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Introduction

Equilibrium radionuclide angiography (ERNA) provides a robust, reliable, and costeffective count-based method for determining the left ventricular ejection fraction (LVEF) [START_REF] Hendel | ACCF/ASNC/ACR/AHA/ASE/SCCT/SCMR/SNM 2009 Appropriate Use Criteria for Cardiac Radionuclide Imaging: A Report of the American College of Cardiology Foundation Appropriate Use Criteria Task Force, the American Society of Nuclear Cardiology, the American College of Radiology, the American Heart Association, the American Society of Echocardiography, the Society of Cardiovascular Computed Tomography, the Society for Cardiovascular Magnetic Resonance, and the Society of Nuclear Medicine[END_REF][START_REF] Imbert | Low-dose gated bloodpool SPECT: Is it time to make the shift?[END_REF][START_REF] Abu-Khalaf | Examining the cost-effectiveness of baseline left ventricular function assessment among breast cancer patients undergoing anthracycline-based therapy[END_REF]. The main indication for ERNA is serial monitoring of the LVEF in patients receiving potentially cardiotoxic chemotherapies, even though echocardiography is now a more widely accepted imaging method [START_REF] Čelutkienė | Role of cardiovascular imaging in cancer patients receiving cardiotoxic therapies: a position statement on behalf of the Heart Failure Association ( HFA ), the E European Association of Cardiovascular Imaging ( EACVI ) and the CARDIO-ONCOLOGY Council of the E European Society of Cardiology ( ESC )[END_REF][START_REF] Plana | Expert Consensus for Multimodality Imaging Evaluation of Adult Patients during and after Cancer Therapy: A Report from the American Society of Echocardiography and the European Association of Cardiovascular Imaging[END_REF]. The main rationale for this preference is to avoid exposures to ionizing radiation, despite the lower reproducibility of LVEF measurements achieved with echocardiography compared to ERNA [START_REF] Van Royen | Comparison and reproducibility of visual echocardiographic and quantitative radionuclide left ventricular ejection fractions[END_REF] and the highly time-consuming nature of serial echocardiography evaluation for onco-cardiologists.

Each conventional ERNA investigation is associated with a patient effective dose ranging from 6 to 10 mSv [START_REF] Hesse | EANM/ESC guidelines for radionuclide imaging of cardiac function[END_REF], a level increasingly considered excessive for the serial monitoring of patients undergoing multiple ionizing examinations or treatments throughout their lives [START_REF] Imbert | Low-dose gated bloodpool SPECT: Is it time to make the shift?[END_REF][START_REF] Čelutkienė | Role of cardiovascular imaging in cancer patients receiving cardiotoxic therapies: a position statement on behalf of the Heart Failure Association ( HFA ), the E European Association of Cardiovascular Imaging ( EACVI ) and the CARDIO-ONCOLOGY Council of the E European Society of Cardiology ( ESC )[END_REF]. However, this issue can now be overcome by high-sensitivity gamma-cameras equipped with semiconductor Cadmium Zinc Telluride (CZT) detectors as well as new collimation and image reconstruction systems. With a greater than sevenfold increase in tomographic-count sensitivity [START_REF] Imbert | CZT cameras: A technological jump for myocardial perfusion SPECT[END_REF], these CZT cameras are capable of handling an almost threefold reduction in injected doses whilst keeping the recording time to no more than 10 min [START_REF] Perrin | Stress-first protocol for myocardial perfusion SPECT imaging with semiconductor cameras: high diagnostic performances with significant reduction in patient radiation doses[END_REF][START_REF] Chawki | Assessment of the routine reporting of very low-dose exercise-first myocardial perfusion SPECT from a large-scale real-world cohort and correlation with the subsequent reporting of coronary stenosis at angiography[END_REF][START_REF] Tissot | Left ventricular ejection fraction determined with the simulation of a very low-dose CZT-SPECT protocol and an additional count-calibration on planar radionuclide angiographic data[END_REF]. However, it should be noted that the enhancement is primarily due to the heart-centric positioning of the detectors. This enhancement is lost when detectors are oriented in the parallel direction which is required for planar recording. Ultra-low-dose procedures have nevertheless already been validated in routine stress myocardial SPECT studies with CZT cameras [START_REF] Perrin | Stress-first protocol for myocardial perfusion SPECT imaging with semiconductor cameras: high diagnostic performances with significant reduction in patient radiation doses[END_REF][START_REF] Chawki | Assessment of the routine reporting of very low-dose exercise-first myocardial perfusion SPECT from a large-scale real-world cohort and correlation with the subsequent reporting of coronary stenosis at angiography[END_REF]. Although the methodology has been adapted to ERNA [START_REF] Tissot | Left ventricular ejection fraction determined with the simulation of a very low-dose CZT-SPECT protocol and an additional count-calibration on planar radionuclide angiographic data[END_REF][START_REF] Marie | Proposed volume-based methods for correcting the shift in left ventricular ejection fraction from blood-pool gated SPECT[END_REF][START_REF] Liu | New approach for quantification of left ventricular function from low-dose gated bloodpool SPECT: Validation and comparison with conventional methods in patients[END_REF][START_REF] Bailly | Gated Tomographic Radionuclide Angiography Using CZT Gamma Camera in Patients Receiving Cardiotoxic Chemotherapy: Going Faster and Less Irradiating[END_REF], it remains to be assessed under the real-life conditions of the routine monitoring of oncology patients. There is a specific need to ensure that patient outcomes are genuinely free of any cardiac complications when none of the ERNA cardiotoxicity criteria are detected using this ultra-low-dose protocol.

This study assesses an original protocol of a first-line detection of breast cancer therapyrelated cardiotoxicity by serial, fast and ultra-low-dose ERNA and analyzes patient outcome based on the ERNA results.

Materials and Methods

Study population, treatment, and follow-up

We retrospectively included consecutive breast cancer women referred to investigate potentially cardiotoxic drug effects (i.e., anthracyclines followed or not by trastuzumab) on the premise that they had undergone: 1) ERNA-based monitoring with a reference pretherapeutic ERNA recorded post-January 2019 (the date that our nuclear medicine department replaced its conventional ERNA protocol with the low-dose protocol) and 2) at least one follow-up ERNA examination prior to December 2020.

Cancer treatments were administered in a single cancer center (Institut de Cancérologie de Lorraine (ICL), France) and generally included anthracycline followed by a subsequent one year of trastuzumab treatment for breast cancers overexpressing the human epidermal growth factor receptor 2 (HER2+). The prescribed time interval between serial ERNA measurements of the LVEF was based on the estimated risk [START_REF] Čelutkienė | Role of cardiovascular imaging in cancer patients receiving cardiotoxic therapies: a position statement on behalf of the Heart Failure Association ( HFA ), the E European Association of Cardiovascular Imaging ( EACVI ) and the CARDIO-ONCOLOGY Council of the E European Society of Cardiology ( ESC )[END_REF] and was usually three months. Second-line management, which included a specialist onco-cardiology consultation and echocardiography, was additionally scheduled when a > 10% LVEF drop from baseline was associated with an LVEF below or approaching the 50% level during follow-up [START_REF] Zamorano | ESC Position Paper on cancer treatments and cardiovascular toxicity developed under the auspices of the ESC Committee for Practice Guidelines: The Task Force for cancer treatments and cardiovascular toxicity of the European Society of Cardiology (ESC)[END_REF], as well as for any other signs or symptoms arising from suspected cardiac origins.

Cancer treatment was always suspended until the onco-cardiology consultation.

Thereafter, cardiotoxicity-driven changes in cancer treatment and/or the introduction or increased doses of cardioprotective drugs were ordered or not, depending on whether evidence of left ventricular dysfunction persisted on echography and other medical data.

Cardioprotective drugs consisted of beta-blockers, angiotensin-converting enzyme inhibitors (ACEI), and angiotensin-II receptor antagonists (ARA-II) [START_REF] Zamorano | ESC Position Paper on cancer treatments and cardiovascular toxicity developed under the auspices of the ESC Committee for Practice Guidelines: The Task Force for cancer treatments and cardiovascular toxicity of the European Society of Cardiology (ESC)[END_REF][START_REF] Elghazawy | The role of cardio-protective agents in cardio-preservation in breast cancer patients receiving Anthracyclines ± trastuzumab: a Meta-analysis of clinical studies[END_REF][START_REF] Livi | Cardioprotective Strategy for Patients With Nonmetastatic Breast Cancer Who Are Receiving an Anthracycline-Based Chemotherapy: A Randomized Clinical Trial[END_REF].

In the five years following the oncology treatments, the breast cancer women had regular oncology consultations at the ICL which included a physical examination, the search for any signs or symptoms of possible cardiac origins, and the reporting of any changes in medical therapy. The follow-up data were extracted from these consultation reports.

All patients investigated in our nuclear medicine department and all those undergoing cancer treatments at the ICL were informed that their medical data might be used for research purposes, and the study was approved by the local Ethics Committee.

ERNA recording and analysis

The ERNA methodology has been described elsewhere [START_REF] Tissot | Left ventricular ejection fraction determined with the simulation of a very low-dose CZT-SPECT protocol and an additional count-calibration on planar radionuclide angiographic data[END_REF]. Briefly, red blood cells were labeled in vivo by the intravenous injection of 250 to 650 MBq (7 to 18 mCi) of 99m TcO4 -as a proportion of body weight (Table 1), 20-30 minutes after injecting approximately 6 mg of stannous pyrophosphate. Five to 15 minutes later, patients were set in a semi-reclining prone position with ECG leads placed on their backs. Projections were recorded during a 10-min period with a 'region-centric' acquisition maximizing the counts arising from a heart area previously defined on a short pre-scan [START_REF] Perrin | Stress-first protocol for myocardial perfusion SPECT imaging with semiconductor cameras: high diagnostic performances with significant reduction in patient radiation doses[END_REF][START_REF] Chawki | Assessment of the routine reporting of very low-dose exercise-first myocardial perfusion SPECT from a large-scale real-world cohort and correlation with the subsequent reporting of coronary stenosis at angiography[END_REF][START_REF] Tissot | Left ventricular ejection fraction determined with the simulation of a very low-dose CZT-SPECT protocol and an additional count-calibration on planar radionuclide angiographic data[END_REF].

Tomographic images were reconstructed using the following parameters: 16-interval frames, 4 iterations, 32 subsets, Kernel and Gaussian filters of respectively 0.125 and 5 mm, and a 128 x 128 matrix, resulting in a voxel size of 4.92 x 4.92 x 4.92 mm3 [START_REF] Tissot | Left ventricular ejection fraction determined with the simulation of a very low-dose CZT-SPECT protocol and an additional count-calibration on planar radionuclide angiographic data[END_REF].

The LVEF was computed using the count-based method of the Quantitative Blood Pool software (Cedars-Sinai Medical Center) and with manual displacements of LV limits if obvious errors in the automatic contouring process were apparent [START_REF] Tissot | Left ventricular ejection fraction determined with the simulation of a very low-dose CZT-SPECT protocol and an additional count-calibration on planar radionuclide angiographic data[END_REF][START_REF] Marie | Proposed volume-based methods for correcting the shift in left ventricular ejection fraction from blood-pool gated SPECT[END_REF]. The final LVEF values were obtained after correcting for the relative underestimation of end-systolic volume, according to a calibration procedure based on count/volume correlations [START_REF] Tissot | Left ventricular ejection fraction determined with the simulation of a very low-dose CZT-SPECT protocol and an additional count-calibration on planar radionuclide angiographic data[END_REF][START_REF] Marie | Proposed volume-based methods for correcting the shift in left ventricular ejection fraction from blood-pool gated SPECT[END_REF].

Effective doses were calculated by applying a ratio of 7.09 10 -3 mSv/MBq of injected Tc-99m [START_REF] Cousins | ICRP Publication 120: Radiological Protection in Cardiology[END_REF] according to the activity measured in the syringe, before injection, with a dedicated dose calibrator (CRC®-15R, Capintec, Inc., Ramsey, NJ, USA).

Statistical analyses

Quantitative parameters were described by mean ± SD and qualitative parameters by frequency and percentage. Three-group comparisons of quantitative parameters were performed using ANOVA or the Kruskal-Wallis test, depending on whether the data were distributed normally or not, and the Chi-square test or Fisher Exact test for qualitative parameters. Probabilities of survival and survival with no cardiotoxicity-driven drug regimen changes were estimated and plotted for all three Tox-, Tox+, and Tox± groups.

Survival curves span the entire follow-up period, starting from the day of the pretherapeutic ERNA to the last reported medical consultation. Cox proportional hazards models were used to obtain unadjusted hazard ratios. Cox regression proportionality assumptions were verified. Statistical analyses were performed using the SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA). The significance threshold was set at a pvalue of 0.05.

Results

Among the 197 consecutive women treated for breast cancer that underwent ERNA-based monitoring during the two-year time frame from January 2019 to December 2020, 2 were excluded because of an LVEF of < 50% on the baseline pre-therapeutic ERNA, leaving 195 women in the current analysis. A total of 552 ERNAs were recorded in these 195 women: 122 women had 2 ERNAs, 29 women had 3, and 44 women had 4 or more ERNAs. Mean injected activity and effective dose per ERNA investigation were only 325±82 MBq (8.8±2.2 mCi) and 2.3±0.6 mSv, respectively, and the mean cumulative effective dose per patient was 6.2 ± 2.3 mSv.

Baseline data

The key data collected on the day of the baseline pre-therapeutic ERNA are summarized in Table 2. The mean age was 54 ± 13 years (ranging from 25 to 81 years). Only 15 out of the 195 women (8%) had a previously diagnosed metastasis, and 44 (23%) women had undergone prior oncology treatment; 2 (1%) had surgery, and 42 (22%) had radiotherapy.

In addition, only 5 (3%) women had a prior cardiovascular disease diagnosis (4 hypertension and 1 cardiac arrhythmia), and 6 (3 %) women took medication with a potentially cardioprotective effect (beta-blockers in all cases).

Follow-up data

During a mean 24±6-month follow-up, 22 (11%) women exhibited conventional ERNA criteria of cardiotoxicity (a > 10% LVEF drop from baseline and an LVEF of < 50%) and were included in the Tox+ group. Thirty-five (18%) women were included in the Tox± group because of dissociated signs, with 27 exhibiting only a > 10% drop in the LVEF (baseline LVEF: 71±5% and follow-up LVEF: 59±5 %), and the remaining 8 women, only a follow-up LVEF < 50% (baseline LVEF: 55±2 % and follow-up LVEF: 47±1 %). The remaining 138 patients (71%) with neither a > 10% drop in the LVEF nor an LVEF of < 50% during followup constituted the Tox-group.

As illustrated in Figure 1, in Tox-patients, the final follow-up LVEF was 66±7%, and the difference between final and initial LVEF was 1±6%. The corresponding values were significantly lower in Tox± patients (56±7 % and -12±3 %, respectively, both p<0.001 vs.

Tox+) and even lower in Tox+ patients (43±8 % and -21±7 %, respectively, both p<0.001 vs. Tox±). Only 5 patients had an LVEF < 40% during follow-up (all being in Tox+ group).

During follow-up, 10 (5%) women died (death of a non-cardiac cause in all cases), and 16 (9%) had cardiotoxicity-driven changes to their drug regimen (all received additional prescriptions for cardioprotective drugs, and one discontinued all cardiotoxic drugs).

As detailed in Table 2, the ERNA-based classification correlated with (i) established cardiotoxicity risk factors -i.e., association of trastuzumab to the anthracycline treatments (Tox+: 55%, Tox±: 60%, and Tox-: 30%, p=0.001), and prior cardiovascular disease (i.e., cardiac arrhythmia or hypertension; Tox+: 18%, Tox±: 3% and Tox-: 1%, p=0.018), and (ii) rate of cardiotoxicity-driven drug regimen changes during follow-up (Tox+: 63%, Tox±: 38% and Tox-: 0%, p=0.001), but not mortality (Tox+: 14%, Tox±: 6% and Tox-: 4%, p=0.219).

As illustrated in Figure 1, the 30-month survival with no cardiotoxicity-driven changes in drug regimen was as high as 97±2% in Tox-, but only 60±13% in Tox± (p=0.020 vs. Tox-) and 36±13% in Tox+ (p=0.026 vs. Tox±). Hazard ratios for death or cardiotoxicity-driven drug changes were 5.14 (95% confidence interval: 1.63 -16.22, p=0.005) in the Tox± and 14.63 (5.14 -41.64, p<0.001) in the Tox+ group.

Discussion

The high tomographic count sensitivity of the cardiac CZT-camera and the calibrated method of count-based LVEF determination allowed to implement a fast and ultra-lowdose ERNA protocol which provides highly consistent results in terms of routine first-line assessment of breast cancer therapy-related cardiotoxicity during cancer treatment followup. Our results (i) confirm an association with well-established risk factors for cardiotoxicity (the association of trastuzumab to an anthracycline treatment, a previous history of significant cardiac arrhythmia or hypertension [START_REF] Chen | Cardiovascular Disease Amongst Women Treated for Breast Cancer: Traditional Cytotoxic Chemotherapy, Targeted Therapy, and Radiation Therapy[END_REF]) and (ii), demonstrate an excellent cardiac outcome in the greater majority of women that did not exhibit any of the ERNA cardiotoxicity criteria. Indeed, these Tox-women represented as many as 71% of the overall cohort, and 97±2% had a 30-month survival period with no cardiotoxicity-driven drug changes. In addition, none of these Tox-women reported any signs or symptoms evocative of cardiotoxicity, which would have required any therapeutic changes during follow-up.

The mean injected activity was only 325 MBq (8.8 mCi) and thus, 62% lower than that previously prescribed for planar ERNA with a standard gamma-camera in our department (≈ 850 MBq (23 mCi)). Therefore, the mean effective dose per ERNA investigation was only 2.3 mSv and, thus, almost three times lower than doses reported for standard ERNA protocols (6 to 10 mSv) [START_REF] Hesse | EANM/ESC guidelines for radionuclide imaging of cardiac function[END_REF]. The cumulative radiation dose was therefore dramatically lower (6.2 mSv per patient, on average), making this technique much more acceptable for women who are likely to undergo multiple irradiating diagnostics or therapeutic procedures throughout their lives.

Contrary to echocardiography, ERNA provides count-based measurements of the LVEF, which are automated and independent of LV shape and patient echogenicity [START_REF] Imbert | Low-dose gated bloodpool SPECT: Is it time to make the shift?[END_REF]. The high reproducibility of the automated LVEF measurements has been previously established for conventional planar ERNA protocols [START_REF] Liu | New approach for quantification of left ventricular function from low-dose gated bloodpool SPECT: Validation and comparison with conventional methods in patients[END_REF], as well as for the current ultra-low-dose protocol for which the 95% confidence interval ranged from -7.6% to 6.9% [START_REF] Tissot | Left ventricular ejection fraction determined with the simulation of a very low-dose CZT-SPECT protocol and an additional count-calibration on planar radionuclide angiographic data[END_REF]. The LVEFs in our present study were also computed with a further count/volume calibration, which ensures that these LVEF measurements are concordant with those obtained by conventional planar ERNA [START_REF] Marie | Proposed volume-based methods for correcting the shift in left ventricular ejection fraction from blood-pool gated SPECT[END_REF][START_REF] Chen | Cardiovascular Disease Amongst Women Treated for Breast Cancer: Traditional Cytotoxic Chemotherapy, Targeted Therapy, and Radiation Therapy[END_REF]. This allowed us to apply the same cardiotoxicity diagnostic criteria as those extensively used and validated for planar ERNA (an LVEF of < 50% associated with a > 10% drop in LVEF from baseline) [START_REF] Hendel | ACCF/ASNC/ACR/AHA/ASE/SCCT/SCMR/SNM 2009 Appropriate Use Criteria for Cardiac Radionuclide Imaging: A Report of the American College of Cardiology Foundation Appropriate Use Criteria Task Force, the American Society of Nuclear Cardiology, the American College of Radiology, the American Heart Association, the American Society of Echocardiography, the Society of Cardiovascular Computed Tomography, the Society for Cardiovascular Magnetic Resonance, and the Society of Nuclear Medicine[END_REF][START_REF] Zamorano | ESC Position Paper on cancer treatments and cardiovascular toxicity developed under the auspices of the ESC Committee for Practice Guidelines: The Task Force for cancer treatments and cardiovascular toxicity of the European Society of Cardiology (ESC)[END_REF].

The number of cases with ERNA-criteria of cardiotoxicity doubled when anthracycline was followed by a trastuzumab treatment and also increased when there was a previous history of significant cardiac arrhythmia or hypertension, which is consistent with results from previously published studies [START_REF] Zamorano | ESC Position Paper on cancer treatments and cardiovascular toxicity developed under the auspices of the ESC Committee for Practice Guidelines: The Task Force for cancer treatments and cardiovascular toxicity of the European Society of Cardiology (ESC)[END_REF][START_REF] Banke | Long-Term Risk of Heart Failure in Breast Cancer Patients After Adjuvant Chemotherapy With or Without Trastuzumab[END_REF][START_REF] Florescu | Therapy-induced cardiotoxicity in breast cancer patients: a well-known yet unresolved problem[END_REF].

The risk of death or cardiotoxicity-driven drug regimen changes was 14.6 higher in the presence of both ERNA criteria of cardiotoxicity (Tox+ group) than in the absence of any of these criteria (Tox-group). However, this risk was still 5.4 higher in women with dissociated ERNA criterion (i.e., the Tox± women showing either a > 10% LVEF drop from baseline or an LVEF of < 50%, but not both) and for whom the follow-up LV dysfunction was less severe than for Tox+ patients (see Figure 1). This provides supportive evidence that dissociated signs should not be ignored but should lead to monitoring at closer followup intervals to preclude the worsening of any signs of cardiotoxicity [START_REF] Zamorano | ESC Position Paper on cancer treatments and cardiovascular toxicity developed under the auspices of the ESC Committee for Practice Guidelines: The Task Force for cancer treatments and cardiovascular toxicity of the European Society of Cardiology (ESC)[END_REF].

Our study has the limitation of a mean 24-month follow-up from the pre-therapeutic ERNA to the last follow-up (last consultation in the current study period), and a mean 20-month follow-up from the last ERNA to the last follow-up. As signs and symptoms may develop over a more extended follow-up period in certain breast cancer patients [START_REF] Koroleva | Late cardiotoxicity in patients with breast cancer after taxane/anthracycline-based neoadjuvant and adjuvant chemotherapy[END_REF], our data would require a longer follow-up to provide a more precise evaluation.

Another limitation is that we used an in vivo red blood cell labeling method with a potentially higher background noise level than in vitro labelling approaches. Although we note that we now use 99m Tc in vitro labelled albumin which did not require changing injected activities. The increased blood signal and signal/noise ratio obtained with 99m Tclabelled albumin has allowed to reduce the recording time from 10 to 8 minutes.

An additional limitation is that the evolution of an LV dysfunction, detected or suspected from the ERNA, was subsequently monitored by onco-cardiologists with only echography.

ERNA was only used as a first-line detection of LV dysfunction. Objective comparisons with the simultaneous LVEF determination provided by other reference techniques (echography, MRI) are still required.

Our data also showed that cardiotoxicity-driven medical drug changes were not ordered in almost one-third of women exhibiting both of the two ERNA criteria of cardiotoxicity (the Tox+ group). This observation was predominantly due to the lack of any apparent left ventricular dysfunction and with a ≥ 50% LVEF on echography, which was systematically scheduled between 2 to 4 weeks after any ERNA yielding abnormal results. Any potentially cardiotoxic drugs were systematically suspended during this 2 to 4-week period, potentially resulting in the spontaneous recovery of left ventricular dysfunction in some cases, as has previously been reported for trastuzumab therapy [START_REF] Zamorano | ESC Position Paper on cancer treatments and cardiovascular toxicity developed under the auspices of the ESC Committee for Practice Guidelines: The Task Force for cancer treatments and cardiovascular toxicity of the European Society of Cardiology (ESC)[END_REF][START_REF] Romond | Seven-Year Follow-Up Assessment of Cardiac Function in NSABP B-31, a Randomized Trial Comparing Doxorubicin and Cyclophosphamide Followed by Paclitaxel (ACP) With ACP Plus Trastuzumab As Adjuvant Therapy for Patients With Node-Positive, Human Epidermal Growth Factor Receptor 2-Positive Breast Cancer[END_REF][START_REF] Ewer | Reversibility of Trastuzumab-Related Cardiotoxicity: New Insights Based on Clinical Course and Response to Medical Treatment[END_REF][START_REF] Collier | Cardiac surveillance for anti-HER2 chemotherapy[END_REF][START_REF] Dempsey | Trastuzumab-induced cardiotoxicity: a review of clinical risk factors, pharmacologic prevention, and cardiotoxicity of other HER2-directed therapies[END_REF][START_REF] Dent | Cardiovascular Toxicity of Novel HER2-Targeted Therapies in the Treatment of Breast Cancer[END_REF]. However, the actual rates of cardiotoxicity may equally be overestimated by ERNA, underestimated by echography, or both, a point that needs to be more specifically addressed in studies with longer follow-up periods and larger patient populations. A larger study cohort with a longer follow-up would also allow to analyze the impact of cardiotoxicity-driven medical adjustments.

Nevertheless, the main findings of the present study are the excellent overall and especially the cardiac prognosis for the great majority of women who have no criteria of cardiotoxicity using this ultra-low-dose ERNA protocol (see Figure 2). These women more specifically did not exhibit any signs or symptoms of possible cardiac origins and did not require a medical adjustment up to the date of the last oncology consultation (i.e., during a mean 20-month follow-up from the last ERNA). This information is crucial for these women who will not have a dedicated consultation with a cardiologist.

Our current study assessed as many as 552 fast and ultra-low-dose ERNAs over a twoyear time frame. This first-line ERNA-based cardiotoxicity detection allowed to ease the monitoring burden placed on onco-cardiologists by providing them with a more focused cardiac follow-up program.

Conclusion

The present routine protocol of first-line detection of breast cancer therapy-related cardiotoxicity by fast and ultra-low-dose ERNA provides very consistent results. It also reinforces the evidence of an excellent cardiac outcome for the largest group of women with no ERNA cardiotoxicity criteria.

New Knowledge Gained:

The present retrospective clinical study shows that fast and ultra-low-dose radionuclide angiographies obtained on a high sensitivity CZT camera may be very efficient for the routine first-line detection of breast cancer therapy-related cardiotoxicity and with as much as 70% reduction of injected doses.

Legends

Figure 1: Mean ± SD for the baseline reference LVEF (white columns), the final follow-up LVEF (grey columns), and the difference between final and baseline LVEF in each of the three groups -i.e., the Tox+ group of women presenting a > 10% LVEF drop from baseline and an LVEF of < 50% LVEF during follow-up, Tox± group with either a > 10% drop or a < 50% LVEF, and the Tox-group with neither a > 10% drop in the LVEF nor an LVEF of < 50%. The number of event-free patients at each of the 5-month follow-up intervals is given below the x-axis. 
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 2 Figure 2. Kaplan-Meier curves for survival with no cardiotoxicity-driven changes in drug
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 1 Figure 1: Mean ± SD for the baseline reference LVEF (white columns), the final follow-up LVEF
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 2 Figure 2. Kaplan-Meier curves for survival with no cardiotoxicity-driven drug regimen changes in the three categories of women exhibiting: (i) conventional ERNA criteria of cardiotoxicity during follow-up (a > 10% LVEF drop from baseline and an LVEF of < 50% LVEF, Tox+ group), (ii) either a > 10% drop or a < 50% LVEF (Tox± group), and (iii) neither a > 10% drop in the LVEF nor an LVEF of < 50% (Tox-group). The numbers of event-free patients at 5-month follow-up intervals are below the x-axis.

Table 1 :

 1 Prescribed 99m TcO4 -doses as a proportion of body weight, with the number of patients included in each weight category.

	Bod weight	Number of	Prescribed
		patients	doses
	≤ 60kg	58	250 MBq
	61 to 70 kg	57	300 MBq
	71 to 80 kg	38	350 MBq
	81 to 90 kg	21	400 MBq
	91 to 100 kg	13	460 MBq
	101 to 110 kg	6	520 MBq
	111 to 120 kg	2	590 MBq
	121 to 250 kg	0	650 MBq

Acknowledgments:

The authors wish to thank Dr. Petra Neufing for her critical review of the manuscript and the clinical research staff of Nancyclotep.

Disclosures and Funding: All authors declare that they have no conflicts of interest.

The sole sponsors were Nancy's Regional University Hospital Center (CHRU) and the Nancyclotep Imaging platform (https://nancyclotep.com/).

Table 2:

Main data collected at baseline (i.e., before chemotherapy) and during follow-up in the overall population and comparatively in women exhibiting conventional ERNA criteria of cardiotoxicity during follow-up (a > 10% LVEF drop from baseline and an LVEF of < 50%, Tox+ group), either a > 10% drop in the LVEF or an LVEF of < 50% (Tox± group), and neither a > 10% drop in the LVEF nor an LVEF of < 50% (Tox-group). The pvalue refers to the 3-group comparison for each individual characteristic.