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Abstract
Background  While trastuzumab has been shown to improve disease-free and overall survival in patients with 
HER2-positive breast cancer, it may also cause trastuzumab-induced cardiotoxicity (TIC). Although racial and ethnic 
minorities are at higher risk for cardiovascular disease (CVD) compared to non-Hispanic Whites (NHW), limited data 
exists on TIC incidence in diverse multi-ethnic populations. Our objective was to assess racial and ethnic differences in 
TIC and left ventricular ejection fraction (LVEF) recovery among patients with HER2-positive breast cancer.

Methods  We conducted a retrospective cohort study including patients diagnosed with stage I-III HER2-positive 
breast cancer between 2007 and 2022 who had received adjuvant trastuzumab. We analyzed associations between 
sociodemographic factors, tumor characteristics, treatment regimens, and CVD risk factors with the primary outcomes 
of TIC and LVEF recovery, using multivariable logistic regression models. TIC was defined as > 10% decrease in LVEF to 
an overall LVEF < 50%; LVEF recovery as a return to a LVEF > 50%.

Results  Among 496 evaluable patients, median age was 53 years (IQR: 45.0–62.0) with 36.6% NHW, 15.8% non-
Hispanic Black (NHB), 27.8% Hispanic, and 19.8% Other. Fifty-three (10.6%) patients developed TIC, half of whom 
experienced LVEF recovery. Compared to NHW, NHB had a higher rate of TIC (9.3% vs. 17.7%, respectively) and lower 
rate of LVEF recovery (70.6% vs. 21.4%, respectively), however, race/ethnicity was not a significant predictor of TIC after 
adjusting for confounders. Increasing age, lower baseline LVEF, anthracycline use, and presence of hypertension or 
coronary artery disease were significantly associated with TIC in multivariable analysis.

Conclusions  TIC was more common among NHB compared to NHW, however, Black race was not consistently 
associated with TIC after adjustment for CVD risk factors. This suggests that CVD comorbidities (e.g., hypertension) that 
more frequently affect racial and ethnic minorities and are modifiable may explain differences in TIC incidence and 
recovery.
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Background
HER2 (Human Epidermal growth factor Receptor 2), a 
marker that is over-expressed in up to 25% of breast can-
cers, has historically been associated with poor progno-
sis and aggressive tumor biology [1]. The introduction of 
trastuzumab (TZB)—a monoclonal antibody that selec-
tively targets HER2 and elicits macrophage-mediated 
phagocytosis of HER2 + tumor cells—has dramatically 
improved disease free and overall survival rates (with a 
relative risk reduction of 35–60% and 23–33%, respec-
tively) [2,3]. However, TZB therapy continues to pose 
significant risk of adverse cardiac events, including both 
asymptomatic left ventricular ejection fraction (LVEF) 
decline and symptomatic heart failure [4–6]. Trastu-
zumab-induced cardiotoxicity (TIC) may be quantita-
tively defined as an absolute decrease in LVEF of > 10% to 
an LVEF < 50%.7 Clinical trials have identified TIC rates 
spanning 4-15%, reaching up to 27% in those with con-
comitant anthracycline use [7–11]. Of note, TIC rates 
as high as 27% have not been otherwise reported. There 
has been a general temporal trend towards decreased 
TIC incidence accompanying the reduction of anthra-
cycline use, with earlier anthracycline-based trials dem-
onstrating higher TIC incidence [7,8]. Newer forms of 
HER-2 targeted therapies, such as pertuzumab and ado-
trastuzumab emantansine (T-DM1; a HER-2 targeted 
antibody-drug conjugate) have been administered in the 
adjuvant and neoadjuvant settings with suggestion of 
lower risk of cardiac events with T-DM1 [12].

Asymptomatic decrease in LVEF generally resolves 
with discontinuation of the therapy, with rates of full 
LVEF recovery reaching up to 40% in patients who had 
also previously received anthracyclines [2,13]. Smaller 
studies have also reported recovery rates up to 60% 
(total n = 250), however, the notion of reversibility is still 
contested as many patients remain on cardiac medica-
tions and maintain LVEFs lower than their initial base-
line [14,15]. Additionally, current thought posits that at 
least a component of these presumed recoveries reflects a 
percentage of initial false positive diagnoses of TIC [16]. 
The mechanism underlying TIC is thought to involve 
trastuzumab-mediated interference of downstream 
HER-2 survival signaling and neuregulin activity, lead-
ing to increased cardiomyocyte susceptibility to oxidative 
stress-induced cell death [7,17]. On the physiological and 
histological levels, TIC has been characterized by revers-
ible vascular and cardiomyocyte congestion and coronary 
artery microthrombus formation [18].

Previous studies have identified various risk factors 
for the development of TIC, including: prior anthracy-
cline exposure, smoking, obesity, hypertension (HTN), 
diabetes mellitus (DM), hyperlipidemia (HLD), coro-
nary artery disease (CAD), and increasing age [19]. 
The interplay between HTN and breast cancer is often 

bi-directional and complex: both entities can exacerbate 
risk for the other through mediation of common inflam-
matory pathways. Beta blockers, ACE-inhibitors, and 
statins (albeit with weaker data for statins specifically) 
have been identified as potential mediators of TIC inci-
dence and recovery [18,19]. However, there are limited 
data from racially or ethnically diverse populations on 
the role of antihypertensive regimens before and after 
TZB initiation and efficacy of blood pressure control over 
time among patients of varying levels of cardiovascular 
disease (CVD) risk.

While the association between TZB and cardiotoxicity 
is well-established, there are limited data on racial and 
ethnic differences in TIC incidence or LVEF recovery [1]. 
In a prior study with a sample size of 216 women (con-
sisting of 27% non-Hispanic Black [NHB] women and 
63% non-Hispanic White [NHW] women), NHB women 
were found to have up to three times higher risk (adjust-
ing for cardiovascular risk factors) of developing TIC 
and increased likelihood of premature cessation of TZB 
therapy compared to NHW women [2]. Significant racial 
and ethnic disparities are known to exist regarding CVD 
risk factors, as 41.8% and 34.2% of Black Americans are 
diagnosed with HTN and DM compared to 34.2% and 
7.4% of White Americans, respectively. This increased 
risk further translates to disproportionate morbidity, as 
Black adults have more than two times the risk of death 
secondary to CVD relative to White adults [19–21].

Despite these disparities in CVD risk and outcomes, 
ethnic and racial minority groups tend to be underrep-
resented in clinical trials and observational studies. Most 
published literature on TIC either fail to report on the 
differential incidence of their primary outcomes by race 
and ethnicity or include a small percentage of minority 
groups [2,4,8,19,22,23]. Our study objective is to assess 
factors associated with TIC incidence and recovery in a 
multi-ethnic cohort of breast cancer patients treated with 
adjuvant TZB. We evaluated the relationship between 
demographic factors, tumor characteristics, HTN man-
agement, and CVD risk factors and TIC incidence, LVEF 
recovery, and TZB resumption.

Methods
Study population
We conducted a retrospective cohort study of patients 
diagnosed with operable breast cancer in 2007–2022 at 
Columbia University Irving Medical Center (CUIMC) 
in New York, NY to determine predictors of trastu-
zumab (TZB)-induced cardiotoxicity (TIC), evaluate 
racial and ethnic differences in TIC, and explore the 
cardiotoxic side effects of newer HER2-targeted thera-
pies, such as pertuzumab and the antibody-drug conju-
gate, ado-trastuzumab emtansine (T-DM1). Participants 
were included if they met the following eligibility criteria: 
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(1) diagnosed with histologically-confirmed stage I-III 
HER2 + breast cancer, (2) receipt of at least one dose of 
adjuvant or neoadjuvant TZB, and (3) receipt of at least 
2 echocardiograms or multigated acquisition (MUGA) 
scans before and after starting TZB-based therapy to 
determine left ventricular ejection fraction (LVEF) at 
baseline and during TZB therapy. Exclusion criteria 
included metastatic breast cancer at diagnosis and less 
than two echocardiograms. This study was approved by 
the Institutional Review Board at CUIMC.

Data collection
Data on patient demographics, cardiovascular disease 
(CVD) risk factors, and breast tumor characteristics 
were extracted from the electronic health record (EHR) 
and the New York-Presbyterian (NYP) Tumor Registry. 
Patients with stage I-III breast cancer were identified by 
analysis of breast tumor characteristics from the NYP 
Tumor Registry and pathology reports from the EHR.

Outcomes
The primary outcome was TIC, defined as a > 10% abso-
lute decline in LVEF to a fraction < 50% at any time dur-
ing or after TZB therapy [7]. For patients receiving TZB, 
routine serial cardiac monitoring is typically performed 
at baseline, before starting TZB, and subsequently every 
three months during maintenance TZB therapy for a 
year. The mean LVEF estimate was used if a range was 
provided on the echocardiogram or MUGA scan reports. 
LVEF values were extracted from outpatient clinic notes 
if echocardiography reports or MUGA scans were 
unavailable. General clinical practice used to dictate that 
TZB be discontinued if an asymptomatic LVEF decline to 
< 50% is detected during routine cardiac monitoring but 
may be resumed with evidence of LVEF recovery, though 
as of late most cardio-oncologists will continue therapy 
up to an LVEF of 40% in the setting of permissive cardio-
toxicity in asymptomatic patients. LVEF recovery was 
primarily defined as a return of LVEF to greater than or 
equal to 50% on echocardiography. A supplementary def-
inition of recovery entailing a return of LVEF to within 
5% points of baseline was also utilized to corroborate the 
trends observed with the primary definition and account 
for any clinically insignificant changes captured by the 
primary definition. Intervals of treatment administration 
and discontinuation were ascertained from clinical notes 
and infusion records from the EHR.

Covariates
Demographic data on race/ethnicity were obtained from 
the EHR and NYP Tumor Registry. Race/ethnicity con-
sisted of four categories: non-Hispanic White (NHW), 
non-Hispanic Black (NHB), Hispanic/Latinx, and Asian/
Pacific Islander/Other. We also categorized race as Black 

vs. non-Black in our multivariable models. Baseline 
demographic and tumor characteristics included: age at 
diagnosis, sex, marital status (married/unmarried), breast 
cancer stage (I, II, or III), estrogen receptor (ER) status 
(positive/negative/unknown), and progesterone receptor 
(PR) status (positive/negative/unknown) from the NYP 
Tumor Registry. Data on treatment history included: type 
of breast surgery (lumpectomy/mastectomy), radiation 
therapy (yes/no), hormonal therapy (yes/no), anthracy-
cline-based chemotherapy, taxane-based chemotherapy, 
pertuzumab, T-DM1, and anti-hypertensive regimens 
before and after TZB therapy from the EHR, using phar-
macy records from the NYP infusion center for intrave-
nous medications and outpatient medication lists for 
oral medications. Data were collected on CVD risk fac-
tors including hypertension (HTN), diabetes mellitus 
(DM), hyperlipidemia (HLD), coronary artery disease 
(CAD), body mass index (BMI) at diagnosis (defined as 
BMI < 25 kg/m2 as underweight and normal, BMI 25-29.9 
as overweight, or BMI≥ 30 as obese), and smoking sta-
tus (current/former/never smoker). Diagnoses of HTN 
(401.9/I10), DM (250.0/E11.10), HLD (242.2 or 272.9/
E78.5 or E78.0), and CAD (414.01/I25.10) were identified 
in the EHR using ICD-9/10 diagnostic codes.

Data on blood pressure management were collected 
from the EHR. Baseline anti-hypertensive medications 
were ascertained from the last clinical encounter imme-
diately prior to TZB initiation. Medication lists from the 
most recent clinical encounter informed the HTN regi-
mens documented for patients after TZB. Baseline blood 
pressure was extracted from flowsheets and clinical notes 
in the three visits immediately prior to TZB initiation 
up to 2 months prior to treatment initiation. Follow-up 
blood pressure values were collected from clinical notes 
input at three time points over the course of TZB admin-
istration or following completion of treatment. Averages 
of three blood pressure measurements before and three 
measurements after initiating TZB were used to deter-
mine hypertensive status. A patient was considered to 
have poorly-controlled hypertension if the mean of three 
systolic blood pressure readings was greater than 140 
mmHg.

Statistical analysis
We generated frequency tables of baseline characteris-
tics stratified by racial and ethnic groups and incidence 
of TIC. Chi-square test, or Fisher’s exact test for expected 
cell ranges below 5, was applied to compare frequency 
distributions of categorical variables and Analysis of 
Variance (ANOVA) was used to compare frequency dis-
tributions of continuous variables between race and eth-
nicity groups. Chi-square test or Fisher’s exact test for 
expected cell ranges below 5 and two-sample t-test were 
used to compare categorical and continuous variables, 
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respectively, between those who did and did not experi-
ence TIC. The association between race and ethnicity 
and TIC was assessed while controlling for covariates 
using a multivariable logistic regression model. Covari-
ates found to be significant on univariable analysis and 
those deemed clinically relevant to the outcome were 
included in the multivariable models. ER and PR status 
were excluded from the final model due to their correla-
tion with hormonal therapy use. Sex was excluded due to 
low numbers of male patients with breast cancer. In the 
multivariable regression model, age at diagnosis was ana-
lyzed as a continuous variable.

Overall survival from time of diagnosis was analyzed 
according to the method of Kaplan and Meier and com-
pared between groups stratified by TIC incidence and 
race (Black vs. non-Black). Cox regression analysis was 
carried out to identify factors associated with all-cause 
mortality when adjusting for known prognostic factors. 
Specifically, three Cox regression models were con-
structed: Model 1 incorporated known breast cancer 
prognostic factors, Model 2 additionally included CVD 
risk factors, and Model 3 included TIC in addition to the 
risk factors input into Model 1. All statistical analysis was 
conducted using RStudio (2022.07.1). A p-value of < 0.05 
was considered statistically significant.

Results
Of the 722 patients diagnosed with operable 
HER2 + breast cancer and treated with trastuzumab 
(TZB) between January 2007 to December 2022 at 
Columbia University Irving Medical Center (CUIMC), 
496 (68.7%) met inclusion criteria and were included 
in the analysis (Fig.  1). The main reasons for exclu-
sion included the presence of metastatic disease at 
diagnosis (n = 114) and lack of at least two available 

echocardiograms (n = 108). The median number of echo-
cardiograms per patient with TIC after treatment ini-
tiation was 6, with a range of 1–20. Duplicated data in 
the initial data set further reduced the cohort by four 
patients. Among evaluable patients, median age at diag-
nosis was 53.0 years (interquartile range [IQR]: 45.0, 
62.0) and the cohort was racially/ethnically diverse, with: 
36.6% non-Hispanic White (NHW), 27.8% Hispanic, 
15.8% non-Hispanic Black (NHB), and 19.8% identifying 
as Asian/Pacific Islander or Other (Table  1). Over 99% 
were female, most patients were diagnosed with either 
stage 1 or 2 disease (n = 421, 84.9%) and 30.2% (n = 150) 
of the total cohort were treated with anthracyclines. 
Comparison of baseline characteristics stratified by race 
and ethnicity is provided in Table  1. The proportion of 
patients with a diagnosis of HTN at baseline was higher 
among Hispanic and NHB patients (54.7% and 50.0%, 
respectively) compared to NHW (27.6%). In addition, 
anthracycline use was higher among Hispanic and NHB 
patients (36.0% and 41.0%, respectively) compared to 
NHW (29.8%).

Table  2 compares baseline characteristics between 
patients who did and did not develop TIC. Overall, 53 
(10.7%) of patients experienced trastuzumab-induced 
cardiotoxicity (TIC). Patients who developed TIC were 
older at the time of diagnosis (median 57.0 years vs. 52.0 
years, p = 0.051) and more often had a history of anthra-
cycline exposure (50.9% vs. 27.8%, p = 0.001), HTN (60.4% 
vs. 37.0%, p = 0.002), coronary artery disease [CAD] 
(11.3% vs. 2.5%, p = 0.003), and lower median baseline 
left ventricular ejection fraction [LVEF] (57.5% vs. 62.5%, 
p < 0.001). Additionally, patients with TIC more often saw 
an increase in quantity of anti-hypertensives prescribed 
following TZB (45.3% vs. 23.7%, p = 0.047).

Fig. 1  Study Population Flow Diagram

 



Page 5 of 14Vaynrub et al. Cardio-Oncology           (2024) 10:68 

Characteristic
N (%)

White, non-
Hispanic N = 181 
(36.6%)

Hispanic 
N = 139 
(27.8%)

Black, non-
Hispanic N = 78 
(15.8%)

Asian/Pacific 
Islander/Other 
N = 98 (19.8%)

Total
N = 496

p-value

Demographics
Age (Median [IQR]) 54.00

[45.00, 63.00]
52.00
[43.00, 60.00]

51.50
[46.00, 62.00]

54.50
[47.00, 62.50]

53.00
[45.00, 62.00]

0.294

  < 50
  50–64
  65+

73 (40.3)
68 (37.6)
40 (22.1)

67 (48.2)
53 (38.1)
19 (13.7)

38 (48.7)
26 (33.3)
14 (17.9)

37 (37.8)
41 (41.8)
20 (20.4)

215 (43.3)
188 (37.9)
93 (19.8)

0.383

Female sex 178 (98.3) 139 (100.0) 78 (100.0) 98 (100.0) 493 (99.4) 0.154
Married at baseline 99 (54.7) 49 (35.3) 22 (28.2) 53 (54.1) 223 (45.0) < 0.001
Tumor Characteristics
Year of Diagnosis
  2007–2009
  2010–2012
  2013–2015
  2016–2019
  2020–2022

29 (16.0)
34 (18.8)
33 (18.2)
34 (18.8)
51 (28.2)

29 (20.9)
28 (20.1)
40 (28.8)
17 (12.2)
25 (18.0)

14 (17.9)
22 (28.2)
14 (17.9)
12 (15.4)
16 (20.5)

5 (5.1)
8 (8.2)
18 (18.4)
27 (27.6)
40 (40.8)

77 (15.5)
92 (18.5)
105 (21.2)
90 (18.1)
132 (26.6)

< 0.001

Tumor Stage, N (%)*
  1
  2
  3

77 (42.5)
74 (40.9)
30 (16.6)

53 (38.1)
64 (46.0)
22 (15.8)

30 (38.5)
40 (51.3)
8 (10.3)

43 (43.9)
40 (40.8)
15 (15.3)

203 (40.9)
218 (44.0)
75 (15.1)

0.687

Estrogen Receptor Status, N (%)*
  Positive
  Negative

58 (32.0)
123 (68.0)

51 (36.7)
88 (63.3)

28 (35.9)
49 (62.8)

39 (39.8)
59 (60.2)

319 (64.3)
176 (35.5)

0.301

Progesterone Receptor Status, N (%)*
  Positive
  Negative

84 (46.4)
97 (53.6)

52 (37.4)
87 (62.6)

37 (47.4)
40 (51.3)

48 (49.0)
50 (51.0)

274 (55.2)
221 (44.6)

0.140

Breast Cancer Treatments
Surgery*
  Mastectomy
  Lumpectomy

89 (49.2)
89 (49.2)

81 (58.3)
57 (41.0)

38 (48.7)
37 (47.4)

59 (60.2)
34 (34.7)

267 (53.8)
217 (43.8)

0.218

Radiation therapy* 50 (27.6) 44 (31.7) 23 (29.5) 34 (34.7) 338 (68.2) 0.581
Hormonal therapy* 51 (28.2) 39 (28.1) 24 (30.8) 35 (35.7) 342 (69.0) 0.478
Anthracycline 54 (29.8) 50 (36.0) 32 (41.0) 14 (14.3) 150 (30.2) < 0.001
Taxane 154 (85.1) 125 (89.9) 62 (79.5) 79 (80.6) 420 (84.7) 0.119
Pertuzumab 73 (40.3) 49 (35.3) 22 (28.2) 45 (45.9) 189 (38.1) 0.085
T-DM1 10 (5.5) 4 (2.9) 2 (2.6) 7 (7.1) 23 (4.6) 0.328
CVD Risk Factors
Smoking*
  Current/Former Smoker
  Non-Smoker

46 (25.4)
132 (72.9)

40 (28.8)
99 (71.2)

19 (24.4)
59 (75.6)

15 (15.3)
83 (84.7)

120 (24.2)
373 (75.2)

0.079

BMI (kg/m2)*
  Median [IQR] 26.10

[22.60, 29.88]
27.63
[25.06, 31.88]

29.02
[26.03, 33.62]

25.98
[22.45, 29.65]

27.06
[23.60, 31.03]

< 0.001

  Underweight + Normal (BMI < 18.5; BMI 
18.5–24.9)
  Overweight (BMI 25-29.9)
  Obese (BMI > 30)

78 (43.1)
58 (32.0)
43 (23.8)

35 (25.2)
56 (40.3)
47 (33.8)

13 (16.7)
30 (38.5)
35 (44.9)

41 (41.8)
33 (33.7)
24 (24.5)

167 (33.7)
177 (35.7)
149 (30.0)

< 0.001

HTN 50 (27.6) 76 (54.7) 39 (50.0) 31 (31.6) 196 (39.5) < 0.001
DM 20 (11.0) 33 (23.7) 25 (32.1) 15 (15.3) 93 (18.8) < 0.001
HLD 43 (23.8) 29 (20.9) 18 (23.1) 24 (24.5) 114 (23.0) 0.910
CAD 5 (2.8) 5 (3.6) 4 (5.1) 3 (3.1) 17 (3.4) 0.807
Echocardiogram Findings
Baseline LVEF (Median [IQR]) 61.00

[57.50, 62.50]
62.50
[57.50, 62.50]

61.00
[57.50, 62.50]

62.50
[57.50, 62.50]

62.50
[57.50, 62.50]

0.785

TIC 17 (9.4) 18 (12.9) 14 (17.9) 4 (4.1) 53 (10.7) 0.020

Table 1  Baseline characteristics of breast cancer patients treated with adjuvant trastuzumab stratified by racial and ethnic groups
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Three multivariable models were constructed using fac-
tors relevant to TIC incidence and those found to be sig-
nificant in univariable analysis (Table 3). The first model 
included age at diagnosis, NHB race, year of diagnosis, 
history of anthracycline use, smoking history, history of 
HTN, DM, HLD, and CAD, and baseline LVEF. Model 2 
included age at diagnosis, NHB race, anthracycline expo-
sure, prior diagnosis of HTN and CAD, baseline LVEF, 
and a NHB*CAD interaction term. Model 3 was com-
prised of age at diagnosis, NHB race, anthracycline use, 
prior diagnosis of HTN and CAD, baseline LVEF, and a 
NHB*HTN interaction term. Across all models, older 
age, anthracycline exposure, HTN, CAD, and lower base-
line LVEF were significantly associated with TIC while 
Black race was variably significant. The interaction term 
consisting of NHB race and HTN was found to be bor-
derline significant (p = 0.074), while the NHB*CAD term 
was not significant (p = 0.627) (Table 3).

Among patients who developed TIC during TZB treat-
ment, NHB individuals had the lowest rate of LVEF 
recovery while NHW patients had the highest recovery 
rates (3.85% vs. 6.63%, respectively; p = 0.036). This trend 
was maintained when defining recovery as a return to 
LVEF within 5% points of baseline (Supplementary Fig. 1, 
Additional File 1). Figure  2 directly compares relative 
rates of TIC and LVEF recovery across racial and eth-
nic groups. Patients who did not recover tended to be 
older than those who did achieve recovery (60.0 vs. 53.5 
years, p = 0.087; Supplementary Table 1, Additional File 
2). Except for race and ethnicity, there were no signifi-
cant differences in baseline characteristics between those 
who did and did not recover (Supplementary Table 2, 
Additional File 2). There were no baseline demographic 
differences between those who did and did not recover 
according to the secondary definition of recovery. Per this 
definition, patients who did not recover again tended to 
be older (median age at diagnosis of 57.0 [IQR: 48.0, 73.0] 
vs. 56.0 [IQR: 45.0, 66.0]), albeit not at statistically signifi-
cant level. Additionally, based on available data, no differ-
ences in baseline characteristics or rates of recovery were 
found between TIC patients who eventually resumed 

TZB (N = 29, 59.2%) vs. those who permanently discon-
tinued TZB treatment (N = 20, 40.8%) (Supplementary 
Table 2, Additional File 3). Given that only 53 patients out 
of the total cohort experienced TIC, the sample size was 
too small to carry out multivariable analysis of predictors 
of LVEF recovery. Rates of follow up with a cardiologist 
were similar between those who did and did not recover 
(n = 18 [75.0%] vs. n = 17 [68.0%], p = 0.188). Additionally, 
there were no significant differences in rates of overall or 
class-specific anti-hypertensive use between those who 
did and did not recover.

In this study population, the proportion of 
HER2 + breast cancer patients who were treated with 
TZB and anthracyclines peaked in 2007–2009 at 68.8% 
and gradually declined to 4.6% as of 2022, with a cor-
responding increase in pertuzumab use (Fig.  3). Ado-
trastuzumab emtansine (T-DM1) use has gradually 
begun to increase since 2019. TIC incidence has declined 
over time alongside these temporal changes in the treat-
ment of HER2 + breast cancer.

Those who developed TIC had lower overall sur-
vival than those who did not (p < 0.001) (Fig.  4a). There 
was no significant difference in survival when compar-
ing NHB patients to all other races (Fig.  4b). Moreover, 
survival was not associated with level of hypertension 
control as determined by the mean of three blood pres-
sure readings after treatment initiation (p = 0.79) (Supple-
mentary Fig. 2A, Additional File 4). Increase in quantity 
of anti-hypertensive medications following treatment 
initiation also did not correlate with improved survival 
outcomes (Supplementary Fig. 2B, Additional File 4). TIC 
was associated with a nearly three-fold increased risk of 
all-cause mortality (hazard ratio = 2.94 95% CI = 1.38–
6.30,p = 0.005). Cox regression analysis further revealed 
that increased age, advanced breast cancer stage, and 
diagnosis of CAD, were associated with increased risk 
of mortality when adjusting for other known prognostic 
factors (Table 4).

Characteristic
N (%)

White, non-
Hispanic N = 181 
(36.6%)

Hispanic 
N = 139 
(27.8%)

Black, non-
Hispanic N = 78 
(15.8%)

Asian/Pacific 
Islander/Other 
N = 98 (19.8%)

Total
N = 496

p-value

LVEF Recovery1 12 (70.6) 10 (55.6) 3 (21.4) 3 (75.0) 28 (52.8) 0.036
LVEF Recovery (alternative definition)2 12 (70.6) 12 (66.7) 6 (42.9) 3 (75.0) 33 (62.3) 0.366
Data presented for cohort consisting of patients diagnosed with stage I-III HER2-positive breast cancer and treated with adjuvant trastuzumab at Columbia 
University Irving Medical Center, New York, NY (2007–2022)

T-DM1: ado-trastuzumab; ER+: estrogen receptor positive; PR+: progesterone receptor positive; BC: Breast cancer; BMI: body mass index; HTN: hypertension; DM: 
diabetes mellitus; HLD: hyperlipidemia; CAD: coronary artery disease; LVEF: left ventricular ejection fraction; TIC: trastuzumab-induced cardiotoxicity

*Indicates < 5% missing data, whereas the remaining variable had complete data
1LVEF recovery as defined by a recovery of an ejection fraction to > 50%
2LVEF recovery to within 5 points of pre-treatment baseline

Table 1  (continued) 
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Characteristic TIC*
N (%)
N = 53 (10.7)

No TIC
N (%)
N = 443 (89.3)

P-value

Demographics
Age (Median [IQR]) 57.00 [47.00, 67.00] 52.00 [44.00, 61.00] 0.051
Race/Ethnicity
White
Hispanic
Black
Other

17 (32.1)
18 (34.0)
14 (26.4)
4 (7.5)

164 (37.0)
121 (27.3)
64 (14.4)
94 (21.2)

0.020

Female sex 51 (96.2) 442 (99.8) 0.027
Marital status of “married” 17 (32.1) 208 (46.5) 0.064
Tumor Characteristics
Year of Diagnosis
2007–2009
2010–2012
2013–2015
2016–2019
2020–2022

12 (22.6)
14 (26.4)
11 (20.8)
10 (18.9)
6 (11.3)

65 (14.7)
78 (17.4)
94 (21.2)
80 (18.1)
126 (28.4)

0.057

Stage*
1
2
3

14 (26.4)
30 (56.6)
9 (17.0)

189 (42.7)
188 (42.4)
66 (14.9)

0.069

ER Status*
Positive
Negative

39 (73.6)
14 (26.4)

280 (63.2)
162 (36.6)

0.319

PR Status*
Positive
Negative

35 (66.0)
18 (34.0)

239 (54.0)
203 (45.8)

0.239

Breast Cancer Treatments
Surgery*
Mastectomy
Lumpectomy

27 (50.9)
24 (45.3)

240 (54.2)
193 (43.5)

0.799

Radiation Therapy* 39 (73.6) 299 (67.5) 0.596
Hormonal Therapy* 43 (81.1) 299 (67.5) 0.078
Anthracycline 27 (50.9) 123 (27.8) 0.001
Taxane 48 (90.6) 372 (84.0) 0.290
Pertuzumab 16 (30.2) 173 (39.1) 0.269
T-DM1 0 (0.0) 23 (5.2) 0.176
CVD Risk Factors
Smoking*
Current/Former Smoker
Never Smoker

15 (28.3)
37 (69.8)

105 (23.7)
336 (75.8)

0.324

BMI (kg/m2)*
Median [IQR] 26.63 [23.60, 30.73] 27.09 [23.60, 31.06] 0.968
Underweight (BMI
< 18.5) and Normal (BMI 18.5–24.9)
Overweight (BMI 25-29.9)
Obese (BMI > 30)

18 (34.0)
17 (32.1)
17 (30.4)

149 (33.6)
160 (36.8)
135 (36.1)

0.340

HTN 32 (60.4) 164 (37.0) 0.002
DM 11 (20.8) 82 (18.5) 0.834
HLD 15 (28.3) 99 (22.3) 0.423

Table 2  Baseline demographic and clinical characteristics of breast cancer patients stratified by trastuzumab-induced cardiotoxicity 
(TIC)
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Discussion
In this retrospective study of 496 patients with 
HER2 + breast cancer treated with adjuvant trastuzumab 
(TZB), we evaluated racial and ethnic differences in 
trastuzumab-induced cardiotoxicity (TIC) and left ven-
tricular ejection fraction (LVEF) recovery in a diverse, 
multi-ethnic cohort. Compared to racial and ethnic 
demographics of the U.S. population [24], our study was 
enriched for Hispanic and non-Hispanic Black (NHB) 
patients, which allowed us to assess racial disparities in 
TIC incidence. To the best of our knowledge, this study 
was the first of its kind to concurrently analyze TIC inci-
dence, recovery, and the role of hypertension in a diverse 
multi-ethnic cohort. We found higher rates of TIC and 
lower rates of TIC recovery among NHB compared to 
non-Hispanic White (NHW) patients. On multivari-
able analysis, NHB race did not consistently predict TIC 
incidence when controlling for cardiovascular disease 
(CVD) risk factors. The interaction terms for CAD*NHB 
race and HTN*NHB race were not significant on multi-
variable regression. These results suggest that CAD and 

hypertension do not mediate the higher incidence of TIC 
among NHB individuals. Moreover, NHB race in itself 
does not increase risk of TIC when taking into account 
concurrent diagnoses of CAD and HTN, age of diagnosis, 
and prior anthracycline use.

We observed a TIC rate of about 11%, with a gradual 
decrease over time as frequency of anthracycline use 
decreased and other HER2-directed therapies became 
more commonly administered. In observational studies 
where the majority of patients with HER2 + breast can-
cer had received anthracyclines, TIC rates ranged from 
3.6–22%[4, 22. We found anthracycline exposure to be 
consistently associated with TIC, in line with prior stud-
ies that have reported increased odds of TIC incidence 
by 2-5.5-fold in those who had been treated with anthra-
cyclines [8,25]. In our study, anthracycline use was more 
common among racial and ethnic minorities relative to 
their White counterparts and may be a contributory fac-
tor to the differential rates of TIC. Since the BCIRG006 
trial [26] demonstrated similar disease-free survival 
benefit with anthracycline and non-anthracycline based 

Table 3  Univariable and multivariable analysis of baseline characteristics with the outcome of TIC
Characteristic Multivariable Model 1 

OR (95% CI)
P-value Multivariable Model 2 

OR (95% CI)
P-value Multivariable Model 3 

OR (95% CI)
P-value

Age at Diagnosis 1.06 (1.02, 1.10) 0.005 1.05 (1.02, 1.09) 0.005 1.05 (1.01, 1.09) 0.006
All others1

Black
-
1.06 (0.99, 1.14)

-
0.091

-
1.05 (0.98, 1.13)

-
0.154

-
1.12 (1.02, 1.24)

-
0.018

Year of diagnosis2 0.99 (0.97, 1.01) 0.442 - - - -
Anthracycline use 1.11 (1.04, 1.19) 0.002 1.12 (1.06, 1.19) < 0.001 1.12 (1.06, 1.18) < 0.001
Smoking history 1.00 (1.00, 1.01) 0.096 1.00 (1.00, 1.01) - - -
HTN 1.06 (1.00, 1.12) 0.049 1.06 (1.00, 1.12) 0.036 1.08 (1.02, 1.15) 0.009
DM 0.97 (0.91, 1.04) 0.400 - - - -
HLD 1.01 (0.94, 1.07) 0.863 - - - -
CAD 1.23 (1.07, 1.42) 0.004 1.21 (1.03, 1.42) 0.022 1.23 (1.07, 1.41) 0.004
Baseline LVEF 0.98 (0.98, 0.99) < 0.001 0.98 (0.98, 0.99) < 0.001 0.98 (0.98, 0.99) < 0.001
CAD*Black - - 1.08 (0.78, 1.51) 0.627 - -
HTN*Black - - - - 0.88 (0.77, 1.0) 0.074
Data presented for cohort consisting of patients diagnosed with stage I-III HER2-positive breast cancer and treated with adjuvant trastuzumab at Columbia 
University Irving Medical Center, New York, NY (2007–2022)

TIC: trastuzumab-induced cardiotoxicity; HTN: hypertension; DM: diabetes mellitus; HLD: hyperlipidemia; CAD: coronary artery disease; LVEF: left ventricular 
ejection fraction
1 Calculated with all groups pertaining to any category outside of “NHB” as reference
2Input as categorical variable with lower coefficients corresponding to earlier years of the study time period

Characteristic TIC*
N (%)
N = 53 (10.7)

No TIC
N (%)
N = 443 (89.3)

P-value

CAD 6 (11.3) 11 (2.5) 0.003
LVEF at baseline (Median [IQR]) 57.5 [55.0, 62.5] 62.5 [57.5, 62.5] < 0.001
Data presented for cohort consisting of patients diagnosed with stage I-III HER2-positive breast cancer and treated with adjuvant trastuzumab at Columbia 
University Irving Medical Center, New York, NY (2007–2022)

BC: breast cancer; ER: estrogen receptor; PR: progesterone receptor; BC: breast cancer; BMI: body mass index; HTN: hypertension; DM: diabetes mellitus; HLD: 
hyperlipidemia; CAD: coronary artery disease; LVEF: left ventricular ejection fraction

*Indicates < 5% missing data

Table 2  (continued) 
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Fig. 3  Trends in trastuzumab-induced cardiotoxicity (TIC) and use of anthracyclines and HER2-directed therapies over time. Data presented for cohort 
consisting of patients diagnosed with stage I-III HER2-positive breast cancer and treated with adjuvant trastuzumab at Columbia University Irving Medical 
Center, New York, NY (2007–2022). The accompanying table displays frequencies and incidence rates for each group

 

Fig. 2  Trastuzumab-induced cardiotoxicity (TIC) incidence and recovery across race and ethnicity. Data presented for cohort consisting of patients di-
agnosed with stage I-III HER2-positive breast cancer and treated with adjuvant trastuzumab at Columbia University Irving Medical Center, New York, NY 
(2007–2022). TIC; trastuzumab-induced cardiotoxicity; NHW: non-Hispanic White; NHB: Non-Hispanic Black
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chemotherapy for the treatment of HER2 + breast can-
cer, there has been a steady decline in the use of anthra-
cyclines and the emerging use of other HER2-directed 
therapies [27,28]. These changes in treatment patterns 
have likely made the greatest impact on reducing TIC 
incidence over time.

It has been reported that Black women with invasive 
breast cancer have 72–173% increased hazard of CVD-
related death relative to their White counterparts [29]. 
Indeed, we found that the incidence of CVD risk factors 
was significantly higher among NHB patients compared 

to other racial and ethnic groups. Socioeconomic dis-
parities such as healthcare access, insurance coverage, 
and quality of care may influence early detection rates 
and subsequent management of both the primary dis-
ease process and cardiotoxic sequelae. Additionally, geo-
graphic distribution of accessible facilities and resources 
required for adequate cardiac monitoring may also widen 
these disparities [2,30]. Lifestyle factors that play a signif-
icant role in cardiovascular health, such as diet, exercise, 
and smoking, may also vary considerably across cultures 
and socioeconomic strata [2,19,30]. These environmental 

Table 4  Cox multivariable regression model of factors associated with mortality
Characteristic Multivariable Model 

1 h (95% CI)
P-value Multivariable Model 

2 h (95% CI)
P-value Multivariable Model 

3 h (95% CI)
P-
value

Age 1.98 (1.28, 3.1) 0.002 1.94 (1.20, 3.2) 0.017 1.81 (1.17, 2.8) 0.008
NHB race 2.06 (0.93, 4.5) 0.073 1.90 (0.86, 4.2) 0.114 1.67 (0.75, 3.8) 0.211
BMI 0.98 (0.93, 1.0) 0.433 0.98 (0.93, 1.0) 0.428 0.98 (0.93, 1.0) 0.407
Stage 1.88 (1.16, 3.0) 0.01 2.12 (1.29, 3.5) 0.003 1.73 (1.06, 2.8) 0.028
ER Status 0.94 (0.60, 1.5) 0.784 0.94 (0.62, 1.4) 0.758 0.80 (0.40, 1.6) 0.54
CAD - - 5.18 (1.79, 14.9) 0.002 - -
HTN - - 0.67 (0.32, 1.4) 0.282 - -
HLD - - 0.93 (0.42, 2.1) 0.862 - -
DM - - 1.54 (0.72, 3.3) 0.267 - -
TIC - - - - 2.94 (1.38, 6.3) 0.005
Data presented for cohort consisting of patients diagnosed with stage I-III HER2-positive breast cancer and treated with adjuvant trastuzumab at Columbia 
University Irving Medical Center, New York, NY (2007–2022)

Stage: breast cancer stage (I-III); NHB: non-Hispanic Black race; CAD: coronary artery disease; HTN: hypertension; HLD: hyperlipidemia; DM: diabetes mellitus; TIC: 
trastuzumab-induced cardiotoxicity

Fig. 4  Kaplan-Meier analysis of overall survival since date of breast cancer diagnosis. (A) Survival of patients who incurred TIC vs. those who did not 
experience TIC; (B) Survival of NHB patients vs. all others. Data presented for cohort consisting of patients diagnosed with stage I-III HER2-positive breast 
cancer and treated with adjuvant trastuzumab at Columbia University Irving Medical Center, New York, NY (2007–2022)
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factors may therefore differentially affect cardiotoxicity 
risk by race and ethnicity.

In our study, NHB race remained a significant predic-
tor of TIC after controlling for cardiovascular risk factors 
including baseline LVEF, CAD, and HTN. We decided 
to model race as NHB vs. “all else” in our multivariable 
approach given the higher prevalence of cardiovascu-
lar comorbidities among NHB patients at baseline. This 
framework is also reflected in the nationally utilized 
American College of Cardiology (ACC)/American Heart 
Association (AHA) atherosclerotic cardiovascular dis-
ease (ASCVD) risk calculator, that inputs Black race as 
a risk factor [31]. A recent study of 1,399 HER2-positive 
breast cancer patients similarly found that the racial and 
ethnic disparity in cardiotoxicity risk persisted after con-
trolling for cardiovascular comorbidities as well as social 
determinants of health (SDoH; e.g., income, education, 
and insurance) on multivariable analysis [32]. These 
results imply the role of an additional set of confounders 
other than cardiovascular risk factors and SDoH that pre-
dispose NHB patients to increased TIC risk. In contrast 
to our study, the racial distribution of this study cohort 
was relatively limited and consisted of 69 (12%) Black, 
1,064 (76%) White, and 166 (12%) “Other” (120 Asian, 
1 American Indian/Alaska Native, 1 Native Hawaiian/
Pacific Islander, and 44 other or refused to answer). 
While certain genetic polymorphisms have been found to 
confer increased susceptibility to cardiotoxicity, the exist-
ing data do not suggest a differential frequency of these 
genetic variants among racial and ethnic minorities [2,7]. 
Finally, and perhaps most saliently, it is crucial to address 
that the validity of our current understanding of TIC is 
limited by the size and diversity of study cohorts to date 
[2,29].

While certain CVD risk factors, such as coronary 
artery disease (CAD) and baseline LVEF, were correlated 
with TIC on multivariable regression, other metabolic 
and cardiovascular risk factors such as smoking history, 
diabetes mellitus (DM), hyperlipidemia (HLD), and body 
mass index (BMI) were not predictive of TIC when con-
trolling for age, race, and anthracycline use (among other 
covariates). This suggests that not all cardiovascular risk 
factors or comorbidities are necessarily implicated in the 
mechanisms underlying development of TIC. Given that 
TIC is in part defined by LVEF, it follows that baseline 
LVEF was directly associated with TIC incidence.

The significance of HTN on regression analysis may 
reflect: (1) the co-incidence of cancer and HTN in a recip-
rocally causative fashion; and (2) a specific inflammatory 
process mediated by TZB that precipitates both HTN 
and TIC. Indeed, inhibition of HER2-mediated molecular 
pathways with anthracyclines has been shown to increase 
arterial wall stiffness potentially by way of exacerbation of 
reactive oxygen species (ROS) accumulation—a potential 

mechanism that could increase TIC risk for those with 
elevated vascular stiffness at baseline [7,33,34]. We found 
a borderline significant association between HTN and 
TIC, consistent with previous reports [4,8,35].

In terms of medical management of CVD risk factors 
such as HTN, the current body of literature suggests 
that extent of blood pressure control has a less explicit 
role in mitigating cardiotoxicity following TZB treat-
ment. While the predictive role of blood pressure in itself 
has not been extensively reported on, the utility of anti-
hypertensives (in part due to their prevention of cardiac 
remodeling) has been found to attenuate risk of TIC 
and promote recovery [36,37]. Namely, several random-
ized controlled trials found that ACE-inhibitors and beta 
blockers mitigated LVEF decline, predicted LVEF recov-
ery 3–12 months after treatment initiation (when taken 
in conjunction), and were generally well-tolerated; how-
ever, they did not significantly contribute to reversal of 
TZB-induced LV remodeling [36,38,39]. In 2019, a mul-
ticenter randomized, double-blind, placebo-control trial 
(RCT) including 468 women found that the ACE-inhibi-
tor Lisinopril and beta blocker Carvedilol were found to 
confer a protective effect in patients with anthracycline 
exposure history [38]. Specifically, cardiotoxicity-free 
survival was extended in patients treated with carvedilol 
and lisinopril (p = 0.009 and p = 0.015, respectively) com-
pared to placebo. Patients receiving ACE-inhibitors or 
beta-blockers in both the anthracycline and non-anthra-
cycline groups saw less interruptions in trastuzumab 
treatment compared to placebo groups [38].

Additionally, prior observational studies have shown 
that concomitant statin use has been found to reduce 
cardiotoxicity risk and limit LVEF decline in patients 
with and without anthracycline exposure treated with 
TZB [40]. In this study, we did not identify a correlation 
between TIC incidence or recovery and any individual 
class of anti-hypertensive agent, perhaps due to insuffi-
cient sample size. Additionally, there was no survival dif-
ference between patients with sufficient blood pressure 
control and those who retained high blood pressure fol-
lowing treatment initiation, nor was there any correlation 
of survival with an increase in quantity of anti-hyperten-
sives prescribed (Supplementary Fig. 2, Additional File 4).

Among patients who developed TIC, we observed 
slightly lower rates of LVEF recovery of 52.8% compared 
to 60-62.5% reported in prior literature [14,41]. This dis-
crepancy could likely be due to our inclusion of more 
racially and ethnically diverse patients and a higher-risk 
cohort with more baseline CVD risk factors. There were 
no associations between recovery and TZB resumption, 
corroborating that appropriate resumption of TZB after 
initial occurrence of TIC does not compromise cardio-
vascular outcomes. SCHOLAR and SAFE-HeaRT are two 
modern phase I trials following permissive cardiotoxicity 
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in breast cancer patients receiving trastuzumab that sug-
gested that trastuzumab continuation, even with associ-
ated LV systolic dysfunction, may be safe (about 10% of 
patients in both studies discontinued TZB due to car-
diac-dose limiting toxicity) [42]. While a preventative 
anti-hypertensive regimen may further ameliorate out-
comes, the sample sizes of patients with TIC and TZB 
resumption were too small in this study to extrapolate 
any clinically meaningful conclusions regarding the role 
of specific anti-hypertensives.

Limitations
Our study had several limitations. Clinical records 
including medication regimens and blood pressure read-
ings across time points was not consistently available for 
all patients, thus limiting the scope of data that could be 
collected. Additionally, partitioning the cohort across 
strata such as TIC recovery or race and ethnicity inevita-
bly created subgroups that consisted of smaller numbers 
of individuals, further limiting statistical power. More-
over, this was a single institution study in an urban aca-
demic center, which limited the generalizability of our 
findings to other geographic and clinical settings. Fur-
thermore, the exact parameters used to define TIC vary 
across the literature, and while using quantitative mea-
surements facilitates internal validity and objectivity, this 
definition fails to capture patients who experienced che-
motherapy-induced heart failure without LVEF decline. 
We were also missing data on socioeconomic status and 
other SDoH. Moreover, our study did not include an 
analysis of competing risk of TIC and overall survival, in 
large part due to the robust survival rate of this cohort. 
However, without this analysis it remains possible that 
we did not observe TIC in some patients due to death 
prior to sufficient exposure to acquire TIC (albeit we 
would expect this effect to be minimal). Additionally, 
given that the echocardiograms were performed across a 
wide range of years, the consistency of measurement is 
limited by interobserver variability as not all echocardio-
grams were interpreted by the same reader.

Strengths of our study include a relatively large sample 
size of 496 patients with diverse racial and ethnic back-
grounds and limited missing data regarding demograph-
ics, tumor characteristics, breast cancer treatments, and 
comorbidities. Additionally, we were also able to access 
more granular data including anti-hypertensive regimens 
and blood pressure values across several time points to 
further supplement our analysis of factors underlying 
trends in TIC incidence. Access to the electronic health 
record (EHR) also facilitated < 5% missing data for all 
covariates included in the study. Furthermore, we were 
able to specifically focus on the incidence of TIC in the 
adjuvant setting rather than the broader categorization of 

chemotherapy-induced cardiotoxicity frequently seen in 
the published literature.

Conclusion
In our racially and ethnically diverse cohort of breast 
cancer patients, NHB and Hispanic patients had a higher 
prevalence of cardiovascular risk factors including obe-
sity, HTN, and DM compared to NHW. Moreover, NHB 
had the highest incidence of TIC coupled with the low-
est rates of recovery, underscoring both the disparity in 
risk and in effective treatment affecting this group. Given 
the observed racial disparities in TIC and LVEF recov-
ery in the setting of higher baseline prevalence of HTN 
and DM, adequate medical management of these cardio-
vascular comorbidities, closer cardiac monitoring, and 
restricted use of anthracyclines may be appropriate inter-
ventions to reduce the health disparities in TIC incidence 
and recovery rates.
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