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Abstract
Background Global longitudinal strain (GLS) has been used to identify patients at risk for cancer-therapy related 
cardiac dysfunction (CTRCD). However, there is limited data on the effectiveness of initiating cardioprotective therapy 
based on a strain-guided strategy in early stage HER2+ breast cancer patients. This randomized clinical trial assessed 
if treatment with carvedilol based on a strain-guided strategy can prevent development of CTRCD in HER2+ breast 
cancer patients on non-anthracycline based regimens.

Methods Study participants were prospectively assigned to one of four arms. Patients with normal LVEF and GLS 
remained in Arm A. Patients whose GLS decreased by > 15% from baseline or to < -15% during follow up were 
randomized 1:1 to prophylactic carvedilol (Arm B) or no therapy (Arm C). Patients who developed CTRCD were 
assigned to Arm D. The primary endpoint was GLS stability. The secondary endpoints were development of CTRCD 
and rate of anti-HER2 treatment interruption.

Results Among 110 patients who completed follow up, 84 were assigned to Arm A, 10 each were randomized to 
Arms B or C, and 6 were assigned to Arm D. At the end of the study period, there were no significant differences in 
GLS stability, development of CTRCD, or number of cancer therapy cycles completed between patients who did and 
did not receive cardioprotective therapy.

Conclusions In this prospective randomized GLS-guided study of prophylactic carvedilol in early stage HER2+ breast 
cancer patients on non-anthracycline regimens, there were no significant difference between groups in GLS stability, 
CTRCD or trastuzumab cycles held. These findings may identify a low-risk group of patients who may be considered 
for less intensive cardiac surveillance.

Trial registration https:/ /clinic altrial s.go v/study/NCT02993198. Start date: 4/2015. This trial included patients who 
were retrospectively registered.

A strain-guided trial of cardioprotection 
in early-stage breast cancer patients on anti-
HER2 therapy (PROTECT HER2)
Fei Fei Gong1, Eli Grunblatt2, Woo Bin Voss1, Vibhav Rangarajan1, Sasan Raissi1, Kimberly Chow2, Lua Jafari2, Nikita 
P. Patel2, Inga Vaitenas1, Milica Marion1, Haydee Ramirez1, Manyun Zhao1, Adin-Christian Andrei1, Abigail 
S. Baldridge1, Gillian Murtagh3, Kameswari Maganti1, Vera H. Rigolin1 and Nausheen Akhter1*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://clinicaltrials.gov/study/NCT02993198
http://crossmark.crossref.org/dialog/?doi=10.1186/s40959-024-00291-5&domain=pdf&date_stamp=2024-11-26


Page 2 of 11Gong et al. Cardio-Oncology           (2024) 10:85 

Background
Cardiotoxicity due to trastuzumab, a monoclonal anti-
body against human epidermal growth factor receptor 2 
(HER2), remains the most common reason for trastu-
zumab interruption during breast cancer treatment with 
both cardiotoxicity and treatment interruption associated 
with reduced overall survival [1, 2]. Early trastuzumab 
interruption is also associated with lower breast cancer 
recurrence-free survival [3]. Thus, early identification of 
patients at risk for cardiotoxicity who may benefit from 
cardioprotective therapy (CPT) is vital to clinical care. 
Surveillance for cancer therapy-related cardiac dysfunc-
tion (CTRCD) has traditionally focused on left ventricular 
ejection fraction (LVEF) but there is now a wealth of evi-
dence demonstrating that changes in global longitudinal 
strain (GLS) pre-date changes in LVEF and are more sen-
sitive in identifying early cardiotoxicity [4–8]. Addition-
ally, the SUCCOUR study showed that in comparison with 
an LVEF-guided strategy for implementing cardioprotec-
tive therapy, a GLS-guided strategy resulted in greater 
recognition of cardiotoxicity and greater uptake of CPT, 
arguing for a greater focus on GLS-guided surveillance 
in monitoring for CTRCD (although of note, there were 
no significant differences between strategies in terms of 
detection of CTRCD at 1 and 3 years) [9, 10]. However, 
these data are mainly derived from patients receiving 
anthracycline chemotherapy with sequential trastuzumab 
which is known to have higher rates of cardiotoxicity [11, 
12]. In recent years, non-anthracycline regimens involving 

anti-HER2 agents have been increasingly used as first-
line therapy for HER2-positive breast cancer due to simi-
lar efficacy and lower toxicity compared to anthracycline 
based regimens [13, 14]. In patients receiving these regi-
mens there is limited data on strategies to identify patients 
at higher risk for CTRCD using GLS surveillance and a 
GLS-guided strategy to implement CPT has not been 
prospectively investigated in a randomized fashion in this 
population. Additionally, while there has been promis-
ing research examining the response to CPT with beta-
blocker therapy in patients receiving anthracycline based 
regimens, there is limited data on the use of beta-blocker 
therapy in breast cancer patients receiving non-anthracy-
cline based regimens [15–17]. Accordingly, we performed 
a prospective, single-blinded randomized study using 
a GLS-guided strategy to implement CPT with beta-
blocker therapy in HER2-positive early-stage breast can-
cer patients receiving primarily non-anthracycline-based 
regimens to identify those at risk for CTRCD, to preserve 
GLS, and prevent cancer directed treatment interruptions.

Methods
Trial design and oversight
PROTECT HER2 was a single-blind, randomized clinical 
trial. The study was approved by the institutional review 
board of Northwestern University and prospectively reg-
istered (www.clinicaltrials.gov: NCT02993198). All par-
ticipants provided written informed consent. The trial 
functions were coordinated by the Bluhm Cardiovascular 

Graphical abstract 

Keywords Global longitudinal strain, Cardioprotective therapy, HER2+ breast cancer, CTRCD

http://www.clinicaltrials.gov


Page 3 of 11Gong et al. Cardio-Oncology           (2024) 10:85 

Institute Clinical Trials Unit at Northwestern Memorial 
Hospital.

Participants
Female patients aged > 18 years of age with a new diag-
nosis of HER2-positive early stage (stages I-III) breast 
cancer were recruited at Northwestern Memorial Hos-
pital between June 2015 to February 2020. Inclusion 
criteria were: LVEF ≥ 53% at baseline echocardiogram, 
New York Heart Association class I-II and scheduled to 
receive trastuzumab and/or pertuzumab-based regimens. 
Exclusion criteria were baseline LVEF < 53%, moderate to 
severe coronary artery disease, moderate to severe valvu-
lar heart disease, constrictive/restrictive cardiomyopathy, 
metastatic breast cancer, high degree atrioventricular 
block or sick sinus syndrome, heart rate < 50  bpm, sys-
tolic blood pressure < 85 mmHg, Child-Pugh class B and 
C liver disease, moderate to severe asthma, prior hyper-
sensitivity to beta-blockers, pregnant or lactating women 
or unwilling to consent to study participation. Patients 
who had ever taken beta-blocker, angiotensin convert-
ing enzyme-inhibitor (ACEi) and angiotensin receptor 
blocker (ARB) therapy were excluded but other cardiac 
medications were allowed.

Echocardiography
Baseline echocardiography was performed before 
the start of chemotherapy and at 3-month intervals 
through 12 months. Transthoracic echocardiography 

was performed with a standardized protocol using a 
commercially available Vivid E9 ultrasound system (GE 
Medical Systems, Milwaukee, WI). Measurements were 
performed according to the American Society of Echo-
cardiography guidelines [18]. Cine loops of standard api-
cal 4-chamber, apical 2-chamber and apical 3-chamber 
views were acquired at frame rates between 50 and 70 
frames per second. Offline speckle-tracking analysis was 
performed using EchoPAC (GE Medical Systems, Mil-
waukee, WI) to obtain GLS as the average peak systolic 
strain in these views. Two-dimensional (2D) LVEF was 
performed using the Simpson’s biplane method. Normal 
LVEF was defined as LVEF ≥ 53% throughout the study 
period. A significant decrease in GLS was defined as 
> 15% decrease from baseline GLS or absolute GLS < 15% 
strain units. CTRCD was defined as > 10% reduction 
from baseline in LVEF to < 53% according to the Ameri-
can Society of Echocardiography/European Association 
of Cardiovascular Imaging guidelines which were stan-
dard in the timeframe that this study was undertaken 
[19]. Echocardiographic measurements were made by 
level III echocardiographers throughout the course of the 
study who were blinded to the treatment regimens, study 
arms, and clinical outcome.

Study randomization and interventions
Patients were grouped into 4 arms based on LVEF and 
GLS on echocardiography (Fig.  1). Arm A consisted of 
patients with normal LVEF and normal GLS throughout 

Fig. 1 Design of the PROTECT HER2 trial. CONSORT diagram showing the design of the PROTECT HER2 trial from enrollment through analysis
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the study period. Arm B consisted of patients with nor-
mal LVEF and significant decrease in GLS during the 
study period who were then randomized to receive 
carvedilol. Arm C consisted of patients with normal 
LVEF and significant decrease in GLS during the study 
period who were then randomized to no beta-blocker 
therapy. Arm D consisted of patients who developed 
CTRCD by LVEF criteria during the study period and 
were initiated on standard of care heart failure therapy 
after diagnosis. Patients in Arms B and C were random-
ized 1:1 during the follow-up period when there was a 
significant decrease in GLS with normal LVEF to receive 
either prophylactic CPT with carvedilol or standard of 
care monitoring. Patients in Arms A, B, or C who devel-
oped CTRCD later in follow up subsequently crossed 
over into Arm D (Supplemental Fig.  1). Patients receiv-
ing prophylactic carvedilol were monitored during out-
patient trastuzumab infusion visits every 3 weeks by a 
research coordinator who was blinded to echocardio-
graphic findings. At each visit, the research coordinator 
made note of vitals and any side-effects from carvedilol. 
Based on the vitals and symptoms, the primary inves-
tigator recommended dose titration every 3 weeks. 
Carvedilol was started at 3.125  mg twice daily and up 
titrated to 25  mg twice daily. If the patient complained 
of dizziness, heart rate decreased to < 50 bpm or systolic 
blood pressure decreased to < 100 mmHg then titration 
was stopped and dose was reduced to the last increased 
increment. Patients in Arm B continued prophylactic 
carvedilol for duration of anti-HER2 therapy, up to 12 
months.

Study end points
The primary outcome was GLS stability which was evalu-
ated in two ways: (1) as a change of < 15% relative GLS 
of end strain compared to baseline (2) as a change of 
< 15% relative GLS of end strain compared to randomiza-
tion point. Secondary outcomes were (1) development of 
CTRCD defined as a drop in calculated 2D EF of ≥ 10% 
from baseline to a value less than 53% at any timepoint 
over the course of 12 months, (2) rate of anti-HER2 treat-
ment interruptions. Other echocardiographic parameters 
were compared between the treatment arms across the 
study timeframe as exploratory analyses.

Statistical analysis
This pilot study was powered based on assumptions that 
as many as 30 patients with normal LVEF but abnormal 
GLS would be available for 1:1 randomization to Arms 
B and C, fewer than 20% would drop out, and that no 
more than 10% of Arm B participants will experience 
a reduction in strain > 3% compared to 65% of Arm C 
participants. Under these assumptions and one-sample 
exact binomial arguments, a sample of 30 participants 

(randomized to Arms B and C) was estimated to provide 
power in excess of 80% to detect a difference between 
Arms B and C at two-sided 5% significance level.

Descriptive statistics were used to summarize base-
line characteristics. Mean and standard deviations were 
used for continuous and normally distributed variables. 
Median and interquartile ranges were used for continu-
ous and non-normally distributed variables. Frequency 
and percent were used for categorical variables. Baseline 
clinical characteristics and maintenance of anti-HER2 
therapies were compared between study arms (A vs. B + C 
vs. D) using ANOVA, Kruskal-Wallis or Chi-squared 
test. Development of CTRCD and stability of GLS were 
compared between arms B and C using Wilcoxon signed-
rank and chi-squared test.

We evaluated differences in echo parameters at ran-
domization between study arms (B + C vs. D) using 
ANCOVA models with adjustments for baseline values. 
The change in echo parameters from randomization to 
end of study was compared between study arms (B vs. C) 
through ANOVA tests. Analyses were performed using 
SAS (Base 9.4) with p-values < 0.05 considered statisti-
cally significant. In instances where data were missing, a 
complete case analysis was performed.

Results
Patient characteristics
Of 134 patients with early stage HER2+ breast cancer 
enrolled in the study, 110 patients completed 12-month 
follow-up. 84 patients did not develop a decrease in 
either LVEF or GLS and were assigned to Arm A, 6 
patients developed decreased LVEF and were assigned 
to Arm D, while 20 patients developed decreased GLS 
without decreased LVEF and were randomized to Arms 
B or C (Fig.  1, Supplemental Fig.  1). 24 patients were 
excluded due to not meeting enrolment criteria (n = 4), 
loss to follow-up (n = 3), missing data (n = 4), metastatic 
disease (n = 2), treatment with CPT at the time of enrol-
ment (n = 10), or withdrawal of consent (n = 1). Baseline 
clinical characteristics are presented in Table 1. Patients 
were aged 50.7 ± 11.3 years and all were women. There 
were 32 (29.1%) patients who identified as non-Cauca-
sian. Cardiac co-morbidities did not significantly dif-
fer between arms. More patients in Arms B, C, and D 
reported cardiac symptoms when compared with Arm 
A. Tumor location and stage did not differ between arms 
(Table 1). Clinical characteristics and echocardiographic 
parameters for Arms B and C at the time of randomiza-
tion are presented in Supplemental Table 1. There were 
no significant differences between Arms B and C at the 
time of randomization.

Cardiovascular and cancer directed therapies during 
the study period are presented in Table  2. The majority 
of patients (96.4%) were treated with non-anthracycline 
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trastuzumab-based regimens. Of these, 51 (48.1%) 
patients were treated with dual trastuzumab and pertu-
zumab regimens. The majority of patients (70 (63.6%)), 
received radiation therapy and 34 (30.9%) had either left-
sided or bilateral breast radiation. The mean radiation 
dose for the entire cohort was 64.8 ± 25.2  Gy. Over half 
of the patients received reconstructive surgery. The total 
number of anti-HER2 therapy cycles completed by study 
patients is summarized in Supplemental Table 2. Trastu-
zumab cycles completed were similar between arms.

Of the patients who developed CTRCD and were 
assigned to Arm D, 3 (50%) were symptomatic (self-
reported exertional dyspnea). Of the 6 patients in Arm 

D who experienced significant reduction in LVEF during 
the study period, 4/6 (66.7%) exhibited recovery of LVEF 
by the end of the study period, 1/6 (16.7%) exhibited 
recovery of LVEF by 1 year following the end of the study 
period, and 1/6 (16.7%) did not exhibit LVEF recovery as 
of most recent follow up.

GLS stability, CTRCD, and interruption of cancer directed 
treatment
During the 1-year follow-up, 20 patients developed 
decreased GLS with normal LVEF and were randomized 
to Arms B or C. There was no significant difference in 
stability of GLS between Arms B and C when final GLS 

Table 1 Baseline clinical characteristics of study patients
Variable, No. (%) N Arm A

(N = 84)
Randomized Arms 
(B + C)
(N = 20)

Arm D
(N = 6)

P-value1

Age, years, Mean ± SD 110(84,20,6) 50.3 ± 12.06 54.6 ± 6.71 43.8 ± 8.64 0.096
Race 110(84,20,6) 0.079
 Caucasian 58 (69.0%) 16 (80.0%) 1 (16.7%)
 Black 14 (16.7%) 3 (15.0%) 2 (33.3%)
 Asian 7 (8.3%) 0 (0%) 2 (33.3%)
 Other 3 (3.6%) 0 (0%) 1 (16.7%)
 Unknown 2 (2.4%) 1 (5.0%) 0 (0%)
Body Mass Index, Mean ± SD 110(84,20,6) 26.2 ± 5.65 27.3 ± 6.28 22.8 ± 4.43 0.254
Cardiovascular Risk Factors
Hypertension 110(84,20,6) 10 (11.9%) 2 (10.0%) 0 (0%) 0.658
Diabetes 110(84,20,6) 6 (7.1%) 0 (0%) 0 (0%) 0.375
Hyperlipidemia 110(84,20,6) 8 (9.5%) 2 (10.0%) 0 (0%) 0.726
Tobacco use history 110(84,20,6) 28 (33.3%) 8 (40.0%) 2 (33.3%) 0.851
Cardiac Symptoms
≥ 1of chest pain, SOB, PND, orthopnea, LE edema, presyncope, syncope 110(84,20,6) 6 (7.1%) 8 (40.0%) 3 (50.0%) < 0.001
Prior Chemotherapy 6(4,1,1) 0.472
 Anthracycline-based 2 (50.0%) 1 (100%) 1 (100%)
 Non-anthracycline regimen 2 (50.0%) 0 (0%) 0 (0%)
Tumor Characteristics
Tumor Location 110(84,20,6) 0.473
 Right 40 (47.6%) 8 (40.0%) 2 (33.3%)
 Left 42 (50.0%) 10 (50.0%) 4 (66.7%)
 Bilateral 2 (2.4%) 2 (10.0%) 0 (0%)
Tumor Stage 109(84,20,5) 0.608
 Stage 1 34 (40.5%) 9 (45.0%) 3 (60.0%)
 Stage 2 44 (52.4%) 8 (40.0%) 2 (40.0%)
 Stage 3 6 (7.1%) 3 (15.0%) 0 (0%)
HER2+ by Test 109(84,20,5) 0.429
 IHC 69 (82.1%) 19 (95.0%) 4 (80.0%)
 FISH 8 (9.5%) 1 (5.0%) 0 (0%)
 Both 7 (8.3%) 0 (0%) 1 (20.0%)
Tumor ER/PR Positive 106(82,18,6) 0.393
 Neither 32 (39.0%) 8 (44.4%) 1 (16.7%)
 ER Positive 20 (24.4%) 6 (33.3%) 1 (16.7%)
 Both ER/PR Positive 30 (36.6%) 4 (22.2%) 4 (66.7%)
1Based on ANOVA, Kruskal-Wallis, Chi-squared, or Fishers Exact Test

Abbreviations: SOB (shortness of breath), PND (paroxysmal nocturnal dyspnea), LE (lower extremity), IHC (immunohistochemistry), HER2 (human epidermal growth 
factor receptor 2), FISH (fluorescence in situ hybridization), ER/PR (estrogen receptor/progesterone receptor)
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was compared either to baseline GLS at the start of the 
study or to GLS at the point of randomization (Table 3; 
Fig. 2A, B). No patients in either Arm B or Arm C devel-
oped CTRCD based on 2D LVEF criteria, and there were 
no significant differences in LVEF between these arms 
at any follow up timepoint (Table  3; Fig.  2C, D). One 
cycle of trastuzumab was held in one patient in Arm C 
and 10 total cycles were held between patients in Arm D 
(Table 3).

Other echocardiographic parameters
There were no significant differences between all four 
arms in baseline echocardiographic parameters (Supple-
mental Table 3). For the entire cohort, baseline LVEF 
was 60.0% ± 10.0 and baseline GLS was 21.3% ± 2.30. 

There were no significant changes in echocardiographic 
parameters between Arms B and C from the point of ran-
domization to the end of study (Table 4). In Arms B + C 
compared to Arm D we observed significantly higher 2D 
LVEF (58.0 ± 4.0% vs. 51.0 ± 3.0%, p = 0.001) and mitral 
inflow E velocity (0.73  m/s ± 0.14 vs. 0.57  m/s ± 0.18, 
p = 0.023) at the time of assignment (Supplemental Table 
4). There was a significantly greater absolute change in 2D 
LVEF from baseline to assignment in Arm D compared 
to Arms B + C (-0.12 ± 0.03 vs. -0.07 ± 0.04, p = 0.006) 
and similarly in mitral inflow E velocity (-0.27 ± 0.24 vs. 
-0.05 ± 0.16, p = 0.019) (Supplemental Table 5). There were 
no differences in GLS, LVEDV and LVESV at the time of 
assignment between Arms B + C vs. D.

Table 2 Cardiovascular and cancer directed therapies during study period
Variable, No. (%) N Arm A

(N = 84)
Randomized Arms 
(B + C)
(N = 20)

Arm D
(N = 6)

P-value1

General Medication
ACEi 110(84,20,6) 0 (0%) 0 (0%) 3 (50.0%) < 0.001
ARB 110(84,20,6) 0 (0%) 0 (0%) 0 (0%) NA
Beta-blocker 110(84,20,6) 4 (4.8%) 10 (50.0%) 4 (66.7%) < 0.001
Calcium channel blocker 110(84,20,6) 6 (7.1%) 1 (5.0%) 0 (0%) 0.757
Thiazide diuretic 110(84,20,6) 3 (3.6%) 0 (0%) 0 (0%) 0.620
Loop diuretic 110(84,20,6) 2 (2.4%) 0 (0%) 0 (0%) 0.730
Aldosterone receptor antagonist 110(84,20,6) 2 (2.4%) 1 (5.0%) 0 (0%) 0.742
Statin 110(84,20,6) 4 (4.8%) 3 (15.0%) 0 (0%) 0.195
Low-dose daily aspirin 110(84,20,6) 0 (0%) 1 (5.0%) 0 (0%) 0.103
Chemotherapy Treatment
Anthracycline-based regimen 110(84,20,6) 2 (2.4%) 2 (10.0%) 0 (0%) 0.233
Non-anthracycline regimen 106(82,18,6) 0.775
 TCHP 38 (46.3%) 9 (50.0%) 3 (50.0%)
 THC 16 (19.5%) 4 (22.2%) 2 (33.3%)
 TH weekly 12 weeks 22 (26.8%) 5 (27.8%) 0 (0%)
 THP 1 (1.2%) 0 (0%) 0 (0%)
 Other 5 (6.1%) 0 (0%) 1 (16.7%)
Breast Radiation Treatment
Prior or current breast radiation treatment 110(84,20,6) 0.558
 None 32 (38.1%) 7 (35.0%) 1 (16.7%)
 Right breast 29 (34.5%) 6 (30.0%) 1 (16.7%)
 Left breast 22 (26.2%) 7 (35.0%) 4 (66.7%)
 Both breasts 1 (1.2%) 0 (0%) 0 (0%)
Radiation Dose (current cycle), cGy, Mean ± SD 65(49,11,5) 6353.4 ± 2304.5 7192.5 ± 3534.2 6111.4 ± 2265.2 0.582
Breast Surgery
Reconstructive surgery 110(84,20,6) 0.872
 None 38 (45.2%) 9 (45.0%) 3 (50.0%)
 Right breast 12 (14.3%) 1 (5.0%) 0 (0%)
 Left breast 7 (8.3%) 1 (5.0%) 1 (16.7%)
 Both breasts 27 (32.1%) 9 (45.0%) 2 (33.3%)
1Based on ANOVA, Kruskal-Wallis, Chi-squared, or Fishers Exact Test

Abbreviations: ACEi (Angiotensin Converting Enzyme-inhibitor), ARB (Angiotensin-receptor blocker), TCHP (Docetaxel, Carboplatin, Trastuzumab, Pertuzumab), THC 
(Docetaxel, Trastuzumab, Carboplatin), TH (Docetaxel, Trastuzumab), THP (Docetaxel, Trastuzumab, Pertuzumab)
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Discussion
This is the first prospective randomized strain-guided 
study of prophylactic CPT using carvedilol in early 
stage HER2+ breast cancer patients treated with 
largely non-anthracycline based regimens. We found 

that conventional non-anthracycline trastuzumab-
based chemotherapies, including dual HER2 thera-
pies, for breast cancer are associated with low rates of 
CTRCD. Furthermore, of the few patients who devel-
oped CTRCD, only 50% were symptomatic (dyspnea). 

Table 3 Comparison of GLS stability, CTRCD development, and anti-HER2 treatments between study arms
Variable, No. (%) N Entire Cohort

(N = 20)
Group B
(N = 10)

Group C
(N = 10)

P-value1

Stability of GLS compared to point of randomization2 20(10,10) 19 (95.0%) 10 (100%) 9 (90.0%) 0.305
Stability of GLS compared to baseline3 20(10,10) 9 (45.0%) 6 (60.0%) 3 (30.0%) 0.178
CTRCD4 20(10,10) 0 (0%) 0 (0%) 0 (0%) NA
Number of Anti-HER2 Treatments, Mean ± SD 20(10,10) 19.4 ± 3.80 20.2 ± 4.13 18.5 ± 3.44 0.331
1Based on two-sample t-test, Chi-squared, or Fishers Exact Test
2Stability of GLS (compared to randomized month) is defined as a change of less than 15% relative value by comparing patient’s end strain to strain at randomization 
month
3Stability of GLS (compared to baseline month) is defined as a change of less than 15% relative value by comparing patient’s end strain to strain at baseline month
4CTRCD was defined as a drop in 2D EF of > 10% from baseline and a value less than 53% at any timepoint, compared to baseline

Abbreviations: CTRCD (cancer therapy related cardiac dysfunction), HER2 (human epidermal growth factor receptor 2), GLS (global longitudinal strain)

Fig. 2 LVEF and GLS did not significantly differ between patients in arms B and C either at baseline or at the end of follow up. (A) Box and whisker plots 
comparing GLS at baseline and at months 3, 6, 9, and 12 of follow up for patients randomized to arms B and C. (B) Time-series plots comparing GLS over 
the course of the study period for each patient randomized to arms B and C. (C) Box and whisker plots comparing LVEF at baseline and at months 3, 6, 9, 
and 12 of follow up for patients randomized to arms B and C. (D) Time-series plots comparing LVEF over the course of the study period for each patient 
randomized to arms B and C
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Secondly, strain-guided selection of patients for CPT in 
this patient population did not result in significant dif-
ferences in CTRCD or cycles of cancer directed therapy 
held. Thirdly, initiation of CPT did not result in signifi-
cant changes in GLS stability compared to no treatment. 
From baseline to the randomization point there were 
changes observed in echocardiographic parameters 
alongside change in GLS for patients in Arms B + C, 
including decrease in LVEF, decrease in mitral E veloc-
ity, and increase in the average mitral E/e’ that require 
further study. The primary changes observed in echocar-
diographic parameters from baseline to randomization 
in Arms B + C vs. D were in LVEF and mitral E velocity. 
Interestingly, change in GLS from baseline to the ran-
domization point was similar between Arms B + C vs. D.

A “one-size-fits-all” prophylactic strategy has not 
worked for all breast cancer patients on anthracycline 
and/or trastuzumab therapies [20–24]. Highest risk 
HER2+ breast cancer patients for development of cardio-
toxicity are those who receive sequential administration 
of anthracycline followed by trastuzumab combination 
therapy [12, 14]. These patients have demonstrated ben-
efit from prophylactic cardioprotective medications [23]. 
Historically, HER2+ breast cancer patients on anthracy-
cline and trastuzumab combination sequential therapy 
have demonstrated subclinical LV dysfunction in GLS 
which predates overt changes in LVEF [6–8, 14, 25]. 
There is limited data, however, on HER2+ breast cancer 
patients who receive non-anthracycline anti-HER2-based 
therapies. Increasingly, these patients are the largest 
treatment group of HER2+ breast cancer patients. These 
patients generally have a lower risk for CTRCD [26]. 
Approximately 10% of patients without prior anthracy-
cline will develop CTRCD at 1 year, as opposed to 25% 
of patients on sequential anthracycline and trastuzumab 
therapies [27, 28]. Non-anthracycline trastuzumab-based 

regimens are more commonly used as first line treat-
ment in both early stage and metastatic HER2+ breast 
cancer [29, 30]. Prophylactic cardioprotective therapy for 
all-comer early stage HER2+ breast cancer patients who 
primarily received non-anthracycline HER2 regimens 
(78% of patients) was evaluated in the MANTICORE 
101-Breast trial [22]. In this randomized double-blinded, 
placebo-controlled trial for prevention of cardiotoxicity, 
early-stage HER2+ breast cancer patients were random-
ized 1:1:1 to perindopril, bisoprolol or placebo and there 
was no difference between groups in the primary out-
come of indexed LVEDVi by cardiac magnetic resonance 
(CMR) which represented an early change in cardiac 
remodeling [22]. Guglin et al. also evaluated a prophylac-
tic cardioprotective strategy in early-stage breast cancer 
patients who received non-anthracycline HER2 regimens 
(60% of patients) in a multicenter, randomized, placebo-
controlled trial [23]. Patients were randomized to lisino-
pril, carvedilol or placebo, and the primary outcome was 
LVEF ≥ 10% or LVEF ≥ 5% with absolute LVEF < 50% by 
echocardiogram. There was no between-group difference 
in patients who received the non-anthracycline regimens. 
Neither the MANTICORE 101-Breast trial or the Guglin 
et al. study risk stratified HER2+ breast cancer patients 
with imaging biomarkers (i.e. strain-guidance) before 
randomization to CPT [22, 23]. 

The SUCCOUR (Strain Surveillance of Chemotherapy 
for Improving Cardiovascular Outcomes) trial compared 
imaging surveillance strategies in breast cancer patients 
who received anthracycline-based chemotherapy and 
had at least 1 heart failure risk factor [9, 10]. Patients 
were assigned to surveillance by three-dimensional (3D) 
LVEF vs. peak GLS. When patients met the threshold for 
CTRCD, guideline directed medical therapy (GDMT) 
was initiated. GDMT initiation was not random-
ized. There was no significant difference in the primary 

Table 4 Comparison of echocardiographic parameters in study arms from assignment to end of study
Change in Echo Parameters from End to Randomization, Mean ± SD N Arm B

(N = 10)
Arm C
(N = 10)

P-value1

Averaged LVEDV (2 C&4 C), mL (10,10) 0.57 ± 19.64 9.99 ± 21.40 0.318
Averaged LVESV (2 C&4 C), mL (10,10) -2.98 ± 7.38 1.01 ± 11.51 0.368
2D LVEF, % (10,10) 0.04 ± 0.04 0.04 ± 0.06 0.792
RV Basal Diameter, mm (9,10) 0.09 ± 0.59 0.07 ± 0.45 0.926
TAPSE, mm (10,9) 0.02 ± 0.31 0.10 ± 0.21 0.508
RV S’, m/s (9,10) 0.01 ± 0.02 -0.002 ± 0.02 0.474
Mitral E, m/s (10,10) 0.05 ± 0.12 0.04 ± 0.16 0.850
Mitral A, m/s (10,10) -0.05 ± 0.16 0.02 ± 0.17 0.369
Mitral E/A (10,10) 0.19 ± 0.41 0.06 ± 0.45 0.526
Mitral E/e’ (average) (10,10) -0.63 ± 2.22 0.03 ± 1.90 0.485
2D Circumferential Strain, % (8,10) -0.22 ± 4.11 3.20 ± 7.35 0.258
2D GLS, % (10,10) -1.84 ± 2.85 -0.47 ± 1.92 0.224
1 Based on one-way ANOVA test

Abbreviations: LVEDV (left ventricular end-diastolic volume), LVESV (left ventricular end-systolic volume), 2D (two-dimensional), LVEF (left ventricular ejection 
fraction), RV (right ventricle), TAPSE (tricuspid annular plane systolic excursion), GLS (global longitudinal strain)
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outcome of change in 3D LVEF at 1 year follow-up. The 
strain-guided group had a significantly greater use of 
CPT, and fewer patients met the criteria for CTRCD 
(5.8% vs. 13.7%, p = 0.02). Importantly, there was no con-
trol group who did not receive CPT in either the LVEF or 
GLS-guided strategies [9, 10]. 

In our study, we prospectively randomized patients 
who demonstrated subclinical LV dysfunction based on 
GLS during therapy to prophylactic beta-blockers. As 
higher risk HER2+ breast cancer patients on sequential 
regimens with anthracyclines followed by trastuzumab 
are already known to benefit from prophylactic CPT, 
our goal was to evaluate if GLS surveillance identified a 
higher risk group of HER2+ breast cancer patients receiv-
ing non-anthracycline anti-HER2 regimens who would 
likewise benefit from prophylactic CPT [23]. We found 
that prophylactic beta-blocker treatment administered at 
the randomization point based on GLS did not prevent 
more CTRCD or GLS instability, suggesting that this 
strategy may not be beneficial in this patient population.

Of note, strain is a load-dependent parameter which 
is influenced by many hemodynamic factors, including 
volume status, blood pressure and heart rate [31, 32]. 
We postulate that GLS changes in low-risk breast can-
cer patients do not always reflect a precursor of CTRCD, 
and needs to be interpreted cautiously in the context of 
all hemodynamic factors affecting strain values. The lack 
of difference in GLS between the randomization Arms 
(B + C) and CRTCD Arm (D), perhaps also reflects that 
use of one echocardiographic parameter cannot risk-
stratify these patients. Combining echocardiographic 
measures of strain with 2D and Doppler measurements 
may increase our ability to detect CTRCD in HER2+ 
breast cancer patients [33]. Future work is needed inves-
tigating multiple imaging parameters for CTRCD risk 
stratification.

A major limitation of this study was that our random-
ization sample size was small which may not be sufficient 
to detect a difference in event rates and may limit our 
ability to generalize these results to a broader population. 
As a single center study which ended during the COVID-
19 pandemic, there were challenges to patient enrollment 
which limited our ability to reach the target number of 
patients in the randomized Arms B and C. Furthermore, 
the event rate in this study was lower than initially pre-
dicted (this in and of itself is an interesting finding as 
noted above) which limited our ability to reach the tar-
get sample size. Another limitation of this study was an 
inability to perform a ‘wash-out period’ for patients who 
were already on beta-blockers or ACEi/ARB therapy due 
to the urgency of starting anti-cancer therapy. Patients 
were often on these medications for pre-existing hyper-
tension or nephroprotection for diabetes mellitus. These 
excluded patients represented a higher risk cohort and 

likely affected the event rate, and therefore our ability to 
reach the target sample size. Additionally, the study was 
a single-blinded trial which did not include a placebo 
control for Arm C. However, all echocardiographers per-
forming the analyses described above were fully blinded 
to the study arms and treatment regimens of each patient, 
which limited introducing bias into the analysis of fol-
low up imaging. Patients were randomized to receive 
carvedilol primarily at 6, 9 and 12 months which may not 
have been long enough to incur benefit. Longer term fol-
low-up or longer duration on cardioprotective therapies 
may reveal benefits not detected early. Therefore, our 
findings should be interpreted for this specific patient 
population. Importantly, there were no adverse effects 
of carvedilol in the randomization arm. There were no 
events that led to cessation of cancer therapy. This is 
reassuring for breast cancer patients who have a standard 
indication for this treatment. Overall, this study provides 
important data regarding the incidence rate of CTRCD 
and decreased GLS in low risk breast cancer patients as 
well as the utility of CPT for this patient population.

Conclusions
In this first prospective randomized strain-guided study 
of prophylactic carvedilol in early stage HER2+ breast 
cancer patients on non-anthracycline trastuzumab-based 
regimens, there was no significant difference in CTRCD, 
stability of GLS, or trastuzumab cycles held in patients 
who received prophylactic carvedilol therapy compared 
to standard of care. This patient group did not benefit 
from GLS surveillance or prophylactic CPT. These find-
ings may identify a low-risk group of patients who may 
be considered for less intensive cardiac surveillance.
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