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Left atrial volume in patients with HER2-positive breast
cancer: One step further to predict trastuzumab-related
cardiotoxicity
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Background: Trastuzumab (TZ) therapy requires careful monitoring of left ventricular

(LV) ejection fraction (LVEF) because it can be potentially cardiotoxic. However, LVEF is an

imperfect parameter and there is a need to find other variables to predict cardiac dysfunction

early. Left atrium (LA) enlargement has proven to be a powerful predictor of adverse outcomes

in several disease entities.

Hypothesis: Baseline LA volume enlargement might predict TZ-related LV dysfunction.

Methods: HER2-positive breast cancer patients receiving TZ and undergoing transthoracic

echocardiography at baseline and at follow-up every 3 months were retrospectively recruited.

One-hundred sixty-two patients formed the study population.

Results: Baseline LAVI was dilated in 14 patients (8.6%). Mean follow-up was 14 � 4 months.

Cardiotoxicity occurred in 24 patients (14.8%). LAVI was an independent predictor of TZ-

induced LV dysfunction in a clinical model, after adjustment for age and hypertension (odds

ratio per 5-mL/m2 LAVI increase: 1.34, 95% confidence interval: 1.03-1.82, P = 0.03); and in

a hemodynamic model, including ventricular sizes and systolic blood pressure level (odds ratio

per 5-mL/m2 LAVI increase: 1.34, 95% confidence interval: 1.01-1.81, P = 0.04). The pre-

dicted probability of developing cardiotoxicity increased progressively, in parallel with LAVI

values.

Conclusions: Baseline LA dilatation emerges as a condition associated with the development of

cardiotoxicity in HER2-positive breast cancer patients treated with TZ.
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1 | INTRODUCTION

Breast cancer (BC) is the most common malignancy in women world-

wide.1 Approximately 20% to 25% of all BC patients show an overex-

pression of human epidermal growth factor receptor-2 (HER2), which

is associated with more aggressive tumor proliferation and increased

mortality.2 Trastuzumab (TZ) is a human monoclonal antibody specifi-

cally directed to the extracellular portion of the HER2 membrane pro-

tein. Its introduction in BC therapy in both adjuvant and metastatic

situations has dramatically improved the prognosis of women with

HER2-positive (HER2+) BC.

Because of its potential cardiotoxicity, TZ requires careful moni-

toring of left ventricular (LV) function,3 which is commonly done

through measurement of LV ejection fraction (LVEF). However, LVEF

fails to detect early subtle changes, and, when reduced, it reflects a

marker of advanced myocyte damage accompanied by a poor progno-

sis.4,5 A few possible parameters of early cardiac dysfunction have

been proposed,6–8 but so far no clear predictor has been defined. Left
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atrium (LA) enlargement has proven to be a powerful predictor of

adverse outcomes in several disease entities.9–11 However, no data

are available correlating TZ-related LV dysfunction to baseline left

atrial volume index (LAVI). Therefore, the aim of this single-center

observational study was to investigate the relationship between

baseline LAVI and cardiotoxicity development, and to test the

hypothesis that baseline LA volume enlargement could predict TZ-

related LV dysfunction.

2 | METHODS

We retrospectively reviewed patients with histologically confirmed

diagnosis of BC at an early stage or locally advanced (stages I–IIIC)

featuring overexpression of HER2 and treated with TZ in an adjuvant

or neoadjuvant setting between 2006 and 2014 at the Oncology

Department of our institute. Patients treated with an anthracycline-

based regimen also were included. The exclusion criteria were

metastatic cancer at diagnosis, baseline LVEF <50%, presence of car-

diomyopathy, more than mild valve disease, valve prosthesis, pace-

maker or defibrillator, previous heart or renal transplant, severe renal

insufficiency, and previous episode of heart failure.

Baseline oncological details, comorbidities, cardiovascular risk

factors, medications, and oncological treatment regimens (including

anthracyclines, if used), were collected by chart review. A compre-

hensive transthoracic 2D echocardiographic examination was per-

formed in each patient with the patient in the left lateral position. LV

volumes and LVEF were measured by the biplane Simpson method at

baseline and at follow-up every 3 months. LA volume was measured

at the end of LV systole from the apical 4-chamber view, using the

modified Simpson rule. LAVI was calculated as LA volume divided by

the body surface area, and it was considered abnormally increased if

it was ≥34 mL/m2, as indicated by the most recent clinical guide-

lines.12 All the measurements were performed at the moment of the

images acquisition by an experienced operator.

Cardiotoxicity was defined as a decrease in LVEF <50% or an

absolute decrease of >10 points below the baseline value with or

without signs and/or symptoms of heart failure confirmed by a cardi-

ologist through a comprehensive clinical evaluation,3 according to the

clinical practice of the Oncology Department of our institute.

2.1 | Statistical analysis

Data are reported as mean � SD or number and percentage when

appropriate. Continuous variables were compared by paired or

unpaired t test. To assess normality distributions of the measured

variables, a Kolmogorov–Smirnov test was used. The χ2 test was used

for comparison of categorical variables. Logistic regression was per-

formed to evaluate the relation between LAVI and the development

of cardiotoxicity. Different models were tested, selecting variables

based on biological plausibility and on their association with cardio-

toxicity: a first unadjusted model, including LAVI only; a clinical model

including LAVI, age, and history of hypertension (HTN); and a hemo-

dynamic model including LAVI, systolic blood pressure level, LV size,

and the presence of mitral regurgitation (MR). Lastly, the predicted

probability for each unit of LAVI increase in the hemodynamic model

was plotted to better display the type of relationship between the

LAVI and cardiotoxicity event. A P value <0.05 was considered statis-

tically significant. SPSS software version 20 (IBM Corp., Armonk, NY)

was used for the statistical analyses.

3 | RESULTS

A total of 162 patients formed the study cohort, with a mean age of

58 � 12 years (range, 31–87 years). Oncological characteristics of

the study population are reported in Table 1. The majority of the

patients had early BC (n = 147) and underwent mastectomy or

breast-conserving surgery (n = 149). Anthracycline-based therapy

protocols included doxorubicin (240 mg/m2) or epirubicin (360 mg/

m2), followed by TZ alone or with taxanes, and were administered in

80 patients. Mean follow-up was 14 � 4 months. Clinical and echo-

cardiographic parameters of the study population are presented in

Table 2. All patients showed normal LV volumes, well-preserved

LVEF function, and an average LAVI of 26 � 7 mL/m2 before starting

treatment. A baseline LA dilatation was detected in 14 patients

(8.6%). These patients were older, presented with a history of sys-

temic HTN (64% vs 32%; P = 0.02), were taking prescribed antihyper-

tensive agents (64% vs 21%; P = 0.001), and had presence of trivial

or mild MR (71% vs 45%; P = 0.01) more frequently as compared

with patients with normal LAVI. No significant differences were

found in blood pressure values or presence of dyslipidemia, diabetes

mellitus, or family history of cardiac disease.

During the follow-up, cardiotoxicity occurred in 24 patients

(14.8%). Mean time to detection of cardiotoxicity was 7 � 4 months.

No difference in the incidence of cardiotoxicity between patients

receiving anthracyclines before TZ and patients not receiving such

therapy was found (15/80 [19%] vs 9/82 [11%]; P = 0.16). These

2 subgroup of patients were very homogeneous; no significant differ-

ence was found in terms of cardiovascular risk factors. Notably, 7/14

(50%) of patients with baseline dilated LAVI subsequently developed

TZ-related cardiotoxicity, with an odds ratio (OR) per 5-mL/m2 LAVI

increase of 1.47 (95% confidence interval [CI]: 1.13-1.97, P = 0.004).

Baseline LAVI was shown to be an independent predictor of TZ-

induced LV dysfunction in a clinical model, after adjustment for age

and HTN (OR per 5-mL/m2 LAVI increase: 1.34, 95% CI: 1.03-1.82,

TABLE 1 Oncological characteristics of the study population

Variable Value

Cancer type

Ductal 149

Lobular 13

Grading

1 49

2 98

3 15

Cancer side

Left 89

Right 65

Bilateral 8
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P = 0.03). In addition, the LAVI role was confirmed in a hemodynamic

model including LV end-diastolic volume and systolic blood pressure

level (OR per 5-mL/m2 LAVI increase: 1.34, 95% CI: 1.01-1.81,

P = 0.04); there were no missing data for this model (Table 3). Forc-

ing MR in the hemodynamic model did not rule out the role of LAVI

(OR: 1.34, 95% CI: 1.02-1.81, P = 0.041). When analyzed as a contin-

uous variable, the predicted probability of cardiotoxicity development

grew in parallel to LAVI values, with no plateau effect (Figure 1).

4 | DISCUSSION

In clinical practice, the rationale for early recognition of TZ-induced

cardiac damage is related to the availability of effective treatment

options and to the acknowledgment that delayed intervention has

limited success. Therefore, identification of parameters useful for risk

definition of BC patients treated with TZ is now of great interest.

The main findings of the present study are (1) baseline LAVI was

independently associated with TZ-related cardiotoxicity in a group of

HER2+ BC patients, and (2) LAVI resulted in characterizing the risk of

developing cardiotoxicity in a continuous fashion.

This is the first report linking LAVI and risk of cardiotoxicity in

this context. Half of the patients with an abnormal baseline LAVI

TABLE 2 Clinical and echocardiographical parameters of the study population and comparison between patients with baseline LAVI <34 mL/m2

and ≥34 mL/m2

Total Population, N = 162 LAVI <34 mL/m2, n = 148 LAVI ≥34 mL/m2, n = 14 P Value

Age at baseline, y 59 � 12 59 � 12 65 � 11 0.05

BSA, m2 1.67 � 0.14 1.67 � 0.14 1.69 � 0.09 0.6

SBP, mm Hg 125 � 14 124 � 15 130 � 12 0.1

DBP, mm Hg 75 � 9 75 � 1 75 � 2 0.9

CV risk factors

HTN 57 (35) 48 (32) 9 (64) 0.02

Hypercholesterolemia 24 (15) 21 (14) 3 (21) 0.4

DM 6 (4) 5 (3) 1 (7) 0.4

PAD 8 (5) 7 (5) 1 (7) 0.6

CV treatments

ACEI/ARB 20 (12) 14 (9) 6 (42) 0.0003

β-Blockers 25 (15) 18 (12) 7 (50) 0.0002

Diuretics 18 (11) 17 (11) 1 (7) 0.6

CCB 9 (5) 4 (3) 5 (35) <0.0001

Anthracyclines 80 (49) 77 (52) 3 (21) 0.02

Cardiotoxicity 24 (15) 17 (11) 7 (50) 0.0001

Echocardiographic parameters

LVEDV, mL 89 � 19 87 � 18 101 � 14 0.01

LVEDVi, mL/m2 54 � 12 53 � 12 60 � 8 0.04

LVESV, mL 32 � 9 31 � 9 39 � 8 0.003

LVESVi, mL/m2 19 � 5 18 � 5 23 � 5 0.004

LVEF, % 64 � 5 64 � 5 60 � 5 0.007

LAV, mL 44 � 13 41 � 9 62 � 17 <0.0001

LAVI, mL/m2 26 � 7 24 � 5 43 � 10 <0.0001

DTE, ms 205 � 50 203 � 50 248 � 48 0.08

Mitral regurgitation 82 (51) 72 (45) 10 (71) 0.01

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BSA, body surface area; CCB, calcium channel
blocker; CV, cardiovascular; DBP, diastolic blood pressure; DM, diabetes mellitus; DTE, mitral E-wave deceleration time; HTN, hypertension; LAV, left
atrial volume; LAVI, left atrial volume index; LVEDV, left ventricular end-diastolic volume; LVEDVi, left ventricular end-diastolic volume index; LVEF, left
ventricular ejection fraction; LVESV, left ventricular end-systolic volume; LVESVi, left ventricular end-systolic volume index; PAD, peripheral arterial dis-
ease; SBP, systolic blood pressure; SD, standard deviation.
Data are presented as n (%) or mean � SD.

TABLE 3 Logistic regression analysis assessing association with

cardiotoxicity in a clinical and hemodynamic model

OR (95% CI) P Value

Clinical model

Age 0.64 (0.06-6.78) 0.7

HTN 2.59 (0.95-7.26) 0.06

LAVI per 5 mL/m2 1.34 (1.03-1.82) 0.03

Hemodynamic model

EDVi per 5 mL/m2 1.09 (0.89-1.31) 0.3

SAP per 5 mmHg 1.20 (1.04-1.40) 0.01

LAVI per 5 mL/m2 1.34 (1.02-1.80) 0.03

Abbreviations: CI, confidence interval; EDVi, end-diastolic volume index;
HTN, hypertension; LAVI, left atrial volume index; OR, odds ratio; SAP,
systolic arterial pressure.
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developed LV dysfunction during follow-up. Importantly, these

patients with dilated baseline LAVI were older and presented more

frequently with HTN and prescription antihypertensive agents, all

conditions that could cue a subclinical diastolic dysfunction. How-

ever, beyond LAVI, none of the conventional parameters of systolic

or diastolic impairment (mitral inflow pattern and tissue Doppler

parameters) were able to predict cardiotoxicity. The explanation is

intuitive if we consider that LA dilatation represents a sensible

marker of chronic changes in LV filling pressure, which can be supe-

rior and less dynamic than the other classical diastolic parameters.

Baseline LAVI was a predictor of cardiotoxicity in both our clinical

and hemodynamic models; but more important, when LAVI was ana-

lyzed as a continuous variable, the risk of cardiotoxicity grew in paral-

lel with the baseline chamber volume. There is increasing evidence

that LA structural and functional abnormalities result from alterations

in extracellular matrix and ion channels reflecting pathophysiological

changes in renin secretion, levels of angiotensin II, aldosterone, trans-

forming growth factor-β1, sympathetic stimulation, and markers of

systemic inflammation,13 suggesting possible targets for preventive

therapy in HER2+ BC patients at risk of developing TZ-related LV

dysfunction and subsequently needing discontinuation of such mono-

clonal antibody therapy.

HTN is a well-known predictor of cardiotoxicity development

during TZ therapy,14 and it was confirmed to be associated with a

higher risk of TZ-related cardiac dysfunction in our series. The

hypothesized mechanisms that may lead to cancer-promoting effects

are the generation of large amounts of reactive oxygen species15 and

interference in the myocyte survival pathways.16 Although the num-

ber of cardiac adverse events associated with the isolated use of TZ

may increase with previous use of anthracycline,17,18 in the present

study there was no difference in prevalence of cardiotoxicity

between those patients who had previously undergone anthracycline

treatment and those who had not. This can be due to the deferred

administration timing of the biological therapy in respect to the

anthracyclines. Indeed, TZ cardiotoxicity is increased when given

simultaneously with anthracyclines.19 Likewise, to reduce the risk of

cardiac damage, no high dosage and/or continuous infusion of the

latter therapy was given.

Overall, the increased incidence of cardiotoxicity in the subset of

patients with dilated baseline LAVI likely reflects a more adverse car-

diac risk profile and reduced cardiac reserve. Therefore, research is

needed to stratify patients into different classes of cardiotoxicity risk

and to guide the management of such patients. In addition, given the

growing number of long-term BC survivors, patients need to be char-

acterized not only for the risk of the transient cardiac injury during

TZ administration, but also for long-term or permanent cardiac

effects. It is known that LA enlargement carries important clinical and

prognostic implications. Currently, echocardiography allows the eval-

uation of BC patients. LVEF is the most used parameter to monitor

cardiac injury, and a simple, feasible, and inexpensive echocardio-

graphic 2D parameter such as LAVI could add useful information and

help to display for each patient a comprehensive evaluation of his

entire cardiovascular risk profile even in terms of adverse outcomes,

as previously shown in patients with diabetes.20

4.1 | Study limitations

This study presents a number of limitations. First, it has a retrospec-

tive nature and data were retrieved from chart review; thus, cardiac

biomarkers such as troponin and N-terminal pro-brain natriuretic pep-

tide, recently proposed as novel approaches for early identification of

patients more prone to develop myocardial dysfunction and cardiac

events after chemotherapy,21,22 were not available for all the

patients. Furthermore, we acknowledge that even a mild renal dys-

function may represent a condition at higher risk of TZ-related cardi-

otoxicity.23 In the present study we excluded all the patients with

overt renal dysfunction; however, data regarding glomerular filtration

were not available for all the patients, and mild/subclinical renal

impairment could not be tested on the regression model. Second, the

study sample is relatively small, but this is balanced by the selection

of a uniform population with no previous oncologic and cardiac dis-

eases. Nevertheless, it is possible to believe that the presented data

can be useful in daily practice and the benefit may be related also to

the absence of interference with standard echocardiographic exami-

nation, LAVI being a regularly performed echocardiographic parame-

ter without adding time-consuming analysis. The assessment of LA

function by volumetric or deformation indices (strain rate) could add

further information for clinical practice. Prospective longitudinal stud-

ies are needed to further investigate these exploratory data.

5 | CONCLUSION

Baseline LAVI provides unique information to detect a condition at

higher risk of developing cardiotoxicity in HER2+ BC patients treated

with TZ. Thus, LAVI should be routinely assessed in such groups of

BC patients needing a TZ course of treatment. Furthermore, the LA

FIGURE 1 Probability of developing cardiotoxicity in relation to LA

volume values at baseline. Abbreviations: LA, left atrial; LAVI, left
atrial volume index; LVEDV, left ventricular end-diastolic volume;
MR, mitral regurgitation; SAP, systolic arterial pressure; TZ,
trastuzumab
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enlargement can result from alterations that may be addressed by

new therapeutic interventions.
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