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Background: Cancer therapy-related cardiac dysfunction due to trastuzumab has been well-known for many years, and echocardiographic surveillance is recommended every 3 months in patients undergoing trastuzumab treatment, irrespective of the baseline cardiotoxicity risk. However, the potential harm and cost of overscreening in low- and moderate-risk patients have become great concerns.



Objectives: This study aimed to identify the incidence of early cancer therapy-related cardiac dysfunction (CTRCD) and the behaviours of left and right heart deformations during trastuzumab chemotherapy in low- and moderate-risk patients.



Methods: We prospectively enrolled 110 anthracycline-naïve women with breast cancer and cardiovascular risk factors who were scheduled to receive trastuzumab. The left ventricular ejection fraction (LVEF), left ventricular global longitudinal strain (LV-GLS), and right ventricular and left atrial longitudinal strains were evaluated using echocardiography at baseline, before every subsequent cycle and 3 weeks after the final dose of trastuzumab. The baseline risk of CTRCD was graded according to the risk score proposed by the Heart Failure Association (HFA) Cardio-Oncology Working Group and the International Cardio-Oncology Society (ICOS). CTRCD and its severity were defined according to the current European Society of Cardiology (ESC) guidelines.



Results: Twelve (10.9%) patients had asymptomatic CTRCD. All CTRCD occurred sporadically during the first 9 months of the active trastuzumab regimen in both low- and moderate-risk patients. While CTRCD was graded as moderate severity in 41.7% of patients and heart failure therapy was initiated promptly, no irreversible cardiotoxicity or trastuzumab interruption was recorded at the end of follow-up. Among the left and right heart deformation indices, only LV-GLS decreased significantly in the CTRCD group during the trastuzumab regimen.



Conclusions: CTRCD is prevalent in patients with non-high-risk breast cancer undergoing trastuzumab chemotherapy. Low- and moderate-risk patients show distinct responses to trastuzumab. The LV-GLS is the only deformation index sensitive to early trastuzumab-related cardiac dysfunction.



KEYWORDS
early cancer therapy-related cardiotoxicity, trastuzumab, left ventricular global longitudinal strain, left ventricular ejection fraction, left atrial longitudinal strain, right ventricular longitudinal strain





Introduction

Although the introduction of HER-2 inhibitors, including trastuzumab, pertuzumab and lapatinib in the chemotherapy regimen of HER-2 positive invasive breast cancer, has dramatically improved the remission and mortality rate in both early and metastatic settings, cancer-related cardiac dysfunction (CTRCD) due to this targeted therapy has been a concern, especially in combined anthracycline and trastuzumab therapy (1). The subsequent protocol of trastuzumab following anthracycline can lower the risk of cardiotoxicity compared to the conjunctive regimen; however, CTRCD remains prevalent from 3% to 19% (2). When anthracycline is safely removed from the chemotherapy protocol for HER2-positive breast cancer in recent clinical trials, the risk of CTRCD has been reduced from 0.4% to 3.2% (3, 4). Although anthracycline is no longer preferred for most trastuzumab-containing regimens, echocardiography surveillance every 3 months is recommended to detect subclinical or asymptomatic CTRCD during chemotherapy for all patients according to the current European Society of Cardiology (ESC) guidelines, irrespective of baseline cardiotoxicity risk (5). This recommendation is suggested according to the echocardiography protocol of trastuzumab clinical trials with limited validation in low and high-baseline risk categories (6). Since echocardiography surveillance is performed in a manner of one-size-fits-all, the potential harmfulness and cost regarding overscreening in low- and moderate-risk patients has become a great concern. Identifying the incidence of CTRCD in low- and moderate-risk patients receiving trastuzumab without anthracycline may indicate the need for guideline-directed echocardiography in these non-high-risk groups.

Compared to serial LVEF monitoring, frequent assessment of left ventricular global longitudinal strain (LV-GLS) is recommended to detect CTRCD earlier during trastuzumab chemotherapy and promptly initiate medical treatment for heart failure; however, the role of LV-GLS in this clinical scenario is mainly extrapolated from anthracycline-based treatment data (5). The incidence of asymptomatic CTRCD defined by LV-GLS reduction has not been identified in most contemporary pivotal trials of trastuzumab regimen (7). Furthermore, the involvement of the right ventricular and left atrial longitudinal strain in CTRCD has recently become an active area of research. Although some studies have shown that right ventricular global longitudinal strain (RV-GLS) (8), right ventricular free-wall longitudinal strain (RV-FWLS) (9) or left atrial reservoir strain (LASr) (10) decreased significantly with the trastuzumab regimen, most patients were pre-exposed to anthracycline. In contrast to anthracycline, primary myocyte injury does not occur and dose-dependent cardiotoxicity has not been clearly elucidated in patients receiving trastuzumab monotherapy. Neuregulin ERBB pathway, which was found to be connected to the stress response of the heart, is proposed to play a principal role in this type II chemotherapy-related cardiac dysfunction (11). While the main features of trastuzumab-induced cardiotoxicity include the lack ultrastructural damage and reversibility (2), it remains unclear whether the right ventricle and left atrium are affected concurrently with the left ventricle and which cardiac chamber is more sensitive to trastuzumab-induced cardiotoxicity. Therefore, this study aimed to identify the incidence of early CTRCD and the behaviours of left and right heart deformations during trastuzumab chemotherapy in low- and moderate-risk patients by incorporating all echocardiographic deformation indices measured at baseline and before every subsequent trastuzumab cycle in an anthracycline-naive breast cancer cohort with cardiovascular risk factors.



Methods


Design

This multicentre prospective cohort study enrolled 110 consecutive female patients who received trastuzumab as adjuvant or neoadjuvant chemotherapy for newly diagnosed breast cancer (stages I–IV) at the Nhan Dan Gia Dinh Hospital and Oncology Hospital, Ho Chi Minh City, Vietnam between 01 September 2020 and 31 December 2022. All patients received an 18-cycle trastuzumab regimen with a 21-day inter-cycle interval. Patients were eligible for inclusion in this study if they presented at least one of the following cardiovascular risk factors: ≥60 years of age, hypertension, diabetes mellitus, dyslipidaemia, atrial fibrillation, obesity (BMI > 30 kg/m2), or chronic kidney disease. The exclusion criteria included severe valvular heart disease and poor image quality on echocardiogram, defined as ≥2 inadequate visualised myocardial segments (in an 18-segment model) or previous exposure to anthracycline. Patients were evaluated for standard demographic and clinical data, HFA-ICOS risk scores for CTRCD (6), echocardiography findings, and medical therapy at baseline. All patients underwent clinical examination and standard echocardiography before every trastuzumab cycle and 3 weeks after the final dose, irrespective of their HFA-ICOS risk categories. The primary end point was CTRCD occurrence during trastuzumab therapy. The severity of CTRCD was stratified according to the recent ESC guidelines, in which mild CTRCD was defined as a new relative decline in GLS by >15% from the baseline value with LVEF ≥50%, and moderate CTRCD as a new LVEF reduction by ≥10 percentage points to an LVEF 40%–49% with or without a new relative decline in GLS by >15% from the baseline value (5). When LVEF reduction was confirmed by two consecutive echocardiography to <50%, moderate and severe CTRCD was recorded. If CTRCD was detected, trastuzumab was interrupted only in the severe presentation, whereas heart failure medications with ACE-i/ARB, beta-blockers and MRA were initiated promptly in moderate and severe settings. Regarding CTRCD reversibility after trastuzumab treatment, LVEF recovery was categorised as follows: fully reversible (to within 5 percentage points of the baseline) or partially reversible (improved by ≥10 percentage points but remained >5 percentage points below baseline) (12). This study was conducted in accordance with the principles of the Declaration of Helsinki and was approved by the ethical committee of the University of Medicine and Pharmacy at Ho Chi Minh City (approval number: NCT04547465), and all patients provided informed consent. Patients or the public were not involved in the design, or conduct, or reporting, or dissemination plans of our research.



Two-dimensional echocardiography

Echocardiography was performed at a resting condition using a Philips Affiniti ultrasound system (Philips Healthcare, Andover, MA, USA) by a single examiner, according to the current guidelines of the American Society of Echocardiography and the European Association of Cardiovascular Imaging (12, 13). Data from four-, three-, and two-chamber and right ventricular-focused apical views acquired in three consecutive cardiac cycles at a frame rate of >50 fps were stored in raw DICOM format for offline analysis. Images were obtained at baseline (before the first trastuzumab cycle), before every subsequent cycle, and 3 weeks after the completion of chemotherapy. Nineteen echocardiographic examinations were performed on each patient during the study period. All images were transferred to a core laboratory and computed by two cardiologists (H. H. N. and D. T. V.) who were blinded to the patients' clinical data. Right ventricular strains (RV-FWLS and RV-GLS) and R-R gating left atrial strains (LASr, LAScd and LAScd) were assessed using right ventricular-focused and apical four-chamber views, respectively. Strain analyses by speckle-tracking (LV-GLS, RV-FWLS, RV-GLS, LASr, LAScd and LAScd) and semiautomatic LVEF calculations were performed using a Philips aCMQ (QLAB 15.0, Philips Healthcare, Andover, MA, USA). The LA border was automatically defined in the LASr, LAScd, and LAScd procedures, and zero strain reference was set at left ventricular end-diastole. LASr, LAScd and LASct were measured as the difference of the strain value at mitral valve opening minus ventricular end-diastole, the difference of the strain value at the onset of atrial contraction minus mitral valve opening, and the difference of the strain value at ventricular end-diastole minus onset of atrial contraction, respectively (13). The strain indices at each trastuzumab cycle were compared with the corresponding values at baseline, and the difference was defined as the relative change [relative change at each cycle = (current strain value–baseline strain value)/baseline strain value]. The baseline strain index was identical to the strain value before cycle 1.



Statistical analysis

Data were provided as means ± standard deviation when normally distributed, medians and interquartile ranges for skewed distributions and frequencies and percentages for categorical variables. A Chi-squared or unpaired t-test was used to compare the demographic data, cardiovascular risk factors, HFA-ICOS risk levels and medical therapy between the mild CTRCD, moderate CTRCD and no-CTRCD groups. A paired t-test was used to demonstrate significant changes in ΔLV-GLS, ΔRV-FWLS, ΔRV-GLS, ΔLASr, ΔLAScd and ΔLAScd between independent groups at each anthracycline cycle. Statistical analyses were performed using IBM SPSS Statistics version 27 (IBM Corp., Armonk, NY, USA) and R version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria). Two-sided P-values were used, and statistical significance was set at P < 0.05.




Results


Patient characteristics and CTRCD incidence

Of the 110 patients with breast cancer and cardiovascular risk factors, 12 (10.9%) developed CTRCD during trastuzumab chemotherapy and were asymptomatic at the time of detection. All CTRCD events were defined as mild or moderate severity with LVEF ≥40%, and no CTRCD event was recorded after 9 months of trastuzumab chemotherapy. Moderate CTRCD developed later than mild CTRCD, only after the first 3 months (Figure 1).


[image: Figure 1]
FIGURE 1
Study flow chart and incidence of CTRCD during trastuzumab chemotherapy. All CTRCD occured during the first 9 months of the active trastuzumab regimen. In the first three months, only mild CTRCD was recorded while moderate CTRCD developed in the second and third­three months.


At baseline, patients' average age was 60.2 ± 8.3 years (33–78 years). No patient presented with LVEF <50%, prior CTRCD, heart failure, cardiomyopathy or a history of myocardial infarction with or without coronary revascularization. Hypertension was the predominant cardiovascular risk factor in 69 (62.7%) patients, followed by dyslipidaemia in 43 (39.1%), diabetes mellitus in 25 (22.7%), chronic kidney disease in 10 (9.1%) and obesity in five (4.5%). All cardiovascular risk factors at baseline were similar between the CTRCD and non-CTRCD groups. Given that all the patients had cardiovascular risk factors, 28 (25.4%) received cardioprotective therapy with ACE-i/ARB (23.9%) and beta-blockers (11.8%) before trastuzumab treatment. Baseline left ventricular function (LVEF and LV-GLS), right ventricular strain (RV-GLS and RV-FWLS) and left atrial mechanics (LASr, LAScd, and LASct) assessed using echocardiography did not differ between the no-CTRCD and CTRCD groups. Moderate CTRCD did not have a lower LV-GLS value or other strain parameters at baseline than mild CTRCD or no CTRCD. The baseline characteristics of the patients in the CTRCD and non-CTRCD groups are summarised in Table 1.


TABLE 1 Patient characteristics.

[image: Table 1]

According to the HFA-ICOS risk categories, 52 (47.3%) patients were classified as moderate-risk, and moderate CTRCD occurred only in patients with moderate risk at baseline.



Left and right heart deformation evolution during trastuzumab chemotherapy

In the CTRCD group, when significant LV-GLS reduction always preceded LVEF reduction, the left atrial longitudinal strain (LASr, LAScd and LASct) and right ventricular longitudinal strain (RV-FWLS and RV-GLS) values did not differ between the CTRCD and no-CTRCD groups or between the mild and moderate CTRCD groups (Figure 2).


[image: Figure 2]
FIGURE 2
Left heart and right heart strain evolution during trastuzumab chemotherapy LV-GLS decreased significantly in moderate CTRCD (panel A), however, other longitudinal strain indices of the right ventricular (RV-FWLS , panel B and RV-GLS, panel C) and left atrium (LASr, panel D; LAScd, panel E and LASct, panel F) were not affected by trastuzumab cardiotoxicity.


According to the baseline HFA-ICOS risk, moderate-risk patients had a persistent negative relative change in LV-GLS during subsequent trastuzumab cycles, in contrast to the stable trend observed in low-risk patients. Although mean LV-GLS values were similar between the low-risk and moderate-risk patients at baseline, after completing trastuzumab chemotherapy, mean LV-GLS in moderate-risk patients was significantly lower (−18.5 ± 1% vs. −18.9 ± 0.9%; P = 0.032) (Figure 3).


[image: Figure 3]
FIGURE 3
LV-GLS evolution in low risk and moderate risk during trastuzumab chemotherapy. (A) In comparison to the low risk, mean LV-GLS in the moderate risk patients were lower at the end of treatment, −18.5 ± 1% vs. −18.9 ± 0.9%, P = 0.032. (B) Relative changes of LV-GLS between low and moderate risk patients at subsequent cycles of trastuzumab, *P < 0.05. **P < 0.01.


At the end of treatment, although LVEF fully improved in all patients with mild and moderate CTRCD, the LV-GLS did not return to the baseline value. In moderate CTRCD patients, the mean LV-GLS at 3 weeks after trastuzumab completion was lower (−17.7 ± 0.5% vs. −19.1 ± 1.2% at baseline; P = 0.043). At the time of moderate CTRCD occurrence, the mean LV-GLS and relative reduction of LV-GLS were −15.4 ± 0.7% and 19.0 ± 3.6%, respectively. The lowest LVEF in moderate CTRCD patients was 47.4 ± 1.1%.




Discussion

When left and right heart myocardial mechanics were concurrently monitored using echocardiography, the most important finding of this prospective study was that CTRCD developed in 10.9% of anthracycline-naïve breast cancer patients undergoing trastuzumab treatment, and half of these CTRCD were mild. However, low- and moderate-risk patients showed different responses to trastuzumab exposure, with more severe CTRCD occurring later and only in non-low-risk patients. In contrast to LV-GLS, right ventricle and left atrial deformation imaging were not sensitive enough to detect the cardiotoxicity induced by trastuzumab when medical therapy for heart failure was implemented in a timely manner.

Although the first signal of CTRCD due to trastuzumab has been recognised for more than 20 years, most of this adverse event was described in the conjunctive chemotherapy protocol with anthracycline (2). In addition, the incidence of trastuzumab-related cardiac dysfunction is inconsistent between clinical trials and observational studies when stringent criteria for patient enrolment and strict protocols of cardiac function monitoring lowered the risk of cardiotoxicity. In trials with non-anthracycline adjuvant (BCIRG-006) (3) or neoadjuvant (TRYPHAENA) (14) regimens, trastuzumab was associated with 0.4% and 1.3% symptomatic heart failure, respectively, but this number could be increased to 14%–27% based on retrospective data that included older patients with cardiovascular diseases treated with trastuzumab (15, 16). Acknowledging the cumulative effect of cardiovascular risk factors on the expression of cardiotoxicity, baseline risk assessment using the HFA-ICOS score was recommended before initiating cancer therapy to individualise cardiac function. However, in contrast to anthracycline, a single algorithm was suggested irrespective of the baseline risk category owing to the lack of validated data in low- or high-risk patients. Although more frequent echocardiography surveillance is performed, a higher likelihood of CTRCD is detected (17), the cost associated with overscreening in the low-risk category is of great concern. Battisti et al. (18) demonstrated that the HFA-ICOS score had a good correlation with increasing rate of cardiac dysfunction, in which the rate of LVEF decline below 50% was 4.5% in low-risk patients and 6.4% in moderate-risk patients; however, most of the patients in this study (65%) were treated concurrently with anthracycline, and cardiotoxicity was defined by LVEF reduction only. In this study, we showed that CTRCD in the low and moderate HFA-ICOS risk categories had different features. The relative decrease in LV-GLS in moderate-risk patients was higher than that in low-risk patients throughout the 18 cycles of trastuzumab treatment. Consequently, at the end of chemotherapy, the mean LV-GLS of moderate-risk patients was significantly lower. In addition, while the incidence of CTRCD was 12.1% and 9.6% in low-risk and moderate- to high-risk patients, respectively, all CTRCD associated with low baseline risk were mild and all CTRCDs occurring in the moderate- to high-risk category had LVEF decline to below 50%. Relative reduction of LV-GLS > 15% in the mild CTRCD in our study did not lead to significant LVEF and LV-GLS reduction after completing trastuzumab treatment, and no heart failure medical treatment was implemented. Since patients treated with trastuzumab are less likely to be associated with guideline-adherent cardiac monitoring compared to other chemotherapy regimens, such as taxane or anthracycline (19), our study suggests that one-size-fits-all echocardiography surveillance every 3 months during the trastuzumab regimen may not be necessary for low-risk patients at baseline. Because all these CTRCD cases developed within the first 6 months, frequent echocardiography can only be considered during this period.

Findings from our study were consistent with data from Battisti (18), Keramida (9), Negishi (20) or Banke (21) in which CTRCD was detected by LV-GLS and/or LVEF reduction in a median time from 5 to 9 months after initiating trastuzumab. While breast cancer patients with a moderate baseline risk were more likely to develop more severe CTRCD, our study suggests that frequent echocardiography surveillance is crucial during the first 9 months of trastuzumab treatment at baseline. In CTRCD of moderate severity, all patients in this study had full recovery at the end of chemotherapy, defined by reversible LVEF with an insignificant reduction of LV-GLS in comparison with the baseline value when medical treatment for heart failure was promptly initiated and trastuzumab chemotherapy was maintained. Although data from previous studies showed that LVEF decline following trastuzumab administration can be persistent (3, 22), this finding from our study confirms the recent ESC guidelines' recommendation regarding safe continuation of anti-HER2 under cardiovascular monitoring if CTRCD can be detected and managed in a timely manner, at least in a moderate setting (5).

To the best of our knowledge, this is the first prospective study to evaluate the role of left atrial and right ventricular deformations in anthracycline-naïve cancer patients undergoing trastuzumab treatment concurrently with LV-GLS. Given the fact that interventricular septum is a major part of left ventricular, RV-GLS evolution is more prone to affected by left ventricular deformation than RV-FWLS (13). Mazzuti et al. showed that RV-GLS decreased during the trastuzumab regimen; however, this was not associated with the CTRCD events (8). After initiating trastuzumab, deterioration of the both right ventricular longitudinal strain parameters (RV-GLS and RV-FWLS) occurred several months following the significant decline of LV-GLS; however, no specific heart failure medical treatment was implemented in the study of Keramida et al. (9) These findings support the result of our study in that when CTRCD was detected and treated early by a significant relative reduction of LV-GLS and mildly reduced LVEF, the chance to recognize any deterioration of isolated right ventricular deformation (RV-FWLS) due to trastuzumab cardiotoxicity is extremely low. Although RV-GLS evolution in moderate CTRCD patients had the similar trend of LV-GLS, mean RV-GLS values at the end of chemotherapy were not different between moderate and no-/mild CTRCD.

For left atrial strain analysis, Park et al. demonstrated that LASr at baseline had a better predictive value for CTRCD than LVGLS after initiating trastuzumab; however, most patients had previously been exposed to anthracycline (10). Similar to right ventricular longitudinal strain, our study showed that no atrial deformation indices (LASr, LAScd or CASct) were sensitive enough to detect trastuzumab-related cardiac dysfunction.



Study limitations

This study has some limitations. First, no patient was classified into the high-risk HFA-ICOS category. Therefore, our findings may not represent the behaviour of the left and right heart deformations in this group. Second, in the echocardiography protocol, although we assessed LVEF using a well-known semi-automatic software to improve the reproducibility of this measurement, 3D LVEF is the preferred method in recent guidelines owing to its superior accuracy in detecting LV dysfunction. Finally, the incidence of CTRCD was low in our study, which limited the multivariate analysis and the power of Chi-squared test in comparing baseline characteristics among the study groups. Other studies with a considerable proportion of high-risk patients are needed to validate the HFA-ICOS risk category and to identify independent risk factors for early CTRCD development during trastuzumab treatment.



Conclusions

CTRCD is prevalent in anthracycline-naïve breast cancer patients undergoing trastuzumab chemotherapy, even in non-high-risk categories. However, moderate CTRCD, defined as a reduction in LVEF of <50%, is not encountered frequently. The one-size-fits-all echocardiography surveillance suggested by the recent guidelines is not necessary for low-risk patients.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by The University of Medicine and Pharmacy at Ho Chi Minh City. The patients/participants provided their written informed consent to participate in this study.



Author contributions

GN: Writing – original draft, Writing – review & editing. NH: Methodology, Writing – original draft. DVVD: Formal Analysis, Writing – review & editing. HT: Supervision, Writing – review & editing. CH: Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Seidman A, Hudis C, Pierri MK, Shak S, Paton V, Ashby M, et al. Cardiac dysfunction in the trastuzumab clinical trials experience. J Clin Oncol. (2002) 20:1215–21. doi: 10.1200/JCO.2002.20.5.1215

2. Florido R, Smith KL, Cuomo KK, Russell SD. Cardiotoxicity from human epidermal growth factor receptor-2 (HER2) targeted therapies. J Am Heart Assoc. (2017) 6. doi: 10.1161/JAHA.117.006915

3. Slamon D, Eiermann W, Robert N, Pienkowski T, Martin M, Press M, et al. Cancer international research, adjuvant trastuzumab in HER2-positive breast cancer. N Engl J Med. (2011) 365:1273–83. doi: 10.1056/NEJMoa0910383

4. van der Voort A, van Ramshorst MS, van Werkhoven ED, Mandjes IA, Kemper I, Vulink AJ, et al. Three-year follow-up of neoadjuvant chemotherapy with or without anthracyclines in the presence of dual ERBB2 blockade in patients with ERBB2-positive breast cancer: a secondary analysis of the TRAIN-2 randomized, phase 3 trial. JAMA Oncol. (2021) 7:978–84. doi: 10.1001/jamaoncol.2021.1371

5. Lyon AR, Lopez-Fernandez T, Couch LS, Asteggiano R, Aznar MC, Bergler-Klein J, et al. 2022 ESC guidelines on cardio-oncology developed in collaboration with the European hematology association (EHA), the European society for therapeutic radiology and oncology (ESTRO) and the international cardio-oncology society (IC-OS). Eur Heart J. (2022) 43:4229–361. doi: 10.1093/eurheartj/ehac244

6. Celutkiene J, Pudil R, Lopez-Fernandez T, Grapsa J, Nihoyannopoulos P, Bergler-Klein J, et al. Role of cardiovascular imaging in cancer patients receiving cardiotoxic therapies: a position statement on behalf of the heart failure association (HFA), the European association of cardiovascular imaging (EACVI) and the cardio-oncology council of the European society of cardiology (ESC). Eur J Heart Fail. (2020) 22:1504–24. doi: 10.1002/ejhf.1957

7. Oikonomou EK, Kokkinidis DG, Kampaktsis PN, Amir EA, Marwick TH, Gupta D, et al. Assessment of prognostic value of left ventricular global longitudinal strain for early prediction of chemotherapy-induced cardiotoxicity: a systematic review and meta-analysis. JAMA Cardiol. (2019) 4:1007–18. doi: 10.1001/jamacardio.2019.2952

8. Mazzutti G, Pivatto Junior F, Costa GOM, Foppa M, Biolo A, Santos ABS. Right ventricular function during trastuzumab therapy for breast cancer. Int J Cardiovasc Imaging. (2021) 38:779–87. doi: 10.1007/s10554-021-02470-2

9. Keramida K, Farmakis D, Bingcang J, Sulemane S, Sutherland S, Bingcang RA, et al. Longitudinal changes of right ventricular deformation mechanics during trastuzumab therapy in breast cancer patients. Eur J Heart Fail. (2019) 21:529–35. doi: 10.1002/ejhf.1385

10. Park H, Kim KH, Kim HY, Cho JY, Yoon HJ, Hong YJ, et al. Left atrial longitudinal strain as a predictor of cancer therapeutics-related cardiac dysfunction in patients with breast cancer. Cardiovasc Ultrasound. (2020) 18:28. doi: 10.1186/s12947-020-00210-5

11. Suter TM, Ewer MS. Cancer drugs and the heart: importance and management. Eur Heart J. (2013) 34:1102–11. doi: 10.1093/eurheartj/ehs181

12. Plana JC, Galderisi M, Barac A, Ewer MS, Ky B, Scherrer-Crosbie M, et al. 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. Eur Heart J Cardiovasc Imaging. (2014) 15:1063–93. doi: 10.1093/ehjci/jeu192

13. Badano LP, Kolias TJ, Muraru D, Abraham TP, Aurigemma G, Edvardsen T, et al. Reviewers: this document was reviewed by members of the, standardization of left atrial, right ventricular, and right atrial deformation imaging using two-dimensional speckle tracking echocardiography: a consensus document of the EACVI/ASE/industry task force to standardize deformation imaging. Eur Heart J Cardiovasc Imaging. (2018) 19:591–600. doi: 10.1093/ehjci/jey042

14. Schneeweiss A, Chia S, Hickish T, Harvey V, Eniu A, Waldron-Lynch M, et al. Long-term efficacy analysis of the randomised, phase II TRYPHAENA cardiac safety study: evaluating pertuzumab and trastuzumab plus standard neoadjuvant anthracycline-containing and anthracycline-free chemotherapy regimens in patients with HER2-positive early breast cancer. Eur J Cancer. (2018) 89:27–35. doi: 10.1016/j.ejca.2017.10.021

15. Chen J, Long JB, Hurria A, Owusu C, Steingart RM, Gross CP. Incidence of heart failure or cardiomyopathy after adjuvant trastuzumab therapy for breast cancer. J Am Coll Cardiol. (2012) 60:2504–12. doi: 10.1016/j.jacc.2012.07.068

16. Guarneri V, Lenihan DJ, Valero V, Durand JB, Broglio K, Hess KR, et al. Long-term cardiac tolerability of trastuzumab in metastatic breast cancer: the M.D. Anderson cancer center experience. J Clin Oncol. (2006) 24:4107–15. doi: 10.1200/JCO.2005.04.9551

17. Dang CT, Blaes A, Lynce F, Swain SM, Dent S. Left ventricular ejection fraction monitoring adherence rates: why so low? JACC Cardiovasc Imaging. (2018) 11:1094–7. doi: 10.1016/j.jcmg.2018.02.027

18. Battisti NML, Andres MS, Lee KA, Ramalingam S, Nash T, Mappouridou S, et al. Incidence of cardiotoxicity and validation of the heart failure association-international cardio-oncology society risk stratification tool in patients treated with trastuzumab for HER2-positive early breast cancer. Breast Cancer Res Treat. (2021) 188:149–63. doi: 10.1007/s10549-021-06192-w

19. Henry ML, Niu J, Zhang N, Giordano SH, Chavez-MacGregor M. Cardiotoxicity and cardiac monitoring among chemotherapy-treated breast cancer patients. JACC Cardiovasc Imaging. (2018) 11:1084–93. doi: 10.1016/j.jcmg.2018.06.005

20. Negishi K, Negishi T, Hare JL, Haluska BA, Plana JC, Marwick TH. Independent and incremental value of deformation indices for prediction of trastuzumab-induced cardiotoxicity. J Am Soc Echocardiogr. (2013) 26:493–8. doi: 10.1016/j.echo.2013.02.008

21. Banke A, Schou M, Ewertz M, Dahl J, Frederiksen PH, Videbaek L, et al. Immediate evaluation of global longitudinal strain at initiation of trastuzumab treatment in breast cancer patients. Echocardiography. (2021) 38:1702–10. doi: 10.1111/echo.15190

22. Dang C, Guo H, Najita J, Yardley D, Marcom K, Albain K, et al. Cardiac outcomes of patients receiving adjuvant weekly paclitaxel and trastuzumab for node-negative, ERBB2-positive breast cancer. JAMA Oncol. (2016) 2:29–36. doi: 10.1001/jamaoncol.2015.3709



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Features of trastuzumab-related cardiac dysfunction: deformation analysis outside left ventricular global longitudinal strain

		Introduction



		Methods



		Design



		Two-dimensional echocardiography



		Statistical analysis











		Results



		Patient characteristics and CTRCD incidence



		Left and right heart deformation evolution during trastuzumab chemotherapy











		Discussion



		Study limitations



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Features of trastuzumab-related
cardiac dysfunction: deformation
analysis outside left ventricular
global longitudinal strain





OPS/images/fcvm-11-1291180-g003.jpg
® Low risk (n=58)
* Moderate risk (a5

>
o

=

Relative change compared with

Pretrenment  3weckspost | Pretreatment 3 weeks post T2z 3 4 5 6 7 8 6 10 11 12 13 18 15 16 17 18
=Cyele1 chemotherapy Cycle 1 Chemotherapy P





OPS/images/fcvm-11-1291180-g002.jpg
>

Mean absolute strain value (%)

o

Mean absolute strain value (%)

LV-GLS

Mean absolute strain value (%)

m

3
M
i
§
=

&

]

8

&

8

RV-FWLS

i
n

Mean absolute strain value (%)

3

8

RV-GLS

LASet

HocTRCD e

NoTRCD 08
wascRcD v7)
=y





OPS/images/fcvm-11-1291180-g001.jpg
129 patients evaluated for eligibility

( 5 patients excluded:
| . pathy (n=3)
L- Poor icity (n=2)

[ 124 patients evaluated for eligibility ]

CTRCD incidence during trastuzumab treatment — Cycle |

3

Cycle 2

14 patients discontinued the study

« Adverse effects without CTRCD (n=2)
« Inform consent withdrawal (n=2)

« Echocardiography data missing (n= 10)

4= -

3month 6 month 9 month

=Mild CTRCD = Moderate CTRCD
®=7) (=5)






OPS/images/fcvm-11-1291180-t001.jpg
No-CTRCD CTRCD (n=12)

=% Al cTRcD | Mild CTRCD | Moderate CTRCD
2) (n=7) ()
602 (8.3) 605 (7.9) 57.9 (11.4) 544 (108) 62.8 (11.4)
242 28) 242 (29) 241 (23) 247 () 232 (26)
Breast cancer stage
Stage 0-1 9(82) 7(7.1) 2 (16.7) 1(143) 1(20)
Stage 2 57 (51.8) 50 (51) 7 (58.3) 4(57.0) 3 (60)
Stage 3 35 (318) 32 (327) 2(25) 2 (286) 10)
Stage 4 9(82) 9(92) 0(0) 0(0) 0(0)
Cardiovascular risk factor
Hypertension | 69(62.7) 62 (63.3) 7 (583) 4 (57.1) 3 (60)
Diabetes mellitus 25 (22.7) 21 (21.4) 4(333) 2 (286) 2 (40)
Atrial fibrillation 1(0.9) 1(1) 0(0) 0(0) 0(0)
Dyslipidemia | 43000) 39 (39.8) 4(333) 2(286) 2 (40)
Obesity (BMI > 30 kg/m*) 5(45) 440 1(83) 1(10) 0(0)
Chronic kidney disease 10 (9.1) 10 (10.2) 0(0) 0(0) 0(0)
HFA-ICOS category
Low risk 58 (52.7) 51 (52) 7 (58.3) 7 (100) 0(0)
Moderate risk 52 (47.3) 47 (48) 5 (41.7) 0(0) 5 (100)
Baseline medical therapy
ACE-i | 12(109) 12 (122) 0(0) 0(0) 4 (80)
ARB | 16 (145) 12 (122) 4(33.3) 0(0) 1(20)
Beta blocker 13 (11.8) 12 (122) 1(83) 1(143) 0(0)
Baseline echocardiography
LVEF (%) | 636 (3) 638 (5.31) 615 (54) 611 (5.5) 62 (5.7) 0175 | 0801 0517
LV-GLS (%) | -189(13) -189 (1.3) -19.3 (1.4) -193 (1.7) -19.1(12) 0385 | 079 | 0653
>18% 83 (75.5) 73 (74.5) 10 (83.3) 6(85.7) 4(80) 0456 | 0743 | 0567
16%-18% 26 (23.6) 24 (245) 2(167) 1(143) 10) 0982 | 0878 | 0978
<16% 1(0.9) 1(1) 0(0) 0(0) 0(0) NA NA NA
RV-FWLS (%) -283(2) -283 (2) -28.8 2.3) -284 (1.1) -29.3 (3.4) 0487 | 0617 | 0557
RV-GLS (%) —251 (19.1) —25.4 (202) -23.4 22) -235(2) -23.3 (26) 0362 | 0868 | 0378
LASE (%) 443 9.1) 442 (94) 45.8 (69) 47 (69) 44072 0477 | 0494 | 0970
LAScd (%) | -us0n -217 (7.7) -23(78) ~248 (9.6) -204 (3.7) 0599 | 0301 0510
LASct (%) —226 (8.4) -224 (8.5) -23.7 (83) -25.1 (87) -217 (8.1) 0635 | 0501 0845

Value are mean + SD or n (%)

Py, P value between CTRCD vs. no-CTRCD; P, P value between mild CTRCD vs. moderate-CTRCD; Ps, P value between no-CTRCD vs. moderate-CTRCD.

ACE-i, angiotensin-converting enzyme inhibitor: ARB, angiotensin receptor blocker: BMI, body mass index; LAScd, left atrial conduit strain; LASCt, left atrial contractile
strain; LASr, left atrial resevoir strain; LVEF, left ventricular ejection fraction; LV-GLS, left ventricular global longitudinal strain; RV-FWLS, right ventricular free-wall
longitudinal strain; RV-GLS, right ventricular global longitudinal strain.

The bold values mean significant different.









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





