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Introduction
There is an increasing trend in cancer cases globally and in 
Saudi Arabia.1-3 Breast cancer is the most prevalent form of 
cancer among women. It has been reported that 15% to 25% of 
breast cancer patients overexpress the Human Epidermal 
growth factor Receptor-2 (HER2), which is linked with rapid 
growth of tumor tissues and bad prognosis.4 HER-2 inhibitors 
(HER2-I), also known as HER-2 targeting therapies, such as 
trastuzumab, pertuzumab, lapatinib, and ado-trastuzumab 
emtansine (T-DM1), have been proven to increase the overall 
survival of breast cancer patients and have become the standard 

of care.5 Nevertheless, they cause cardiotoxicity manifested as a 
reduction in the left ventricular ejection fraction (LVEF).6

The incidence of decreased LVEF in individuals receiving 
HER2-I varies between 4% and 18.6%.7 Additional con-
founding factors that increase the tendency of HER2-I to 
induce cardiotoxicity are advanced age, pre-existing cardio-
vascular diseases, diabetes mellitus, smoking, a baseline LVEF 
less than 50%, and radiation therapy to the cardiovascular 
structure.4 Early recognition of HER2-I induced cardiotoxic-
ity may avoid further adverse effects and assist in the early 
implementation of cardioprotective therapies.8 And as 
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Background: HER2-targeting therapies may increase the risk of decreased left ventricular ejection fraction (LVEF), potentially leading to heart 
failure. The growing number of breast cancer survivors due to HER2-targeted treatments necessitates long-term cardiotoxicity management.

Method: This retrospective study included HER2-positive breast cancer patients aged 18 or older who received at least 1 dose of HER2-
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LVEF 50% to 55% developing cardiotoxicity, those discontinuing HER2 therapy due to heart failure, those treated with heart failure medica-
tions, and those continuing HER2 therapy while on heart failure medications. Another secondary outcome was the development of a hospital 
protocol for monitoring cardiotoxicity in these patients.

Results: A total of 212 patients were included, with a median age of 56.5 years (interquartile range: 43-58 years). Twenty-two patients 
(10.37%) experienced cardiotoxicity from HER2-targeted treatment. Thirteen patients (6.13%) had asymptomatic heart failure with LVEF 
decrease of more than 10% to less than 50%. Five patients (2.35%) with LVEF less than 40% had asymptomatic heart failure, while 4 patients 
(1.88%) had symptomatic heart failure regardless of LVEF decline. HER2-targeted treatment was temporarily discontinued in 3 (13.63%) 
patients and permanently in 4 (18.18%) patients due to cardiotoxicity. The remaining 15 patients resumed treatment without interruption. Only 
13 out of 22 patients were referred to cardiologists and prescribed heart failure medications.

Conclusion: Close monitoring of LVEF in patients receiving HER2-targeting therapy can help health care providers initiate anti-heart fail-
ure medications to prevent LVEF deterioration and maintain HER2-targeting therapy.
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survival rates for early-stage or metastatic breast cancer 
improve due to the use of HER2-I, the necessity for monitor-
ing and care for their cardiotoxicity grows exponentially.9

The package insert for trastuzumab underscores the critical 
need for consistent monitoring of left ventricular ejection fraction 
(LVEF) to manage the risk of cardiotoxicity effectively. According 
to the package insert, LVEF should be assessed at baseline before 
initiating therapy, every 3 months during treatment, and every 
6 months for 2 years following the completion of adjuvant ther-
apy. If LVEF decreases by more than 16% from baseline or falls 
below 50% with a 10% absolute decrease, trastuzumab adminis-
tration should be paused. In such cases, LVEF should continue to 
be monitored every 3 months, and therapy should only resume 
once LVEF has recovered to 50% or higher.10 In the context of 
combination therapy with trastuzumab and pertuzumab for met-
astatic breast cancer, the pertuzumab package insert advises initi-
ating treatment only in patients with a baseline LVEF of 50% or 
higher, with cardiac surveillance conducted every 3 months dur-
ing therapy. Treatment should be interrupted if LVEF drops 
below 40% or falls to 40% to 45% with a 10% absolute decrease 
from baseline. Resumption of therapy is recommended once 
LVEF improves to above 45% or stabilizes between 40% and 
45% with less than a 10% absolute decrease from baseline. For 
early breast cancer treatment, trastuzumab combined with pertu-
zumab is recommended for patients with a baseline LVEF of 
55% or higher, with LVEF monitoring at 3-month intervals dur-
ing therapy. If LVEF decreases to less than 50% with a 10% or 
greater drop from baseline, treatment should be paused and only 
resumed when LVEF returns to 50% or higher.11 Similarly, the 
package insert for T-DM1 (trastuzumab emtansine) recom-
mends adherence to the same monitoring protocol as the trastu-
zumab and pertuzumab combination therapy in the metastatic 
setting. For early breast cancer, T-DM1 can be initiated in 
patients with an LVEF of 50% or higher, with routine LVEF 
assessments every 3 months. If LVEF drops below 45% or to 45% 
to 49% with a 10% or greater decrease, treatment should be tem-
porarily halted, and more frequent LVEF monitoring every 
3 weeks should be implemented.12 Moreover, the European 
Society of Medical Oncology (ESMO), European Society of 
Cardiology (ESC), American Heart Association (AHA), and 
National Institute for Health and Care Excellence (NICE) 
guidelines recommend that patients who develop cardiotoxicity 
should be monitored every 3 weeks prior to resuming or discon-
tinuing HER2-I permanently.13-16 Yet, to the best of our knowl-
edge, no study has determined the optimal monitoring interval 
for the HER2-I in low-risk versus high-risk patients. The char-
acterization of high-risk patients exhibits significant variability 
across different clinical guidelines, influenced by factors such as 
age, previous exposure to anthracycline or mediastinal or chest 
radiation therapy, existing cardiovascular conditions, and baseline 
left ventricular ejection fraction (LVEF) below 55%.13-16

The referral to cardio-oncology experts of patients who 
underwent anthracycline treatment and suffered cardiotoxicity 

has been examined in retrospective research. Compared with 
patients without cardiology consultation, those who were referred 
in this study had increased survival and adherence to cardiopro-
tective medications. Despite a little decrease in LVEF, the con-
tinuation of HER-2-targeted treatment was boosted by 
cardioprotective therapies due to their ability to protect the heart. 
Troponin elevation may be used to diagnose cardiotoxicity in 
chemotherapy patients at an early stage. The administration of 
cardioprotective medication at the onset of elevated troponin lev-
els has averted the development of cardiomyopathy and heart 
failure.8 A study evaluated the changes in cardiac biomarkers and 
cancer therapy–related cardiac dysfunction (CTRCD), showed a 
significant association between N-terminal pro-B-type natriu-
retic peptide (NT-proBNP) and (CTRCD). An increase of 
NT-proBNP by 2 times was associated with an increase of 
CTRCD risk by 56% over 24 months of follow-up (hazard ratio, 
1.56; 95% CI, 1.32-1.84, P < .001).17

Our study intended to assess and quantify the incidence of 
cardiotoxicity induced by HER-2-targeting therapies in our 
center. This will aid in the development of a hospital protocol 
for monitoring and managing cardiac toxicity induced by 
HER-2-targeting medications.

Method
This retrospective study, conducted at King Abdullah Medical 
City in Jeddah, included all HER-2-positive breast cancer 
patients aged 18 or older who received at least 1 dose of HER-
2-targeted therapy between June 2016 and June 2020. The pri-
mary endpoint was to determine the incidence of cardiotoxicity 
induced by HER-2 targeted treatment via echocardiogram 
which was defined as LVEF <50% with LVEF decline by 10%, 
LVEF drop by >15%, or the onset of symptomatic heart failure. 
The secondary endpoints were the proportion of patients with 
LVEF between 50% and 55% at baseline who developed cardi-
otoxicity, the proportion of patients who temporarily or perma-
nently discontinued HER-2 targeting therapy due to HF, the 
proportion of patients who developed HF and were treated 
with HF medications, and the proportion of patients who 
received HF medications for cardiotoxicity and continued their 
HER-2 targeting therapy. The development of a hospital proto-
col for monitoring and managing cardiotoxicity in patients 
receiving HER-2-targeted treatments was another secondary 
outcome. Patients with chronic renal disease and Cockcroft-
Gault creatinine clearance less than 30 mL/min, double primary 
tumors, decompensated liver disease with Child-Pugh level B 
or C, and bilateral breast tumors with distinct HER-2 expres-
sions were excluded.

Statistical analysis

For categorical variables, frequencies and percentages are used 
to present descriptive statistics. Numerical variables are pre-
sented with median and interquartile range (IQR). Univariate 
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and multivariate logistic regression models were used to evalu-
ate the associations between potential risk factors and cardio-
toxicity in breast cancer patients receiving HER-2 targeted 
therapies. Odds ratios (ORs) and 95% confidence intervals 
(CIs) were calculated for each potential risk factor. The statisti-
cal analysis was conducted using SPSS version 24.

Results
Baseline characteristics

Initially, a total of 215 patients were screened for inclusion and 
exclusion. We eliminated 2 individuals with double primary 
tumors and 1 patient with decompensated liver disease with 
Child-Pugh grade B. A total of 212 patients were included in 
the research, with a median age of 56.5 years and an interquar-
tile range of 43 to 58 years. Of 212 patients, 105 patients had 
early breast cancer (EBC), and 107 patients had metastatic 
breast cancer (MBC).

Angiotensin-converting enzyme inhibitors (ACEIs) or angio-
tensin II receptor blockers (ARBs), beta-blockers, spironolactone, 
and either ACEIs or ARBs plus beta-blockers were used in 23 
(10.85%), 8 (3.77%), 1 (0.5%), and 5 (2.35%) patients, respec-
tively. These drugs were given to treat hypertension, arrhythmias, 
tachycardia, and cardiovascular disorders. In our analysis, the risk 
factors for developing heart failure were observed in previous 
anthracycline use; hypertension; diabetes mellitus; chronic artery 
disease; congestive heart failure; dyslipidemia; chronic kidney dis-
ease; a body mass index (BMI) greater than 30; a baseline LVEF 
less than 55%; and age over 50. In the study population, the per-
centages of those with a history of anthracycline use, hyperten-
sion, diabetes, age greater than 50, and a BMI greater than 30 
were the highest. Specifically, 110 patients (51.9%) were at least 
50 years old, 90 (42%) patients had previously received anthracy-
cline; 77 (36.32%) patients had a BMI > 30; 44 (20.75%) patients 
had hypertension; and 38 (17.9%) patients had diabetes. 
Considering the risk of cardiotoxicity, 34 patients (16.03%) had 
no risk factors, whereas 114 patients (53.79%) had 2 or more risk 
factors. The median number of HER-2 targeted therapies 
received was 43 cycles (IQR: 21-69) for metastatic breast cancer 
and 17 cycles (IQR: 11-17) for early breast cancer (Table 1).

Cardiovascular outcomes

Twenty-two patients (10.37%) suffered cardiotoxicity with 
HER-2-specific treatment. Thirteen of the 22 patients (6.13%) 
had asymptomatic heart failure with a decrease in LVEF from 
baseline of more than 10% to less than 50%. Five patients 
(2.35%) with LVEF less than 40% had asymptomatic heart 
failure, while 4 patients (1.88%) presented with symptomatic 
heart failure regardless of the LVEF decline (Table 2). HER-2 
targeted treatment was discontinued temporarily in 3 (13.63%) 
patients and permanently in 4 (18.18%) patients due to cardio-
toxicity. The remaining 15 patients resumed their treatment 
without interruption. Only 13 out of 22 patients were referred 
to cardiologists and prescribed medicines for heart failure. This 
intervention enabled 9 out of 13 patients to effectively 

Table 1.  Baseline characteristics.

Characteristics N (%)

Age (y), median (IQR) 56.5 (43-58)

BMI (kg/m2), median (IQR) 28.5 (24.4-32.5)

Gender  

  Male 2 (0.95%)

  Female 210 (99.05%)

Medications  

  ACEIs/ARBS 23 (10.85%)

  Beta blockers 8 (3.77%)

  Both ACEIs/ARBs with beta-blocker 5 (2.35%)

  Spironolactone 1 (0.5%)

Risk factors  

  Prior anthracycline 90 (42.45%)

 H ypertension 44 (20.75%)

  Diabetes mellitus 38 (17.9%)

  Chronic artery disease 5 (2.35%)

  Congestive heart failure 2 (0.9%)

  Dyslipidemia 27 (13%)

  Chronic kidney disease 2 (0.9%)

  BMI > 30 77 (36.32%)

  Baseline LVEF < 55% 16 (7.54%)

  Age > 50 years 110(51.9%)

Setting of Her-2 targeted therapy  

  Early breast cancer 105(49.53%)

  Metastatic breast cancer 107(50.47%)

Number of cycles received  

  Metastasis setting, median (IQR) 43 (21-69)

  Early breast cancer setting, median (IQR) 17 (11-17)

Patients’ risk for developing cardiotoxicity  

  Patients with no risk factors, n (%) 34 (16.03%)

  Patients with 1 risk factor, n (%) 64 (30.18%)

  Patients with 2 risk factors, n (%) 51 (24.05%)

  Patients with 3 risk factors, n (%) 32 (15.10%)

  Patients with 4 risk factors, n (%) 18 (8.50%)

  Patients with 5 risk factors, n (%) 9 (4.25%)

  Patients with 6 risk factors, n (%) 2 (0.95%)

  Patients with 7 risk factors, n (%) 1 (0.47%)

  Patients with 8 risk factors, n (%) 0 (0%)

  Patients with 9 risk factors, n (%) 1 (0.47%)

Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, 
angiotensin II receptor blockers; IQR, interquartile range; LVEF, left ventricular 
ejection fraction; N, number of patients; y, years.
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continue their treatment regimen and maintain an LVEF 
greater than 50%. Due to persistently low LVEF, 4 patients 
who received anti-heart failure medications were unable to 
continue HER-2-targeted treatment. Five (31.25%) of the 16 
patients in our study with borderline LVEF (LVEF ⩾50% to 
<55%) who received HER-2 targeted treatment suffered car-
diotoxicity (Table 2). See Table 3 for further information on 
patients who had cardiotoxicity. We devised a monitoring 
strategy based on the baseline LVEF and number of risk vari-
ables presented at the time of HER-2 targeted medication 
commencement, based on our findings (Figure 1).

For the adjusted model, prior anthracycline has the highest 
OR of 6.93 (95% CI of 1.37-34.97, P-value: .0190) indicating 
a significant association with the increased risk of cardiotoxic-
ity. Baseline LVEF < 55% also has a high OR of 9.33 (95% CI 
of 2.16-40.39, P-value: .0028), which suggests a significant 
association with cardiotoxicity. Other factors, such as hyper-
tension, diabetes mellitus, and dyslipidemia, did not provide 
significant results (Table 4).

Discussion
According to our analysis, the incidence of trastuzumab-
induced heart failure was around 10.37% for the total number 
of patients with early and metastatic breast cancer, which is 
greater than what has been seen in previous studies. We believe 
that the differences in cardiotoxicity incidence could be attrib-
uted to demographic population differences, environmental 

factors, genetic variations, and the absence of a standardized 
hospital protocol for preventing cardiac dysfunction induced 
by HER-2 targeted therapy. In EBC patients, LV dysfunction 
occurred in 7 out of 105 (6.66%) patients, whereas it occurred 
in 15 out of 107 (14%) patients with MBC. These rates are 
much greater than those reported in randomized clinical stud-
ies.9,18 In the CLEOPATRA study, which compared the effi-
cacy and safety of pertuzumab with trastuzumab and docetaxel 
versus trastuzumab and docetaxel in MBC patients, the cardio-
toxicity rates were 6.6% for pertuzumab with trastuzumab and 
docetaxel and 8.6% for trastuzumab and docetaxel.9 In the 
EMILIA study, randomized controlled research that assessed 
the safety of ado-trastuzumab emtansine against lapatinib with 
capecitabine in patients with MBC, the incidence of LV dys-
function was < 1%.19 As documented in the HERA study, tras-
tuzumab as adjuvant treatment in EBC for 1 year was 
responsible for 7.08% of the LVEF decline.20 Thus, it is crucial 
to develop and implement a hospital-wide policy and guide-
lines for monitoring cardiotoxicity in patients receiving HER-
2-targeted therapies. Establishing these protocols will help 
ensure early detection and intervention, thereby improving 
patient outcomes and minimizing the risks associated with 
these treatments.

According to the European definition of cardiotoxicity, 
most of the patients had heart failure without symptoms and a 
decrease in LVEF between 10% and 50%. Only 4 people had 
heart failure with symptoms. In the Paula et al study, 9.8% of 
participants had cardiotoxicity. Nevertheless, no instances of 
symptomatic heart failure were identified. Just 18% of 22 indi-
viduals discontinued trastuzumab permanently, while 13% 
ceased treatment temporarily. This percentage is lower com-
pared with previous research, in which around 28% of patients 
discontinued taking trastuzumab entirely.21

Similar to the findings of Perone et al, 59% of patients who 
developed heart failure started using medication to manage 
their heart failure. It is essential for patients with this illness to 
take medication to address heart failure. With the use of angi-
otensin-converting enzyme (ACE) inhibitors and/or beta-
blockers, the LVEF may be improved.22

The study’s risk variables include coronary artery disease, 
congestive heart failure, dyslipidemia, chronic renal disease, a 
baseline LVEF less than 55%, and the highest included par-
ticipants had prior anthracycline, hypertension, diabetes, age 
above 50 years, and a BMI greater than 30 kg/m2. More than 
53% of patients with various risk factors had heart failure due 
to the use of HER-2-targeted therapies (2 or more risk fac-
tors). But still, only 16% of individuals without risk factors 
experienced heart failure. Multiple studies have struggled to 
consistently identify risk factors significantly influencing the 
development of heart failure. While some research has 
pointed to factors such as age, diabetes, hypertension, prior 
anthracycline therapy, the number of treatment cycles, con-
current taxane therapy, breast surgery, and unilateral tumor 

Table 2.  Primary and secondary outcomes.

Outcomes N (%)

Primary outcomes  

  Cardiotoxicity in all patients, n (%) 22 (10.37%)

 � Asymptomatic with baseline LVEF drop by 
10% or more to LVEF less than 50%

13(6.13%)

 � Asymptomatic with LVEF drop by more than 
20%

0(0.00%)

  Asymptomatic with LVEF less than 40% 5 (2.35%)

  Symptomatic HF despite LVEF decline 4 (1.88%)

Secondary outcomes  

 � Percentage of patients who temporarily 
stopped therapy due to HF

3 (13.63%)

 � Percentage of patients who permanently 
stopped therapy due to HF

4 (18.18%)

 � Percentage of patients who were treated with 
heart failure medications

13 (59%)

 � Percentage of patients who were treated with 
heart failure medications and continued Her-2 
therapy

9 (40.9%)

  Cardiotoxicity in patients with borderline LVEF 5(31.25%)

Abbreviations: HF, heart failure; LVEF, left ventricular ejection fraction.
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Table 3.  Patients who developed cardiotoxicity.

Patient 
number

Setting Risk factors Prior ACEIs, ARBs or 
spironolactone

Medications used 
for cardiotoxicity

Result

  1 MBC •  Age > 50
•  DM

None •  Lisinopril 2.5 mg QD
• � Metoprolol succinate 

50 mg QD

Continued Her-2 therapy with 
improvement of LVEF 
to > 50%

  2 EBC •  Age > 50
•  DM
•  BMI > 30
• H TN
•  CKD
•  CHF
•  CAD
•  DLP
• � Baseline LVEF 50% 

to < 55%

• � Perindopril 10 mg QD
• � Metoprolol succinate 

150 mg QD
• � Spironolactone 

25 mg QD

• � Perindopril 10 mg QD
• � Metoprolol succinate 

150 mg QD
• � Spironolactone 25 mg 

QD

Continued Her-2 therapy with 
improvement of LVEF 
to > 50%

  3 MBC •  Age > 50
•  DLP

None Lisinopril 2.5 mg QD
Metoprolol succinate 
50 mg QD

Continued Her-2 therapy with 
improvement of LVEF 
to > 50%

  4 MBC •  Age > 50
•  Prior anthracycline

None None Stopped Her-2 therapy for 
6 months then resumed

  5 MBC •  Age > 50
• H TN
•  Prior anthracycline

None •  Lisinopril 2.5 mg QD
• � Metoprolol succinate 

50 mg QD

Continued Her-2 therapy with 
improvement of LVEF 
to > 50%

  6 MBC •  Prior anthracycline None None Stopped pertuzumab and 
continued trastuzumab alone

  7 MBC •  Age > 50
•  DM

None None Stopped Her-2 therapy for 
6 months then resumed

  8 MBC None None None Continued Her-2 therapy with 
improvement of LVEF 
to > 50% without intervention

  9 EBC •  Prior anthracycline
•  BMI > 30

None • � Entresto 100 mg twice 
daily

• � Carvedilol 6.25 mg 
twice daily

Stopped Her-2 therapy 
permanently

10 MBC •  Age > 50 None None Continued Her-2 therapy 
despite LVEF is < 50%

11 MBC • � Baseline LVEF 50% 
to < 55%

None •  Perindopril 5 mg QD Stopped Her-2 therapy for 
6 months then resumed

12 MBC •  Age > 50 None None Continued Her-2 therapy with 
improvement of LVEF 
to > 50% without intervention

13 MBC •  Age > 50
•  DM

None None Continued Her-2 therapy with 
improvement of LVEF 
to > 50% without intervention

14 MBC •  Prior anthracycline
• � Baseline LVEF 50% 

to < 55%

None •  Lisinopril 5 mg QD
• � Metoprolol succinate 

50 mg QD

Continued Her-2 therapy with 
improvement of LVEF 
to > 50%

15 MBC •  Age > 50
•  DM
•  DLP
•  CHF
• H TN
•  BMI > 30
• � Baseline LVEF 50% 

to < 55%

• � Valsartan 40 mg 
once daily

• � Atenolol 50 mg once 
daily

• � Valsartan 80 mg once 
daily

• � Atenolol 50 mg once 
daily

Continued Her-2 therapy with 
improvement of LVEF 
to > 50%

16 EBC • H TN
•  Prior anthracycline

None None Continued Her-2 therapy with 
improvement of LVEF 
to > 50% without intervention

 (Continued)
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site as potential risks, the findings have often been inconsist-
ent.22-25 Moreover, The concurrent administration of doxoru-
bicin and cyclophosphamide with trastuzumab may increase 

the risk of cardiotoxicity by up to 27%, compared with an 
estimated 8% risk when doxorubicin and cyclophosphamide 
are administered without trastuzumab.6,26

Patient 
number

Setting Risk factors Prior ACEIs, ARBs or 
spironolactone

Medications used 
for cardiotoxicity

Result

17 EBC •  Age > 50
•  BMI > 30
•  Prior anthracycline

None None Stopped Her-2 therapy 
permanently

18 MBC • H TN
•  DM
•  Age > 50

• � Perindopril 10 mg QD
• � Carvedilol 6.25 mg 

once daily

• � Perindopril 10 mg QD
• � Metoprolol succinate 

50 mg QD

Continued Her-2 therapy with 
improvement of LVEF 
to > 50% without intervention

19 MBC •  Age > 50
•  CAD
•  DM
•  Prior anthracycline

None • � Candesartan 16 mg 
once daily

• � Metoprolol succinate 
100 mg QD

Stopped Her-2 therapy 
permanently

20 EBC • H TN
•  Prior anthracycline

• � Telmisartan 40 mg 
once daily

• � Perindopril 2.5 mg 
once daily

• � Carvedilol 3.125 BID

Continued Her-2 therapy with 
improvement of LVEF 
to > 50%

21 EBC •  Prior anthracycline
• � Baseline LVEF 50% 

to < 55%

None • � Perindopril 2.5 mg 
once daily

• � Metoprolol succinate 
25 mg QD

Stopped Her-2 therapy 
permanently

22 EBC •  Age > 50
• H TN
•  DLP
•  Prior anthracycline

• � Valsartan 80 mg 
once daily

• � Valsartan 160 mg 
twice daily

• � Metoprolol succinate 
75 mg QD

Stopped Her-2 therapy 
permanently

Abbreviations: CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; DLP, dyslipidemia; DM, diabetes mellitus; EBC, early breast 
cancer; HTN, hypertension; MBC, metastatic breast cancer; QD, once daily.

Table 3.  (Continued)

Figure 1.  Monitoring LVEF in EBC/MBC.
ACEIs indicates angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; BB, beta blocker; hs-cTnT, high-sensitivity cardiac troponin T; LVEF, left 
ventricular ejection fraction; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.
*Risk factors = age > 50, CAD, CHF, CKD, DLP, DM, HTN, smoking and radiation therapy to chest.
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As seen in our results, borderline LVEF is thought to be one 
of the most important factors that can lead to cardiotoxicity 
and heart failure. Several clinical studies have shown that the 
addition of HER-2-targeted therapies after the anthracycline 
based chemotherapy was related to an increased incidence of 
cardiac dysfunction, especially in patients with preexisting car-
diac disease or a lower LVEF.7,27,28 HER-2-targeted therapies 
are linked with an increased incidence of cardiac dysfunction in 
individuals with borderline EF; thus, it is advised that HER-2-
targeted therapies be used with caution in this situation and 
that the benefits should be evaluated against the risk of 
cardiotoxicity.7,28

Based on the study’s risk variables and several other studies, 
we determined that prior use of anthracyclines was associated 
with an increased risk of heart failure in individuals with nor-
mal LVEF. So, we recommend checking high-sensitive cardiac 
troponin T (hs-cTnT), and NT-proBNP, at baseline and every 
2 to 3 cycles of trastuzumab, in patients with normal LVEF 
who have 1 risk factor of having previously used anthracyclines. 
This is because it’s likely that trastuzumab therapy will cause 
myocardial damage, which can result in higher troponin levels.6 
Patients with 2 or more risk factors, other than the use of 
anthracyclines in the past, should have their LVEF checked 
more frequently than 3 months and their (hs-cTnT), and 
NT-proBNP levels checked at baseline and every 2 to 3 cycles 
of trastuzumab. If the patient has no risk factors, LVEF should 
be monitored every 3 months and there is no need to obtain 
(hs-cTnT), and NT-proBNP. Patients with borderline LVEF 
need to start taking anti-heart failure medication and have 
their (hs-cTnT), NT-proBNP, and LVEF checked as high-risk 
patients. Finally, if LVEF is less than 50%, alternative treat-
ment should be tried, if it is available, and a cardiologist should 
be consulted (Figure 1).

Our recommendations are grounded in several prospective 
studies that evaluate cardiac biomarkers in patients treated 
with anthracyclines followed by trastuzumab. In one study 
involving 43 patients, a significant change in high-sensitivity 
troponin-1 levels from baseline at 3 months was observed, with 
an odds ratio of 9 (95% CI: 1.8-50, P = .006), and negative and 
positive predictive values of 93% and 50%, respectively.29 
Another study demonstrated that patients who developed car-
diotoxicity after receiving anthracyclines or trastuzumab had 
significantly higher increases in baseline troponin levels com-
pared with those who did not (0.039 ± 0.0096 vs 
0.007 ± 0.0013 ng/mL; P = .046).30 Similarly, findings from the 
HERA trial indicated that elevated baseline NT-proBNP 
prior to trastuzumab administration was associated with an 
increased risk of cardiac dysfunction, although a precise thresh-
old could not be determined. Baseline troponin I and T levels 
exceeding 40 and 14 ng/L, respectively, were also linked to a 
higher risk of cardiotoxicity. In addition, an incremental 
increase of 10 ng/L in NT-proBNP was associated with a 30% 
increased risk of trastuzumab-induced cardiac dysfunction.31 A 
retrospective study of 66 patients further reinforced the asso-
ciation between NT-proBNP levels and the development of 
trastuzumab-induced cardiac dysfunction, reporting an esti-
mated odds ratio of 22 (95% CI: 5.7-85.4, P < .0001).32 The 
timing of cardiac biomarker measurement followed the 
American-European Cardio-Oncology guidelines, which rec-
ommend assessing troponin levels after each cycle of trastu-
zumab in patients with 2 or more risk factors—such as smoking, 
hypertension, diabetes, chronic renal insufficiency, and obesity. 
The guidelines also advise monitoring in patients with a single 
risk factor, including age over 60, prior mediastinal radiother-
apy, pre-existing heart disease, elevated baseline cardiac bio-
markers, or previous exposure to cardiotoxic drugs.13 The 

Table 4.  Unadjusted and adjusted odd ratio estimates of cardiotoxicity.

Unadjusted OR 
(95% CI)

P-value Adjusted OR (95% CI)* P-value

Prior anthracycline 1.92 (0.77-4.84) .1646 6.93 (1.37-34.97) .0190

Hypertension 2.00 (0.76-5.25) .1615 3.79 (0.56-25.67) .1729

Diabetes mellitus 2.39 (0.90-6.35) .0797 1.65 (0.19-14.24) .6479

Chronic artery disease 6.23 (0.98-39.55) .0522 8.46 (0.68-105.04) .0965

Congestive heart failure N/A N/A  

Dyslipidemia 1.61 (0.50-5.19) .4220 0.60 (0.06-6.14) .6635

Chronic kidney disease 9.00 (0.54-149.22) .1251 N/A  

BMI > 30 0.36 (0.12-1.09) .0714 0.37 (0.08-1.65) .1939

Baseline LVEF < 55% 7.83 (2.24-27.40) .0013 9.33 (2.16-40.39) .0028

Age > 50 years 1.28 (0.52-3.10) .5871 0.53 (0.09-3.00) .4712

Metastatic breast cancer 1.83 (0.73-4.55) .1970 2.67 (0.62-11.44) .1856

*The models were adjusted for other risk factors.
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European Society of Cardiology (ESC) guidelines on cardio-
oncology, developed in collaboration with the European 
Hematology Association (EHA), the European Society for 
Therapeutic Radiology and Oncology (ESTRO), and the 
International Cardio-Oncology Society (IC-OS), recommend 
the measurement of cardiac troponins and natriuretic peptides 
at baseline, every 2 to 3 cycles during HER-2 targeted therapy, 
and at 3 and 12 months post-therapy in high-risk patients. The 
guidelines further advise discontinuing HER-2 targeted treat-
ment in symptomatic patients or asymptomatic individuals 
with a left ventricular ejection fraction (LVEF) below 40%. 
These guidelines aim to monitor and mitigate the risk of car-
diotoxicity associated with HER-2 targeted treatments.33

This study represents the first research conducted in Saudi 
Arabia aimed at identifying the risk factors most strongly asso-
ciated with HER-2 targeted therapies-induced cardiotoxici-
ties. Our study’s limitation includes a relatively small sample 
size of eligible patients.

Conclusions
The rate of cardiotoxicity induced by HER-2 targeted thera-
pies was greater than the rates reported in many randomized 
clinical trials. We suggest considering the risk factors for devel-
oping cardiotoxicity to customize an appropriate LVEF moni-
toring plan for breast cancer patients. Initiation of anti-heart 
failure medications in patients with cardiotoxicity can poten-
tially reverse the cardiotoxicity and assist the patients to con-
tinue their treatment plan.
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