at the time, which limited the dose to the left

anterior descending coronary artery (LAD) as a surrogate. The

treatment technique comprised a 3-dimensional conformal

technique with an anterior supraclavicular photon field

and either two thoracic tangential photon fields with an abut-

ting medial electron field or wide tangential photon fields

only. The prescription dose was 48 Gy in 24 fractions with

5 fractions/week. Furthermore, the majority of patients

received adjuvant antihormonal therapy during and after

radiotherapy.

PATIENT SELECTION

To ensure that the included patients met the

inclusion criteria of[ 1% of the heart receiving[ 10

Gy, each treatment plan was retrospectively analyzed.

By visual inspection it was clear that the heart volume

receiving[ 10 Gy by far exceeded 1% in all cases. A

representative case is shown in Figure 3; from the

treatment plan (shown in color wash) it is evident that

the high dose levels (shown in red) were deposited in the

anterior part of the left ventricle, as expected. The dose

volume histogram (DVH) (upper right panel) demon-

strates that approximately 13% of the heart (yellow line)

received[ 10 Gy. Comparison dose volume histograms

for the LAD and the RCA are also shown in pink and

cyan, respectively, in the DVH (Figure 3, top right).

Figure 4 demonstrates an overlay of the volume

receiving[ 30 Gy with the corresponding slice of the

PET scan. In this case, a considerable part of the left

ventricle is included in the volume receiving at least 30

Gy.

Figure 2. Representative segments of the 17-segment model
defining anterior (red) and inferior (blue) wall Myocardium.

Figure 3. Treatment plan for patient treated for left-sided breast cancer, treated with breast
conserving surgery. Axial (upper left), coronal (lower left), and sagittal (lower right) CT-slices.
Doses shown from low (blue) to high (= prescribed dose) (red). Dose-volume histogram (upper
right) shows radiation doses to the heart (yellow), the left anterior descending coronary artery
(LAD) (pink) and the right coronary artery (RCA) (cyan).
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STATISTICAL ANALYSIS

Categorical variables were expressed as percentages

and continuous variables were reported as means and

standard deviations. Differences in characteristics

between groups were assessed with the v2 test for

discrete variables and students t-test for continuous

variables. Differences in MBF and MFR between the

anterior and inferior wall myocardium in the individual

patient were assessed with paired t-tests. A two tailed P-
value \0.05 was considered statistically significant.

Statistical analyses were performed using SAS� for

Windows, version 9.4 (SAS institute, Cary, North

Carolina).

RESULTS

Baseline Characteristics

Baseline characteristics including risk factors for

ischemic heart disease are given in Table 1.

CACS and 13N-NH3 Myocardial Perfusion
PET

Categorial CACS values are given in Table 2.

Median CACS was 4 and calcifications were primarily

located to LAD (P\ 0.001, data not shown).

MBF and MFR in the anterior vs inferior wall

myocardium are given in table 3. Mean global myocar-

dial blood flows were 1.27±0.26 and 2.65±0.60 mL/g/

min during rest and stress, while global MFR was 2.17

(Not shown).

Overall, no differences were observed for rest MBF

(MBFrest) (1.29 (± 0.29) vs 1.33 (± 0.29) mL/g/min,
Figure 4. Overlay of the[ 30 Gy radiation dose level with
the PET scan.

Table 1. Baseline characteristics including cardiac risk markers

Study population (n = 20)

Age, years (± SD)* 64 (± 9)

Family history of CVD, n (%) 6 (30%)

Current smoker, n (%) 2 (10%)

Previous smoker, n (%) 4 (20%)

Packyears, years (± SD) 31 (± 18)

SBP, mmHg (± SD) 159 (± 21)

DBP, mmHG (± SD) 89 (± 10)

BMI, kg/m2 (± SD) 33 (± 15)

Hypercholesterolemia, n (%) 3 (15%)

Hypertension, n (%) 8 (40%)

Diabetes, n (%) 1 (5%)

ACE-inhibitors/Angiotensin II receptor blockers, n (%) 3 (15%)

Beta blockers, n (%) 1 (5%)

Calcium antagonist, n (%) 3 (15%)

Diuretics, n (%) 5 (25%)

Lipid lowering therapy, n (%) 3 (15%)

Years between RT and cardiac PET, years (± SD) 7 (± 2)

SD, Standard deviation; CVD, cardiovascular disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, Body Mass
Index; RT, radiotherapy; PET, positron-emission-tomography
*Age at cardiac PET examination
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P = ns), stress MBF (MBFstress) (2.74 (± 0.59) vs 2.78

(± 0.66) mL/g/min, P = ns) or MFR (2.22 (± 0.62) vs

2.17 (± 0.65), P = ns) between anterior and inferior wall

myocardium.

In one patient a mixed reversible and irreversible

myocardial perfusion defect was detected in the anterior

wall myocardium (Figure 5). This 69 year old patient

with a BMI of 23 had a family history of CVD and

hypertension since her thirties, but did not have hyper-

cholesterolemia or diabetes and had never smoked.

DISCUSSION

The main findings of the present study were (1) In

the 20 patients studied, no difference in MBF between

the irradiated anterior and non-irradiated inferior wall

myocardium could be detected at an average of 7 years

after modern RT, but the sample size may have been too

small to detect any differences and (2) only one of 20

patients presented a mixed reversible and irreversible

myocardial perfusion defect. However, potentially the

decrease in flow reserve may be seen later than our

follow-up.

The quantitative MBF and MFR are reliable indices

for evaluating functional severity, influenced by both

epicardial stenosis and microvascular disease.30 What

was striking, was that the global MFR of the heart as a

whole in our patients (mean global MFR 2.17) was well

below the expected value in a normal population

(MFR[ 2.50).31 Since CACS values were normal in

our patients, epicardial stenosis to any serious extent

seemed unlikely. Therefore, the globally reduced MFR

may likely be indicative of a global microvascular

dysfunction/disease. A significant proportion of our

patients were exposed to adjuvant anthracycline prior to

RT, whereas routine treatment with adjuvant trastuzu-

mab was not yet established. Anthracycline is well

known to have cardiotoxic side effects and therefore a

plausible cause to the globally reduced MFR, although

purely speculative, may well be due to cardiotoxic

effects of chemotherapeutics. However, whether this is

the case or if local irradiation of the anterior myocar-

dium could have caused a global myocardial injury is

unknown. Nevertheless and purely hypothesis generat-

ing, it would be reasonable to assume that a potential

global injury would have been initiated from the part of

the myocardium that received the highest radiation dose

and thus to be measureable as a difference in MFR in the

irradiated vs non-irradiated part of the myocardium.

This was also what led to the design of the study, where

each patient acted as their own control instead of

utilizing a control group. In our patients, we did not find

a difference between MFR in the irradiated anterior part

of the myocardium and the non-irradiated inferior part

and we could thus not detect an initiation spot for

radiation-induced myocardial injury. However, radia-

tion-induced myocardial injury may take decades to

manifest and sub-detectable myocardial injury may still

exist and slowly evolve into manifest myocardial injury

in a decade or more. Nonetheless, our results still need

confirmation in a larger study group with controls.

Much of our present knowledge comes from now

outdated RT techniques, in which mean whole heart

doses of 0.9-14 Gy for left-sided and 0.4-6 Gy for right-

Table 2. Coronary Artery Calcium Scores

CACS = 0 CACS = 1–400 CACS > 400

Study population (n = 18), n (%) 7 (39%) 9 (50%) 2 (11%)

CACS, Coronary Artery Calcium Score

Table 3. Blood flow and coronary flow reserves in the anterior vs inferior wall myocardium in 13N-NH3

myocardial perfusion PET

Anterior wall Inferior wall P-value*

Blood flow (mL/g/min), rest (± SD) 1.29 (± 0.29) 1.33 (± 0.29) NS

Blood flow (mL/g/min), stress (± SD) 2.74 (± 0.59) 2.78 (± 0.66) NS

MFR (± SD) 2.22 (± 0.62) 2.17 (± 0.65) NS

MFR, myocardial flow reserve; NS, non-significant
*Paired t-tests
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sided RT have been reported.7,10 A clear dose-response

relationship between mean heart radiation dose and

cardiovascular risk exists, although there are large

uncertainties for mean cardiac doses \ 5 Gy.32,33

However, the dose is distributed very unevenly in the

heart, especially with the 3D-conformal irradiation

techniques used in our cohort, and it is important to

note that the mean heart dose is merely a surrogate

measure for the size of the heart volume which is within

the irradiated volume.32,33 The highest radiation doses

tend to be delivered to the anterior part of the heart, in

particular the territory of the LAD artery.10

Clinical studies have shown a relationship between

the extent of myocardial perfusion defects in non-

symptomatic breast cancer survivors and volume of the

left ventricle included in the radiation field.34 Besides

total radiation dose of [ 30-35 Gy, a higher dose per

fraction ([ 2 Gy/day), presence of tumor next to the

heart, younger age at exposure and time since exposure,

type of radiation source (e.g. cobalt), cardiotoxic

chemotherapy (e.g. anthracycline and trastuzumab) and

other cardiac risk factors (e.g. diabetes, smoking etc.)

have been reported as risk factors for radiation-induced

cardiotoxicity.35

Since the introduction of modern 3-dimensional

treatment planning and conformal RT techniques, the

mean radiation doses to the heart have been reduced

significantly. In a systematic review, reported average

mean heart doses from tangential RT with breath control

for left-sided breast cancer were down to 1.3 Gy (0.4-2.5

Gy).7 However, some patients may still receive a higher

dose, due to their specific anatomy (e.g. anterior heart,

Figure 5. Rest and stress myocardial perfusion PET showing a mixed reversible and irreversible
myocardial perfusion defect (red arrow) located to the irradiated anterior wall myocardium.
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or pectus excavatum). Several studies indicate that the

lower dose associated with modern RT may lead to

lower risks of radiation-induced heart disease. In a large

register study, including 344,831 breast cancer patients

treated with breast conserving surgery and modern

adjuvant RT, the impact of tumor laterality on overall

survival was examined to indirectly determine whether

left-sided breast radiotherapy remains associated with

increased cardiac mortality. After a median follow-up

time of 6.04 years, overall survival was identical

between left and right-sided breast cancers (Hazard

Ratio (HR) = 1.002, P = 0.874). Even after restricting

analyses to patients with at least 10 years of follow-up

(27,725 patients), no difference by laterality in overall

survival was found (breast RT only (HR = 0.955,

P = 0.368), breast plus regional nodal RT (HR = 0.859,

P = 0.155)). Researchers concluded that RT-induced

cardiac disease may be less prominent than previously

demonstrated.36

In a recent systematic review of six RT studies

between 1996 and 2016, cardiac single-photon emission

tomography (SPECT) was used to evaluate the rates of

post-RT cardiac SPECT myocardial perfusion abnor-

malities and relate these to the irradiated left ventricular

volume.33 Reported perfusion defects were more often

seen in the apical and anterolateral part of the left

ventricle and could in three studies be correlated to the

percentage of the left ventricle within the RT field.

Contrary to these results, two studies using cardiac

sparing techniques such as deep inspiration RT reported

no perfusion defects in the myocardium. Thus there

appears to be a strong dose/volume dependence between

incidental radiation of the heart in left breast RT and

detection of early post-RT perfusion defects, supporting

the use of techniques to reduce cardiac exposure.33

Coronary artery calcification score is another sur-

rogate marker and early indicator of coronary

atherosclerosis. In our study, patients had a median

coronary artery calcium score of 4, considered normal

for a population with a mean age of 64 ± 9 years.37

Calcifications were primarily located in the LAD and

thus located in the field of radiation. This, on the other

hand, is not unusual since LAD is the most common

location for coronary artery calcifications (CAC). Unfor-

tunately, CACS were not measured before RT which

would have made it possible to follow the progression of

CACS in the irradiated LAD and the non-irradiated

RCA. In conclusion, to what extent calcification was

driven simply by age and to what extent it was driven by

irradiation remains unknown. This is, however, some-

thing that has been investigated in other studies and the

results of these studies corroborate our myocardial blood

flow findings. In a study, 333 breast cancer survivors

were divided into two groups according to RT (n = 54)

or no-RT (n = 279). Mean age at diagnosis was similar

in the RT- and no-RT-group (57.4 ± 13.1 vs 58.0 ± 11.9

years, P = 0.771) and no difference in race, smoking

history, cancer laterality or cancer stage was found.

After a median time of 2 years after RT/no-RT, no

difference in median CAC burden between the two

groups (P = 0.982) was detected. Researchers con-

cluded that breast cancer survivors receiving RT were

not more likely to show CAC on follow-up CT

imaging.38

In another CAC study, a prospective longitudinal

study, CACS were measured prior to and 3 years after

RT in 99 breast cancer patients. Three groups were

compared: patients receiving left-sided RT, right-sided

RT and left-sided RT with breath-hold. CACS were

analyzed as overall CACS, but also as a LAD CACS in

the irradiated anterior part of the heart and a RCA CACS

in the non-irradiated part. Although limited by small

sample size and relatively short follow-up period,

patients receiving breath-hold-based RT showed a less

pronounced increase in overall CACS three years after

RT. Furthermore, LAD CACS increased more in

patients receiving left-sided RT without breath-hold

compared to patients receiving right-sided RT and left-

sided RT with breath-hold. In conclusion, breathing

adapted RT for breast cancer seems to lead to a less

pronounced increase in CAC.39

NEW KNOWLEDGE GAINED

Most of our current knowledge about RT-induced

heart disease is based on data from outdated radiation

therapy techniques. Hence, there is a need for data based

on more contemporary RT techniques. This is, to our

knowledge, the first study to directly measure and

compare blood flows via 13N-NH3 PET in irradiated vs

non-irradiated myocardium in breast cancer patients

following modern RT. Global myocardial flow reserves

were significantly lower than expected, in our study,

presumably due to adjuvant anthracycline treatment, but

we did not find a difference between the irradiated vs

non-irradiated myocardium. Therefore, our results indi-

cate, and thus corroborate more recent studies, that

myocardial injury associated with modern RT may be

considerably lower than with older RT techniques.

There is however still a need for a larger study to

confirm our results.

LIMITATIONS

Since patients did not undergo myocardial perfusion

PET imaging and coronary artery calcium score scan

before RT, our study was limited to show cross-sectional

outcomes rather than longitudinal changes in CAC and
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MBF. The lack of clinical follow-up is also a limitation.

Furthermore, we acknowledge the fact that this was a

small study and that the period between RT treatment

and myocardial perfusion PET might be too short to

show potential myocardial injury.

CONCLUSION

Even though our sample size may be too small to

warrant an unambiguous conclusion, at least early signs

of cardiac injury detected by NH3 myocardial perfusion

PET was not frequent in our cohort of patients treated

with a modern radiation therapy technique for left-sided

breast cancer, even seven years after treatment. These

findings however, may still not rule out development of

myocardial injury in a decade or later.
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