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Two-dimensional speckle tracking GEE

echocardiography help identify breast cancer
therapeutics-related cardiac dysfunction

Wei Liu', Wei Li', Hairu Li?, Ziyao Li?, Peng Zhao?, Zihong Guo?, Cong Liu?, Litao Sun'” and Zhenzhen Wang'

Abstract

Background: Cancer therapeutics-related cardiac dysfunction (CTRCD) from different chemotherapy strategies are
underdetermined by echocardiography. As an imaging marker of subclinical cardiac dysfunction, two-dimensional
speckle tracking echocardiography (2D-STE) may assist in identifying the impact patterns of different CTRCD.

Methods: A total of 67 consecutive patients with invasive ductal breast carcinoma who will undertake neoadjuvant
chemotherapy were enrolled and grouped according to their different chemotherapy regimens based on their biopsy
results. Group A included 34 patients who received anthracycline without trastuzumab, whereas Group B had 33
patients who received trastuzumab without anthracycline. Echocardiography was performed at three time-points, i.e.,
baseline (T0), cycle-2 (T2), and cycle-4 (T4) of chemotherapy. Conventional echocardiographic measurements and
2D-STE strain values, and myocardial work (MW) parameters, were compared between different groups at different
time-points.

Results: The mean age had no statistical difference between the two groups. E/e’ was the only conventional echo-
cardiographic parameter that had variation in group A (P<0.05). Compared with baseline, GLS in group A decreased
at T2, and GCS decreased at T4 (P<0.05). GLS and GCS in group B both decreased at T4 (P<0.05). More patients in
group A had a more than 15% fall of baseline GLS rather than GCS at T2 (P < 0.05), however, there was no difference

of either GLS or GCS decline rate at T4 between the two groups. All the MW parameters in group A had variations
overtime, whereas only GCW in group B (P<0.05).

Conclusion: Early subclinical myocardial dysfunction can be identified by 2D-STE in breast cancer patients with
chemotherapy, and GLS provides profound value in demonstrating the temporal changes in early myocardial damage
induced by anthracycline. LV contractility injury in patients with trastuzumab may be mild at first but increases in
severity with exposure time as early as cycle-4. Awareness of these differences may help to stratify the prevention of
late cardiovascular events caused by different CTRCDs. In addition, GCW may be the most sensitive myocardial work
parameter of CTRCD.

Keywords: Two-dimensional speckle tracking echocardiography, Breast cancer, Neoadjuvant chemotherapy, Left
ventricular systolic function, Cancer therapeutics—related cardiac dysfunction
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risk of cancer therapeutics—related cardiac dysfunction
(CTRCD) and heart failure [2, 3]. Therefore, early diag-
nosis of CTRCD and risk stratification is somehow man-
datory. The CTRCD derived from the two types of agents
have implied a variant form of myocardial dysfunction
owing to their different and complex mechanisms [4—
6]. The myocardial impact caused by the anthracycline
occurs from the earliest administration of the drug in a
cumulative dose-dependent fashion and was categorized
as type-I CTRCD [3]. On the contrary, some agents do
not make severe damage in a dose-dependent manner
and have been considered reversible. The typical exam-
ple is trastuzumab which has been documented as type-
II CTRCD agent, primarily regarding the HER2-positive
breast cancer [7]. Cardiac dysfunction resulting from
exposure to chemotherapy was first recognized with the
widespread application of anthracyclines in 1960s [3].
Echocardiography is the preferred method for the evalu-
ation of cardiac involvement of cancer patients before,
during and after chemotherapy. And monitoring of left
ventricular (LV) ejection fraction (LVEF) has evolved as a
widely used strategy to detect anthracycline-induced LV
dysfunction for decades [8]. However, LVEF may not be
sufficient to detect small changes in LV contractility, and
an overt decreased LVEF maybe too late for prevention of
myocardial dysfunction or heart failure [3, 9]. Given the
myocardium have considerable reserves, sensitive imag-
ing approach is urgently needed.

Two-dimensional speckle tracking echocardiography
(2D-STE) provides biomechanical parameters that may
represent LV myocardial deformation (strain), including
mainly global longitudinal strain (GLS) and the global
circumferential strain (GCS) [10, 11]. Strain is considered
more sensitive in early identifying subclinical myocardial
dysfunction in patients with preserved ejection fraction,
compared with conventional echocardiography [12, 13].
Emerging evidence shows that the 2D-STE is a good sur-
rogate in assessing the myocardial deterioration derived
from chemotherapy, and a 15% absolute fall in LV-GLS of
the baseline during follow-up represents the presence of
myocardial toxicity [3, 14, 15]. Given that strain measure-
ments also have important load dependency [16], we also
introduce myocardial work (MW) parameters to provide
loading-independent evaluation of myocardial perfor-
mance. Here we aim to compare the subclinical myo-
cardial impairment of different chemotherapy agents in
breast cancer patients with preserved ejection fraction by
2D-STE. Not only to test if 2D-STE could early differenti-
ate type-I CTRCD from type-II CTRCD, but also provide
evidence that 2D-STE could help in early risk stratifica-
tion of different CTRCD.
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Methods

Study population

In this study we recruited breast cancer patients with
pathologically confirmed invasive breast carcinoma by
needle biopsy, between January 2020 and May 2021, in
the breast surgery department of the Second Affiliated
Hospital of Harbin Medical University. They were strati-
fied into two groups according to their different neoadju-
vant chemotherapy regimens as group A (anthracycline
group) and group B (trastuzumab group). The patients
should be newly diagnosed and untreated, have no his-
tory of other malignancy, LVEF>50% by transthoracic
echocardiography, and without abnormality in ECG or
laboratory test. All patients had three comprehensive
echocardiography and 2D-STE evaluation at baseline
(before chemotherapy, TO0), cycle-2 (T2), and cycle-4
(T4) of chemotherapy. None of the enrolled patients
received radiotherapy before or during chemotherapy. At
baseline and follow-ups, physicians who performed the
echocardiography were blinded to patients’ pathological
results and chemotherapy regimen. Finally, we enrolled
67 patients (34 in group A, and 33 in group B) who had
comprehensive data in this study (see flowchart, Fig. 1).
The study was approved by the ethics committee of the
Second Affiliated Hospital of Harbin Medical University,
and all patients signed written informed consents.

Echocardiography

All the images were acquired on GE Vivid E9 ultra-
sound system with a M5S probe (1.5-4.5 MHz). Patients
were placed in the left lateral decubitus position and a
synchronized-lead ECG was connected. Conventional
echocardiography and 2D-STE strain and MW assess-
ment were performed by one advanced sonographer (Z
Li) according to the ASE recommendations. Based on
the cardio-oncology echocardiography protocol [3], 2D
strain imaging was acquired > 3 cardiac cycles from api-
cal three-, four-, and two-chamber views with a framer-
ate more than 40 frames/s. LV segmental strains and
global longitudinal strain (GLS) were calculated. Addi-
tionally, LV global circumferential strain (GCS) was also
evaluated from three LV short-axis views (basal-, papil-
lary-, and apical levels). MW is derived from pressure
strain loop (PSL) analysis and provide parameters such
as global work index (GWI), global constructive work
(GCW), global work waste (GWW), and global work effi-
ciency (GWE). The raw DICOM data was imported into
the Echo PAC workstation and the strain as well as MW
measurements were conducted manually according to
the 2D-STE protocol, and all strains were considered as
absolute values for statistical analysis.
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74 consecutive patients with invasive
ductal breast carcinoma were recruited

3 patients were excluded:

A

71 patients undertook echocardiography
after primary screening

1. persistent atrial fibrillation (n=2)
2. significant aortic stenosis (n=1)

| 4 patients were excluded

A

for suboptimal imaging

67 patients were enrolled

Group A

patients who may receive anthracycline
without trastuzumab (n=34)

patients who may receive trastuzumab
without anthracycline (n=33)

Group B

Three observation time points:
baseline (T0), cycle-2 (T2), and cycle-4 (T4)

A

v

Clinical characteristics and conventional
echocardiographic measurements

Two-dimensional speckle tracking
echocardiography (2D-STE) parameters:

LV-GLS, LV-GCS

LV pressure-strain loop (PSL) myocardial
work (MW) related parameters:
GWI, GCW, GWW, GWE

Y

The data were statistically analyzed

Fig. 1 Flowchart of the patient enrollment

Statistical analysis

Continuous  variables  were  summarized  as
means £ standard deviations, and category variables were
recorded as number with percentage. We used the stu-
dent t-test to compare the continuous variables between
the two groups. Parameters in each group at different
time-points were compared by using one-way analysis of
variance. The chi-square tests were introduced to com-
pare category variables. We used SPSS version 25.0 (IBM
Corporation, Armonk, NY) statistical software. A two-
tailed P value less than 0.05 was considered statistically
significant.

Results

Patient baseline characteristics

The clinical characteristics at baseline of group A and B
are shown in Table 1. Patient age in group A was 48+6
years-old and 51+6 vyears-old in group B (P=0.07).
There were no statistical differences in age, body mass
index, blood pressure, heart rate, cardiovascular disease
history and medication between the two groups.

Table 1 Characteristics of the Study Population

Characteristics Group A(N=34) GroupB(N=33) P

Age (years) 48+6 51+6 0.07
BMI (kg/mz) 22614251 23.52+2.81 0.16
SBP (mm Hg) 119.00+11.54 120.844+13.38 0.55
DBP (mm Hg) 79.00+7.38 81.16£8.30 0.26
h (bpm) 73.65+4.29 73.84+7.06 0.89
Cardiovascular history*, n (%)
Hypertension 9 (26.5%) 11(33.3%) 053
Diabetes mellitus 5(14.7%) 6 (18.2%) 0.70
Medications, n (%)
Statin 7 (20.6%) 4(12.1%) 0.51
Beta-blocker 4(11.4%) 6 (16.7%) 0.76
ACEl or ARB 5(14.7%) 7 (21.2%) 048
Calcium channel 7 (20.6%) 8 (24.2%) 0.72
blocker

*Pre-existing known cardiovascular diseases other than hypertension and
diabetes mellitus have been excluded before patient recruitment

BMI Body mass index, SBP Systolic blood pressure, DBP Diastolic blood pressure,
HR Heart rate, ACEl Angiotensin converting enzyme inhibitor, ARB Angiotensin Il
receptor blocker
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Conventional echocardiography

Conventional echocardiography parameters at three dif-
ferent time-points are shown in Table 2. LVEF was found
preserved in both groups at each time-point. Among
all echocardiographic variables, only E/e’ had variation
within group A (P=0.04).

Two-dimensional speckle tracking echocardiography
(2D-STE)

Parameters of 2D-STE are presented in Table 3, and
Figs. 2 and 3 demonstrate the bull’s eye plot regarding
LV myocardial strains in two groups. Compared with
baseline (T0), LV-GLS of cycle-2 (T2) and cycle-4 (T4)
showed a timing decline pattern in group A (P<0.005).
Whereas in group B, the decrement was significant only
at T4 (P<0.005). In terms of LV-GCS, they both signifi-
cantly reduced at T4 in each group (P<0.005). In addi-
tion, the interaction analysis of strain values between
group and different time-points was found statistically
significant in GLS (P=0.036), but not in GCS (Fig. 4).

Given that an absolute fall in strain value of more than
15% of baseline during follow-up may represent myocar-
dial toxicity, a chi-square test was used to compare the
decline rate between two groups at two follow-up time-
points (Table 4). Compared with group B, more patients
in group A showed a decrement in LV-GLS of over 15%
from baseline as early as T2 (P=0.004), however, the
decline rate in LV-GLS was found without significant dif-
ference at T4. Moreover, there was no difference regard-
ing the LV-GCS decreasing rate between the two groups
at either T2 or T4.

Myocardial work (MW) parameters.

The MW parameters are shown in Table 5; Fig. 5. In
group A, GWI, GCW and GWE decreased with time,
whereas GWW increased gradually (P<0.05). However,
only the GCW in group B changed over time (P<0.05).
There had no interaction between group and different-
time points regarding these MW parameters.

Discussion

The two types of CTRCD are known to originate from
different mechanisms, and type-I CTRCD is cumu-
latively dose dependent. Our study found the earliest
temporal variation of myocardial deformation exists in
patients undertake anthracycline but not in those with
trastuzumab. To our knowledge, this is the first study to
compare the temporal changes of early myocardial strain
between the two types of CTRCD.

By noticing that only E/e’ had statistically difference
within group A, our results indicated that conventional
echocardiography parameters were not sufficient in
early detecting either LV systolic or diastolic subclini-
cal dysfunction. Although LVEF has been widely used
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as a remarkable measurement in monitoring the global
systolic function during cancer treatment since 1960s,
the patients may have preserved LVEF owing to cardiac
reserve. On the contrary, LV strain derived from 2D-STE
may provide more information of both the segmental and
global myocardial contractile function. Strain describes
deformation of the myocardium during each cardiac
cycle in the longitudinal, circumferential, and radial
planes. Based on evidence over last decade, LV-GLS
has become a feasible alternative to LVEF in evaluating
myocardial function and providing additional prognostic
information [17], especially in monitoring chemother-
apy-induced myocardial toxicity and improving patient
management [17-19].

We measured LV-GLS and LV-GCS in this study and
found that LV-GLS appeared more sensitive to LV-GCS in
demonstrating early myocardial impairment induced by
anthracyclines. LV-GLS in the anthracycline group began
to decrease as early as cycle-2 of chemotherapy, and
more significantly decline was noticed at cycle-4, which
is consistent with the known dose-dependent myocardial
toxicity of anthracyclines [20]. Patients undertook tras-
tuzumab presented decreased LV-GLS and LV-GCS only
at cycle-4, suggesting that early myocardial deformation
may not change in a time-frame pattern in response to
this type of agent. Notably, when compared the incidence
of a meaningful decline of LV strain (>15% of baseline),
patients in group A was more likely to have myocardial
impairment at cycle-2 than group B (P < 0.05), which
consist with previous studies that myocardial deteriora-
tion derived from anthracycline may occur earlier than
that from trastuzumab [7]. However, the decline rate was
found similar at cycle-4 between the two groups, sug-
gesting that the myocardial dysfunction may exaggerate
at cycle-4 in trastuzumab group. In summary, 2D-STE
is a profound in monitoring subclinical LV impairment
and early detecting cardiotoxicity during follow-up of
patients with chemotherapy, as recommended by the
American Society of Echocardiography and the European
Association of Cardiovascular Imaging guidelines [3, 21,
22]. LV-GLS is a more sensitive parameter than LV-GCS
in detecting CTRCD. In addition, we found for the first
time to our knowledge that 2D-STE may dynamically
identify the temporal variation of myocardial impairment
caused by different chemotherapy strategy, which may
benefit the risk stratification and improve the manage-
ment of cardiovascular complications.

Furthermore, similar to GLS, all MW parameters had
gradual temporal changes in patients with anthracy-
cline, but only GCW in patients with trastuzumab. The
increase in GWW and decrease in other MW param-
eters over time in the anthracycline group probably result
from the cumulative dose-dependent cardiotoxicity of
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Table 3 One-way ANOVA analysis of 2D-STE parameters in each
group at different time-points

Group Time-point LV-GLS (%) LV-GCS (%)
A T0 2400+0.74 24394145
T2 20.66£1.21% 23654126
T4 190.934£0.78%%* 20.71£1.24%
B T0 24.07£0.98 23914143
T2 23.54+0.88 23.03+£157
T4 20.55£1.58% 20.68 £ 1.58%
Time pe < 0.001 < 0.001
Time*Group pP 0.036 0.119

Strain measurements are shown in absolute values. P?, P for each group at
different time points; P°, P for interaction between group and time point; TO,
Baseline; T2, Cycle 2 of chemotherapy, T4, Cycle 4 of chemotherapy; LV-GLS, LV
global longitudinal strain; LV-GCS, LV global circumferential strain

Compared with TO, **P < 0.005
Compared with T2, *P<0.05

type-I CTRCD [20]. MW related parameters are assumed
loading-independent and mainly used to describe the
dynamic changes noted in the myocardial strain along
with the changes of LV pressure during the cardiac
cycle, which may reflect myocardial work and metabolic
demand [23]. Although GCW is currently the only time-
varying parameter in the trastuzumab group, underly-
ing MW deterioration should be cautious as it may be an
early sign of LV myocardial fibrosis [24]. This may also
suggest that GCW may be a potential key marker that
may help identify the earliest myocardial dysfunction in
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any type of CTRCD. Therefore, in patients without previ-
ous cardiovascular disease, MW has potential power in
interpreting myocardial impairment. However, MW is
not a routine test and evidence to explain CTRCD is lack-
ing currently. Currently, the routine clinical use of MW is
limited because it is mainly obtained from a single sup-
plier, thus, the value of MW in CTRCD has not been fully
explored. MW is considered superior to GLS in identi-
fying myocardial dysfunction, however, data from mul-
tiple centers are needed to determine its benefit in early
detection of CTRCD. There are some limitations in this
study. The small sample size and short period of follow-
up may reduce the efficacy of the study, and we currently
only discussed the global performance of myocardium.
The critical P value for the mean age of the two groups
was 0.07, so larger patient cohorts need to be observed.
Moreover, given that E/e’ may reflect the LV filling pres-
sure and is useful for evaluating LV diastolic function,
there may also exist temporal changes regarding the sub-
clinical LV diastolic dysfunction in patients with different
chemotherapy. Also, we currently lack information on
MW in detecting pathological and metabolic damage in
both types of CTRCD.

Conclusion

Two-dimensional STE is a pivotal tool to detect and dif-
ferentiate two types of CTRCD in breast cancer patients.
LV-GLS is a profound echocardiographic biomarker
in monitoring temporal changes in type-I CTRCD. It
also helps to characterize the worsening pattern of LV

Fig. 2 Speckle-tracking echocardiographic images illustrate longitudinal strain bull’s eye plot of baseline (a, d), cycle-2 (b, e) and cycle-4 (¢, f) in
patients undertook anthracycline (top panel), and trastuzumab (bottom panel), respectively. Each LV segment has a numeric and color-coded strain
value. The normal color-code should be red, and the color-code of impaired segment may be different
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Fig. 3 Speckle-tracking echocardiographic images illustrate LV-GCS in the parasternal short-axis views at the papillary muscle level of baseline (a, c)
and cycle-4 (b, d) in two groups
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Fig. 4 Histogram showing the differences of LV-GLS and LV-GCS between the two groups at different timepoints. **P < 0.005; P < 0.05. LV-GLS, Left
ventricular global longitudinal strain; LV-GCS, Left ventricular global circumferential strain; TO, Baseline; T2, Cycle 2 of chemotherapy; T4, Cycle 4 of
chemotherapy
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Table 4 Comparison of the decline rate of strain values (more than 15% absolute fall from baseline measurements) between the two

groups at different time points

Group N LV-GLS (%) LV-GCS (%)

T2,n (%) P T4, n (%) P T2,n (%) P T4, n (%) P
A 34 17 (50.0%) 0014 29 (85.3%) 0.126 8(23.5%) 0.590 23 (67.6%) 0.730
B 33 7 (18.2%) 23 (69.7%) 6 (18.2%) 21 (63.6%)

TO, Baseline; T2, Cycle 2 of chemotherapy, T4, Cycle 4 of chemotherapy; LV-GLS, LV global longitudinal strain; LV-GCS, LV global circumferential strain

Table 5 Differences of myocardial work parameters in each group at three time-points

Group Time-point GWI (mmHg%) GCW (mmHg%) GWW (mmHg) GWE (%)

A T0 2050.59 +243.55 2256.59+263.93 7894+ 14.68 96.29+£1.03
T2 1986.26 £+ 183.12 216797 £194.97 83.12+14.89 96.18£0.96
T4 1923.68 4+ 156.80 2066.85+176.72 86.97+£10.96 95.85+0.78

Group A pa 0016 < 0.001 0013 0.027

B T0 2042.82+196.09 223339416838 7567 £ 16.74 96.61£0.82
12 2015.214+181.34 2161.85+£182.09 76.61£13.92 96.39£0.86
T4 195939+ 158.78 2101.734+171.40 81.52+1343 96.24£0.79

Group B pe 0.129 0.001 0.094 0.082

Time pb 0.001 < 0.001 0.002 0.003

Time*Group pe 0.674 0.358 0.686 0.752

P?, P for each group among different time points; P, P between groups at each time point; P, P for interaction between group and time point; T0, Baseline; T2, Cycle 2
of chemotherapy; T4, Cycle 4 of chemotherapy; GWI, Global work index; GCW, Global constructive work; GWW, Global work waste; GWE, Global work efficiency

GLS: -25%

GWI: 1950 mmHg%
GCW: 2187mmHg%
GWW: 21mmHg%
GWE: 98%

BP: 98/67mmHg

s

GLS:
GWI:
GCw:
GWW:
GWE:
BP:

.
o a2

-19%

1912 mmHg%
2121mmHg%
45mmHg%
97%
119/79mmHg

represent wasted myocardial work

Fig. 5 LV pressure-strain loop (PSL) myocardial work (MW) related parameters at baseline (a) and at cycle-4 (b) in anthracycline patients. The red
curve in the upper left corner represents the PSL. The two bull's-eye plots show the global work index (GWI), with negative work coded in blue,
intermediate work in green, and positive work in red. The lower two green bars represent constructive myocardial work, whereas the blue ones

contractility in type-II CTRCD, which may be mild at
cycle-2 but evident as early as cycle-4. In addition, MW
provides more evidence of myocardial impairment, while
GCW may be the most sensitive marker. Therefore,
2D-STE may contribute to the risk stratification of differ-
ent CTRCDs and to improve the clinical management of
late cardiovascular events in breast cancer patients.
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