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Zusammenfassung 

 

Einleitung:  

Brustkrebs ist die weltweit häufigste Krebserkrankung bei Frauen. In ca. 20% der Fälle 

liegt eine HER2-Überexprimierung vor, welche ursprünglich mit einer schlechteren 

Prognose assoziiert war. Heutzutage steht mit dem monoklonalen Antikörper Trastuzumab 

eine wirkungsvolle Therapie zu Verfügung, deren Einsatz jedoch in vielen Fällen durch 

das Auftreten kardiotoxischer Nebenwirkungen limitiert ist. Obwohl einige Risikofaktoren 

bekannt sind, gibt es keinen Konsens über die Wirksamkeit kardioprotektiver Medikation 

zur Prävention der kardialen Dysfunktion. Ziel dieser Arbeit ist es, einen Überblick über 

das Auftreten von Kardiotoxizität bei einer Patientengruppe am LKH Graz zu geben sowie 

Vorerkrankungen und Begleitmedikation in dieser Kohorte und deren möglichen 

Zusammenhang mit Kardiotoxizität zu analysieren. 

 

Material und Methoden:  

Bei der Studie handelt es sich um eine monozentrische retrospektive Studie. 

Eingeschlossen wurden 202 Patientinnen mit invasivem Mammakarzinom, welche 

zwischen 2004 und 2016 eine Therapie mit Trastuzumab an der Klinik für Onkologie am 

LKH Graz begannen. Erhobene Daten wurden mittels deskriptiver Statistik ausgewertet 

und graphisch dargestellt. Anhand des Auftretens von Kardiotoxizität wurden zwei 

Gruppen gebildet, welche mittels induktiver Statistik verglichen wurden.  

 

Ergebnisse:  

Kardiotoxische Nebenwirkungen führten zu einem Therapieabbruch in 11.9% der Fälle. 

Ein relevanter LVEF-Abfall konnte bei 12.4% der Patienten festgestellt werden.  Diese 

Patienten hatten signifikant höhere Werte für linksventrikuläre end-diastolische 

Dimensionen zu Therapiebeginn und hatten signifikant häufiger ACE-Hemmer als 

Begleitmedikation. In der Gruppe mit Kardiotoxizität konnten ein höheres Alter, ein 

höherer BMI und eine niedrigere LVEF zu Therapiebeginn beobachtet werden, diese 

Ergebnisse waren jedoch nicht signifikant. Arterielle Hypertension war häufiger in der 

Gruppe mit Kardiotoxizität zu beobachten, wohingegen Rauchen dort seltener beobachtet 

wurde und sich die Raten für Diabetes mellitus und Hypercholesterinämie in beiden 

Gruppen glichen. Weiters konnten eine erhöhte Rate an Calciumantagonisten, sowie 

erniedrigte Raten von Statinen und Spironolacton in der Gruppe mit Kardiotoxizität 
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beobachtet werden. Kein relevanter Unterschied bestand bezüglich Sartanen, Betablockern, 

anderen Diuretika, Diabetesmedikation und Nitraten. Keine dieser Beobachtungen 

bezüglich der Begleitmedikation und Begleiterkrankungen war jedoch statistisch 

signifikant.  

 

Zusammenfassung:  

Patienten mit Kardiotoxizität zeigten höhere links-ventrikuläre end-diastolische 

Dimensionen zu Therapiebeginn sowie eine höhere Rate an Begleitmedikation mit ACE-

Hemmern. Unterschiede zwischen beiden Gruppen bezüglich Alter, BMI, der Ausgangs-

LVEF sowie der Rate an weiteren Risikofaktoren und Begleitmedikation waren statistisch 

nicht signifikant. 
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Abstract 

 

Introduction:  

Breast cancer is the most common cancer in women. In about 20% of cases an 

overexpression of the HER2 receptor can be found, which was formerly associated with a 

poorer outcome. Nowadays the monoclonal antibody trastuzumab presents an effective 

therapy option. However, its clinical use is limited by the occurrence of cardiac 

dysfunction. Although some risk factors are known, studies on the effect of 

cardioprotective therapy as a mean of prevention have delivered inconclusive results. Aim 

of this study is to give an overview of the incidence of cardiotoxicity in the patient group 

treated at the LKH Graz and to analyze possible associations between the occurrence of 

cardiotoxicity and co-morbid disease and co-therapy.  

  

Methods: 

We conducted a single-center retrospective study with invasive breast cancer patients who 

received trastuzumab treatment at the department of oncology at the university hospital in 

Graz between 2004 and 2016. 202 female patients were included in the final study. 

Collected data was analyzed using descriptive statistics and presented graphically. Based 

on the occurrence of cardiotoxicity two groups were distinguished whose parameters were 

compared using inductive statistics.  

 

Results:  

Treatment with trastuzumab was discontinued due to cardiotoxic side effects in 11.9% of 

patients and a relevant LVEF decrease could be observed in 12.4% of patients. Those 

patients had significantly higher baseline LVED dimensions and were significantly more 

often on ACE-inhibitor co-medication. Patients with cardiotoxicity were older, had a 

higher BMI and lower baseline LVEF, although these results failed to reach significance.  

Arterial hypertension was more frequent in the cardiotoxicity group, whereas smoking was 

less common. Rates for diabetes and hypercholesterolemia were similar in both groups. A 

higher rate of calcium channel blockers and a lower rate of statins and spironolactone 

could be observed in the cardiotoxicity group. Further cardiovascular medication was 

similar among both groups. None of these observations regarding co-morbid disease and 

co-therapy was statistically significant.   
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Conclusion:  

Patients with cardiotoxicity had higher baseline LVEDD values and were on medication 

with ACE-Inhibitors more frequently. Differences between both groups regarding age, 

BMI, baseline LBEF and smoking rate and frequency of statin-co-medication were not 

statistically significant.   
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1 Introduction  

1.1 Background and Aim of the Study 

Breast cancer is the most common type of cancer in women worldwide.(1) According to 

the National Institute of Cancer 12.4 percent of women – meaning one in eight women – in 

the United States will be affected during their lifetime.(2) Advances in cancer therapy and 

screening have led to a reduction of mortality during the past years.(3) However, this 

success in therapy also leads to a growing number of surviving patients that must live with 

long-term effects caused by antineoplastic therapy.(4) Studies have shown that in breast 

cancer survivors the risk for cardiovascular disease-related mortality is higher compared to 

women without breast cancer. Heart disease has been shown to be the greatest single non-

cancer related cause auf death in female breast cancer patients.(5,6) In about 20% of breast 

cancer patients HER2/neu is amplified.(7,8) In these cases, trastuzumab is an important 

treatment option. Trastuzumab however is known to cause cardiotoxicity.(9) This presents 

one of the most important adverse effects and often is a limiting factor in the use of this 

therapy, which consequently leads to a higher risk of cancer reoccurrence and 

mortality.(10) 

 

Although some risk factors have been described there is still no common agreement on 

how to prevent cardiotoxicity. The studies on preventive effects of cardiovascular 

medication that have been published delivered inconclusive results. Therefore, more 

studies are needed to get a clear understanding of this topic. Aim of this retrospective study 

is to find out more about the association of trastuzumab-induced cardiotoxicity with co-

morbid diseases and pharmacotherapy in a group of breast cancer patients treated at the 

University Hospital of Graz. More precise knowledge of risk factors and especially 

protective factors of trastuzumab-induced cardiotoxicity would lead to a safer and more 

effective use of this drug. Restricted medical resources could be used more efficiently if 

women at high risk would receive closer monitoring while women at low risk could profit 

from not having unnecessary examinations. Given the relatively high incidence of breast 

cancer this would also have economic effects. More importantly however, it would 

significantly improve the health of a great number of women worldwide. 

 



 

 2

1.2 Breast Cancer 

1.2.1 Epidemiology  
In the year 2012 about 1.67 million women worldwide have been diagnosed with breast 

cancer. This number makes up 25% of all cancer diagnoses in women for that year, 

meaning that breast cancer is the most common type of cancer in women overall both in 

developed and less developed countries. Breast cancer is the number one cause of cancer 

death in women in less developed countries and it is number two after lung cancer in 

developed countries. In 2012 there was a total number of 522,000 breast cancer deaths 

worldwide.(1)  

In Austria, 5,390 women have been diagnosed with breast cancer in 2015. This number 

makes up about 30% of all new female cancer cases that year. Breast cancer was the 

number one cause of cancer death in women in 2015 and at the end of the year there were 

74,170 women with breast cancer living in Austria.(11)  

During recent years there have been great advances in cancer therapies leading to a 

reduction in breast cancer mortality.(12) The relative 5-year survival rate of women 

diagnosed with breast cancer in Austria during the years 2008-2012 is 86.3% compared to 

72.6% for women diagnosed between 1988-1992.(13)  

Figure 1 gives an overview of the incidence and the mortality of breast cancer during the 

years 1990 and 2014.  

 
Figure 1: Breast cancer incidence and mortality from 1990 to 2015. Derived from (14) 
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1.2.2 Etiology and Risk Factors 

Multiple factors contribute to the development of breast cancer. Risk factors can be genetic 

predisposition, hormonal or environmental influences and include:(15) 

- Female gender 

- Age  

- Positive family history in a first degree relative, BRCA1/2 

- Early menarche, late menopause  

- Nulliparity or older age (>35 years) at first child birth  

- Oral contraceptives, hormone replacement therapy  

- Lifestyle factors (excessive alcohol consumption, fatty diet) 

 

1.2.3 Classification, Staging and Grading  

In 2012 the World Health Organization (WHO) published an updated classification of 

tumors of the breast according to their histopathology.(16–18) The classification for 

invasive carcinomas is presented in the table 1.  

  

Invasive breast carcinomas 

Invasive carcinoma of no special type (NST) 

Invasive lobular carcinoma 

Tubular carcinoma 

Cribiform carcinoma 

Mucinous carcinoma 

Carcinoma with medullary features 

Carcinoma with apocrine differentiation 

Carcinoma with signet ring differentiation 

Invasive micropapillary carcinoma 

Metaplastic carcinoma of no special type 

Rare types 

Table 1: WHO classification of invasive breast carcinomas 2012. Modified after (16–18) 

 

Staging of breast cancer takes place according to the TNM classification, in which the size 

and extent of the primary tumor (T), regional lymph nodes (N) and metastasis (M) are 
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evaluated.(19) Stages according to the Union for International Cancer Control (UICC) are 

presented in table 2.   

 

Breast cancer stages according to the UICC  

Stage 0  Tis N0 M0 

Stage IA T1 N0 M0 

Stage IB T0, T1 N1mi M0 

Stage IIA T0, T1 

T2 

N1 

N0 

M0 

M0 

Stage IIB T2 

T3 

N1 

N0 

M0 

M0 

Stage IIIA T0, T1, T2 

T3 

N2 

N1, N2 

M0 

M0 

Stage IIIB T4 N0, N1, N2 M0 

Stage IIIC Any T N3 M0 

Stage IV Any T Any N  M1 

Table 2: Breast cancer staging according to UICC 8th edition. Modified after (10) 

 

Breast carcinoma grading usually takes place according to the Nottingham grading system. 

Here G1 describes a low grade or well differentiated tumor, G2 an intermediate grade or 

moderately differentiated and G3 a high grade or poorly differentiated tumor.(20)  

Additionally, breast cancer can be further categorized according to the molecular subtype. 

Important aspects in this case are the hormonal receptor status (estrogen and progesterone 

receptor positivity or negativity), the proliferation index Ki67 and the Her2/neu status.(21) 

Depending on the Ki67 value tumors have been classified as low (≤15%), intermediate 

(16-30%) and highly proliferating (>30%) by the St. Gallen expert consensus in 2009.(22) 

HER2-status is determined using immunohistochemistry (IHC) or in-situ hybridization 

(ISH). Requirement for initiation of trastuzumab therapy is a 3+ IHC result or a positive 

ISH result. In case of a 2+ IHC result, the tests have to be repeated either with IHC at 

different tissue samples or ISH. IHC 0 and 1+ are considered negative.(23–25) Further 

information on criteria of the single categories is given in table 3.  
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Method Criteria 

IHC  

0 

1+ 

2+ 

 

3+ 

 

No or faint incomplete membrane staining in <10% of tumor cells 

Faint incomplete membrane staining in >10% of tumor cells 

Weak/moderate circumferential membrane staining in >10% of tumor cells or 

          intense circumferential membrane staining in <10% of tumor cells  

Complete and intense circumferential membrane staining in >10% of tumor cells  

ISH 

Negative 

Equivocal 

Positive 

 

HER2/CEP17 ratio <2.0 and average HER2 copy number <4 signals/cell 

HER2/CEP17 ratio <2.0 and average HER2 copy number <6 and ≥4 signals/cell 

HER2/CEP17 ratio ≥2.0 or average HER2 copy number ≥6 signals/cell 

Table 3: Criteria for immunohistochemistry and in-situ hybridization positivity. Modified after (23–
25). IHC= immunohistochemistry, ISH= in-situ hybridization  
 
 

1.2.4 Therapy  

There is no uniform treatment for breast cancer. The exact therapy regimen varies 

according to tumor identity, receptor status, tumor size and stage and is given in current 

guidelines.(25,26) Options include:(21) 

 surgery (breast-preserving or mastectomy, sentinel lymph node biopsy, axillary 

dissection)  

 radiation  

 endocrinological therapy with hormone antagonists 

 anti-Her2/neu therapy (trastuzumab, pertuzumab, lapatinib, trastuzumab emtansine) 

 chemotherapy (anthracyclines, taxanes, cyclophosphamide, bendamustine, fluorouracil, 

gemcitabine, others) 

 other targeted therapies (bevacizumab, everolimus, others) 

 modulation of bone metabolism 

 

While in the past surgery has been considered the primary treatment option for breast 

cancer, systemic therapy gained more relevance in recent years.(27,28) Depending on 

administration either before or after surgery it is distinguished between neoadjuvant and 

adjuvant therapy.(29,30) The aim of adjuvant therapy is the destruction or inhibition of 

micrometastases which may be present even after surgery and lead to future reoccurrence 

of the disease.(31) Neoadjuvant systemic therapy, which is also referred to as primary 
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systemic therapy or preoperative chemotherapy, may also enable surgery in formerly 

inoperable cases and increases the rate of breast conserving surgery. It also renders the 

possibility to monitor treatment response.(27,28)  
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Cardiotoxicity  

1.2.5 Definition and Forms 

The National Institute of Cancer defines cardiotoxicity as “toxicity that affects the 

heart”.(32) This simple definition basically covers all types of cardiovascular reactions in 

response to any cancer therapy. There are different types of cardiovascular complications 

that can be caused by anti-neoplastic therapy.(33,34) According to the European Society of 

Cardiology (ESC) nine different categories can be distinguished:(34)  

 Myocardial dysfunction and heart failure 

 Coronary artery disease 

 Valvular disease  

 Arrhythmias 

 Arterial hypertension  

 Thromboembolic disease  

 Peripheral vascular disease and stroke  

 Pulmonary hypertension  

 Pericardial complications 

 

However, in many cases the term cardiotoxicity more specifically refers to the impairment 

of left ventricular function and heart failure.(34) This thesis focuses on cardiotoxicity as 

chemotherapy-induced cardiomyopathy. 

There is no common definition stating at which point a decline in left ventricular function 

is considered as cardiotoxicity.(35) The Cardiac Review and Evaluation Committee that 

supervised seven phase-II and III trastuzumab trials defined cardiotoxicity as a decline of 

the left ventricular ejection fraction (LVEF) of ≥5% to a final ejection fraction of <55% 

with symptoms of congestive HF or as an asymptomatic decline of LVEF ≥10% to a final 

ejection fraction of <55% detected by multigated acquisition (MUGA) scan or 

echocardiogram.(35) The American Society of Echocardiography (ASE) and the European 

Association of Cardiovascular Imaging (EACVI) defined a LVEF decline of ≥10% to a 

final LVEF of < 53% to be the limit for cardiotoxicity, determined by either 

echocardiography, MUGA scan or cardiac magnetic resonance imaging (MRI).(36) Apart 

from these two, more definitions and limits have been used by different authors.(35) For 

example, in the HERA trial which assessed trastuzumab-related cardiac adverse events a 

significant LVEF drop is considered as decrease of at least 10 absolute percentage points to 
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a value below 50% while the ESC mentions a LVEF decline of more than 10% to below 

the lower limit of normal.(34,37)  

 

1.2.6 Classifications of Cardiotoxicity  

Regarding the pathophysiology of cardiotoxicity, it is generally distinguished between type 

I and type II cardiotoxicity (see table 4).  

Type I cardiotoxicity is typically caused by anthracyclines and the analogue 

mitoxantrone.(38) It is considered to be dose-dependent and irreversible.(39) Its 

mechanism is thought to be via myocyte cell death, and structural changes such as vacuole 

formation, myofibril disarray and necrosis have been described.(38)   

Contrary, type II cardiotoxicity is considered being reversible because it is caused by 

myocyte dysfunction without cell death.(39) It is not dose-dependent. Typically causing 

agents are targeted therapies such as trastuzumab.(39,40) It has generally been described to 

be without ultrastructural changes.(40) 

 

Cardiotoxicity Type I Type II 

Characteristic agent Doxorubicin Trastuzumab 

Clinical course/  

response to therapy 

(ACE-inhibitors, beta 

blockers) 

May stabilize, underlying 

damage appears to be 

permanent and irreversible  

High likelihood of recovery 

Dose effects Cumulative, dose-related Not dose-related 

Effects of rechallenge High probability of 

recurrent dysfunction that is 

progressive  

Relative safety of 

rechallenge 

Ultrastructure Vacuoles, myofibrillar 

disarray and dropout, 

necrosis 

No apparent ultrastructural 

abnormalities  

Table 4: Characteristics of type I and II cardiotoxicity. Modified and shortened after (36) 

 

Lately, this concept has been up to discussion. On the one hand it has been questioned 

whether trastuzumab-induced cardiotoxicity really is reversible, considering data 

suggesting that many patients continue to take cardiac medication and have persistent 

cardiac dysfunction shown by reduced LVEF during follow-up.(41) On the other hand 
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Cardinale et al. showed that early detection of anthracycline-induced cardiotoxicity with 

prompt initiation of pharmaceutic therapy can lead to an improvement of cardiac function 

in the majority of cases, despite it being considered irreversible.(42) Also ultrastructural 

changes in rat and mice cardiomyocytes could be demonstrated in type II cardiotoxicity,  

contradicting this commonly used classification.(43,44) 

 

The ASE and the EACVI also classified cardiotoxicity as symptomatic or asymptomatic 

and according to its reversibility. A return to a value within 5 percentage points of baseline 

is considered reversible, a value that has improved by at least 10 percentage points from 

the nadir but remains more than 5 percentage points below baseline as partially reversible 

and a value that has improved by less than 10 percentage points from the nadir and remains 

more than 5 percentage points below baseline as irreversible.(36) 
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1.2.7 Further Drugs associated with Cardiotoxicity  

As mentioned above cardiotoxic effects can be manifold. For the sake of completeness, a 

brief overview of the most important cardiotoxicity-inducing drugs is given in table 5.  

 

Cardiac response Drug Incidence 

Contractile dysfunction 

or heart failure 

Anthracyclines 

Cyclophosphamide 

Cisplatin 

Trastuzumab  

Lapatinib  

Bevacizumab 

Sunitinib 

Sorafenib 

Imatinib 

Cumulative, dose-related 

Rare 

Rare 

Variable 

 

Low 

Low 

Rare 

Rare 

Arterial hypertension All angiogenesis inhibitors Moderate, dose-dependent 

Myocardial ischemia Pyrimidine analogues Moderate  

Thromboembolism 

 

 

Cisplatin 

All angiogenesis inhibitors 

Moderate 

Moderate 

Arrhythmia or  

QT prolongation 

Arsenic trioxide 

Lapatinib 

Sunitinib 

Nolitinib 

Dasatinib 

Moderate 

Rare 

Rare 

Rare  

Rare 

Table 5: Most important cardiac side effects and causing agents. Modified and shortened after (39) 
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1.3 HER2/neu  

1.3.1 Protein  

ErbB2 is an 185,000 Dalton protein that is part of the epidermal growth factor receptor 

(EGFR) family. This family consists of four different receptors called EGFR (also called 

ErbB1 or HER1), ErbB2 (HER2 or neu), ErbB3 (HER3) and ErbB4 (HER4). Except for 

ErbB3 they all act as tyrosine kinases. They consist of an extracellular ligand-binding 

domain, a transmembrane domain and a cytoplasmic domain with the tyrosine kinase.(45)  

All proteins of this family play an important role in the signal transduction cascade for cell 

proliferation, survival, adhesion, migration and differentiation of cells and therefore must 

be present in order to have normal cell functioning. However, in case of abnormal function 

they lead to the development and growth of tumor cells.(46) 

 

1.3.2 Gene  

The gene encoding for the ErbB2 protein can be found on band q21 of chromosome 17.(7) 

The different but equivalent names ErbB2, neu, and HER2 for the gene and protein derive 

from the fact that different groups of scientists independently discovered these genes which 

were later shown to be the same.(7) 

 

1.3.3 Signaling and Pathways 

Since the different receptors of the EGFR family work together in signaling, it is not 

possible to describe only the ErbB2 receptor. Thus, a general explanation how the ErbB 

receptors contribute to signaling is given.  

The tyrosine kinases of the receptors are inactive while the receptors are in their isolated 

form. They are activated by ligands binding on the extracellular domain, leading to the 

formation of hetero- or homodimers and hereby inducing tyrosine kinase activity at the 

cytoplasmic domain.(46) Ligands can be divided into three groups:(45) 

1. The first group consists of EGF, transforming growth factor alpha (TGF-alpha) and 

amphiregulin (AR). These three specifically bind to EGFR.   

2. The second group contains betacellulin (BTC), heparin-binding growth factor (HB-

EGF) and epiregulin (EPR). These can bind to EGFR or ErbB4.  

3. The third group includes the neuregulins (NRGs) and can be further divided depending 

on whether the ligands can bind to ErbB3 and ErbB4 (NRG-1 and NRG-2) or only to 

ErbB4 (NRG-3 and NRG-4).  
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All these ligands are growth factors belonging to the EGF (epidermal growth factor)-

family and can be produced either by the same cells expressing the receptors (autocrine 

secretion) or by surrounding cells (paracrine secretion).(45,47)  

There is no ligand known for ErbB2, however, it is the preferred partner for the other ErbB 

receptors to form heterodimers.(47)  

Following the receptor activation is the phosphorylation of specific tyrosine residues 

within the cytoplasmic tail, which then serve as docking site for cytoplasmic enzymes and 

adapter proteins. The following dissociation of these signaling complexes releases 

activated effector and adaptor proteins into the cytoplasm which leads to activation of 

intracellular signaling pathways.(45,46)  

 

The signal is terminated mainly through endocytosis of the receptor-ligand complex and 

later degradation or recycling of the resulting endosomes.(46)  

 

1.3.4 Importance of ErbB2 in Development and the Heart  

ErbB receptors are found in a variety of tissues. They are linked to early embryonic 

development and the renewal of stem cells in normal tissues like skin, liver or gut.(45) 

ErbB2 has been identified in the nervous system, developing bone, muscle, skin, heart, 

lungs and intestinal epithelium of human fetuses.(48)  

ErbB2 seems to play a major role during cardiac development. Knockout mice without the 

ErbB2 gene die before birth which is probably due to trabeculae malformation of the 

heart.(49)  But also in adults, ErbB2 plays an important role in adaptation and maybe also 

regeneration of the heart. Cardiac endothelial cells secrete NRG, which then binds to 

ErbB4 in myocardial tissue. ErbB4 then undergoes a conformation switch from closed to 

open conformation and forms ErbB4/ErbB4 homodimers, or ErbB4/ErbB2 heterodimers. 

Subsequent activation of tyrosine kinase activity and transphosphorylation of the ErbB 

cytoplasmic signaling tails leads to activation of cardioprotective signaling cascades. 

Although NRG-1 signaling is mainly associated with ErbB4, ErbB3 also seems to take part 

in these processes.(50)  

This NRG-1/ErbB signaling axis is activated in heart failure and at least during the early 

stages compensates for the pathological changes leading to progression of cardiac 

dysfunction.(50) 
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1.3.5 ErbB2 in Breast Cancer  

30 years ago, Slamon et al. showed that the ErbB2 gene is amplified in up to 30% of breast 

cancer cases and that this amplification is associated with a negative effect on survival 

rates and time to relapse.(7)  

ErbB2 amplification plays a critical role in tumor growth. An important route is the 

formation of oncogenic ErbB2/ErbB3 complexes. Amplification of the ErbB2 gene leads 

to an uncontrolled and partially ligand-independent binding of the ErbB2 receptor to 

ErbB3. This results in the activation of the PI3K/Akt pathway and consequently in intense 

cell growth and proliferation.(50)  

ErbB2 plays an important role not only in the pathogenesis of breast cancer but is also 

associated with other types of malignancies such as ovarian, gastric and bladder 

cancer.(50)  
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1.4 Trastuzumab 

1.4.1 General Information and Clinical Use 

Trastuzumab (brand name Herceptin®, Roche) is a humanized monoclonal antibody 

directed against the ErbB2 receptor.(51) It consists of two antigen-specific sites that bind 

to the extracellular domain of the HER2 receptor and the remainder of the antibody, which 

is human IgG with a conserved Fc portion.(52) The Fc region contains binding sites for 

Fcγ receptors present on immune cells, platelets, hepatocytes and endothelial cells.(53) By 

binding to the HER2 receptor trastuzumab inhibits the activation of its intracellular 

tyrosine kinase.(52,54) 

 

In a phase-III trial Slamon et al. showed that trastuzumab leads to significantly longer time 

to disease progression, a higher rate of response, a longer duration of response and 

improved overall survival.(9) Trastuzumab was first approved by the Food and Drug 

Administration (FDA) for clinical use in HER2-positive metastatic breast cancer in the 

United States in 1998 and in 2000 also by the European Medicines Agency (EMA) for use 

in the European Union.(51) Today it is also approved for early Her2-positive breast cancer 

and metastatic gastric cancer.(55)   

 

In breast cancer patients, Trastuzumab can be administered intravenously in three-week 

intervals or weekly. In the weekly regimen, the loading dose is 4 mg/kg body weight and 

the maintenance dose 2 mg/kg body weight, while in the three-week regimen the loading 

dose is 8 mg/kg body weight and the maintenance dose is 6 mg/kg body weight. If 

administered intravenously Trastuzumab should be administered over 30-90 minutes per 

infusion cycle.(55) Trastuzumab can also be administered subcutaneously. The HannaH 

study demonstrated the non-inferiority of subcutaneous administration and a similar safety 

profile compared to intravenous administration.(56) In this regimen, a dose of 600 mg is 

administered subcutaneously over 2-5 minutes every three weeks.(55) In 2017, the PrefHer 

study showed that a great majority of patients preferred subcutaneous administration.(57) 

In early breast cancer patients, individual studies have shown effectiveness of a nine-week 

period of treatment with Trastuzumab comparable with treatment for a year.(58) However, 

currently 12-months is considered the optimum duration of treatment in early breast 

cancer, which is also reflected by guidelines.(55,59) In metastatic breast cancer patients 

treatment is continued until disease progression.(55) 
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1.4.2 Mechanism of Action  

Several mechanisms how trastuzumab works in fighting against HER2 positive cancer 

have been described.(52,60,61) 

 

Interference with the ErbB2 receptor 

A crucial point seems to be the interference with the ErbB2 receptor. Blocking of ErbB2 

dimerization leads to subsequent inhibition of the signaling pathways mentioned above. 

This is thought to lead to apoptosis and arrest of proliferation in cancer cells.(60) Apart 

from this the destruction of the HER2 receptor via endocytosis, which is thought to be 

caused by the binding of trastuzumab, may lead to the reduction of relative cell surface 

expression, in other words HER2 downregulation, and thus to reduced signaling.(60,61) 

 

Antibody-dependent cellular cytotoxicity 

Another mechanism might be the activation of antibody-dependent cellular cytotoxicity 

(ADCC). Natural killer cells expressing the Fcγ receptor are activated and can then bind to 

the Fc domain of trastuzumab. This leads to the lysis of tumor cells which are bound to 

trastuzumab.(60) This theory has been supported by findings of Clynes et al. who showed 

that in mice lacking the Fc receptor only 29% tumor growth inhibition was observed 

compared to 96% in mice with the Fc receptor.(62)  

 

HER2 cleavage 

Additionally, the inhibition of HER2 cleavage seems to play a role. The HER2 receptor 

undergoes proteolytic cleavage when it is over-expressed. This leads to shedding of the 

extracellular domain which is then released into the blood, and leaves the membrane-

bound fragment called p95.(60,63) This fragment is phosphorylated and exhibits kinase 

activity, enabling potential signaling.(63) Trastuzumab has been shown to inhibit this 

shedding process.(64)  Decreased serum levels of the extracellular domain have been 

associated with a more favorable treatment outcome, supporting this theory.(60,65)  

 

Further mechanisms 

Also, a connection between HER2 overexpression and increased angiogenesis has been 

demonstrated by Yen et al.(66) Studies with mice have shown the normalization of 

vasculature due to treatment with trastuzumab, indicating a possible inhibition of 

angiogenesis provoked by trastuzumab.(60)  
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Furthermore, trastuzumab seems to affect DNA repair. It has been shown that cells with 

HER2 overexpression show up to 44% less DNA repair action after cisplatin or 

radiotherapy when trastuzumab is present.(61)  

 

1.4.3 Adverse Events 

The most severe side effects of trastuzumab therapy include cardiac dysfunction, infusion 

reactions, hematologic toxicity with neutropenia, infections and pulmonary toxicity.(55,67) 

Other common side effects include, amongst others, arthralgia, asthenia, headache, emesis 

and diarrhea.(57,67) Excluding injection site reactions, the rates of adverse events are 

similar in intravenous and subcutaneous administration.(57) 
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1.5 Trastuzumab-induced Cardiotoxicity  

1.5.1 Epidemiology  

In 2001 Slamon et al published the results of a phase 3 trial which showed the extent of 

cardiotoxic effects caused by trastuzumab. Different from expectations based on results 

from earlier studies cardiac dysfunction was present in up to 27% of cases when patients 

were treated with anthracyclines, cyclophosphamide and trastuzumab. In patients receiving 

paclitaxel and trastuzumab there was a 13% incidence. In patients who received an 

anthracycline and cyclophosphamide alone cardiac dysfunction was present in only 8%, in 

patients receiving paclitaxel alone it was apparent in 1%. Comparing all cases the 

incidence of cardiac dysfunction according to New York Heart Association (NYHA) class 

III and IV was also highest in patients receiving anthracyclines, cyclophosphamide and 

trastuzumab (16%), while it was 3% in patients receiving anthracyclines and 

cyclophosphamide alone, 2% in patients with paclitaxel and trastuzumab and 1% in those 

treated with paclitaxel alone.(9)    

As a result, the administration regimens were changed to allow for a longer interval 

between chemotherapy and trastuzumab administration and cardiac monitoring during 

trastuzumab therapy was established.(34) Also, patients with significant cardiovascular 

history were excluded from studies and there was a stricter protocol for the use of 

trastuzumab based on LVEF results.(68) 

In a meta-analysis of randomized and cohort studies including 29,000 women, which was 

published in 2015 severe cardiotoxicity occurred in 3% of overall breast cancer patients 

treated with trastuzumab. Severe cardiotoxicity was defined as congestive heart failure, 

myocardial infarction, cardiac dysrhythmia, LVEF reduction or other cardiac toxicity grade 

III/IV according to the NCI Common Toxicity Criteria for Adverse Events or NYHA 

classification.(59)  

Overall the incidence of left ventricular dysfunction associated with trastuzumab therapy 

differs among studies and has been variably described to be between 1.7 - 20.1%.(34)  

 

1.5.2 Limitation for Cancer Therapy  

According to the official Herceptin medical information trastuzumab therapy should be 

paused in case of LVEF decrease of both 10 or more percentage points below the baseline 

value and to a value below 50%. Cardiac function should be reevaluated after three weeks 
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and discontinuation of trastuzumab therapy should be seriously considered if there is no 

improvement or even worsening of LVEF or symptomatic heart failure.(69) 

 

1.5.3 Risk factors 

Established risk factors for the development of trastuzumab-induced cardiotoxicity are: 

(34,59,70–73) 

 Advanced age  

 Smoking  

 Arterial hypertension 

 Dyslipidemia  

 BMI > 25 kg/m² 

 Diabetes 

 Postmenopausal status 

 Previous or simultaneous anthracycline therapy 

 Positive history for cardiac disease or coronary artery disease 

 Borderline LVEF or previous LV dysfunction 

 

Other possible risk factors might be genetic background and the patient’s immune 

status.(74)  
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1.5.4 Mechanism of Cardiotoxicity  

Although the exact mechanism of trastuzumab-induced cardiotoxicity is still not 

completely understood, several possible mechanisms have been proposed.(61) These are 

summarized in table 6. 

 

Proposed mechanisms for trastuzumab-induced cardiotoxicity 

Inhibition of ErbB2 signaling pathways and ErbB2 downregulation 

ADCC (immune-mediated) 

Mitochondrial dysfunction 

Changes in gene expression 

Structural damage to myofibrils  

Inhibition of autophagy 

Effects on myocardial endothelium 

Drug interactions (e.g. with anthracyclines) 

Table 6: Mechanisms of trastuzumab-induced cardiotoxicity. (33,71,74–77) 

 

Inhibition of ErbB2 signaling pathways 

A central mechanism seems to be the inhibition of ErbB2 signaling pathways.(74)  As 

described above, these play a major role in metabolism, growth, protection and survival of 

the cardiomyocyte.(77) The heterodimerization of ErbB2 and ErbB4 receptors, induced by 

neuregulin-1, activates signaling pathways important for cell survival. By blocking these 

pathways trastuzumab may downregulate survival signals and lead to myocyte injury and 

loss of repair mechanisms when the cell is exposed to stress.(61) However, lapatinib, a 

dual tyrosine kinase inhibitor of EGFR and ErbB2, seems to be less cardiotoxic despite 

also interfering with ErbB2 signaling.(74,78,79) This indicates that there might be a 

mechanism not related to ErbB2 inhibition in general but related more specifically to 

trastuzumab.(33) 

 

Immune mediation  

Also, an immune-mediated effect on cardiomyocytes is discussed. Since trastuzumab has 

been shown to stimulate ADCC against HER2 positive tumor cells, it seems reasonable 

that there might also be a reaction directed against cardiomyocytes.(74) However, 
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pertuzumab, which also is a monoclonal antibody blocking ErbB2 dimerization, seems to 

be less cardiotoxic.(74,78)  

 

Mitochondrial dysfunction 

Also playing a role in cardiotoxicity might be effects of oxidative and nitrosative stress and 

mitochondrial dysfunction caused by ErbB2 inhibition.(44,53,61). It has been proposed 

that trastuzumab affects the regulation of mitochondrial integrity through BCL-X proteins 

after binding to ErbB2, thus leading to ATP depletion and contractile dysfunction without 

causing structural defects of the myocytes.(33,74) Grazette et al. have shown that 

inhibition of ErbB2 in rat cardiomyocytes leads to an increase in expression of the pro-

apoptotic protein Bcl-xS and a decrease in expression of the anti-apoptotic protein Bcl-xL. 

This change in Bcl-xS/Bcl-xL-ratio leads to increased protein levels of BAX and increased 

oligomerization of BAX. This is associated with an increase in cytosolic cytochrome c, 

another pro-apoptotic protein, and subsequent caspase activation. Due to these alterations 

mitochondrial dysfunction, a loss of mitochondrial membrane potential, a decline in ATP 

levels and a loss of redox capacity could be observed. However, despite the activation of 

mitochondrial apoptotic signaling only a modest increase of apoptosis could be measured. 

The authors suggest that consequences of incomplete progression to apoptosis, like 

mitochondrial dysfunction, may lead to functionally impaired cardiomyocytes and 

therefore play a role in cardiotoxicity.(80)  

 

It was also shown that treatment with trastuzumab increases myocardial oxidative and 

nitrosative stress in mice. An increase of caspase 3/7 activity was shown, indicating the 

activation of apoptotic pathways. However, similar to results of the study described above, 

DNA fragmentation as a sign of apoptosis in mice treated with trastuzumab did not show a 

statistically significant difference compared to the control group.(44) 

 

Gene expression  

It has also been shown that trastuzumab alters the expression of certain genes in an animal 

model. ElZarrad et al. identified 15 genes that were affected by trastuzumab. These genes 

were then divided into two groups. The first group included nine genes with involvement 

in cardiac contractility, adaptation to stress and hemodynamic pressure, DNA repair, 

proliferation, wound healing and mitochondrial function. In other words, all of them had 

direct effects on cardiac function. Eight of these genes were significantly decreased in mice 
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that have been treated with trastuzumab, one was increased. The second group consisted of 

six genes that modulate circadian rhythm and thereby influence heart rate, homeostasis, 

oxidative stress and mitochondrial function. Two of these genes showed a decrease, the 

other four an increase in expression.(44) 

Changes in gene expression were also shown in human iPSC (induced pluripotent stem 

cell)-derived cardiomyocytes. Necela et al. showed a downregulation of expression of 

genes associated with ischemic preconditioning, cardiac dysfunction and metabolism.(75) 

 

Further mechanisms 

Contradicting the view that in trastuzumab-induced cardiotoxicity no histological changes 

can be observed in the myocyte, ultrastructural damage of heart tissue in mice has been 

shown. These changes observed with electron microscopy include stretched myofibers 

with reduced thickness and a decreased number of mitochondria.(44)   

 

A recent study has shown another possible mechanism of trastuzumab-induced 

cardiotoxicity via inhibition of autophagy. It has been proposed that by interfering with 

ErbB2 signaling trastuzumab activates Erk, which leads to an upregulation of the mTor-

Ulk1 pathway. This then leads to inhibition of autophagy in cardiomyocytes. This 

consequently may prevent the efficient degradation of damaged cytoplasmic materials.(76) 

It has previously been shown that inhibition of autophagy causes an accumulation of 

ROS.(76,81) Contrary to trastuzumab, pertuzumab did not have a downregulating effect on 

autophagy.(76)  

 

Apart from effects on the myocyte, ErbB2 signaling pathways may also influence the 

cardiac endothelium. ErbB2 is present in endothelial cells where it seems to play a role in 

angiogenesis and autocrine and paracrine regulation of the heart. Studies have shown that 

deletion of neuregulin in endothelium causes increased susceptibility of myocytes towards 

ischemia-reperfusion injury.(77)   

 

The clinical important interaction between anthracyclines and trastuzumab will be 

explained in the following chapter.   
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1.6 Anthracycline-induced Cardiotoxicity  

Since previous or concomitant anthracycline therapy is a major risk factor in trastuzumab-

induced cardiotoxicity, basics of this substance group will also be briefly explained in this 

thesis. 

 

1.6.1 General Information and Mechanism of Action 

Anthracyclines are antibiotic drugs derived from Streptomyces bacteria which are used in 

cancer therapy because of their cytotoxic effects.(82) They were introduced in the 1960s 

and since then are an important part of chemotherapy for different types of cancer such as 

lymphoma, breast cancer and small cell lung cancer.(83) Of all breast cancer patients, 32% 

are treated with anthracyclines.(84) The most important anthracycline drugs are 

doxorubicin, daunorubicin, idarubicin and epirubicin.(84) Chemically anthracyclines 

consist of an aglycone with a tetracyclic ring structure and a sugar called daunosamine, 

which is attached to the tetracyclic ring by a glyosidic bond.(85)  

In summary, anthracyclines promote DNA damage.(83) There are several mechanisms 

contributing to the anti-neoplastic effect of anthracyclines. An intercalation of the planar 

ring structure between adjacent DNA pairs leads to inhibition of protein synthesis and 

DNA replication. Due to the formation of reactive oxygen species DNA damage and lipid 

peroxidation take place. Additionally, DNA damage is also caused by inhibition of the 

topoisomerase-2 enzyme. DNA cross-linking, binding and alkylation lead to blockage of 

DNA replication and/or transcription. Apart from these two mechanisms mentioned, 

anthracyclines also have a direct effect on membranes, leading to the disruption of the 

bilayer membrane structure.(85) 

 

1.6.2 Epidemiology of Anthracycline-induced Cardiotoxicity  

Anthracycline-induced cardiotoxicity is highly dose dependent. With epirubicin doses 

>900 mg/m2 it lies between 0.9–11.4% and in case of doxorubicin its incidence lies 

between:(34) 

 3-5% for doses up to 400 mg/m² 

 7-26% for doses of 550 mg/m²  

 18-48% with doses of 700 mg/m².  
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1.6.3 Mechanism of anthracycline-induced Cardiotoxicity  

The process of anthracycline-induced cardiotoxicity is thought to be multifactorial and the 

exact mechanism remains unknown (84). However, reactive oxygen species (ROS) and 

topoisomerase-2β seem to play a major role.(83) Mele et al. have tried to unite the main 

hypotheses currently available to explain anthracycline cardiotoxicity at a cellular 

level.(85) This is summarized in figure 2.  

 

Final cardiotoxic effects

Cell dysfunction
Cell necrosis
Apoptosis

Cell autophagy

Intermediate Effects

Lipid peroxidation
Nuclear and mitochondrial DNA damage

Disruption of iron homeostasis
Disruption of calcium homeostasis

Bioenergetic failure

Primary mechanisms

Inhibition of nuclear
topoisomerase IIβ

ROS overproduction
(oxidative stress)

 

Figure 2: Main hypotheses for anthracycline-induced cardiotoxicity. Modified after (85) 

 

Reactive oxygen species (ROS) 

Until now, the most accepted theory was that anthracyclines interfered with redox cycling, 

leading to production of reactive oxygen species (ROS) and thereby causing DNA 

damage.(84)  ROS formation might be induced by anthracyclines via an enzymatic 

pathway, aglycone redox reaction and by formation of iron complexes.(86) These free 

radicals then target DNA molecules, proteins and cellular membranes. DNA damage and 

lipid peroxidation subsequently lead to cell death and organ damage.(85) Since 

cardiomyocytes do not contain high levels of free radical scavengers like catalase and 

glutathione peroxidase they are even more susceptible to damage caused by this 

process.(86) This theory seems to be supported by observations which show a reduction of 

cardiotoxicity rates in patients treated with the iron chelator dexrazoxane concomitantly to 

anthracycline therapy.(83)  

 

Topoisomerase-2β 

Recently, the role of topoisomerase (top) 2 has been discussed to play a major role in 

causing cardiotoxicity.(84) DNA topoisomerases cause temporary single or double-

stranded breaks to regulate the topological changes during DNA replication, transcription, 
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recombination and chromatin remodeling. There are two isoenzymes in humans called 

topoisomerase 2α and 2β. Top 2α is present in proliferating malignant and non-malignant 

cells, whereas top 2β is present in quiescent cells such as adult cardiomyocytes. 

Doxorubicin binds with DNA and topoisomerase 2 to form a complex which causes 

double-stranded DNA breaks. In cancer cells expressing top 2α this induces apoptosis, 

which is the intended process.(84) However, doxorubicin interferes with both top 2α and 

2β.(83) In cells expressing top 2β, doxorubicin also leads to formation of a doxorubicin-top 

2β-DNA-complex. Like with the intended mechanism in anti-neoplastic therapy this 

complex causes DNA breaks and subsequently leads to increased apoptosis and thereby 

cardiac cell death.(83,84) This theory is supported by findings of animal studies which 

have shown that the absence of top 2β in top 2β-knock out-mice is a protective factor 

against doxorubicin-induced cardiotoxicity.(87,88)  

 

Further mechanisms 

Also, other mechanisms have been discussed to play a role in anthracycline toxicity. It has 

been proposed that anthracyclines might damage major structural proteins such as titin, 

which is a myofilament forming protein, or dystrophin, a sarcomere protein. This may 

consequently lead to systolic or diastolic cardiac dysfunction and dilated 

cardiomyopathy.(86)  

 

Another theory is apoptosis due to upregulation of death receptors. It was found that in 

iPSC-derived cardiomyocytes treatment with doxorubicin induced upregulation of the 

death receptors TNFR1, Fas, DR4 and DR5. This was detectable both at mRNA and 

protein levels. These changes have been shown also after treatment with daunorubicin, 

idarubicin and epirubicin, however, they could not be demonstrated at all or not to the 

same extent after treatment with sunitinib, Herceptin, Fluorouracil (5-FU) or Taxol. An 

increase in apoptotic cell population following treatment with doxorubicin could be shown 

by increased DNA fragmentation.(89) 

 

Extracellular matrix remodeling and loss of iron and calcium homeostasis due to alcohol 

metabolites also seem to be important factors. Since not all patients react to comparable 

doses of anthracycline therapy in the same way, a genetic predisposition for the 

development has also been discussed.(85) 
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1.6.4 Interaction between Anthracyclines and Trastuzumab 

One risk factor for the development of trastuzumab-induced cardiotoxicity is previous or 

concomitant anthracycline therapy.(34,70) In a small study Korte et al have found that 

myocardial HER2 was over-expressed in 50% of patients having received anthracyclines in 

the past three weeks. This is thought to be a response to cardiac stress caused by 

anthracyclines.(90)  It has been proposed that trastuzumab might consequently lead to 

cardiac dysfunction by aggravating pre-existing subclinical cardiac damage caused by 

anthracyclines or via a multiple-hit hypothesis. In this case cardiac stress after 

anthracycline therapy is considered the first hit while the inhibition of HER2 signaling 

caused by trastuzumab is thought to be the second hit.(90)  
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1.7 Diagnosis of Cardiotoxicity  

1.7.1 Imaging Techniques 

1.7.1.1 Echocardiography  

Echocardiography is the most commonly used method for monitoring cardiac function and 

is recommended by the ESC before, during and after chemotherapy.(34,91) 

 

LVEF 

The most commonly accepted parameter of cardiac function is the LVEF, which has also 

been shown to be an independent predictor of mortality from cardiovascular events and 

anthracycline-induced cardiotoxicity.(42,91) Advantages of echocardiographic 

examination are its high availability, reproducibility and noninvasive nature.(91) 

Furthermore, it offers the assessment of both function and cardiac structure.(34) 

Limitations however include inter-observer variability, differences in image quality, 

assumption of LV geometry, the dependence on (pre- and after-) load and the examiner’s 

expertise.(34,91) Studies have shown a detection rate of 98% with close echocardiographic 

monitoring for 12 months in cases of anthracycline-induced cardiotoxicity.(42) However, 

the correlation between cardiac biopsy grades and LVEF is poor in patients receiving 

doxorubicin.(92) This suggests that echocardiography might be a rather unsensitive tool in 

early detection of cardiotoxicity due to the fact that a decrease in LVEF occurs only after 

cardiac compensatory mechanisms have failed.(91,93) It has also been shown that in many 

cases diastolic dysfunction might precede LVEF decrease.(42) However, at this point there 

is no recommendation to stop treatment based on this result.(34) In a study with HER2-

positive breast cancer patients receiving anthracyclines, taxanes, and trastuzumab neither 

the LVEF measured after completion of anthracycline therapy nor the change between 

LVEF at baseline and after completion of anthracycline therapy could predict future 

cardiotoxicity.(94)  

In its 2016 position paper the ESC recommends echocardiography as method of choice for 

the detection of cardiac dysfunction before, during and after chemotherapy. Three-

dimensional echocardiography is the preferred method of examination. In cases where this 

technique is not available the two-dimensional biplane Simpson method is 

recommended.(34)  
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Myocardial Strain  

A newer method which might be beneficial in detecting cardiotoxicity at an early stage is 

strain echocardiography.(34) This examination, also called deformation imaging, can be 

used to evaluate the regional myocardial mechanical function in an objective manner.(95) 

It has been demonstrated that subclinical changes can be detected before a decrease in 

LVEF takes place.(91) The global systolic longitudinal myocardial strain seems to be a 

reliable parameter in predicting future cardiotoxicity.(34) In the above-mentioned study 

Sawaya et al. demonstrated that longitudinal strain measured after completion of 

anthracycline therapy was predictive of future cardiotoxicity. A value of <19% was chosen 

to detect high-risk patients. No predictive value could be found for radial or 

circumferential strain.(94) However, several limitations prevent the wide-spread use of this 

method. Among these are an offline and time-consuming data analysis, dependency on the 

acoustic window and different machines and software programs resulting in low 

comparability of results. In addition to that no long-term data are available at this 

moment.(91) 

 

1.7.1.2 MUGA-Scan 

Another well-established examination technique to monitor and evaluate cardiac function 

is the multiple-gated acquisition (MUGA) scan, also known as radionuclide 

angiography.(34) Major advantages of this method include its good accuracy, 

reproducibility and limited inter-observer variability.(34,91) However, it exposes the 

patient to radiation, especially if used repeatedly during monitoring, and in addition to that 

gives only limited information on hemodynamics, cardiac structure and diastolic 

function.(34,91)   

 

1.7.1.3 Cardiac Magnetic Resonance Imaging 

Cardiac magnetic resonance is considered the gold standard in evaluating systolic and 

diastolic function, cardiac volumes and cardiac mass.(91) It helps in determining causes of 

left ventricular dysfunction and can also detect cardiac fibrosis. Furthermore, it is highly 

accurate and reproducible and does not expose the patient to radiation. It is limited though 

by lower availability, higher costs and also might not be tolerated by all patients due to 

claustrophobia or other reasons.(34,91) 
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1.7.2 Cardiac Biomarkers 

Several biomarkers have been studied in their ability to detect cardiotoxicity at an early 

stage or even predict its future appearance. 

 

1.7.2.1 Troponin  

In studies with pediatric patients receiving high dose chemotherapy containing 

anthracyclines for acute lymphoblastic leukemia, an elevation of troponin T levels is 

associated with both a higher risk for the development of cardiotoxicity and worse 

outcomes.(96,97) In adults, troponin I elevation is associated with a future decrease in 

LVEF in patients receiving high dose chemotherapy.(98) Cardinale et al. demonstrated the 

predictive value of troponin I. In their study, they identified three different groups 

regarding the pattern of troponin I elevation after high dose chemotherapy by measuring its 

values soon after chemotherapy (early troponin) and one month after its completion (late 

troponin). In patients with negative early and late troponin values no significant LVEF 

reduction and only a 1% incidence of cardiac events during follow-up could be observed. 

In patients with positive early troponin and negative late troponin a 37% incidence of 

cardiac events was observed compared to 84% in patients with both early and late positive 

troponin values. The authors determined a 84% positive predictive value and a 99% 

negative predictive value for troponin I regarding the occurrence of cardiac events during 

follow-up.(99) In patients receiving trastuzumab it has also been shown that an elevation of 

troponin I at baseline or during therapy is associated with a higher incidence of 

cardiotoxicity and a lower rate of recovery despite heart failure therapy.(100)  

 

1.7.2.2 BNP  

The role of natriuretic peptides in defining high-risk patients in those receiving 

chemotherapy is not clearly established at the moment.(34) For the use of anthracyclines 

studies have shown that in patients receiving high-dose chemotherapy an elevation of 

BNP>100 pg/ml at baseline or at any point during therapy might be a risk factor for the 

development of cardiotoxicity.(101,102) Persistent elevations of NT-proBNP values 72 

hours after the end of high-dose chemotherapy are also associated with the occurrence of 

cardiac dysfunction during the following 12 months.(103) However, not all studies have 

shown a clear predictive value of natriuretic peptides, which might be due to different 
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timing of measurement, different occurrence of cardiac risk factors in different study 

populations or differences in the assays used and their cut-off values.(104)  

Some small studies also found an association between elevated NT-proBNP levels in 

patients receiving trastuzumab and cardiotoxicity.(105) However, in several other studies 

no significant association between elevated values of NT-proBNP and the development of 

cardiotoxicity in patients treated with trastuzumab could be demonstrated.(94,106)  

 

1.7.2.3 Further Biomarkers 

Different biomarkers have been evaluated. Ky et al. evaluated the association between 

early increase of biomarker levels and the risk of subsequent cardiotoxicity in patients 

receiving anthracyclines, taxanes, and trastuzumab. Biomarkers they tested were 

ultrasensitive troponin I (TnI), high-sensitivity C-reactive protein (CRP), N-terminal pro–

B-type natriuretic peptide (NT-proBNP), growth differentiation factor (GDF)-15, 

myeloperoxidase (MPO), placental growth factor (PlGF), soluble fms-like tyrosine kinase 

receptor (sFlt)-1, and galectin (gal)-3. No association of baseline levels with cardiotoxicity 

could be shown for any biomarker, although MPO showed marginal significance. 

Considering the interval change from baseline to visit two (at three months) an association 

with subsequent cardiotoxicity could be demonstrated for hs-TnI and MPO. Similar, but 

not statistically significant, results could be shown for GDF-15 and galectin-3 levels. No 

association could be demonstrated for NT-proBNP, CRP,  placental growth factor, or 

soluble fms-like tyrosine kinase receptors.(107) In a further study, the authors evaluated 

the association between longitudinal changes of these biomarkers and the risk for 

cardiotoxicity. An association between elevated levels and increased risk for concurrent 

cardiotoxicity at this visit could be established for MPO, PlGF and GDF-15. High-sensitive 

CRP showed only marginal significance in this setting. When considering elevated 

biomarker levels and increased risk for cardiotoxicity at the subsequent visit similar results 

were found for MPO and GDF-15. PlGF showed comparable, however not statistically 

significant results, whereas gal-3 did show a significant association in this setting. No 

association between elevated biomarker levels and increased risk of cardiotoxicity could be 

demonstrated for hs-cTnI and NT-proBNP. For troponin, this was contrary to earlier results 

and might be due to a larger fraction of missing data or a different pattern compared to the 

other biomarkers in this cohort. Also, no association with cardiotoxicity could be found for 

sFlt-1.(108)  
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However, at this time neither clear indications nor the exact timing for measurement of the 

different biomarkers are known. Despite the positive results demonstrated there are still no 

recommendations on how to respond to subtle rises of these biomarkers. Another limitation 

is the variability depending on different assays, leading to lower comparability of results. 

(34)  
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1.8 Therapy  

1.8.1 Prevention  

No clear indications for cardioprotective therapy exist at this point of time. According to 

the current ESC position paper prophylactic cardioprotective medication might be 

considered in patients at high risk for cardiotoxicity or those who will receive a high 

cumulative anthracycline dose. For patients with low baseline risk no recommendation can 

be made so far.(34)  

 

1.8.1.1 Current Studies  

Several current studies have aimed at investigating potential preventive effects of heart 

failure therapy administered concomitantly with cancer therapy. Up to this point however, 

they have delivered inconclusive results for the effects of ACE inhibitors (ACEIs), beta 

blockers (BBs) and angiotensin II receptor blockers (ARBs).(10,109–112)  

The OVERCOME trial showed a protective effect of the ACE-inhibitor enalapril and the 

beta blocker carvedilol on left ventricular systolic function in 90 patients receiving 

intensive chemotherapy containing anthracyclines for hematological malignancies or with 

autologous hematopoietic stem cell transplantation. While in the intervention group LVEF 

remained the same a decline of 3.1% measured by echocardiography or 3.4% measured by 

cardiac MRI could be observed in the control group. Also, less clinical events occurred in 

the intervention group compared to the control group.(110)  

In the PRADA trial Gulati et al. could demonstrate a positive effect of the angiotensin II 

receptor blocker candesartan on LVEF decline in 130 patients with early breast cancer 

receiving adjuvant anthracycline therapy with or without trastuzumab and radiation. 

Overall LVEF decline was 0.8% in the candesartan group compared to 2.6% in the placebo 

group. No effect could be shown for the beta blocker metoprolol.(109) 

The MANTICORE-101 Breast study evaluated the effects of the ACE-inhibitor perindopril 

and the beta blocker bisoprolol on left ventricular remodeling in 159 patients who received 

trastuzumab therapy for early breast cancer. It could be demonstrated that both perindopril 

an bisoprolol lead to lower LVEF decline measured by cardiac MRI and to fewer treatment 

interruptions caused by LV dysfunction. Mean absolute LVEF change was lower in the 

bisoprolol group than in patients receiving perindopril or placebo. However, for both drugs 

no effect on left ventricular remodeling measured by indexed left ventricular end diastolic 

volume (LVEDVi) could be observed.(10) 
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A cohort study with breast cancer patients receiving trastuzumab and/or anthracycline 

therapy found a favorable effect on cardiotoxicity rates in the patient group exposed to 

ACEIs or BBs.(111) A different study investigating the effect of the angiotensin II receptor 

blocker candesartan administered concomitantly to trastuzumab therapy in early breast 

cancer patients could not show a beneficial effect regarding LVEF reduction rates.(112) 

More studies are still ongoing. (113–115) 

 

1.8.2 Heart Failure Therapy  

Heart failure therapy according to current guidelines should be considered in patients with 

asymptomatic LVEF decline and should be initiated in patients with clinical heart 

failure.(34) Therapy options include but are not limited to ACEIs, ARBs, BBs, 

mineralocorticoid receptor antagonists, diuretics and further medication.(116) 

Since studies have shown favorable results cardioprotective therapy with enalapril might 

be initiated in patients showing a troponin increase during high dose anthracycline therapy. 

(34,42) 
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2 Material und Methods 

2.1 Study design and Scientific Question 

The study we conducted for this thesis is a single-center retrospective study. It aims at 

giving an overview of the incidence of cardiotoxicity in the study cohort and at identifying 

possible connections between the deterioration of heart function during or shortly after 

trastuzumab therapy and pre-existing medical conditions and pharmaceutical co-therapy.  

Primary objective is the comparison of echocardiographic indices (left ventricular function 

and left ventricular dimension) and cardiac biomarkers before, during and after 

trastuzumab treatment. Secondary objective is the comparison of pre-existing medical 

conditions and pharmaceutical co-therapy.  

 

2.2 Study Population  

2.2.1 Inclusion Criteria 

In this study we included all female patients who received treatment with trastuzumab for 

breast cancer at the Department of Oncology at the Medical Clinic of the University of 

Graz (LKH Graz) during the years 2004 and 2016. All patients were included irrespective 

of pre-existing medical conditions and pharmaceutical co-therapy. Also, all patients were 

included irrespective of specific breast cancer identity and additional cancer treatment.  

 

2.2.2 Exclusion Criteria 

We excluded all cases were no definitive answer regarding the completion of therapy was 

available due to missing data or in which therapy was still ongoing at time of data 

collection. We also excluded patients who did not receive full therapy at the Department of 

Oncology in at the LKH Graz or who died during the treatment phase (not therapy related).  

Detailed reasons for exclusion can be reviewed in figure 3.   
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Screened for eligibility 
(n=213)

Patients included in the study 
(n=202)

Death, not therapy 
related (n=1)

Did not appear for 
therapy (n=1)

Completion of 
therapy unknown 

(n=4)

Therapy still 
ongoing at time of 

data collection (n=4)

Continuation of 
therapy at different 

hospital (n=1)

Not included in all calculations: 
Patients without baseline echocardiography (n=17)

Patients with no echocardiography (n=4)
Patients with only baseline echocardiography (n=2)

Patients without information regarding co-therapy (n=11)

 
Figure 3: Inclusion and exclusion into the study. 

 

 

2.2.3 Final Study Cohort 

A total of 202 female patients was included in the final study. Patients without baseline 

echocardiography, with only the baseline echocardiography, with no echocardiography at 

all and patients without information regarding medical co-therapy were included in 

descriptive statistics but were excluded from certain analyses.  



 

 35

2.3 Data Collection  

Approval was obtained from the ethics committee at the MUG. Clinical data of all patients 

who received trastuzumab therapy during the time frame stated above was automatically 

retrieved from the hospital information system MEDOCS and saved in excel files. This 

data included date of birth, specific information on tumor identity and cancer therapy. Also 

results of laboratory blood analysis and results from all echocardiographic examinations 

performed at the University Hospital of Graz were automatically retrieved from the 

information system MEDOCS and 4D echocardiography and saved in excel files. 

Additionally, medical records from the Department of Cardiology and Department of 

Oncology were retrieved from the information system MEDOCS and saved in pdf-format. 

Paper files of participating patients were searched for additional results of 

echocardiographic examinations performed outside the University Hospital and for 

existing pharmaceutical co-therapies as well as to confirm the integrity of automatically 

retrieved data. To ensure data security the original files were password protected and could 

only be accessed by authorized personal. The final excel data sheet (Microsoft Excel 2016) 

was created using pseudonyms.  

 

2.4 Parameters  

2.4.1 Demographics and Clinical Data 

General data that was determined for each patient included age, weight, length, body mass 

index (BMI), Karnofksy performance score (KPS), tumor identity (localization, grade, 

stage, hormone receptor status, proliferation index) and additional cancer therapy 

(chemotherapy, radiation, hormonal therapy, additional antibodies). Data was retrieved 

from medical records and the MEDOCS information system, information regarding weight 

length and BMI were additionally derived from echocardiographic examination logs.  

 

2.4.2 Discontinuation of Therapy 

For each patient it was determined whether they received complete treatment or if therapy 

with trastuzumab was discontinued before completion. In this case the exact reason for 

discontinuation was documented as well as whether it was due to cardiotoxic effects or 

different motives.  
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2.4.3 Echocardiographic Indices 

For the assessment of cardiac function all echocardiographies were considered, irrespective 

of whether they were performed at the University Hospital in Graz or externally. Cardiac 

function was evaluated using the following indices:  

- Left ventricular ejection fraction (LVEF) 

- Left ventricular function (LVF) category 

- Left ventricular end-diastolic dimensions (LVEDD)  

M-mode  

2D  

Combined value  

- Left ventricular (LV) size category  

 

For all parameters two values were selected. The first value was the baseline value. As 

baseline we selected the echocardiography that was performed closest to or at the date of 

trastuzumab initiation, however, in any case no later than that day. The second value was 

selected from all echocardiographies that were available for a patient during an interval of 

two years after trastuzumab initiation date. This timeframe was selected to ensure 

comparability and to prevent other influential factors. The exact point of time of the second 

value differs among patients and may also vary for different parameters in each patient.  

 

LVEF  

For the LVEF the minimal value that was documented during the two-year interval was 

chosen as second value. If no numerical value was given for either baseline or 2-year 

LVEF value, but a general category description was available the value was determined 

accordingly. In these cases normal left ventricular function was set as EF = 54% according 

to Lang et al.(117) For borderline left ventricular function we arbitrarily determined the EF 

to be 53%. We then determined the difference between LVEF at baseline and the minimal 

value during the two-year interval. We also classified minimal LVEF according to the 

categories proposed by the ASE/EACI as described in table 7.  
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Category LVEF % LV diast. diameter (mm) 

Normal range 54–74 38–52 

Mildly abnormal 41–53 53–56 

Moderately abnormal 30–40 57–61 

Severely abnormal <30 >61 

Table 7: Ranges for EF and LV diastolic diameter derived from 2D echocardiography in female 
patients according to ASE/EACI. Modified after (117). diast.=diastolic  

 

LVF Category 

Left ventricular function was also described using the categories utilized at the University 

Hospital (LKH) in Graz. These are:  

- Hyperdynamic systolic function 

- Normal systolic function  

- Borderline systolic function 

- Mildly reduced systolic function 

- Mildly-moderately reduced systolic function 

- Moderately reduced systolic function 

- Moderately-severely reduced systolic function 

- Severely reduced systolic function 

 

Both the baseline value and the poorest category during the two-year interval were selected 

and it was determined whether a change of categories took place or not.  

 

LVEDD 

For LVEDD we determined the baseline and highest value of both M-Mode and 2D 

examination during the two-year interval. In a second step we combined both values to 

form a LVEDD (combined) value. This was done to ensure optimum use of available 

records if one measurement was lacking and given the close correlation of these two 

methods.(118) Since they were measured at the same time we calculated the mean for 

baseline LVEDD (combined) if both M-Mode and 2D were available. If only one of them 

existed at baseline this value was used. For the maximal LVEDD (combined) value we 

only selected the highest value documented during the two-year interval. The LVEDD 

(combined) maximal value for each patient was also classified according to the categories 

proposed by the ASE/EACI as described in table 7 above.  
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LV Size Category 

Left ventricular size was also described using the categories utilized at the LKH Graz. 

These are:  

- Normal left ventricular size  

- Borderline left ventricular size  

- Mildly enlarged left ventricle  

- Mildly-moderately enlarged left ventricle  

- Moderately enlarged left ventricle  

- Moderately-severely enlarged left ventricle  

- Severely enlarged left ventricle  

 

Both the baseline value and the poorest category during the two-year interval were selected 

and it was determined whether a change of categories took place or not. 

 

2.4.4 Cardiotoxicity  

Possible cardiotoxicity was determined based on the difference between the baseline and 

the minimal LVEF value during the two-year interval after trastuzumab initiation date. 

Different cut-offs were tested:  

- LVEF decrease of 15% absolute 

- LVEF decrease of 10% absolute 

- LVEF decrease of 15% relative 

- LVEF decrease of 10% relative 

- LVEF below 54%  

- LVEF below 50%  

- LVEF decrease of 10% absolute to a value below 54% 

- LVEF decrease of 10% absolute to a value below 50% 

 

Patients without baseline LVEF or with only the baseline LVEF available were not 

included in the calculation of LVEF decrease. They were however included in the analysis 

whether the LVEF was below 54% or 50% during or after therapy. Patients with only the 

baseline echocardiography or with no echocardiography at all were excluded from all 

calculations regarding cardiotoxicity. A LVEF decrease of 10% absolute to a value below 

54% was used to define cardiotoxicity in later analyses.  
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2.4.5 Laboratory Results  

The following laboratory parameters were analyzed: 

- High sensitive troponin T (hs-TnT) 

- NT pro-BNP  

- Total cholesterol 

 

Results from blood analysis for cardiac parameters and cardiac risk factors were extracted 

from the information system MEDOCS. Only results from 90 days before to 455 days after 

initiation with trastuzumab therapy were considered. Laboratory examinations performed 

outside the LKH Graz were not considered. If more than one value was available for each 

patient, the blood analysis closest before or after trastuzumab initiation date was chosen.  

 

2.4.6 Pre-existing Medical Conditions 

Pre-existing medical conditions were determined from the diagnoses provided in the 

medical records of the department of cardiology and oncology. Medical conditions relevant 

for the cardiovascular system which were present before and during the time of 

trastuzumab treatment were considered. Additionally, hypercholesterolemia was 

determined by the evaluation of blood analysis as described above (cut-off value ≥ 200 

mg/dl) and overweight/obesity was categorized using the body mass index (cut-off value ≥ 

25 kg/m²) according to the WHO classification.(119).  

 

2.4.7 Pharmaceutical Co-Therapy  

Information on pharmaceutical co-therapy was retrieved from medical records of the 

Department of Oncology and the Department of Cardiology and from paper files of the 

Department of Oncology. Therapy before or during time of trastuzumab treatment was 

considered. Only cardiovascular medication was evaluated in this thesis.  
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2.5 Statistical Analysis  

For data analysis the program SPSS (IBM SPSS Statistics, Version 23) was used. Data 

from the final Excel spreadsheet was imported into the program. It was then analyzed 

using descriptive statistics. For metric variables the minimal and maximal value were 

stated as well as the mean, standard deviation and median. For nominal variables the 

absolute and relative frequencies were indicated. Diagrams were created from these results 

using SPSS and Excel.  

A contingency table was created to compare the occurrence of cardiotoxic effects based on 

LVEF decline and the consequential discontinuation of therapy. For this objective an 

LVEF decrease of 10 absolute percentage points to a value below 50% was chosen based 

on the recommendation for termination of therapy as stated in the specialized drug 

information for Herceptin®.(69)  

In a following step the study cohort was divided into two groups according to the 

occurrence of cardiotoxicity. Here an EF decrease of 10 absolute percentage points to a 

value below 54% was chosen based on the recommendations for cardiac chamber 

quantification and the definition of normal LVEF range proposed by Lang et. al.(117) The 

parameters described above were then determined for both groups and were then analyzed 

for differences. Metric variables were tested for normal distribution using the Kolmogorov-

Smirnov-Test. According to the result the T-Test for independent variables (normal 

distribution) or Mann-Whitney-U-Test (no normal distribution) was used to compare age, 

BMI, baseline EF and baseline LVEDD (combined) in both groups. Diagrams were created 

using SPSS. The distribution of nominal variables such as the individual medical 

conditions, cardiovascular risk factors and cardiovascular drugs for both groups was 

presented using contingency tables and diagrams. Chi-square test and (in case of 

restrictions due to expected counts of less than 5 in more than 20% of cells) Fisher’s exact 

test were used to test whether there was a significant difference between the expected and 

observed counts. For all statistical analyses p<0.05 was determined to indicate 

significance.  
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3 Results      

3.1 Study Population  

The final study population included 202 women. The mean age at therapy begin was 56.1 

years (SD=12.1) and the mean BMI 26.0 kg/m² (SD=5.4). A more detailed presentation of 

age, body length, weight, BMI and Karnofsky performance score (KPS) is presented in 

table 8.  

 

 N Min. Max. Mean SD Median 

Age (years) 202 27 85 56.11 12.097 55.50 

Length (cm) 165 148 185 164.21 6.216 164.00 

Weight (kg) 176 47 129 69.37 14.844 65.50 

BMI (kg/m²) 164 17.7 42.7 26.016 5.4436 24.705 

KPS (%) 175 80 100 96.20 5.896 100.00 

Table 8: Age, Length, Weight, BMI and Karnofsky Performance Score of the study population 
N = number of patients with valid data, Min. = minimum, Max. = maximum, SD = standard deviation.  

 

3.1.1 Tumor Identity  

All patients included in the study were HER2 positive breast cancer patients. The exact 

cancer location could not be specified from the records that were available to us in 51.0% 

of cases (n=103). Apart from that the most common localization was the upper outer 

quadrant with 24.8% (n=50), followed by the lower outer quadrant with 7.4% (n=15) and 

the upper inner quadrant (6.4%, n=13).  10 patients (5.0%) had a tumor of the central 

portion of the breast, 6 (3.0%) an overlapping lesion and 5 (2.5%) a tumor of the lower 

inner quadrant of the breast. Tumor grade was G1 in 2 patients (1.0%), G2 in 68 patients 

(33.7%) and G3 in 117 patients (57.9%). In 15 cases (7.4%) no information was available.  

Complete data on the exact tumor stage was only available in 118 patients (58.4%) 

according to the records that were available to us. It is presented in table 9. Details 

regarding the hormone receptor status and Ki67 proliferation index are presented in tables 

10 and 11.  
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Stage N Percentage 

Stage IA 46 22.8% 

Stage IB 5 2.5% 

Stage IIA 38 18.8% 

Stage IIB 16 7.9% 

Stage IIIA 5 2.5% 

Stage IIIB 3 1.5% 

Stage IIIC 4 2.0% 

Stage IV 1 0.5% 

Data not available  84 41.6% 

Table 9: Tumor stage in the study population 

 

 

Hormone Receptor Status ER PR 

Positive* 120 (59.4%) 103 (51.0%) 

Negative 71   (35.1%)   85   (42.1%)  

Data not available 11   (5.4%)    14   (6.9%)    

Table 10: Hormone receptor status in the study population. *without further distinction. 
ER = estrogen receptor, PR = progesterone receptor.  
 

 

Ki67 category N Frequency 

Low proliferating 30 14.9% 

Intermediate proliferating 38 18.8% 

Highly proliferating 76 37.6% 

Data not available 58 28.7% 

Table 11: Proliferation index Ki67 in the study population. 

 

3.1.2 Cancer Therapy 

3.1.2.1 Treatment intention  

Treatment intention was adjuvant in 55.0% of cases (n=111) and neoadjuvant in 45.0% of 

cases (n=91).  
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3.1.2.2 Chemotherapy and Immunotherapy 

Trastuzumab mono-therapy was administered in 28 cases (13.9%), the remainder of 

patients received additional chemotherapy previous or concurrently to trastuzumab. 

Frequencies for trastuzumab, anthracycline and taxane therapy are given in figure 4. Other 

common chemotherapeutic drugs not considered here were fluorouracil and 

cyclophosphamide. 24 patients additionally received another antibody (11.9%), whereas 

175 (86.6%) did not. In 3 cases (1.5%) no information was available.  

 

 
 

 

3.1.2.3 Hormonal Therapy and Radiation 

Hormonal therapy was administered in 62.9% of cases (n=127) while 75 patients (37.1%) 

did not receive hormonal therapy. In 74.8% (n=151) cases the therapy regimen included 

radiation while 51 patients (25.2%) did not receive radiation therapy.  

 

3.1.2.4 Studies 

23 Patients were enrolled in a study during cancer treatment (11.4%). 174 patients were not 

enrolled (86.1%) and in 5 cases (2.5%) data was missing.  

Figure 4: Anthracyclines and taxanes as additional chemotherapy in the study population. 
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3.1.3 Co-morbid Disease 

3.1.3.1 Overview 

155 patients (76.7%) had at least one cardiovascular risk factor or disease, only in 23.3% 

(n=47) none was documented (see table 12).  

 

Number of Risk Factors N Percentage 

0 47 23.3% 

1 68 33.7% 

2 46 22.8% 

3 22 10.9% 

4 8 4.0% 

5 4 2.0% 

6 6 3.0% 

8 1 0.5% 

Table 12: Number of cardiovascular risk factors/diseases in study patients 

 

3.1.3.2 Individual Risk Factors and Diseases 

The most frequent cardiovascular co-morbidity documented in medical records was arterial 

hypertension with 31.2% of patients affected (n=63). A list of all documented pre-existing 

cardiovascular diseases and risk factors and their frequency in given in table 13. 

 

Disease/Risk Factor N Percentage 

Arterial hypertension 63 31.2% 

Smoking 19 9.4% 

Obesity 13 6.4% 

Diabetes 11 5.4% 

St.p. deep vein thrombosis 11 5.4% 

Coronary artery disease 7 3.5% 

Hypercholesterolemia 6 3.0% 

St.p. syncope 6 3.0% 

Unspecified heart complaints 6 3.0% 

Atrial fibrillation 5 2.5% 

St.p. pulmonary embolism 4 2.0% 
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St.p. Stroke/TIA  4 2.0% 

Dilative cardiomyopathy 3 1.5% 

Supraventricular tachycardia 3 1.5% 

Hyperlipidemia  3 1.5% 

Hypertensive crisis 2 1.0% 

Pericardial effusion  2 1.0% 

Sinus bradycardia 2 1.0% 

Atrioventricular block 2 1.0% 

Hypertensive heart disease 2 1.0% 

St.p. LVEF decrease 2 1.0% 

LV Hypertrophy 2 1.0% 

Aortic valve stenosis 2 1.0% 

St.p. myocarditis 2 1.0% 

Atherosclerosis 1 0.5% 

Dyspnea 1 0.5% 

Mönckeberg medial sclerosis 1 0.5% 

Carotid artery stenosis 1 0.5% 

Mitral insufficiency 1 0.5% 

Tricuspid insufficiency 1 0.5% 

Aortic insufficiency 1 0.5% 

Left bundle branch block 1 0.5% 

Left heart failure 1 0.5% 

Atherosclerotic heart disease 1 0.5% 

Aortic sclerosis 1 0.5% 

Atrial dilatation 1 0.5% 

Cardiomegaly  1 0.5% 

Table 13: Cardiovascular diseases and risk factors derived from medical records. TIA = transient 
ischemic attack, St.p. = status post  
 

3.1.3.3 Obesity and Hypercholesterolemia 

Apart from documentation in medical records obesity and hypercholesterolemia were also 

evaluated according to the BMI and lab values of total cholesterol, respectively. 

Information is presented in figures 5 and 6.  
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Figure 5: Weight categories derived from BMI. 

 

 

 
Figure 6: Total cholesterol derived from laboratory values.  
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3.1.4 Co-Therapy 

The most relevant cardiovascular medications included ACE inhibitors (ACEIs), 

angiotensin II receptor blockers (ARBs), beta blockers (BBs), calcium channel blockers 

(CCBs), statins, diuretics and any type of diabetes medication. An overview of 

cardiovascular co-medication is given in table 14.  

 

Drug class Medication No medication Not available 

ACE inhibitors 35   (17.3%) 156   (77.2%) 11  (5.4%) 

ARBs 15   (7.4%) 176   (87.1%) 11  (5.4%) 

Beta blockers 47   (23.3%) 144   (71.3%) 11  (5.4%) 

Statins 25   (12.4%) 166   (82.2%) 11  (5.4%) 

Nitroglycerin 4     (2.0%) 187   (92.6%) 11  (5.4%) 

Diabetes medication 9   (4.5%) 182   (90.1%) 11  (5.4%) 

Hydrochlorothiazide 41   (20.3%) 150   (74.3%) 11  (5.4%) 

Loop diuretics 11   (5.4%) 180   (89.1%) 11  (5.4%) 

Spironolactone 5     (2.5%) 186   (92.1%) 11  (5.4%) 

Calcium channel blockers 19   (9.4%) 172   (85.1%) 11  (5.4%) 

Table 14: Cardiovascular co-medication in study patients. ARBs = angiotensin II receptor blockers 

 

3.1.5 Cardiac Biomarkers 

High sensitive Troponin T was only determined once in 10 patients (5.0%) and twice in 

two patients (1.0%). In 190 patients (94.1%) it was never determined. NT pro-BNP was 

determined once in 26 patients (12.9%) and more than once in 10 patients (5.0%). It was 

never determined in 166 patients (82.2%).  
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3.2 Trastuzumab and Cardiotoxicity 

3.2.1 Discontinuation of Trastuzumab Therapy  

166 out of 202 patients (82.2%) received full treatment with trastuzumab, whereas 

treatment was stopped ahead of time in 36 patients (17.8%). In 24 cases (11.9%) early 

termination of trastuzumab therapy was due to cardiovascular adverse events, in 12 cases 

(5.9%) due to other reasons. If trastuzumab was discontinued due to cardiac reasons it was 

after a mean of 7.41 months (SD=3.46). A detailed list of reasons is given in table 15. 

 

Reason for discontinuation of therapy N  Percentage 

Cardiac:  

EF decrease 

EF decrease and suspected CAD 

Cardiotoxicity, not further specified 

Breathing difficulties and palpitations 

Incipient toxic cardiomyopathy 

Tachycardic dysrhythmia 

 

17 

1 

3 

1 

1 

1 

 

8.4% 

0.5% 

1.5% 

0.5% 

0.5% 

0.5% 

Non-cardiac: 

Patient’s wish/refusal  

Therapy adjustment 

Anaphylactic reaction 

Joint disease 

Ear/nose/throat side effects 

Incarcerated hernia 

Intolerance and general side effects 

 

5  

2  

1 

1 

1 

1 

1 

 

2.5% 

1.0% 

0.5% 

0.5% 

0.5% 

0.5% 

0.5% 

Table 15: Reasons for discontinuation of trastuzumab therapy. CAD = coronary artery disease 

 

Time of Discontinuation  

In those cases where trastuzumab was discontinued due to cardiac reasons therapy was 

stopped during the first quarter of treatment in 4 patients, during the second quarter in 5 

patients, during the third quarter in 5 patients and during the last quarter of therapy in 10 

patients. A more detailed overview is given in figure 7.   
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Figure 7: Time of therapy interruption in case of cardiotoxicity. 

 

 

Reversibility of Cardiotoxicity 

In two patients trastuzumab was discontinued due to dysrhythmia and palpations while the 

remaining patients suffered from LVEF decreases. Out of these 22 patients 13 (59.1%) had 

a LVEF of at least 54% at some point during follow-up while 9 patients (40.9%) remained 

below this value. Considering the differing ASE/EACVI classification cardiotoxic effects 

were reversible in 15 patients (68.2%), partially reversible in two patients (9.1%) and 

irreversible in 5 patients (22.7%). The period of observation after discontinuation of 

therapy varied among the patients.   

 

3.2.2 Echocardiography 

The number of echocardiographic results that was available for each patient in the two-

year interval (including baseline) differed from none to 14 as can be seen in table 16. 

82.6% had 4 or more echocardiographies. 
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Number of Echocardiographies N Percentage 

0 5 2.5% 

1 10 5.0% 

2 8 4.0% 

3 12 5.9% 

4 41 20.3% 

5 51 25.2% 

6 40 19.8% 

7 - 14 35 17.3% 

Table 16: Number of echocardiographies available for each patient. 

 

3.2.3 Effects on Left Ventricular Function  

3.2.3.1 LVEF 

Mean EF at baseline was 63.1% (SD= 6.8). For the lowest EF that was measured for each 

patient during the two years after initiation of trastuzumab therapy the mean was 57.6% 

(SD= 6.9). More detailed parameters are shown in table 17. 

 

 N Min. Max. Mean SD Median 

EF baseline 181 50 82 63.041 6.8325 62.000 

EF minimum 195 35 76 57.459 6.7298 59.000 

Table 17: Baseline and minimal LVEF after trastuzumab initiation. Min. = minimum, Max. = maximum 
 

On average a LVEF decline of 5.84% was observed (SD=7.20). The mean LVEF decrease 

in the group that completed therapy was 4.66% (SD=6.44), it was 4.22% (SD=6.51) in 

those where trastuzumab was discontinued because of non-cardiac reasons and 13.60% 

(SD=7.23) in the group in which trastuzumab was discontinued because of cardiotoxicity.  

According to the classification of the ASE/EACVI the minimal LVEF value was in normal 

range for 153 patients (75.7%), mildly abnormal in 36 cases (17.8%) and moderately 

abnormal in 6 cases (3.0%). No data was available in 7 cases (3.5%). More detailed 

information on LVEF decrease is presented in table 18.  
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 Affected Not affected Not available 

LVEF < 54%  42 (20.8%) 153 (75.7%) 7 (3.5%) 

LVEF < 50% 20 (9.9%) 175 (86.6%) 7 (3.5%) 

LVEF decrease 15% absolute 21 (10.4%) 158 (78.2%) 23 (11.4%) 

LVEF decrease 10% absolute 50 (24.8%) 129 (63.9%) 23 (11.4%) 

LVEF decrease 15% relative 44 (21.8%) 135 (66.8%) 23 (11.4%) 

LVEF decrease 10% relative 74 (36.6%) 105 (52.0%) 23 (11.4%) 

LVEF -10% abs. to a value <54% 25 (12.4%) 154 (76.2%) 23 (11.4%) 

LVEF -10% abs. to a value <50% 18 (8.9%) 161 (79.7%) 23 (11.4%) 

Table 18: LVEF decrease among study patients. 

 

3.2.3.2 LVF Category 

At baseline 175 patients (87.5%) had normal left ventricular function according to the 

categories used at the LKH Graz. Considering the poorest left ventricular function 

documented during the two-year interval 151 patients (75.5%) had normal systolic 

function. Exact data is shown in table 19.  

 

LV Systolic Function Baseline Minimum  

Hyperdynamic  - 1         (0.5%) 

Normal  177     (87.6%) 150     (74.3%) 

Borderline  4         (2.0%) 12       (5.9%) 

Mildly-impaired  - 25       (12.4%) 

Mildly – to moderately impaired  - 1         (0.5%) 

Moderately impaired  - 6         (3.0%) 

Moderately – severely impaired  - 2         (1.0%) 

Data not available  21       (10.4%) 5         (2.5%) 

Table 19: Baseline and poorest LVF category during trastuzumab therapy 
 

In 47 patients (23.3%) a change of the baseline category could be observed during the two-

year interval. No data was available in 23 cases (11.4%) and in 132 cases (65.3%) the 

category did not change over time. Considering only the cases with a dynamic there was a 

mean change of 2.02 categories (median=2.00) based on the categories described above.  
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3.2.4 Effects on Left Ventricular Size 

3.2.4.1 LVEDD 
The mean value for the combined LVEDD at baseline was 44.2 mm (SD=5.2). The 

combined maximum value during the two-year interval was 50.5 mm (SD=5.6). More 

information on M-Mode LVEDD, LV2D and the combined value is given in table 20.  

 

 N Min. Max. Mean SD Median 

LVEDD baseline 68 33 74 46.54 5.941 45.00 

LV2D baseline 79 32 56 42.68 5.401 42.00 

Baseline combined 98 34 60 44.37 5.376 43.75 

LVEDD maximum 156 32 74 50.44 6.056 50.00 

LV2D maximum 149 32 61 46.90 5.326 47.00 

Maximum combined 166 35 74 50.59 5.890 50.00 

Table 20: Baseline and maximum LV during trastuzumab therapy. All dimensions in millimeters.  

  

Considering the maximum combined value for left ventricular dimension 107 patients were 

in the normal range (53.0%) according to the ASE/EACVI. 33 patients (16.3%) had mildly 

abnormal, 22 patients (10.9%) moderately abnormal and 4 patients (2.0%) severely 

abnormal LVEDD dimensions. In 36 cases (17.8%) no data was available.  

 

3.2.4.2 LV Size Category  
LV size category according to those used at the LKH Graz changed in 17 patients (8.4%) 

with a median of 1.71 categories (median=2.00). In 152 patients (75.2%) it remained the 

same while in 33 cases (16.3%) no data was available. Data is presented in table 21. 

 

LV Size Baseline Maximum  

Small-luminal left ventricle - 1         (0.5%) 

Normal  165    (81.7%) 173     (85.6%) 

Borderline  - 8         (4.0%) 

Mildly enlarged 3        (1.5%) 11       (5.4%) 

Mildly – to moderately enlarged - 2         (1.0%) 

Data not available  34      (16.8%) 7         (3.5%) 

Table 21: Baseline LV size and poorest category during trastuzumab therapy. 
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3.2.5 Cardiotoxicity and Discontinuation of Therapy  

18 patients experienced an absolute LVEF decrease of 10% to a value below 50%. In these 

patients, treatment with trastuzumab was discontinued because of cardiotoxicity in 15 

cases (83.3%). In one case (5.6%) treatment was adapted due to progression of disease. 

Two patients (11.1%) received full therapy, one of these experienced the LVEF decrease at 

completion of therapy. In the group of 161 patients without such LVEF decrease therapy 

was discontinued for cardiac reasons in nine cases (5.6%) and for non-cardiac reasons in 

eight cases (5.0%). 144 of these patients (89.4%) received full therapy (see figure 8).    

 

 
Figure 8: LVEF decrease and completion of therapy. 
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3.3 Differences between both groups 

3.3.1 Age  

In 179 patients data was available for both age and LVEF change. Patients who developed 

cardiotoxicity were older (M=59.00 years, SD 10.66, n=25) than patients who did not 

experience cardiotoxicity (M=55.05 years, SD=11.73, n=154). Mean difference between 

both groups was 3.96 years (more detailed information in figure 9). 

T-test for independent variables showed that the difference between age in both groups 

was not significant (t(177)=  -1.582, p=0.115).  

  

 

 
Figure 9: Age of patients with and without cardiotoxicity. 
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3.3.2 Body Mass Index 

For 150 patients data was available for both BMI and LVEF change. Patients who 

developed cardiotoxicity were had a higher BMI (M=26.39 kg/m², SD 4.48, n=23) than 

patients who did not experience cardiotoxicity (M=25.85 kg/m², SD=5.72, n=127).  

The median BMI was 24.91 in patients who experienced cardiotoxicity and 24.17 in 

patients without cardiotoxicity. A graphic account can be seen in figure 10.  

Mean rank was 74.11 in patients without cardiotoxicity and 83.15 in patients with 

cardiotoxicity. Mann-Whitney-U-test showed that the difference between BMI in both 

groups was not significant (U=1284.500, Z= -0.918, p=0.359).  

 

 
Figure 10: BMI of patients with and without cardiotoxicity. 
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3.3.3 Baseline LVEF 

Sufficient data was available for 179 patients. Baseline LVEF was lower in patients who 

developed cardiotoxicity (M=61.36, SD=5.96, n=25) than in patients without 

cardiotoxicity (M=63.24, SD=6.84, n=154). The median for baseline LVEF was 62.00 in 

patients who experienced cardiotoxicity and 63.50 in patients without cardiotoxicity. A 

graphic account can be seen in figure 11.  

Mean rank was 92.08 in patients without cardiotoxicity and 77.16 in patients with 

cardiotoxicity. Mann-Whitney-U-test showed that the difference between baseline LVEF 

in both groups was not significant (U=1604.000, Z= -1.340, p=0.180).  

 

 
Figure 11: Baseline LVEF of patients with and without cardiotoxicity 
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3.3.4 Baseline LVEDD 

For 96 patients, data was available for both baseline LVEDD and LVEF change. Patients 

with cardiotoxicity had larger LV end-diastolic dimensions (M=48 mm, SD=5.36, n=12) at 

baseline than patients without cardiotoxicity (M=43.86, SD=5.17, n=84). Mean difference 

between both groups was 4.18 mm. The distribution of LVEDD at baseline is shown in 

figure 12.  Data refers to the LVEDD combined value. 

T-test analysis showed that the difference between baseline combined LVEDD in both 

groups is significant (t(94)= -2.608, p=0.011). Effect size according to Cohen’s d is 0,793 

which implies a moderate effect.  

 

 

 

Figure 12: Baseline LVEDD combined of patients with and without cardiotoxicity. 
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3.3.5 Cardiovascular Diseases and Risk Factors 

For 179 patients, data was available for both co-morbid disease and LVEF change. Data 

for lab values of total cholesterol were only available in 97 cases. An overview of the 

percentage of women affected by each disease in both groups is presented in figure 13. No 

statistically significant difference between the expected and observed counts regarding the 

single pre-existing diseases and cardiotoxicity could be found.  

 

 

 

 

3.3.5.1 Arterial Hypertension  

The exact number of patients affected by arterial hypertension in each group are presented 

in table 22 below. Chi-square analysis did not show a significant difference between 

expected and observed counts in patients with or without arterial hypertension and 

cardiotoxicity (χ²(1, n=179)=2.185, p=0.139).   

 

 No arterial HT Arterial HT Total 

No cardiotoxicity 109 45 154 

Cardiotoxicity 14 11 25 

Total 123 56 179 

Table 22: Counts for arterial hypertension in patients with and without cardiotoxicity. 

 

Figure 13: Co-morbid diseases in patients with and without cardiotoxicity. 
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3.3.5.2 Diabetes  

Table 23 shows the exact counts for patients affected by diabetes in both groups. 

According to Fisher’s exact test the difference between expected and observed counts in 

both groups is not statistically relevant (p=1.000). 

 

 No diabetes Diabetes Total 

No cardiotoxicity 146 8 154 

Cardiotoxicity 24 1 25 

Total 170 9 179 

Table 23: Counts for diabetes in patients with and without cardiotoxicity. 

 

 

3.3.5.3 Smoking 

Table 24 shows the number of patients who were smokers in each group. Fisher’s exact 

test shows no significant difference between distribution among both variables (p=0.135). 

 

 Non-smoker Smoker Total 

No cardiotoxicity 137 17 154 

Cardiotoxicity 25 0 25 

Total 162 17 179 

Table 24: Counts for smoking in patients with and without cardiotoxicity. 

 

 

3.3.5.4 Hypercholesterolemia 

The exact number of patients affected by hypercholesterolemia > 200 mg/dl in each group is 

presented in table 25. Chi-squared test shows no significant difference between expected 

and observed counts (χ²(1, n=97)=0.61, p=0.804).  

 

 Hypercholesterolemia Hypercholesterolemia Total 

No cardiotoxicity 26 54 80 

Cardiotoxicity 5 12 17 

Total 31 66 97 

Table 25: Counts for hypercholesterolemia in patients with and without cardiotoxicity. 
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3.3.5.5 Deep vein thrombosis  

Table 26 shows the number of patients who had a deep vein thrombosis (DVT) in each 

group. Fisher’s exact test shows no significant difference between distribution among both 

variables (p=1.000). 

 

 No DVT DVT Total 

No cardiotoxicity 147 7 154 

Cardiotoxicity 24 1 25 

Total 171 8 179 

Table 26: Counts for deep vein thrombosis in patients with and without cardiotoxicity. 
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3.3.6 Cardiovascular Medication 

For 171 patients, data was available for both medication and LVEF change. Differences 

regarding cardiovascular co-therapy in both groups are presented in figures 14 and 15. 

The percentage of women with ACEIs and calcium channel blockers is higher in the 

cardiotoxicity group, whereas statins, loop diuretics and spironolactone are slightly higher 

in the group without cardiotoxicity. The rates for ARBs, BBs, HCT, diabetes medication 

and nitrates are similar between patients with and without cardiotoxicity. A statistically 

significant difference between expected and observed counts in both groups could only be 

found for ACE-inhibitors. Details on exact counts are given in the following sub-chapters. 

 
Figure 14: Co-medication in patients with and without cardiotoxicity (1) 

 

 
Figure 15: Co-medication in patients with and without cardiotoxicity (2) 
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3.3.6.1 ACE-Inhibitors 

The number of women with and without ACE-Inhibitor medication in both groups is 

shown in table 27. Fisher’s exact test showed that the difference between expected and 

observed counts in this case was significant (p<0.049).  

 

 No ACE-Inhibitors ACE-Inhibitors Total 

No cardiotoxicity 124 22 146 

Cardiotoxicity 17 8 25 

Total 141 30 171 

Table 27: Counts for ACE-Inhibitors in patients with and without cardiotoxicity. 

 

 

3.3.6.2 AT II receptor blockers 

The number of patients with and without ARBs in both groups is presented in table 28. 

According to Fisher’s exact test there was no significant difference between expected and 

observed counts (p=1.000).  

 

 No ARBs ARBs Total 

No cardiotoxicity 134 12 146 

Cardiotoxicity 23 2 25 

Total 157 14 171 

Table 28: Counts for ARBs in patients with and without cardiotoxicity. 

 

3.3.6.3 Beta Blockers 

Table 29 shows the exact number of patients with and without beta blockers in both 

groups. Chi-squared test did not show a significant difference between expected and 

observed counts ((χ²(1, n=171)=0,187, p=0.666). 

 

 No beta blockers Beta blockers Total 

No cardiotoxicity 111 35 146 

Cardiotoxicity 18 7 25 

Total  129 42 171 

Table 29: Counts for beta blockers in patients with and without cardiotoxicity. 
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3.3.6.4 Calcium channel blockers 

The number of patients with and without calcium channel blockers is presented in table 

30. Fisher’s exact test did not show a significant difference between expected and observed 

counts for these variables (p=0.280).  

 

 No CCBs CCBs Total 

No cardiotoxicity 133 13 146 

Cardiotoxicity 21 4 25 

Total 154 17 171 

Table 30: Counts for CCBs in patients with and without cardiotoxicity. *CCB = calcium channel blocker 

 

 

3.3.6.5 Statins 

The number of patients with and without statins in both groups is presented in table 31. 

Fisher’s exact test did not show a significant difference between expected and observed 

counts for these variables (p=0.746).  

 

 No statins Statins Total 

No cardiotoxicity 126 20 146 

Cardiotoxicity 23 2 25 

Total 149 22 171 

Table 31: Counts for statins in patients with and without cardiotoxicity. 

 

3.3.6.6 Hydrochlorothiazide 

The number of patients with and without hydrochlorothiazide in both groups is presented 

in table 32. Chi-squared test did not show a significant difference between expected and 

observed counts ((χ²(1, n=171)=0,084, p=0.772). 

 

 No HCT HCT Total 

No cardiotoxicity 113 33 146 

Cardiotoxicity 20 5 25 

Total 133 38 171 

Table 32: Counts for HCT in patients with and without cardiotoxicity. 
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3.3.6.7 Loop Diuretics 

Table 33 shows the exact number of patients with and without loop diuretics in both 

groups. Fisher’s exact test did not show a significant difference between expected and 

observed counts (p=1,000). 

 

 No loop diuretics Loop diuretics Total 

No cardiotoxicity 137 9 146 

Cardiotoxicity 24 1 25 

Total 161 10 171 

Table 33: Counts for loop diuretics in patients with and without cardiotoxicity. 

 

 

3.3.6.8 Spironolactone 

The number of patients with and without spironolactone is shown in table 34. Fisher’s 

exact test did not show a significant difference between expected and observed counts 

(p=1,000).  

 

 No spironolactone Spironolactone Total 

No cardiotoxicity 141 5 146 

Cardiotoxicity 25 0 25 

Total 166 5 171 

Table 34: Counts for spironolactone in patients with and without cardiotoxicity. 

 

3.3.6.9 Diabetes Medication 

The number of patients with and without diabetes medication is presented in table 35. 

Fisher’s exact test showed no significant difference between expected and observed counts 

(p=1.000). 

 

 No diabetes medication Diabetes medication Total 

No cardiotoxicity 140 6 146 

Cardiotoxicity 24 1 25 

Total 164 7 171 

Table 35: Counts for diabetes medication in patients with and without cardiotoxicity. 
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3.3.6.10    Nitrates 

Only one patient with available data on LVEF change had documented nitrate medication, 

as can be seen in table 36. Fisher’s exact test did not show a significant difference between 

expected and observed counts (p=1.000). 

 

 No nitrates Nitrates Total 

No cardiotoxicity 145 1 146 

Cardiotoxicity 25 0 25 

Total 170 1 171 

Table 36: Counts for nitrates in patients with and without cardiotoxicity. 

 

 

3.3.7 Additional Chemotherapy 

The additional chemotherapy regarding anthracyclines and taxanes which patients received 

was similar between those who later developed cardiotoxicity and those who did not. In the 

cardiotoxicity group slightly more patients received trastuzumab mono-therapy. The 

percentage of women who received anthracyclines prior to trastuzumab therapy is equal in 

both groups. Data is presented in table 37.  

 

Therapy regimen  

(n=179) 

No cardiotoxicity 

(n=154) 

Cardiotoxicity 

(n=25) 

Trastuzumab mono-therapy (n=21, 11.7%) 17    (81.0%) 4     (19.0%) 

Trastuzumab + Anthracyclines  

(n=23, 12.9%) 

20    (87.0%) 3     (13.0%) 

Trastuzumab + Taxanes (n=14, 7.8%) 13    (92.9%) 1     (7.1%) 

Trastuzumab + Anthracyclines + Taxanes 

(n=121, 67.6%) 

104  (86.0%) 17   (14.0%) 

Table 37: Additional chemotherapy in patients with and without cardiotoxicity. Percentages in the first 
column refer to the total cohort, percentages in the second and third column refer to each therapeutical sub-
group.  
 

Analyzing the groups according to therapy regimen the incidence of cardiotoxicity was 

19.0% in women who received trastuzumab mono-therapy (4 of 21), 13.0% in women who 

received therapy with trastuzumab and anthracyclines (3 of 23), 7.1% in women with 

trastuzumab and taxanes (1 of 14) and 14.0% in women who received therapy with 



 

 66

trastuzumab, anthracyclines and taxanes (17 of 121). Cardiotoxicity rates were similar in 

patients who were treated in a neoadjuvant or adjuvant manner (13.3% or 11 of 83 vs. 

14.6% or 14 of 96). 
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4 Discussion 

The aim of this retrospective study was to get an overview of cardiac function during 

trastuzumab therapy in patients with breast cancer at the LKH Graz and to assess co-

morbid disease and co-therapy. We used echocardiographic indices to identify 

cardiotoxicity. According to the occurrence of cardiotoxicity two groups were determined 

and in a following step differences between both of them were analyzed. Patients who 

developed cardiotoxicity had significantly higher baseline LVEDD values and were on 

ACE-inhibitor medication significantly more often. Although minor differences could be 

observed for age, BMI, baseline LVEF and certain types of co-therapy and co-morbid 

disease, none of them reached statistical significance.  

 

4.1 Cardiotoxicity 

Discontinuation of Therapy  

166 patients received full therapy, whereas trastuzumab was discontinued for cardiac 

reasons in 24 cases (11.9%) and for non-cardiac reasons in 12 cases (5.9%). Non-cardiac 

reasons included anaphylactic reaction, joint disease, ear/nose/throat side effects, not 

further specified general side effects, necessity of surgery for an incarcerated hernia 

without resumption of therapy, patient’s wish and change of therapy regimen. The main 

cardiac reason which led to termination of trastuzumab therapy was LVEF decrease, 

however, tachycardic arrhythmias and palpations with dyspnea were also stated.  

The rate of therapy interruption due cardiac reasons we observed (11.9%) was higher than 

the rate of 4.3% described in the multicenter HERA clinical trial.(37) Criteria for therapy 

discontinuation in this trial were congestive heart failure (CHF) or a confirmed significant 

LVEF decrease. A significant LVEF decrease was defined as a decline of at least 10 

absolute percentage points from baseline and to a value below 50%. In this case treatment 

was paused until reevaluation three weeks later. If the LVEF was below 45% or between 

45 and 49% and still 10 or more absolute percentage points from baseline therapy was 

discontinued permanently.(37). This approach basically follows the recommendations 

given in the official package insert.(69) Patients in the HERA trial were younger (49 ± 10 

years) than our study population (56 ± 12 years) and seemed to have active cardiovascular 

disease less frequent. The percentage of women with arterial hypertension was lower than 

in our study group (17% vs. 31%). Patients with relevant cardiovascular disease including 
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history of CHF, coronary artery disease, uncontrolled, high-risk arrhythmias or clinically 

significant valvular disease and those with a baseline LVEF below 55% were excluded 

from participation in the HERA study. This could be an explanation for the difference in 

discontinuation rates. Also, it is unclear whether strict adherence to official 

recommendations regarding discontinuation of therapy was present in our study cohort or 

if other factors that could not be identified retrospectively influenced decision-making in 

the clinical setting. In a retrospective study similar to this one Yu et al. found a 

discontinuation rate of 18% in women with adjuvant trastuzumab treatment which implies 

that there are great differences between clinical trial situations and clinical practice.(120)  

Cardiac adverse events that led to discontinuation of trastuzumab treatment could be 

observed at any time during therapy ranging from shortly after the initial dose up to the last 

month of therapy. Trastuzumab was discontinued due to cardiac reasons during the first 

quarter of treatment in four patients, during the second quarter in five patients, during the 

third quarter in five patients and during the last quarter of treatment in 10 patients. This 

indicates that even good tolerability at the beginning of therapy does not protect from 

cardiotoxic effects during the course of treatment.  

13 out of 22 patients who suffered an LVEF drop showed a LVEF of at least 54% at some 

point of time after therapy discontinuation. Still the recovery rate observed in our study is 

lower than the one observed in the HERA trial (59.1% vs. 69%) although recovery is 

similarly defined as LVEF of at least 55% at some point after the cardiac end point in that 

trial.(37) With the data available it cannot be determined whether this difference is real or 

just an effect due to a short follow-up period or missing control echocardiographies in our 

study population.  

 

 

Retrospective Echocardiographic Evaluation 

In the retrospective analysis of echocardiographic results 18 patients (8.9%) were affected 

by an LVEF drop of 10 absolute percentage points to a value below 50%, which is the cut-

off to consider therapy discontinuation given in the package insert. It needs to be kept in 

mind that the definition of cardiotoxicity used to determine the two sub-groups in this 

study differs from that recommendation. Based on significant LVEF decrease which we 

defined as decrease of 10 or more absolute percentage points to a value below 54%, 12.4% 

of our study population suffered from trastuzumab-induced cardiac dysfunction. However, 

considering each of those variables separately we found that 42 patients (20.8%) had a 
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LVEF below 54% at some point and that a LVEF decrease of 10% or more could be found 

in 50 patients (24.8%). This means that up to a quarter of patients may be affected by 

milder forms of cardiotoxicity. Our results are similar to those that have been published by 

other authors before. Tarantini et al. found cardiotoxicity defined as LVEF decrease of at 

least 10% or CHF in up to 27% of patients with adjuvant trastuzumab therapy.(121) 

Similarly Piotrowski et al. found a cardiotoxicity rate of 20.55% based on total LVEF 

decrease of 15% or more, LVEF decrease of 10% to a value below 50% or symptomatic 

heart failure.(122)  

 

Cardiotoxicity rates were similar in patients who were treated in a neoadjuvant or adjuvant 

manner (13.3% vs. 14.6%). It was highest in patients who received trastuzumab mono-

therapy (19.0%) compared to patients who received additional treatment with 

anthracyclines (13.0%), taxanes (7.1%) or both anthracyclines and taxanes (14.0%). This 

result was not expected and contradicts other studies in which cardiotoxicity rates have 

been found to be higher in cases where trastuzumab has been administered concurrently or 

after anthracycline therapy and anthracycline therapy has been described as a risk factor 

for the occurrence of trastuzumab-induced cardiotoxicity.(9,70) It might be possible that 

trastuzumab mono-therapy in our study cohort was administered to patients in which 

further chemotherapy was contraindicated due to pre-existing co-morbidities, meaning that 

this sub-group was already at higher risk for developing cardiotoxicity. This could be an 

explanation for the differing results of our study. However, this theory cannot be proven 

Our result might also only be a chance effect due to the fairly low number of patients who 

received trastuzumab mono-therapy in our study.  

 

4.2 Differences between both groups  

4.2.1 Co-Morbidity and Risk Factors 

An important aspect of our study was the comparison between patients who experienced 

cardiotoxicity and those who did not regarding co-morbidities and co-therapy. We tested if 

differences regarding age, BMI, baseline LVEF and arterial hypertension were present in 

our cohort based on their classification as risk factors.(34,39,70,73,83)  Patients who 

developed cardiotoxicity were older, had a higher BMI, a lower baseline LVEF and were 

more frequently affected by arterial hypertension than patients without cardiotoxicity. 

Contrary to other studies our findings did not reach statistical significance, although it 
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needs to be mentioned that these meta-analyses included far more patients than our 

retrospective study.(70,73) However, patients with cardiotoxicity did have significantly 

larger left-ventricular dimensions at baseline (p=0.011). This finding is conclusive to 

another study published by Okada et al. who found that patients with trastuzumab-induced 

cardiotoxicity had larger LV end-diastolic dimensions (> or =49 mm) at baseline. They 

defined cardiotoxicity as LVEF decrease of at least 10% absolute to a value below 55%, 

which makes it very similar to our study and supports our findings.(123) For diabetes it is 

not clear whether it is associated with higher rates of trastuzumab-induced cardiotoxicity. 

Diabetes is not considered a risk factor according to a review by Domercant et al., although 

they state that smaller studies suggest an association in elderly women with diabetes.(83) 

Other authors define diabetes as a risk factor in trastuzumab-induced 

cardiotoxicity.(70,124) In our study population the rate of diabetes was similar in both 

groups. Different from expectations, smoking was less frequent in the cardiotoxicity group. 

In other studies there were similar frequencies among patients with and without 

cardiotoxicity.(37,120) This indicates that smoking habits are not associated with LVEF 

dysfunction caused by trastuzumab. The difference in our study group is presumably 

caused by inaccurate data collection rather than a protective effect of smoking habits. Rates 

for total cholesterol above 200 mg/dl were similar between both groups indicating that 

there is no association with cardiotoxicity. One has to keep in mind though, that laboratory 

values were only available in about half of the patients of our study cohort precluding 

conclusive analyses. None of the observations regarding differences in co-morbid disease 

among both groups reached statistical significance.  

 

4.2.2 Co-Therapy 

Patients who developed cardiotoxicity had a significantly higher rate of ACE-inhibitor 

medication (p<0.049). This was surprising to some extent, since an aim of this study was 

to identify possible preventive effects of cardiovascular drugs. These have been described 

by Wittayanukorn et al. who showed favorable effects of ACEIs/BBs exposition on 

cardiotoxicity in breast cancer patients treated with anthracyclines and trastuzumab.(111) 

Also the Manticore trial showed preventive effects on LVEF decrease for the ACEI 

perindopril and the BB bisoprolol, although effects of bisoprolol were more relevant than 

those of perindopril.(10) Similarly, findings that were presented by Gujral et al. 

demonstrated that only prophylactic use of BBs but not ACEIs reduced the extent of LVEF 

decrease.(125) In summary, there is no consensus on use of ACE-inhibitors in prevention 
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of trastuzumab-induced cardiotoxicity. On the other hand, it seems plausible that ACE-

inhibitors are more common in the cardiotoxicity group since the prevalence of arterial 

hypertension is also higher in this group. Our results are based on patients who use 

cardiovascular medication because of a medical condition, which is a completely different 

setting than patients who take this medication in a preventive manner. This thought can be 

supported by Yu et al. who found that pre-existing treatment with ACE-inhibitors, beta 

blockers or angiotensin II receptor antagonists prior to chemotherapy was more common in 

patients with discontinuation of trastuzumab therapy due to cardiotoxic effects than in 

patients who received full therapy.(120) Our findings are in accordance with this regarding 

ACEIs, however, rates for ARBs and beta blockers were similar between both groups in 

our study cohort, with BBs being used slightly more in the cardiotoxicity group. Also, 

calcium channel blockers were more common in the cardiotoxicity group. Since they 

represent another drug commonly used in treatment of arterial hypertension (116) this 

observation can be attributed to the higher incidence of hypertension in the cardiotoxicity 

group as well. It needs to be emphasized that apart from ACEIs differences between both 

groups regarding any other cardiac medication did not reach statistical significance. Statins 

were more common in the group without cardiotoxicity. It has been demonstrated that 

statins could prevent LVEF decrease in patients receiving anthracyclines.(126,127) Hence 

one could assume that statins also protected against major LVEF decrease in our study 

patients receiving trastuzumab, however no further conclusive data has been published on 

statin effects on trastuzumab therapy so far. Rates for HCT were similar among patients 

with and without cardiotoxicity and loop diuretics were slightly more common in the group 

without cardiotoxicity. It has been demonstrated that spironolactone might protect from 

anthracycline-induced cardiotoxicity.(128) Based on findings that the aldosterone-bound 

mineralocorticoid receptor stimulates the EGFR promoter and thus increases EGFR protein 

levels, Yavas et al. hypothesized that the aldosterone antagonist spironolactone might be 

effective in trastuzumab-induced cardiotoxicity as well.(129) They could show some 

protective effects on cardiac tissue in rats who were treated with concomitant trastuzumab 

therapy and radiation.(130) In our cohort slightly more patients in the group without 

cardiotoxicity used spironolactone, which could support this thesis. However, the 

difference was not significant and the number of patients who used this drug was fairly 

small which prevents us from drawing any conclusions in this case at all. There was only 

one patient with documented nitrate medication who did not develop cardiotoxicity. The 

percentage of women with diabetes medication was equal in both groups, which is 
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conclusive to the fact that diabetes prevalence was also similar in patients with and without 

cardiotoxicity. Since we included any type of diabetes medication into this group, it would 

not be reasonable to draw any conclusions on possible preventive effects regarding this 

group. Aside from ACE-inhibitor medication no significant difference between expected 

and observed counts could be seen for any of the drugs described above.  

 

4.3 Strengths and Limitations  

The strength of this study lies in the relatively large study cohort considering its mono-

centric nature with 202 patients included over a fairly long time period. Still it must be 

kept in mind that cardiotoxicity per se as well as some risk factors and medication were 

only present in a small number of patients. In addition, the heterogeneity of clinical cohorts 

is substantial. These factors limit the statistical power of our retrospective study and thus 

the results are often of descriptive nature and statistical tests need to be interpreted keeping 

these limitations in mind. 

The major limitation of this study is its retrospective nature. Only information that has 

been collected previously could be used for analysis. Since echocardiographies were 

performed at different institutions there was no standardized protocol regarding the 

parameters which were documented or standardized technical equipment. A numerical 

value of the LVEF was not available in all cases and parameters for left ventricular size 

varied, if they were available at all. In some cases, the exact results of the 

echocardiographies were not documented and in some cases it was not clear whether 

regular echocardiographic follow-up was carried out as recommended. Complete data on 

co-medication and pre-existing medical conditions was not available in all cases and 

accuracy of documentation varied among the cases where data was available. It is striking 

that prevalence rates for obesity and hypercholesterolemia differ among the results 

extracted from medical records and those derived from BMI and blood analysis. Also, a 

rather large portion of data was marked as not available. Hence it cannot be precluded that 

missing data in one of the groups biased our analysis.  

Another important difference between our retrospective study and the larger randomized 

clinical trials are inclusion and exclusion criteria. We basically included all patients 

irrespective of pre-existing diseases or co-therapy. Also, all patients who were exposed to 

cardiovascular medication in our case had a prescription because of a medical indication, 

meaning an already existing risk factor in many cases. Contrary to that the OVERCOME 
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and MANTICORE trial excluded patients with history of heart failure or relevant cardiac 

diseases, uncontrolled hypertension and specifically those with prior medication. In that 

respect our study more closely matches clinical routine and this is also the likely cause of 

higher observed cardiotoxicity rates.   

Because cardiac biomarkers were not analyzed as a routine parameter, they were only 

available in a small number of patients. Therefore, a possible effect of trastuzumab 

treatment on cardiac biomarkers could not be assessed in our study cohort. However, our 

study identified patients suffering from cardiotoxicity and thus laid the base for further 

analyses of bio-banked materials to measure established biomarkers and identify novel 

ones. 

 

4.4 Conclusion 

Cardiotoxic side effects led to discontinuation of trastuzumab therapy in 11.9% of our 

study population. Analyzing the change of LVEF, cardiotoxicity was present in 12.4% of 

patients and up to 25% were affected by milder forms of left ventricular dysfunction. In 

our study population patients who developed cardiotoxicity had significantly higher 

baseline LV end-diastolic dimensions and were on ACE-inhibitor medication significantly 

more often. Furthermore, older age, higher BMI, lower baseline LVEF and higher 

frequency of arterial hypertension could be observed in the cardiotoxicity group although 

they failed to reach statistical significance. Diabetes rates were similar among both groups. 

No conclusive results were found for preventive effects of cardiovascular medication. 

While ACE inhibitors and calcium channel blockers were more frequent in the 

cardiotoxicity group, rates for statins and spironolactone were higher in the cardiotoxicity 

group. Further research is necessary to gain more knowledge on how to prevent 

trastuzumab-induced cardiotoxicity in prospective clinical trials. This offers the 

opportunity to evaluate preventive effects of co-medication in drug-naïve patients and 

facilitates standardized data collection of pre-determined parameters such as 

echocardiographic indices or cardiac biomarkers.  
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