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1 General Introduction 

Anthracycline antibiotics are among the most potent chemotherapeutic agents since their 

introduction 50 years ago. Agents in this pharmacological group of antineoplastic drugs include 

doxorubicin, daunorubicin, epirubicin, idarubicin and mitoxantrone. They are the back bone for 

many chemotherapy regimens in the treatment of breast cancer, lymphoma, and leukaemia. This 

may be due to the wide range of mechanisms which anthracycline is thought to act on. These 

include: (i) initiation of apoptosis via inhibition of topoisomerase II, (ii) DNA synthesis inhibition, (iii) 

DNA binding and alkylation, (iv) DNA cross-linking, (v) interference with DNA strand separation and 

helicase activity, and (vi) free radical formation and lipid peroxidation1. Among these, topoisomerase 

II inhibition is widely accepted as the core mechanisms for the anti-tumour activity of 

anthracyclines2, while its free radical formation and lipid peroxidation activity have been widely 

discussed as the mechanism underlying its predominant cardiac toxicity3. 

Anthracycline-induced cardiac toxicity (ACT) was first described since 1970s4, 5. ACT are classified into 

acute, chronic or early-onset and late-onset cardiac toxicity. Arrhythmias, abnormal ST and T wave 

and acute heart failure which present immediately to weeks after treatment are examples of acute 

cardiotoxicity. Although the damage may be reversed after withdrawal of therapy, most patients 

may suffer permanent cardiac damage. Chronic or early-onset cardiotoxicity occurs within the first 

year after completion of treatment. It accounts for 89.5% of all ACT cases6. Left ventricular 

dysfunction, chronic heart failure and QT dispersion are common presentation. Late-onset 
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cardiotoxicity which is always presented as heart failure that develops after the first year of therapy 

was found to increase with the length of follow up7. 

Anthracyclines increases clinical, subclinical and both cardiotoxicity risk by 5.43, 6.25 and 2.27 fold 

respectively with risk of cardiac death by 4.94 fold compared to non-anthracycline regimens8. Due to 

its significant consequence to cancer survivors, huge attempts had been carried out to identify the 

risk factors with the aim to identify patients at risk for ACT4, 6, 8, 9. Several significant risk factors for 

developing cardiac toxicity had been identified, including extreme age that is more than 65 years old 

or less than 4 years old, female gender, hypertension, pre-existing cardiac disease, mediastinal 

radiation, treatment with cyclophosphamide, paclitaxel or trastuzumab and higher individual 

anthracycline dose. Cumulative anthracycline dose is one of the strongest predictors for developing 

cardiac toxicity, with a clear dose-response relationship. However, these demographic and clinical 

factors incompletely explain inter-individual variability of sensitivity to anthracycline suggestive of 

the potential role of genetic10, 11. 

  



 
 

11 
 

 Research Questions and Hypotheses 1.1

1.1.1 Research Questions 

As discussed above, there were several key questions which we would like to address in the 

following theses. These can be categorised as below: 

1. Findings on the incidence of ACT were mainly North America- or Europe-based population. 

a. What is the incidence of antineoplastic-related cardiotoxicity and ACT in a multi-

ethnic -based population? 

2. The effort to identify potential genetic biomarkers for antineoplastic-related cardiovascular 

toxicity had increased over the years especially after the introduction of targeted therapy in 

cancer treatment.  

a. Is there any genetic biomarker that is potentially used as predictor for 

antineoplastic-related cardiovascular have been identified? 

b. Is there any genetic biomarker that is potentially used as predictor for anthracycline 

has been identified? 

3. A few risk factors for ACT have been identified.  

a. How these factors stratified ACT risk in patients receiving anthracycline-based 

chemotherapy? 

 

1.1.2 Hypotheses 

We hypothesize that  

1. There was a difference in the incidence of antineoplastic-related cardiotoxicity and ACT in an 

Asia-based population compared to North American or European population 

2. There are genetic biomarkers that can be potentially used as predictor for antineoplastic-

related cardiovascular  

3. A risk prediction model to stratify ACT risk in patients receiving anthracycline-based 

chemotherapy can be developed and be useful in clinical setting. 
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 Research aims and objectives 1.2

1.2.1 Aims  

The aim of this study is to identify the burden of ACT in a multi-ethnic population, to develop a risk 

prediction model to identify individual at risk and to determine the usefulness of the developed 

model in clinical setting. 

 

1.2.2 Objectives  

1. To identify the incidence of antineoplastic-related cardiotoxicity and ACT in a multi-ethnic-

based population. 

2. To develop and validate a multivariable risk prediction model for ACT. 

3. To determine the usefulness of the developed model in clinical setting. 

4. To explore the acceptance of the end user of in term of the content and usability of the 

developed prediction model.  

5. To identify genetic biomarker that is potentially used as predictor for antineoplastic-related 

cardiovascular with focus in anthracycline-induced cardiotoxicity. 

 

1.2.3 Conceptual Framework 

Studies were planned and executed to achieve above objectives (Table 1-1).  

Table 1-1: Conceptual framework of the research. 

Sections  Titles Objectives 

2 Incidence of cancer chemotherapy-related 
cardiovascular complications in Asia 

To identify the incidence of antineoplastic-
related cardiotoxicity and ACT in a multi-
ethnic-based population. 

3.1 To develop and validate a multivariable risk 
prediction model for ACT. 

Development and Validation of ACT 
Prediction Model 

3.2 To determine the usefulness of the 
developed model in clinical setting. 

Utility Evaluation of Prediction Model in 
Clinical Settings: A Pilot Study 

3.3 To explore the acceptance of the end user 
of in term of the content and usability of 
the developed prediction model. 

A qualitative exploration on the content 
and usability of a 4-factors anthracycline-
induced cardiotoxicity (ACT) prediction 
model 

4 To identify genetic biomarker that is 
potentially used as predictor for 
antineoplastic-related cardiovascular with 
focus in anthracycline-induced 
cardiotoxicity. 

Pharmacogenomics in antineoplastic-
related cardiovascular toxicity 
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 Literature Review 1.3

1.3.1 History and types of anthracycline 

The first anthracycline isolated is daunorubicin. It was isolated from Streptomyces peuceticus in the 

1963 by an Italian research company, Farmitalia Research Laboratories12. Daunorubicin showed a 

promising therapeutic effect in acute childhood leukaemia since its introduction12. Soon after that 

doxorubicin was isolated from Streptomyces peuceticus var. caesius, a mutant strain derived from 

Streptomyces peuceticus13. Doxorubicin differs from daunorubicin just by a single hydroxyl group, 

however doxorubicin has broader therapeutic activity which includes both solid tumour and 

haematological malignancies2, 14, 15. 

Epirubicin and idarubicin are the two newer members of the family after many attempts to identify 

better anthracyclines. Similarly, chemical structures of both newer anthracyclines are only slightly 

changed from doxorubicin and daunorubicin, but their spectrum of activity and/or side effects are 

significantly different2. Epirubicin,  a semisynthetic derivative of doxorubicin, is preferred in breast 

cancer treatment compared to doxorubicin because its maximum tolerated dose is almost double to 

that of doxorubicin16. Better safety profile of epirubicin is attributed to the positional change of the 

hydroxyl group which increased its volume of distribution and clearance2. Contrary, idarubicin, a 

derivative of daunorubicin after removing of the 4-methoxy group, possess an extended therapeutic 

activity in multiple myeloma, non-Hodgkin’s lymphoma and breast cancer2. 

Mitoxantrone, a synthetic anthracenedione, was synthesised with the aim to reduce anthracycline 

side effects by the American Cyanamid Company and the Midwest Research Institute 

independently17. It is structurally similar to doxorubicin and daunorubicin.  

 

1.3.2 Mechanism of Actions and Usages 

The most accepted mechanism for its therapeutic effects is topoisomerase II inhibition2. The 

inhibition of topoisomerase II enzyme causes cell death by preventing the cut of both strands of the 

DNA double helix, an essential step in DNA replication. Others suggested mechanisms include DNA 

synthesis inhibition, DNA binding and alkylation, DNA cross-linking, interference with DNA strand 

separation and helicase activity, and free radical formation and lipid peroxidation1. The mode of 

doxorubicin anti-tumour activity is illustrated in Figure 1-1. Anthracycline usage in solid tumours ( 

Table 1-2) and haematological malignancies (Table 1-3) may be related to the wide range of anti-

tumour mechanism of anthracyclines. 
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Figure 1-1: Mode of doxorubicin anti-tumour activity and related genes.  
ABCB1, ATP binding cassette subfamily B member 1; ABCC1, ATP binding cassette subfamily C 
member 1; ABCC2, ATP binding cassette subfamily C member 2; ABCG2, ATP binding cassette 
subfamily G member 2; CAT, catalase; DOX, doxorubicin; ERCC2, ERCC excision repair 2; GPX1, 
glutathione peroxidase 1; MLH1, MutL homolog 1; MSH2, MutS homolog 2; NKFB1, nuclear factor 
kappa B subunit 1; NOS3, nitric oxide synthase 3; NQO1, NAD(P)H quinone dehydrogenase 1; 
RALBP1, RaIA binding protein 1; ROS, reactive oxygen species; SLC22A16, solute carrier family 22 
member 16; SOD1, superoxide dismutase 1; TOP2A, topoisomerase II alpha; TP53, tumour protein 
P53; XDH, xanthine dehydrogenase. Reproduce with permission from PharmGKB and Stanford 
University18. 
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Table 1-2: Anthracycline used in solid tumours based on guidelines used in Malaysia and National 
Comprehensive Cancer Network (NCCN) guidelines. 

Cancer Regimens Guidelines 

Breast cancer 5-fluorouracil, doxorucibin, cyclophosphamide 
(FAC) 

Malaysia 

 5-fluorouracil, epirubicin, cyclophosphamide 
(FEC) 

Malaysia, NCCN 

 Doxorubicin, cyclophosphamide (AC) Malaysia, NCCN 
 Docetaxel, doxorubicin, cyclophosphamide (TAC) Malaysia, NCCN 
 Epirubicin, cyclophosphamide (EC) NCCN 

Small cell lung cancer Cyclophosphamide, doxorubicin, vincristine 
(CAV) 

Malaysia, NCCN 

 Cyclophosphamide, epirubicin, vincristine (CEV) Malaysia 
   

Oesophageal cancer Epirubicin, cisplatinum, 5-fluorouracil (ECF) Malaysia, NCCN 
 Epirubicin, oxaliplatin, fluorouracil NCCN 
 Epirubicin, cisplatin/oxaliplatin, capecitabine NCCN 

Gastric cancer ECF Malaysia,NCCN 
 Epirubicin, oxaliplatin, capecitabine (EOX) Malaysia 
 Epirubicin, oxaliplatin, fluorouracil NCCN 
 Epirubicin, cisplatin/oxaliplatin, capecitabine NCCN 

Liver cancer Doxorubicin monotherapy Malaysia 

Epithelial uterine cancer Doxorubicin, cisplatinum Malaysia, NCCN 

Uterine leiomyosarcoma Doxorubicin Malaysia, NCCN 

Sarcomatoid renal cell 
carcinoma 

Doxorubicin, gemcitabine Malaysia 

Soft tissue sarcoma Doxorubicin Malaysia, NCCN 
 Epirubicin, ifosfamide (EI) Malaysia 
 Doxorubicin, dacarbazine, ifosfamide (MAID) Malaysia, NCCN 
 Doxorubicin, ifosfamide (AI) Malaysia, NCCN 
 Doxorubicin, dacarbazine (AD) NCCN 
 Doxorubicin, ifosfamide, mesna (AIM) NCCN 
 Doxorubicin, olaratumab NCCN 
 Epirubicin NCCN 
 Vincristine, doxorubicin, cyclophosphamide 

(VAC) 
NCCN 

 Vincristine, doxorubicin, ifosfamide (VAI) NCCN 

Ewing sarcoma VAC NCCN 
 VAI  
 Vincristine, ifosfamide, doxorubicin, etoposide 

(VIDE) 
NCCN 

Osteosarcoma Cisplatin, doxorubicin NCCN 
 Methotrexate, cisplatin, doxorubicin (MAP) NCCN 
 Doxorubicin, cisplatin, ifosfamide, methotrexate NCCN 
 Ifosfamide, cisplatin, epirubicin NCCN 

Bladder cancer Ifosfamide, doxorubicin NCCN 

Ovarian cancer Doxorubicin NCCN 
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Table 1-3: Anthracycline used in haematological malignancies based on guidelines used in Malaysia 
and National Comprehensive Cancer Network (NCCN) guidelines. 

Cancer Regimens Guidelines 

Acute lymphoblastic leukaemia Vincristine, daunorubicin, dexamethasone, L-
asparaginase, methotrexate (Induction Phase I) 

Malaysia 

 Fludarabine, cytarabine, idarubicin, GCSF 
(FLAG-Ida consolidation Week 16) 

Malaysia 

 Vindesine, doxorubicin, prednisolone 
(Reinduction Phase I Week 22) 

Malaysia 

 Cytarabine, L-asparaginase, daunorubicin, 
thioguanine (CART) 

Malaysia 

 Vincristine, dexamethasone, pegaspargase ± 
daunorubicin (COG AALL-0031) 

NCCN 

 TKIs, cyclophosphamide, vincristine, 
doxorubicin, dexamethasone 

NCCN 

 TKIs, daunorubicin, vincristine, prednisolone, 
cyclophosphamide 

NCCN 

 Daunorubicin, vincristine, prednisone, 
pegaspargase 

NCCN 

 Doxorubicin, vincristine, prednisone, 
methotrexate, pegaspargase 

NCCN 

 Daunorubicin, vincristine, prednisone, 
pegaspargase, cyclophosphamide 

NCCN 

 Cyclophosphamide, vincristine, doxorubicin, 
dexamethasone, methotrexate/cytarabine 
(hyper CVAD) 

NCCN 

 Cyclophosphamide, vincristine, doxorubicin, 
dexamethasone, pegaspargase, 
methotrexate/cytarabine 

NCCN 

 Idarubicin, dexamethasone, vincristine, 
cyclophosphamide, cytarabine ± rituximab 

NCCN 

Acute myeloid leukaemia Daunorubicin, cytarabine (DA 3+7) Malaysia, NCCN 
 Idarubicin, cytarabine (IA 3+7) Malaysia, NCCN 
 Mitoxantrone, cytarabine (MA 3+7) Malaysia, NCCN 
 Mitoxantrone, cytarabine (MIDAC) Malaysia 
 GCSF, fludarabine, cytarabine, idarubicin (FLAG-

Ida) 
Malaysia, NCCN 

 Cytarabine, idarubicin (Ida-HIDAC) Malaysia, NCCN 
 Thioguanine, daunorubicin, cytarabine, 

prednisolone (TRAP) 
Malaysia 

 Cytarabine, daunorubicin, midostaurin NCCN 

Acute promyelocytic leukaemia ATRA, idarubicin (APML induction) Malaysia 
 Idarubicin (APML consolidation) Malaysia 
 ATRA, daunorubicin, cytarabine NCCN 
 ATRA, idarubicin  
 Arsenic trioxide, ATRA, daunorubicin  
 Daunorubicin, cytarabine  
 ATRA, idarubicin, mitoxantrone  
 ATRA, idarubicin, arsenic trioxide  

Burkitt’s lymphoma/leukaemia Methotrexate, vincristine, cyclophoaphamide, 
doxorubicinm dexamethasone (Block B) 

Malaysia 
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Table 1-3: Anthracycline used in haematological malignancies based on guidelines used in Malaysia 

and National Comprehensive Cancer Network (NCCN) guidelines. (cont.) 

Cancer Regimens Guidelines 

Hodgkin’s lymphoma Doxorubicin, bleomycin, vinblastine, 
dacarbazine (ABVD) 

Malaysia, NCCN 

 Cyclophosphamide, vincristine, procarbazine, 
prednisolone, doxorubicin, bleomycin, 
vinblastine (COP-ABV) 

Malaysia 

 Doxorubicin, vinblastine, mechlorethamine, 
etoposide, vincristine, bleomycin, prednisone 
(Stanford V) 

NCCN 

 Bleomycin, etoposide, doxorubicin, vinvristine, 
cyclophosphamide, procarbazine, prednisone 
(BEACOPP) 

NCCN 

 Cyclophosphamide, doxorubicin, vincristine, 
prednisone (CHOP) 

NCCN 

 Prednisone, vinblastine, doxorubicin, 
gemcitabine (PVAG) 

NCCN 

Non-Hodgkin’s lymphoma Rituximab, cyclophosphamide, doxorubicin, 
vincristine, prednisolone (RCHOP-21) 

Malaysia 

 Methotrexate, vincristine, daunorubicin, 
ifosfamide, mesna, dexamethasone, 
thioguanine (R2) 

Malaysia 

 Mesna, Ifosfamine, mitoxantrone, etoposide 
(MINE) 

Malaysia 

 Fludarabine, mitoxantrone, dexamethasone 
(FMD) 

Malaysia 

 Rituximab, cyclophosphamide, doxorubicin, 
vincristine, prednisolone (RCHOP) 

Malaysia, NCCN 

 Hyper CVAD NCCN 
 Rituximab, ifosfamide, carboplatin, etoposide 

(RICE) 
NCCN 

 Bortezomib, rituximab, cyclophosphamide, 
doxorubicin, prednisone (VR CAP) 

NCCN 

 Etoposide, prednisone, vincristine, 
cyclophosphamide, doxorubicin, rituximab 
(EPOCH-R) 

NCCN 

 Rituximab, cyclophosphamide, vincristine, 
doxorubicin (R-CODOX) 

NCCN 

 Cyclophosphamide, doxorubicin, vincristine, 
etoposide, prednisone (CHOEP) 

NCCN 

Multiple myeloma Vincristine, doxorubicin, dexamethasone (VAD) Malaysia 
 Bortezomib, doxorubicin, dexamethasone NCCN 
 Dexamethasone, thalidomide, cisplatin, 

doxorubicin, cyclophosphamide, etoposide, 
bortezomib (VTD-PACE) 

NCCN 

 Dexamethasone, thalidomide, cisplatin, 
doxorubicin, cyclophosphamide, etoposide (DT-
PACE) 

NCCN 
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1.3.3 Type of anthracycline-induced cardiotoxicity 

ACT is becoming clinical significance as the use of anthracycline is increasing and the cancer survivor 

rate is improving overtimes. Doxorubicin was first suspected to cause cardiomyopathy during its 

Phase I and Preliminary Phase II study in 196918. In the same year, two types of cardiac abnormalities 

were suggested, electrocardiographic (ECG) changes and congestive heart failure19. Since then, 

numerous researches investigating various areas related to ACT had been carried out. 

Irreversibility of ACT is another factor that caused concern among cardiologists and oncologists. As a 

type I cardiotoxicity, ACT is caused by cardiomyocytes death and thus it is irreversible. On the 

contrary, type II cardiotoxicity is likely reversible because it is caused by cardiomyocytes dysfunction. 

ACT is also broadly classified into three types according to the time of onset: acute ACT occurs 

immediately to weeks after a single dose or end of treatment; early-onset chronic ACT occurs within 

the first year from the end of treatment and late-onset chronic ACT develops after a year from the 

end of treatment. Vasodilation with hypotension and transient cardiac rhythm changes maybe 

observed although acute ACT is always subclinical14. Early-onset ACT is the most common type of 

ACT and often presented as left ventricular dysfunction, chronic heart failure and QT dispersion. 

 

1.3.4 Frequency of anthracycline-induced cardiotoxicity 

ECG changes were first reported in almost half of patients receiving doxorubicin (48 of 97 cases)18. 

Thirty years later, the incidence of doxorubicin induced congestive heart failure in cohorts treated 

for breast cancer or small cell lung cancer was found to be 5.1%20. The incidence of early and late 

onset cardiotoxicity in children treated with daunorubicin for acute myeloid leukaemia was 13.7% 

and 17.4%21. A recent review of eighteen studies reported the incidence of subclinical and clinical 

cardiotoxicity were 17.9% and 6.3%, leading to an overall cardiovascular event of 10.6%22. In a 

recent prospective study involving 2625 patients receiving doxorubicin or epirubicin with a median 

follow-up of 5.2 years reported cardiotoxicity incidence was 9% with 9.7% in patients with breast 

cancer and 6.2% in patients with non-Hodgkin’s lymphoma23. Frequency of ACT could be differs 

according to types and the cumulative dose of anthracycline24 (Table 1-4). 

Table 1-4: Reported incidence of left ventricular dysfunction for doxorubicin, epirubicin and 
idarubicin. 

Anthracycline Incidence of Left ventricular dysfunction (%) 

Doxorubicin 3 – 26* 
Epirubicin 0.9 – 3.3 
Idarubicin 5 – 18 

*At a cumulative dose of 550mg/m2. 
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1.3.5 Mechanism of anthracycline-induced cardiotoxicity 

Similar to the mode of anti-tumour effect, the pathophysiology of ACT is also uncertain. The most 

accepted mechanism for ACT is via reactive oxygen species (ROS). Other possible mechanisms 

include impairment of calcium homeostasis, dysregulation of protein degradation, induction of 

mitochondrial DNA lesions or interference with topoisomerase II14 (Figure 1-2). Cardiomyocytes have 

lower tolerance to oxidative stress than other tissues due to lower concentration of enzymatic 

defences in the heart. Free radicals released in the reduction of DOX by NADH dehydrogenase and in 

the formation of DOX-iron complexes subsequently cause cell death through apoptotic pathways25.  

This theory is further supported by the cardio-protective activity of dexrazoxane, an iron chelator, 

when used together with DOX but contradicted by finding that deferasirox do not possess similar 

protective effects. 

 

 

Figure 1-2: Mechanism of cardiotoxicity and related genes.  
ACO1, aconitase-iron regulatory protein-1; AKR1A1, aldo-keto reductase family 1 member A1; 
AKR1C3, , aldo-keto reductase family 1 member C3; ATP2A2, ATPase sarcoplasmic; ATP5, ATP 
synthase; CBR, carbonyl reductase; CYBA, cytochrome B-215 alpha chain; CYCS, cytochrome c; DOX, 
doxorubicin; DOXol, doxorubicinol; NCF4, neutrophil cytosolic factor 4; NOS, nitric oxide synthases; 
RAC2, Ras-related C3 botulinum toxin substrate 2; RNS, reactive nitrogen species; ROS, reactive 
oxygen species; RYR2, ryanodine receptor 2; TOP2B, topoisomerase II beta. Reproduce with 
permission from Thorn et al.25 
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1.3.6 Risk factors for anthracycline-induced cardiotoxicity 

Thirteen factors have been suggested to increase the risk of ACT, namely age more than 65 years or 

less than 4 years, female gender, African-American ethnicity, very high or very low body weight, 

hypertension, diabetes, pre-existing cardiac disease, mediastinal radiation, treatment with 

cyclophosphamide, paclitaxel or trastuzumab, cumulative anthracycline dose, higher individual 

anthracycline doses and follow-up duration (Table 1-5). 

Among well recognised factors associated with increased risk of ACT, cumulative anthracycline dose 

is the most prominent. Total cumulative dose of doxorubicin was found to be related to ACT since 

196919. This is further supported by a retrospective analysis of three trials by Swain et al. and 

maximum dose of 550 mg/m2 was suggested20. Besides, the study also found that patient older than 

65 years have a greater risk for congestive heart failure especially with a cumulative dose of more 

than 400 mg/m2. Conversion to doxorubicin isotoxic equivalents was suggested in the calculation of 

total cumulative anthracycline dose in view of each anthracycline possesses different risk for ACT. 

Although supportive literatures are limited, widely accepted conversion formulas is as below26-28 

(Table 1-6). 

 
Table 1-5: Risk factors associated with increase anthracycline-induced cardiac toxicity and reporting 
literatures. 

Risk factors Reporting literature 

Older age Swain et al., 200320, Lotrionte et al., 201322 
Younger age Von Hoff et al., 197729, Lotrionte et al., 201322,  

Lipshultz et al., 199530, Silber et al., 199331 
Female Lipshultz et al., 199530, Silber et al., 199331 
African-American ethnicity Lotrionte et al., 201322 
Very high or very low body weight Lotrionte et al., 201322 
Higher cumulative dose  Lefrak et al., 197319 Lotrionte et al., 201322,  

Lipshultz et al., 199530, Silber et al., 199331,  
Steinherz et al., 199132 

 Cumulative dose >350mg/m2 Alexander et al., 197933, Buzdar et al., 198534 
 Cumulative dose >300mg/m2 Hayakawa et al., 200135 
Uncontrolled hypertension Minow et al., 197736, Lotrionte et al., 201322 
Diabetes mellitus Lotrionte et al., 201322 
Severe co-morbidities Lotrionte et al., 201322 
Concurrent cyclophosphamide use Minow et al., 197537 
Concurrent trastuzumab use Cobleigh et al., 199938 
Concurrent paclitaxel use Nabholtz et al., 200139 
Chest radiation Minow et al., 197537 Lotrionte et al., 201322,  

Steinherz et al., 199132 
Follow-up duration Lipshultz et al., 199530, Steinherz et al., 199132  
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Table 1-6: Commonly used conversion formula in calculating doxorubicin isotoxic equivalent for 
different type of anthracyclines. 

Anthracyclines Conversion Formula 

Daunorubicin Total dose x 0.833 

Doxorubicin Total dose x 1 

Epirubicin Total dose x 0.67 

Idarubicin Total dose x 5 

Mitoxantrone Total dose x 4 

 

1.3.7 Pharmacogenetics in ADRs risk prediction 

Development in molecular biology has increased our understanding of the role of genetic variation 

underlying adverse drug reactions (ADRs). To dates, a few prominent genetic testing are 

recommended in identifying patient at risk for ADRs. Examples are thiopurine methyltansferase 

(TMPT) gene variation and human leukocyte antigen (HLA)-B*1502. Polymorphisms of TMPT gene 

have been widely studied and are recommended to be use in dose adjustment of thiopurines in 

some institutions. TPMT*2, TPMT*3A and TPMT*3C are known to cause lowered TPMT activity, thus 

a reduced dose is recommended for heterozygous and homozygous patients to prevent 

hematopoietic toxicity40.  

It is widely acknowledge that due to difference in allele frequency, genetic association can also be 

ethnicity specific41. HLA-B*1502 screening is recommended for Han Chinese, Malay, and Thai 

population to identify patients at risk for carbamazepine-induced Stevens-Johnson syndrome and 

toxic epidermal necrolysis42.  The genetic association between hypersensitivity induced by abacavir 

and HLA-B*5701 is also an ethnic difference in which it is prevalent in Caucasians, but not in 

Hispanics or Africans43.  

Recent studies found that SLC22A17 and SLC22A7 variants are significantly associated with ACT and 

improved patient risk stratification44. Other therapeutics products used in oncology with 

pharmacogenomics screening recommendation due to adverse drug reactions include abemaciclib, 

afatinib, anastrazole, lenelidomide, lapatinib, nilotinib and more. A list of valid genomic biomarkers 

for clinical guidance can be found on the FDA website ‘Table of Pharmacogenomic Biomarkers in 

Drug labels’ 

(http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm).  

 

  

http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm083378.htm


 
 

22 
 

2 Incidence of cancer chemotherapy-related cardiovascular 
complications in Asia 

We recognised the need to estimate the incidence of cancer chemotherapy-related cardiovascular 

complications in Asia because currently available incidence of cancer chemotherapy-related 

cardiovascular complications was based studies conducted in North America or Europe. Besides, 

evidences suggested that ethnicity such as African-American are at higher risk for cancer-

chemotherapy-related cardiovascular complications22 and ethnicities in Asia is diverse and is greatly 

distinct from other continents. Thus, we conducted a systematic review to estimate the incidence of 

cancer chemotherapy-related cardiovascular complications in Asia (Section 2.1, page 22). Besides, 

we also reported the incidence and characteristics of anthracycline-induced cardiotoxicity in a multi-

ethnic population in Asia (Section 2.1.2, page 23). 

 

 Burden of Antineoplastic-related Cardiovascular Toxicity in Asia: A 2.1
systematic review and meta-analysis. 

2.1.1 Introduction 

This chapter has been submitted to Heart Failure Reviews awaiting editorial decision. The candidate, 

Leong Siew Lian was primarily responsible for searching, analysis and writing of the manuscript. The 

paper’s co-authors, Shaun Lee Wen Huey and Nathorn Chaiyakunapruk contributed in various 

aspects of this article. 
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2.1.2 Submitted manuscript and supplementary materials 
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Fig. 1 Pooled estimated incidence of cardiovascular toxicity according to characteristics of 

participants. Overall pooled incidence is 4.65 (95% CI: 3.36 - 6.11) with high heterogeneity, (I2 = 

93.91%). 

CI, confidence interval; Echo, echocardiogram; NCI, National Cancer Institute; NR: not reported; RCT, 

randomised controlled trial; WHO, World Health Organisation.  
 



 
 

35 
 

 

Fig. 2 Pooled estimated incidence of cardiovascular toxicity according to characteristics of included 

studies. Overall pooled incidence is 4.65 (95% CI: 3.36 - 6.11) with high heterogeneity, (I2 = 93.91%). 

CI, confidence interval; Echo, echocardiogram; NCI, National Cancer Institute; NR: not reported; RCT, 

randomised controlled trial; WHO, World Health Organisation. 
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Fig. 3 Type of CV toxicities among anthracycline recipients. Overall pooled incidence is 6.57 (95% CI: 

5.06 – 8.24) with high heterogeneity, (I2 = 95.35%). 

CI, confidence interval; ECG, electrocardiogram; LV, left ventricular. 
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Fig. 4 Scatter plot of study distribution according to years weighted by number of participants. 
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 Incidence and characteristics of cardiotoxicities induced by 2.2
anthracycline and anthracycline based chemotherapy regimens in 
Malaysian cancer patients. 

2.2.1 Introduction 

Since the initial investigations of the family of anthracycline drugs, they have been employed in the 

treatment of a wide variety of hematologic malignancies and solid tumours. Among others are 

lymphoma, leukaemia, breast cancer, and sarcoma. The use of anthracyclines in cancer treatments 

may be different from country to country. When compared to National Comprehensive Cancer 

Network Clinical Practice Guidelines in Oncology, Malaysia have some chemotherapy protocols that 

are different for the treatment of solid cancer and haematological malignancies as outlined in Table 

1-2 and Table 1-3. 

Studies reporting incidence of ACT in adult population in Malaysia or other Asian countries are 

lacking. To address these gaps of knowledge, we conducted a retrospective study of ACT in three 

large tertiary hospitals in Malaysia. The key objectives of this study were to determine the incidence 

and types of ACTs that occur among cancer patients. 

 

2.2.2 Methods 

Study sample, Inclusion, and Exclusion Criteria 

This retrospective-observational study was done in three tertiary level hospitals in Klang Valley. This 

study had been approved by Malaysia Medical Research and Ethics Committee (NMRR-15-612-

24156)(Appendix 1), Monash University Human Research Ethics Committee (CF15/3029 – 

2015001271) (Appendix 2), UKM Medical Centre Secretariat for Medical Research and Innovation 

(FF-2015-402) (Appendix 3), and UMMC Medical Research Ethics Committee (2016930-4304) 

(Appendix 4). 

Data from medical records of all cancer patients receiving anthracycline-based chemotherapy at the 

hospitals between August 2016 and June 2017 were analysed retrospectively. Patients of all age 

range who received anthracycline for cancer therapy were eligible for inclusion. However, we 

exclude patients where chemotherapy was not administered, chemotherapy records were not 

available, anthracycline was not administered or they had incomplete anthracycline administered 

record. 

The following data were recorded from medical records: demographics, past medical history, type of 

cancer, cancer treatment (chemotherapy: regimens, including type and cumulative dose of 

anthracycline, radiation therapy: field, dose and fraction) blood pressure, serum creatinine, ejection 

fraction, and cardiac event using a pretested data collection form (Appendix 5). 
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Anthracycline-induced Cardiotoxicity 

Cardiotoxicity was defined as a diagnosis of left ventricular dysfunction, heart failure, 

cardiomyopathy, coronary artery disease, QT dispersion or arrhythmia; or a decrease in ejection 

fraction (EF) to less than 50%; or an absolute decrease in EF of 10% or more with or without heart 

failure signs or symptoms (subclinical)45 after administration of any type of anthracyclines. 

 

Statistical analysis 

The relationship between demographic and clinical variables and ACT was assessed using univariate 

logistic regression with normative category or largest category as reference category. Odds ratio 

with confidence intervals and p-value were reported. For categorical variables, logistic regression 

analysis was used to assess each variable. Each continuous variable was tested in logistic regression 

as both a continuous and categorical variable. Variables with p-value <0.05 were considered 

significant risk factors. All analyses were performed using Stata 15.0 (StataCorp, College Station, TX). 
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2.2.3 Results 

A total of 2034 patients who received anthracycline-based chemotherapy were eligible for inclusion 

in this study: 1191 were Malay, 540 Chinese, 252 Indian and 51 others. There were 781 males and 

1253 females with a median age of 49 years (range 1 – 89 years). The median follow-up was 19.2 

months (range: 0 – 219.8 months). Among these patients, 94 (4.6%) patients experienced ACT during 

the duration of follow-up. The demographic and clinical characteristics of study population and 

patients with ACT are summarised in Table 1. 

 

Characteristic of patients with ACT 

Patients experienced ACT received anthracycline between the ages of 12 – 82 years with a median 

age of 49 years. Of the patients who experienced ACT 56 (60%) were female and 38 (40%) were male. 

The results of the ethnicity categorisation revealed that the Malay patients experienced maximum 

ACT which was about 54%, followed by 32% in Chinese, 13% in Indian and 1% in other ethnicity. The 

incidence of ACT within a particular ethnic was between 2.0% to 5.6% with highest for Chinese and 

lowest for other ethnicity while 4.7% for Indian and 4.3% for Malay. Diffused large B-cell lymphoma 

(42, 45%), breast cancer (20, 21%) and acute myeloid leukaemia (12, 13%) were the three most 

common indications for anthracyclines treatment in these patients. Of these patients 20 (21%) had 

hypertension (Table 1). 

Regarding the type of anthracycline received by these patients, 49 (52%) received doxorubicin, 

followed by 23% who received epirubicin and 18% who received a combination of anthracyclines. 

Others received daunorubicin, idarubicin or mitoxantrone. The incidence of ACT for specific types of 

anthracycline was between 1.5% and 9.1% with highest for idarubicin and lowest for daunorubicin, 

ACT incidence for doxorubicin, epirubicin and mitaxantrone were similar which is approximately 

4.3%. ACT incidence for combination of anthracycline was 7.1%. The cumulative isotoxic equivalent 

doses received were between 17 – 536mg/m2 with a median dose of 249.5mg/m2.The results of the 

cumulative isotoxic equivalent doses categorisation revealed that maximum ACT were experienced 

by patients received doses between 201 – 300 mg/m2. Of the patients who experienced ACT 66 (70%) 

received cyclophosphamide and 20 (21%) received chest radiation as concomitant treatment (Table 

1). 

Coronary artery disease (CAD), 30% were the most common type of ACT documented followed by 

subclinical, 23 and then arrhythmia which was 16% (Table 1, Figure 1). The associations between 

potential risk factors for ACT are presented in Table 2. Old age (≥ 50 years), a high cumulative dose 

(≥250mg/m2), cardiovascular comorbid (hypertension, diabetes, and hypertension, dyslipidaemia 

and/or diabetes), diagnosis of haematological malignancy (acute lymphoblastic leukaemia and 

Hodgkin’s lymphoma), diagnosis of breast cancer, concomitant use of cyclophosphamide and 

trastuzumab and past medication history of cardio-protective drugs (beta-blocker, angiotensin 

converting enzyme inhibitor or angiotensin receptor blocker) were the six significant risk factors for 

ACT in this study. 
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Table 2-1: Demographic and clinical characteristics of study population (N = 2034) and patients with 
anthracycline-induced cardiotoxicity (N = 94). 

Characteristic 

Full Population 
(N = 2034) 

Patient with Cardiac 
Event 
(N = 94) 

No % No % 

Age at primary cancer diagnosis 
    Mean 45.6  55.1 

 SD 17.2  15.2 
 Median 49.0  49.0 
 Range 1 - 89  12 - 82 
 Gender   

  Male 781 38.4 38 40.4 

Female 1253 61.6 56 59.6 

Race/ethnicity   
  Malay 1191 58.6 51 54.3 

Chinese 540 26.5 30 31.9 

Indian 252 12.4 12 12.8 

Others 51 2.5 1 1.1 

Average BSA kg/m2   
  Mean 1.61  1.63  

SD 0.23  0.22  

Median 1.61  1.61  

Range 0.31 – 2.52  1.11 – 2.26  

Primary diagnosis     

Acute lymphoblastic leukaemia 133 6.5 3 3.2 

Acute myeloid leukaemia 222 10.9 12 12.8 

Hodgkin's lymphoma 209 10.3 6 6.4 

Diffuse large B-cell lymphoma 519 25.5 42 44.7 

Other type of lymphoma 149 7.3 5 5.3 

Others haematological cancer 5 0.2 0 0.0 

Breast cancer 613 30.1 20 21.3 

Sarcoma 127 6.2 4 4.3 

Others solid tumour 57 2.8 2 2.1 

Length of follow-up, months     

Mean 27.6  22.2  

SD 26.9  20.1  

Median 19.2  19.2  

Range 0 – 219.8  0 – 85.1  
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Table 2-1: Demographic and clinical characteristics of study population (N = 2034) and patients with 
anthracycline-induced cardiotoxicity (N = 94). (cont.) 

Characteristic 

Full Population 
(N = 2034) 

Patient with Cardiac 
Event 
(N = 94) 

No % No % 

Type of anthracycline     

Daunorubicin 67 3.3 1 1.1 

Doxorubicin 1128 55.4 49 52.1 

Epirubicin 518 25.5 22 23.4 

Idarubicin 33 1.6 3 3.2 

Mitoxantrone 48 2.4 2 2.1 

Combination of anthracyclines 240 11.8 17 18.1 

Cumulative anthracycline exposure, mg/m2     

Mean 239.4  213.7  

SD 102.0  108.6  

Median 249.5  249.5  

Range 17.0 – 639.2   17.0 – 536.5  

Categories of anthracycline exposure, mg/m2     

1-100 242 11.9 17 18.1 

101-150 203 10.0 11 11.7 

151-200 241 11.8 13 13.8 

201-250 362 17.8 19 20.2 

251-300 461 22.7 16 17.0 

301-350 322 15.8 10 10.6 

351-400 103 5.1 6 6.4 

401-450 57 2.8 0 0.0 

≥ 451 43 2.1 2 2.1 

Concomitant cytotoxic drugs     

Cyclophosphamide 1348 68.0 66 70.2 

Paclitaxel 19 0.9 0 0.0 

Trastuzumab 1 0.0 0 0.0 

Cyclophosphamide and Paclitaxel 60 2.9 3 3.2 

Cyclophosphamide and trastuzumab 29 1.4 5 5.3 

Paclitaxel and trastuzumab 0 0.0 0 0.0 

Cyclophosphamide, paclitaxel and trastuzumab 3 0.1 0 0.0 

Chest radiation 526 25.9 20 21.3 

Pre-anthracycline CV risk factors     

Hypertension only 212 10.4 20 21.3 

Diabetes only 84 4.1 7 7.4 

Dyslipidaemia only 28 1.4 2 2.1 

Hypertension and diabetes 163 8.0 8 8.5 

Hypertension and dyslipidaemia 62 3.0 8 8.5 

Diabetes and dyslipidaemia 16 0.8 0 0.0 

Hypertension, diabetes and dyslipidaemia 60 2.9 5 5.3 
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Figure 2-1: Frequency and percentage of different type of cardiotoxicity found among patients with 
anthracycline-induced cardiotoxicity (N = 94).  
Others include supraventricular tachycardia, hypertension, bradycardia and first degree heart block. 
CAD, coronary artery disease; LVD, left ventricular dysfunction. 
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Table 2-2: Univariate analysis of risk factor for anthracycline-induced cardiotoxicity. 

Covariates p-Value Odds Ratio (95% CI) 

Age (years)* <0.001 1.04 (1.03 – 1.06) 

Age ≥ 50 years <0.001 3.81 (2.33 – 6.25) 

Male 0.679 1.09 (0.72 – 1.67) 

Race   

 Malay  Ref  

 Chinese 0.246 1.31 (0.83 – 2.09) 

 Indian 0.735 1.12 (0.58 – 2.13) 

 Others 0.430 0.45 (0.06 – 3.30) 

Follow-up duration (month) 0.049 1.00 (1.00 – 1.00) 

Body surface area (m2)*  0.469 1.41 (0.55 – 3.56) 

Cumulative dose (mg/m2)* 0.013 1.00 (1.00 – 1.00) 

Cumulative dose ≥ 250mg/ m2 0.026 0.61 (0.40 – 0.94) 

Cardiovascular comorbid <0.001 2.70 (1.77 – 4.12) 

No of cardiovascular comorbid* <0.001 1.51 (1.23 – 1.87) 

Type of cardiovascular comorbid   

 Hypertension only <0.001 3.48 (2.00 – 6.03) 

 Diabetes only 0.014 2.85 (1.24 – 6.52) 

 Dyslipidaemia only 0.241 2.41 (0.55 – 10.46) 

 Hypertension and diabetes 0.223 1.62 (0.75 – 3.49) 

 Hypertension and dyslipidaemia <0.001 4.64 (2.08 – 10.33) 

 Hypertension, diabetes and dyslipidaemia 0.033 2.85 (1.09 – 7.46) 

Primary diagnosis   

 Acute lymphoblastic leukaemia 0.03 0.26 (0.08 – 0.86) 

 Acute myeloid leukaemia 0.20 0.65 (0.33 – 1.26) 

 Hodgkin's lymphoma 0.01 0.34 (0.14 – 0.80) 

 Diffuse large B cell lymphoma Ref  

 Other type of lymphoma 0.05 0.38 (0.15 – 0.98) 

 Breast cancer 0.001 0.38 (0.22 – 0.66) 

 Sarcoma 0.06 0.37 (0.13 – 1.05) 

 Others solid tumour 0.23 0.41 (0.10 – 1.75) 

Haematological malignancy 0.02 1.72 (1.08 – 2.74) 

Type of anthracycline   

 Daunorubicin 0.28 0.33 (0.05 – 2.45) 

 Doxorubicin Ref  

 Epirubicin 0.93 0.98 (0.58 – 1.63) 

 Idarubicin 0.21 2.20 (0.65 – 7.47) 

 Mitoxantrone 0.95 0.96 (0.23 – 4.06) 

 Combination of anthracyclines 0.08 1.68 (0.95 – 2.97) 

Concomittant cytotoxic agents 0.128 1.48 (0.89 – 2.44) 

 Cyclophosphamide 0.174 1.42 (0.86 – 2.37) 

 Cyclophosphamide and Paclitaxel 0.534 1.48 (0.43 – 5.15) 

 Cyclophosphamide and Trastuzumab 0.001 5.77 (2.00 – 16.69) 

Chest radiation 0.300 0.77 (0.46 – 1.27) 

Use of cardio-protective drugs <0.001 3.97 (2.50 – 6.30) 

No of cardio-protective drugs used* <0.001 2.93 (2.14 – 4.02) 
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2.2.4 Discussion 

To our knowledge, this is the first report on the incidence of ACT in a multi-ethnic population. The 

key findings from this study are that 4.6% of anthracycline recipients experienced ACT, and 35% 

received cumulative isotoxic equivalent doses between 201 – 300mg/m2.  

Reported incidence of ACT was varied across the globe. Pooled incidence as reported by a meta-

analysis of eighteen studies conducted mainly in North America and Europe reported the incidence 

of overall cardiovascular events, subclinical and clinical, was 10.6%22. Two studies conducted in 

Japan reported very different ACT rate of 1.4%46 and 23.5%35. This could be due to the relatively 

small number of patients, 114 and 34 relatively. With 2034 participants in our study, our incidence is 

in between the reported ACT incidence. 

Congestive heart failure with clinical signs and symptoms is one of the earliest reported 

manifestations of ACT4, 47. Other reported manifestations include conduction abnormalities and 

dysrhythmias47. Cardiac arrhythmia was reported in sixteen (21%) elderly Chinese patients who 

received standard-dose daunorubicin as induction and post induction therapy for newly diagnosed 

acute myeloid leukaemia48. Recently, a case of sudden cardiogenic shock characterised by a severe 

left ventricular systolic dysfunction in a 60-year-old main treated with anthracycline-based 

chemotherapy for Hodgkin’s lymphoma was reported49. In our studies, a wide range of 

cardiovascular diseases were reported after anthracycline therapy (Figure 2). Cardiac dysfunction 

were manifested as heart failure (n = 11), cardiomyopathy (n =5) or left ventricular dysfunction (n = 

2). Twenty-four (26%) of our cases were conduction abnormality and dysrhythmias which were 

reported as arrhythmia (n = 15), QT dispersion (n = 7), supraventricular tachycardia (n = 1) and first 

degree heart block (n = 1). 

Reviewers of eighteen North American- and Europe-based studies conclude that cumulative dose of 

anthracycline was the most consistently reported risk factor22. Other admissible predictors were 

chest radiotherapy, African-American ethnicity, very young or very old age, diabetes, hypertension, 

very high or very low body weight, or severe co-morbidities22. Studies had suggested cumulative 

dose of more than 350mg/m2 as risk factor33, 34. A more recent study in Japan reported abnormal 

echocardiography incidences tripled in patients received anthracycline more than 300mg/m2 

compare to patients received total anthracycline dose of 300mg/m2 or less35. Our findings 

corresponded to most of the reported risk factors including cumulative dose, old age, diabetes and 

hypertension. However, our study population was at risk for ACT at a lower cumulative dose 

(250mg/m2) and a younger age (50 years). These may implicate that our population is more 

susceptible to ACT. We did not find ethnicity and very young age as a risk factor. Very young age was 

not associated with ACT in our study most probably due to the small number of included paediatric 

participants (n = 37). We did not assess the role of body weight and non-cardiovascular-related 

comorbidities. 

Data were collected in three out of five cancer referral centres in central region of Malaysia, thus 

relinquishing selection bias. However, our study has some inherent limitations associated with its 

retrospective design. Despite limited availability of LVEF results, LVEF measured by 

echocardiography has inherent risk  of 14% inter-observer variation50. Besides, our patients received 

uncontrolled regimen of chemotherapy which may be an unidentified confounder. 
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2.2.5 Conclusion 

This population-based study is the first study to evaluate cardiotoxicity risk of anthracycline in multi-

ethnic Asian population. The ACT incidence was 4.6%. Our findings will provide essential information 

for clinicians and Malaysian patients to make informed decisions. 
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3 Prediction Model for Anthracycline-induced Cardiotoxicity 

We recognised the need to predict the individual risk for anthracycline-induced cardiotoxicity (ACT) 

based on the significant incidence worldwide which is expected to increase with the improved 

cancer survival rate51. Besides, various demographic and clinical characteristics had been identified 

as risk factors for ACT, however prediction model to stratify the ACT risk of patients with various 

type of cancer is unavailable. Thus, we developed and validate a demographic and clinical 

characteristics-based prediction model for ACT (Section 3.1, page 65). In addition, we pilot its 

usability in a prospective population (Section 3.2, page 88) and explore the opinion of healthcare 

professionals on the content and usability of the developed prediction model (Section 3.3, page 94). 

 

 Development and Validation of ACT Prediction Model 3.1

3.1.1 Introduction 

A risk prediction model is a clinical prediction model that provides risk estimates for the presence of 

a diagnosis. It has become increasingly popular to support clinical decision-making52.  Development 

of prediction models involves seven steps: deliberation of research question and initial data 

examination, coding of predictors, model specification, model estimation, assessment of model 

performance, internal validation and model presentation53. While proposed key measures for 

assessment of model performance are the model intercept, calibration slope, discrimination and 

clinical usefulness53. 

Cardiotoxicity is a broad term which encompassed cardiomyocytes damage, diastolic dysfunction, 

heart failure, conduction abnormalities, arrhythmias, and ischaemic heart disease54-56. The 

classification of anthracycline cardiotoxicities into acute, subacute or chronic is generally accepted 

although it could be merely a phenomenon being clinically identified at various stages23. Changes in 

left ventricular ejection fraction are the gold standard for reporting anthracycline-induced 

cardiotoxicities (ACT).  

Risk factors for ACT had been identified soon after the introduction of doxorubicin in medical use. 

The effect of total cumulative dose on doxorubicin cardiotoxicity was first discovered in 197319 and 

supported by later studies4, 29, 36, 37. In addition, Minow et al. also found that radiation to the heart 

and  concurrent use of cyclophosphamide were factors which increase the risk of doxorubicin-

related cardiac toxicity37. Two years later, uncontrolled hypertension was found to be a risk factor in 

potentiating the development of doxorubicin cardiomyopathy36. von Hoff et al. found that dosing 

schedule of doxorubicin and advancing patient age were associated with congestive heart failure4.  

In another study, von Hoff et al. found that children were more susceptible to daunorubicin-induced 

cardiomyopathy29. Cobleigh et al. reported association of concomitant therapy with trastuzumab 

and anthracycline-induced cardiotoxicity slightly after approval of trastuzumab for medical use in the 

United States38.  
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In an era of patient-centred care, it is important that clinicians provide tailored assessments of risk 

and benefit. Besides, identifying patients at risk may also play a role for identifying individuals who 

most benefit from prophylaxis measures. A clinical risk model can be a valuable tool to achieve these 

goals. Thus, the purpose of this study was to develop and internally validate a simple model that 

would be predictive of anthracycline-induced cardiotoxicity using demographic and clinical 

information. 

 

 

3.1.2 Method 

Ethical consideration 

This study had been approved by Malaysia Medical Research and Ethics Committee (NMRR-15-612-

24156)(Appendix 1), Monash University Human Research Ethics Committee (CF15/3029 – 

2015001271) (Appendix 2), UKM Medical Centre Secretariat for Medical Research and Innovation 

(FF-2015-402) (Appendix 3), and UMMC Medical Research Ethics Committee (2016930-4304) 

(Appendix 4). 

 

Study sample, Inclusion, and Exclusion Criteria 

We conducted a retrospective observation study at three tertiary level hospitals in Klang Valley 

between August 2016 and June 2017. We reviewed the medical records of patients with diagnosis of 

cancer or prescribed with anthracycline therapy. Inclusion criteria included patients of all age range 

who received anthracycline for cancer therapy. Exclusion criteria included chemotherapy not 

administered, chemotherapy record not available, anthracycline not administered and incomplete 

anthracycline administered record. The sample size for model development was calculated using N = 

(n*10)/I where N is sample size, n is number of covariates and I is the estimated event rate in the 

population57. A minimum of 1300 patient were estimated to be required for a model with thirteen 

effective covariates and an estimated event rate of 10%58, 59. Number of covariates was determined 

based on literatures (refer Statistical analyses) 

 

Data collection 

The following data were recorded from medical records: demographics, past medical history, type of 

cancer, cancer treatment (chemotherapy: regimens, including type and cumulative dose of 

anthracycline, radiation therapy: field, dose and fraction) blood pressure, serum creatinine, ejection 

fraction, and cardiac event using a pretested data collection form (Appendix 5). The primary 

outcome, cardiac event after anthracycline administration, was defined as a diagnosis of left 

ventricular dysfunction, heart failure, cardiomyopathy, coronary artery disease, QT dispersion or 

arrhythmia; or a decrease in ejection fraction (EF) to less than 50%; or an absolute decrease in EF of 

10% or more without heart failure signs or symptoms. According to Common Terminology Criteria 

for Adverse Events (CTCAE) version 4, such endpoint would be classified as grade II cardiac toxicity 
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and above60. Duration of follow up was calculated as the duration between the first dose of 

anthracycline and the last medical record entry. 

 

Randomisation 

These patients were randomised into two groups for model development stage as development set 

(⅔) and model validation stage as test set (⅓). Randomisation was done by ordering the patients 

according to age and then stratified to gender (female and male), four race groups (Chinese, Indian, 

Malay and others) and nine diagnosis (acute lymphoblastic leukaemia, acute myeloid leukaemia, 

breast cancer, diffuse large B-cell lymphoma, Hodgkin’s lymphoma, others non-Hodgkin’s lymphoma, 

others haematological malignancies, sarcoma and others solid tumour) resulting in 72 strata. Simple 

random samplings were then performed based on ration of 2:1 in each stratum and each patient 

was attributed to either development or test sample. Number 1, 2 or 3 was assigned to each patient 

continuously and repetitively until the patient list was exhausted. Patient with number 1 and 2 were 

attributed to development sample while patients assigned with number 3 were attributed to test 

sample. Description and number of patients in each stratum is shown in Table 3-1. 

 

Model development stage 

In development stage, the relationship between covariate and the outcome in each sample 

consisting of development set was assessed using univariate logistic regression. Odds ratio with 

confidence intervals and p-value were reported. For categorical covariate, logistic regression analysis 

was used to assess each variable. Each continuous covariate was tested in logistic regression as both 

a continuous and categorical variable. Covariate with univariate p-value <0.20 were considered in a 

series of multivariable logistic regression analyses. A backward stepwise selection process which 

eliminating the variables with the largest p-value first was used. Multicollinearity among significant 

predictors in multivariable logistic regression (p <0.05) was tested using Spearman rank correlation 

and Variance Inflation Factor (VIF). The cut-off point for Spearman rank correlation and VIF were 0.8 

and 10 respectively. The performance of the final model was assessed using Brier score, R squared, 

AUROC and the Hosmer-Lemeshow goodness-of-fit test. The final model was decided based on 

model with the highest area under the receiver operating characteristic curve (AUROC) and best 

calibration slope. 

 

Internal validation stage 

Both split-sample method and bootstrap procedure were performed for internal validation61. For 

split-sample method, we applied the split ⅓ method where ⅓ of the patients were kept for 

independent evaluation part and ⅔ of the patients for the logistic regression model estimation. 

Bootstrap procedure was done by bootstrap resampling where the logistic model was fitted in a 

bootstrap sample of 678 patients which was drawn with replacement from the test set. Averages of 

performance measures were taken over 100 repetitions. Model performance as determine by the 

AUROC, R-squared, Hosmer-Lemeshow goodness-of-fit test, brier score and calibration slope of the 

final model in development set, testing set, and bootstrap samples was compared. Predicted risk for 

individual   
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Table 3-1: Description and number of patients in each stratum in randomisation. 

No. 
Description 

No of patients 
Gender Race Diagnosis 

1 Female Chinese Acute lymphoblastic leukaemia 16 

2 Acute myeloid leukaemia 24 

3 Breast cancer  208 

4 Diffuse large B-cell lymphoma 47 

5 Hodgkin’s lymphoma 8 

6 Others non-Hodgkin’s lymphoma 8 

7 Others haematological 
malignancies 

0 

8 Sarcoma 19 

9 Others solid tumour 18 

10 Indian Acute lymphoblastic leukaemia 3 

11 Acute myeloid leukaemia 13 

12 Breast cancer  113 

13 Diffuse large B-cell lymphoma 15 

14 Hodgkin’s lymphoma 9 

15 Others non-Hodgkin’s lymphoma 4 

16 Others haematological 
malignancies 

0 

17 Sarcoma 8 

18 Others solid tumour 3 

19 Malay Acute lymphoblastic leukaemia 39 

20 Acute myeloid leukaemia 71 

21 Breast cancer  273 

22 Diffuse large B-cell lymphoma 159 

23 Hodgkin’s lymphoma 76 

24 Others non-Hodgkin’s lymphoma 53 

25 Others haematological 
malignancies 

1 

26 Sarcoma 23 

27 Others solid tumour 10 

28 Others Acute lymphoblastic leukaemia 3 

29 Acute myeloid leukaemia 1 

30 Breast cancer  15 

31 Diffuse large B-cell lymphoma 7 

32 Hodgkin’s lymphoma 1 

33 Others non-Hodgkin’s lymphoma 1 

34 Others haematological 
malignancies 

0 

35 Sarcoma 3 

36 Others solid tumour 0 
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Table 3-1: Description and number of patients in each stratum in randomisation. (cont.) 

No. 
Description 

No of patients 
Gender Race Diagnosis 

37 Male Chinese Acute lymphoblastic leukaemia 9 

38 Acute myeloid leukaemia 34 

39 Breast cancer  0 

40 Diffuse large B-cell lymphoma 84 

41 Hodgkin’s lymphoma 10 

42 Others non-Hodgkin’s lymphoma 15 

43 Others haematological 
malignancies 

2 

44 Sarcoma 28 

45 Others solid tumour 10 

46 Indian Acute lymphoblastic leukaemia 11 

47 Acute myeloid leukaemia 10 

48 Breast cancer  1 

49 Diffuse large B-cell lymphoma 12 

50 Hodgkin’s lymphoma 20 

51 Others non-Hodgkin’s lymphoma 11 

52 Others haematological 
malignancies 

0 

53 Sarcoma 15 

54 Others solid tumour 4 

55 Malay Acute lymphoblastic leukaemia 50 

56 Acute myeloid leukaemia 66 

57 Breast cancer  2 

58 Diffuse large B-cell lymphoma 191 

59 Hodgkin’s lymphoma 85 

60 Others non-Hodgkin’s lymphoma 53 

61 Others haematological 
malignancies 

2 

62 Sarcoma 27 

63 Others solid tumour 0 

64 Others Acute lymphoblastic leukaemia 2 

65 Acute myeloid leukaemia 3 

66 Breast cancer  0 

67 Diffuse large B-cell lymphoma 4 

68 Hodgkin’s lymphoma 0 

69 Others non-Hodgkin’s lymphoma 4 

70 Others haematological 
malignancies 

0 

71 Sarcoma 4 

72 Others solid tumour 2 
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Risk score and Predicted risk 

Risk score for each covariate was calculated as regression coefficient of the covariates divided by 

smallest coefficient in the model and then rounded to the nearest integer62. Individual risk score was 

the total sum of points. Natural breakpoints of risk scores were evaluated to identify high- (> 10%), 

medium- (6 - 10%), low-risk (1 – 5%) and no-risk (< 1%) groups63. 

 

Statistical analyses 

Candidate covariates were selected based on literature review and priori agreement of clinical 

importance. Previously reported ACT risk factors include age, gender, ethnicity, cumulative dose, 

hypertension, diabetes mellitus, concurrent cyclophosphamide, trastuzumab and paclitaxel use, 

chest radiation and follow-up duration22, 30, 37-39. Besides, we also included dyslipidaemia because it is 

a well-known risk factor for cardiovascular diseases64. Concurrent used of cardio-protective agents: 

beta-blocker, angiotensin converting enzyme inhibitors (ACEi) and angiotensin receptor blockers 

(ARB) were assessed because literatures suggested that they may decreased risk of ACT65, 66. 

Age and cumulative anthracycline exposure were categorised to identify their thresholds. Age was 

categorised according to The Framingham Heart Study64. Cumulative anthracycline exposure was 

categorised with an interval of 50mg/m2 based on the different in literature findings33-35. The 

threshold was the lower limit of the lowest category with significant odds ratio in univariate analysis. 

Considering all continuous variables were skewed in Shapiro-Wilk normality test, development set 

and test set were compared using Mann-Whitney test for continuous variables. Pearson’s chi-

squared test or Fisher’s Exact test were used to compare categorical variables. All analyses were 

done using STATA 15.0 software (STATA Corp., College Station., Texas, USA). 

  



 
 

71 
 

3.1.3 Results 

Descriptive analysis 

We managed to review 4181 out of 7084 medical records of patients with diagnosis of cancer or 

prescribed with anthracycline therapy between August 2016 and June 2017. Only 2034 patients met 

the inclusion and exclusion criteria (Figure 3-1). These patients were randomised into two groups for 

model development stage as development set (⅔, n = 1356) and model validation stage as test set 

(⅓, n = 678). 

 

 

Figure 3-1: Flow diagram of patients’ enrolment into the study. 
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Demographic and epidemiologic distributions 

Characteristics of the study populations are summarised in Table 3-2. Of the 2034 patients who met 

the inclusion criteria and enrolled, 1237 were haematological malignancies and 797 were solid 

tumour. Median age of the 2034 patients was 49 years (range 1 – 89 years). There were 1253 (61.6%) 

women and 781 (38.4%) men. One thousand one hundred ninety one (58.6%) were Malay, 540 

(26.5%) were Chinese, and 252 (12.4%) were Indian. The remaining 50 patients were Sabah and 

Sarawak indigenous, Indonesians, Myanmars, Filipinos, Syrians, and Yemeni. The median of average 

body surface area was 1.61m2 (range 0.31 – 2.52). The most common cardiac comorbid was 

hypertension (24.4%) with more than half of them also presented with diabetes mellitus (32.8%) or 

dyslipidaemia (12.5%) or both (12.1%).  

 

Cancer distribution 

Cancers were classified to nine types: acute lymphoblastic leukaemia, acute myeloid leukaemia, 

breast cancer, diffuse large B-cell lymphoma, Hodgkin’s lymphoma, others non-Hodgkin’s lymphoma, 

others haematological malignancies, sarcoma and others solid tumour (Figure 3-2). Others 

haematological malignancies included chronic lymphoblastic leukaemia, chronic myeloid leukaemia 

and multiple myeloma. Others solid tumours were mainly lung cancer, uterine cancer, gastric cancer 

and oesophageal cancer. In our study populations, cancers in female peak at age 50 – 59 years old 

with breast cancer as the most common type of cancer (Figure 3-2). Cancer incidence was the 

highest in male patients aged 20 – 29 years with Hodgkin’s lymphoma as the most common type 

cancer. Incidence of diffused large B-cell lymphoma was the highest in patients between 60 -69 

years old. Most breast cancer cases (44.9%) and diffused large B-cell lymphoma cases (67.4%) were 

in Malay patients followed by Chinese and Indian (Figure 3-3).  

 

Anthracycline usage 

Among the five types of anthracycline included in this study, the most commonly used anthracycline 

was doxorubicin (Figure 3-4). It was used across all types of cancers with highest usage in the 

treatment of diffused large B-cell lymphoma and lowest usage in acute myeloid leukaemia. The 

second most used anthracycline, epirubicin, was mainly used in breast cancer treatment. The least 

used anthracycline in our population was idarubicin which was mainly used in acute myeloid 

leukaemia treatment. Daunorubicin, and mitoxantrone were also mainly use in the treatment of 

acute myeloid leukaemia. 
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Table 3-2: Demographic and clinical characteristics of patients in the development set (N = 1356) and 
test set (N = 678). 

 

Development Set 
(N = 1356) 

Test Set 
(N = 678)  

Demographic or clinical Characteristic No % No % p-valuea 

Age at primary cancer diagnosis 
      Mean 45.7 

 
45.4 

   SD 17.19 
 

17.31 
   Median 49 

 
49 

 
0.8651 

 Range 1 -  89 
 

3 - 88 
  Gender 

    
0.974 

 Male 521 38.4 260 38.3 
  Female 835 61.6 418 61.7 
 Race/ethnicity 

    
1.000 b 

 Malay 794 58.6 397 58.6 
  Chinese 359 26.5 181 26.7 
  Indian 168 12.4 84 12.4 
  Others 35 2.6 16 2.4 
 Average BSA kg/m2 

      Mean 1.61 
 

1.62 
   SD 0.22 

 
0.23 

   Median 1.61 
 

1.61 
 

0.2629 

 Range 0.31 - 2.52 
 

0.58 - 2.32 
  Primary diagnosis 

    
0.999 b 

 Acute lymphoblastic leukaemia 91 6.7 42 6.2 
  Acute myeloid leukaemia 148 10.9 74 10.9 
  Hodgkin's lymphoma 140 10.3 69 10.2 
  Diffuse large B cell lymphoma 345 25.4 174 25.7 
  Other type of lymphoma 100 7.4 49 7.2 
  Others haematological cancer 3 0.2 2 0.3 
  Breast cancer 409 30.2 204 30.1 
  Sarcoma 84 6.2 43 6.3 
  Others solid tumour 36 2.7 21 3.1 
 Length of follow-up, months 

      Mean 27.6 
 

27.5 
   SD 27.09 

 
26.7 

   Median 19.2 
 

19.2 
 

0.7306 

 Range 0 - 219.8 
 

0 - 216.2 
  Cumulative anthracycline exposure, mg/m2 

      Mean 239.2 
 

239.7 
   SD 102.58 

 
100.76 

   Median 249.3 
 

249.5 
 

0.6933 

 Range 17.0 - 577.3 
 

24.7 - 639.2 
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Table 3-2: Demographic and clinical characteristics of patients in the development set (N = 1356) and 
test set (N = 678). (cont.) 

 

Development Set 
(N = 1356) 

Test Set 
(N = 678)  

Demographic or clinical Characteristic No % No % p-valuea 

Categories of anthracycline exposure 
    

0.692b 

 1-100 171 12.6 71 10.5 
  101-150 128 9.4 75 11.1 
  151-200 161 11.9 80 11.8 
  201-250 230 17.0 132 19.5 
  251-300 308 22.7 153 22.6 
  301-350 222 16.4 100 14.7 
  351-400 69 5.1 34 5.0 
  401-450 38 2.8 19 2.8 
  ≥ 451 29 2.1 14 2.1 
 Concomitant cytotoxic drugs 

    
0.284b 

 Cyclophosphamide 905 66.7 443 65.3 
  Paclitaxel 10 0.7 9 1.3 
  Trastuzumab 0 0.0 1 0.1 
  Cyclophosphamide and Paclitaxel 42 3.1 18 2.7 
  Cyclophosphamide and 

 trastuzumab 18 1.3 11 1.6 
  Paclitaxel and trastuzumab 0 0.0 0 0.0 
  Cyclophosphamide, paclitaxel and 

 trastuzumab 1 0.1 2 0.3 
 Chest radiation 344 25.4 182 26.8 0.474 

Pre-anthracycline CV risk factors 
    

0.819b 

 Hypertension only 137 10.1 75 11.1 
  Diabetes only 58 4.3 26 3.8 
  Dyslipidaemia only 18 1.3 10 1.5 
  Hypertension and diabetes 109 8.0 54 8.0 
  Hypertension and dyslipidaemia 39 2.9 23 3.4 
  Diabetes and dyslipidaemia 8 0.6 8 1.2 
  Hypertension, diabetes and 

 dyslipidaemia 37 2.7 23 3.4 
 Cardiac events 62 4.6 32 4.7 0.881 

a Mann-Whitney test for continuous variables and Pearson’s chi-squared test for categorical 
variables unless otherwise specified. 
b Fisher’s Exact test 
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Figure 3-2: Cancer distribution according to age and gender (N = 2034). 
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Figure 3-3: Cancers distribution according to races (N = 2034). 
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Figure 3-4: Anthracyclines used in the treatment of different types of cancers with 240 (11.8%) cases used more than one type of anthracycline. 
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Univariate analysis 

The only demographic factors that increased the odds for cardiac event after anthracycline exposure 

was if the patient was aged 50 year-old and above. Clinical factor which were significantly increase 

the odds for cardiac event were presence of cardiovascular comorbid especially hypertension and 

diabetes mellitus, increase number of cardiovascular comorbid, concomitant cyclophosphamide and 

trastuzumab, concomitant use of cardio-protective agent and increase number of cardio-protective 

agent used (Table 3-3). 

 
Table 3-3: Odds ratio from univariate analysis of covariates for the development set (N = 1356). 

   95% CI 

Covariates p-Value Odds Ratio Lower Upper 

Age (years)a <0.001 1.052 1.032 1.072 
Age ≥ 50 years <0.001 5.813 2.929 11.537 
Male 0.753 1.087 0.647 1.828 
Race     
 Malay   1.00 (Ref)   
 Chinese 0.179 1.459 0.841 2.533 
 Indian 0.675 0.828 0.342 2.005 
 Others 1    
Follow-up duration (month) 0.062 1.000 0.999 1.000 
Body surface area (m2)a 0.997 0.998 0.320 3.111 
Cumulative dose (kg/m2)a 0.053 0.998 0.995 1.000 
Cumulative dose ≥ 250 kg/m2 0.155 0.686 0.408 1.153 
Cardiovascular comorbid <0.001 3.010 1.799 5.034 
No of cardiovascular comorbida 0.002 1.524 1.173 1.980 
Type of cardiovascular comorbid     
 Hypertension only <0.001 4.328 2.245 8.343 
 Diabetes only 0.024 3.130 .162 8.432 
 Dyslipidaemia only 0.066 4.147 0.910 18..911 
 Hypertension and diabetes 0.154 1.933 0.782 4.777 
 Hypertension and 
 dyslipidaemia 

0.107 2.765 0.803 9.519 

 Hypertension, diabetes and 
 dyslipidaemia 

0.089 2.928 0.848 10.105 

Primary diagnosis     
 Acute myeloid leukaemia 0.471 0.761 0.362 1.60 
 Hodgkin's lymphoma 0.011 0.152 0.035 0.646 
 Diffuse large B cell lymphoma  1.00 (Ref)   
 Other type of lymphoma 0.037 0.214 0.050 0.913 
 Breast cancer 0.002 0.345 0.177 0.672 
 Sarcoma 0.127 0.389 0.116 1.306 
 Other solid tumours 0.522 0.617 0.141 2.698 
Haematological malignancies 0.102 1.595 0.912 2.792 
Concomitant cytotoxic drugs 0.069 1.850 0.953 3.588 
 Cyclophosphamide 0.087 1.794 0.919 3.503 
 Cyclophosphamide and 
 Paclitaxel 

0.491 1.710 0.368 8.043 

 Cyclophosphamide and 
 trastuzumab 

0.007 6.709 1.693 26.589 
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Table 3-3: Odds ratio from univariate analysis of covariates for the development set (N = 1356). 
(cont.) 

   95% CI 

Covariates p-Value Odds Ratio Lower Upper 

Chest radiation 0.416 0.772 0.414 1.441 
Use of cardio-protective drugs <0.001 3.353 1.866 6.029 
No of cardio-protective drugs useda <0.001 2.602 1.728 3.917 

Ref, reference group 
*Age, body surface area, cumulative dose, no of cardiovascular comorbid and no of cardio-
protective drugs used were treated as continuous variable in the analysis. 
 

Multivariable analyses and the final model 

The final model was selected from 51 possible models based on AUROC and calibration slope 

(Appendix 6).The final model was reduced to four covariates (Table 3-4). The four covariates, age 

more than 50 year-old, haematology malignancies, concomitant use of cardio-protective agent, and 

concomitant administration of cyclophosphamide and trastuzumab, can reliably (Prob > F = 0.0000) 

predict 3.8% of the variance in cardiac event. A low Brier score or mean squared error of 0.042 

showed that the overall performance of the final model was good. Its discrimination power was 

acceptable as evidence by its AUROC of 0.75. The Hosmer-Lemeshow goodness-of-fit test (p = 0.82) 

revealed that the predicted likelihood was highly concordance to the observed likelihood. At the ACT 

incidence of study population of 4.6%, estimated overall rate of correct classification was 70%, with 

70% of no cardiac event group correctly classified (specificity) and 66% of the cardiac event group 

correctly classified (sensitivity). At this threshold, this model has positive predictive value (PPV) of 

9.6% and negative predictive value (NPV) of 97.0% (Figure 3-5).  

 

Table 3-4: Regression coefficient and odds ratios from multivariable analysis and risk score of 
covariates in the final model. 

Covariate 
Regression 
Coefficient 
(Intercept = -0.011) 

Odds Ratio 
(95% confidence 
interval) 

p-Value 
Risk 

score 

Age more than 50 year-old  0.059 5.50 (2.71 - 11.19) <0.001 2 
Haematology malignancies 0.034 2.07 (1.26 - 4.12) 0.007 1 
Concomitant use of cardio-
protective agent 

0.055 2.07 (1.12 - 3.82) 0.021 2 

Concomitant 
administration of 
cyclophosphamide and 
trastuzumab 

0.108 5.07 (1.31 - 19.62) 0.019 3 
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Figure 3-5: Sensitivity and specificity of the final model at different risk thresholds. 
 
 

Model Validation 

The stability of predictive capability of the final model was ascertained by applying the model in the 

test set and bootstrap samples. Table 3-5 showed the details of the internal validations.  

 

Table 3-5: Estimated apparent and test performance in test set and bootstrap samples of the final 
model. 

Performance 
measures 

Apparent Test set Bootstrap 

R-squared 0.0384 0.0442 0.0455 

Brier score 0.0418 0.0427 0.0427 

AUROC 0.7479 0.7217 0.7217 

Hosmer-Lemeshow 
goodness-of-fit test 

0.8178 0.9643 0.9643 

Calibration slope 
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Predicted risk 

In the development set, the risk score for patients ranged from 0 to 7. The median risk score was 2, 

with cardiac event rate of 4.4%. The risk of cardiotoxicity increased with higher risk score, ranging 

from 0.5% for a risk score of 0 to 20% for a risk score of 6 to 7. Natural breakpoints of 0, 1 – 2, 3 – 4 

and ≥5 points were selected to stratify the patients into cardiotoxicity event rates of <1% (no risk), 1 

– 5 % (low risk), 6 – 10% (medium risk) and >10% (high risk). Similar pattern was observed in 

cardiotoxicity outcomes in the test set (Table 3-6, Figure 3-6).  

 

Table 3-6: Risk of anthracycline-induced cardiotoxicity (ACT) by risk score in development and test 
set. 

ACT risk 
Risk 
score 

Development Set Test Set 

Total, N ACT, N % Total, N ACT, N % 

No risk 0 203 1 <1 106 1 <1 

Low 1 – 2  712 19 2.4 346 10 2.9 

Medium 3 – 4   362 27 7.5  180 13 7.2 

High ≥ 5 79 15 19.0 46 8 17.4 

 

 

Figure 3-6: Cardiotoxicity rate by predicted risk and risk score in development and test set. 
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3.1.4 Discussion 

We developed and internally validated a prediction model to predict the cardiac event in patient 

receiving anthracycline for cancer treatment. Age more than 50 year-old, haematology malignancies, 

concomitant use of cardio-protective agent, and concomitant administration of cyclophosphamide 

and trastuzumab were the strongest independent predictors of cardiac event. This model has four 

predictors provided an AUROC of 0.75 and R2 of 0.38%. At population with similar ACT incidence, at 

least nine of 100 anthracycline recipients (number need to screen, NNS = 19) with any of the 

predictors had most likely acquired ACT (PPV = 9.6%). One advantage of our prediction model is its 

practicality because it focused on covariates that are readily measured. Among the four covariates in 

the model, age, concomitant use of cardio-protective agent and concomitant administration of 

cyclophosphamide and trastuzumab had been identified in other studies. 

In previous studies in United State of America, age less than 4-year67 or more than 65-year68 were 

found as risk factor for anthracycline-related cardiotoxicity. However, a study in Turkey reported 

similar incidence of decreased left ventricular ejection fraction between patients age less than 50-

year and 55-year or more69. In our study, one (2.8%) of thirty-six included paediatric patients (age  

12-year) developed cardiac event after fifteen months of follow-up. He was diagnosed sarcoma and 

treated with total cumulative dose of 148.6 mg/m2 of doxorubicin at the age of 12-year. In our study 

population, patients received anthracycline were at cardiotoxicity risk at an age of more than 50-

year, which is younger than previous studies. Age more than 50-year was chosen over age as 

continuous covariate in the final model because it gave a better calibration slope (Appendix 6).  

To our knowledge, haematology malignancies were not reported before as a risk factor for 

anthracycline-related cardiotoxicity (ACT). However, previous study found that cardiovascular 

mortality in lymphoma patients was relatively high (14 - 30%)70-72. In our study, approximately 60% 

of the patients were diagnosed with haematology malignancies with diffused large B-cell lymphoma 

as the most common diagnosis (n = 519). Sixty-eight (72%) of cardiac events were in this group. 

Similarly, Khan et al. who conducted their study in Australia reported a higher cardiotoxicity 

incidence in patients with lymphoma (9.3%) than patients with breast cancer (6.7%). In contrary, 

Cardinale et al. who conducted their study in Italy reported that more cardiotoxicity occurred in 

patients with breast cancer (9.7%) than those with non-Hodgkin’s lymphoma (6.2%)59. 

Previous studies found that prior cardiac pathology such as hypertension, coronary artery disease 

were additional risk factors for ACT72. In our population, hypertension and diabetes mellitus were 

significantly associated with ACT, but not in multivariable regression. However, we found that the 

use of cardio-protective agents, beta-blocker, angiotensin converting enzyme inhibitor (ACEi) and/or 

angiotensin II receptor blocker (ARB), in the treatment of underlying comorbid was an independent 

risk factor for ACT in multivariable analysis. This supported the finding by Reinbolt et al. who also 

reported a significantly greater use of beta blockers, ACE inhibitors, diuretics, and ARBs was 

demonstrated in the cardiotoxicity group in their study73. Their underlying comorbid may have 

increased their susceptibility to ACT; however, this hypothesis could only be confirmed with further 

analysis.  
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Another major finding of this study is confirmation of earlier work that has shown the ACT is 

augmented by additional of trastuzumab to adjuvant or neoadjuvant breast cancer treatment 

regimen with doxorubicin or epirubicin with cyclophosphamide and/or 5-fluorouracil had led to 

increase cardiac events73, 74. Our findings support these findings where cyclophosphamide and 

trastuzumab increase the risk for ACT approximately 5 times (95% CI, 1.31 - 19.62, p = 0.019). The 

worsening of ACT by trastuzumab could be related to its effect on cell repair mechanisms of the 

heart, which expresses HER275. The similar effect was not observed for paclitaxel most likely because 

paclitaxel which is related to increase formation of cardiotoxic doxorubicinol 76 is not routinely 

administrated concurrently with anthracycline.  

Our data does contrast with the literature regarding cumulative dose as risk factor. We did not find 

increase in cumulative dose of anthracycline to be significantly associated with cardiac event in both 

univariate and multivariable analysis. Gender and radiation to the chest was also not found to be a 

significant risk factor for cardiotoxicity. Taken together, these data suggest that risk factors for 

anthracycline-related cardiotoxicity in our population may be different from study population in 

previous studies. 

The strengths of our multicentre study are its large sample size of Asia population and complete 

treatment data were available. The multicentre study design improves the representativeness of the 

prediction model. Cardio-toxic treatment was well characterised, including cumulative anthracycline 

doses and type of anthracycline derivate. We were able to analyse the influence of different 

anthracycline derivatives. Furthermore, the cohort represents a heterogeneous group of diagnosis, 

treatment across a broad spectrum of different doses of anthracycline, and a variety of ages at 

diagnosis and ethnicity.  

Compares to other adverse events prediction models which has PPV between 12.8% and 18.9%77, 

the predictive ability of this model which is lower (9%). However, its ability to identify cancer 

patients at high risk for ACT is undeniable. Furthermore, it serves as the cornerstone of future ACT 

prediction model development.  

There are several potential limitations of this study. The data was collected retrospectively rather 

than prospective.  Thus, the credibility of our result is very much depending on accurate 

recordkeeping. Echocardiography monitoring record was limited in the study population. 

Approximately 19% were monitored prior to anthracycline administration and 20% had 

echocardiography monitored after anthracycline monitoring. Among them, only 4.5% were 

monitored during both point of time. Other cardiovascular risk factors such as smoking, high density 

lipoprotein cholesterol (HDL-C) level and triglyceride level were not able to be included due to lack 

of availability in medical record. Future prospective studies should include these four covariates and 

significant covariates in univariate analysis to further develop and validate prediction model for ACT.  

 

3.1.5 Conclusion 

With future supportive prospective data, this four covariates prediction model with good overall 

performance, acceptable discrimination and stable prediction can potentially contribute in better 

prediction of ACT in cancer patients receiving anthracycline. 
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3.1.6 Web page version of the model 

 

 

3.1.7 Excel spreadsheet of the model 
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3.1.8 Regression Tree of the model 
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Past medication history refers to angiotensin converting enzyme inhibitor, angiotensin receptor 

blocker or beta-blocker. CTZ, cyclophosphamide; Tz, trastuzumab 

3.1.9 Poster Presentation 

Part of this chapter has been presented as poster presentation during 12th MOH-AMM Scientific 

Meeting on 30 October-1 November 2017, Malaysia. The candidate, Leong Siew Lian was primarily 

responsible for data collection, analysis and preparation of the poster. The poster’s co-authors, 

Chang Kian Meng, Oteh Maskon, Kong Zhen Ying, Habiba Nazeera Begum Kamarul Jaman, Kong Su 

Shan, Loong Ly Sia, S. Fadilah Abdul Wahid, Wan Fariza Wan Jamaludin, Shawal Faizal Mohamad, 

Samir Kumar Paul, Nathorn Chaiyakunapruk, Shaun Lee Wen Huey, contributed in various aspects of 

this research. 
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 Utility Evaluation of Prediction Model in Clinical Settings: A Pilot Study 3.2

3.2.1 Introduction 

A clinical prediction models improve understanding of the determinants of the course of outcome of 

patients with a particular condition78. It can be applied to several challenging clinical scenarios and 

assist medical-decision-making. However, models developed from retrospective study design have a 

few limitations. This mainly arise from the accuracy in patient’s selection79 as missing data or 

inaccuracy in recording may lead to selection bias. To overcome these limitations, most models 

developed warrant external validation using a prospective population to ensure the data are valid 

and reproducible80. 

In this pilot study, we wish to evaluate the usability of the prediction model which we have 

developed previously using a prospective cohort of patients who were treated for haematology 

malignancies.  

 

3.2.2 Method 

Ethical consideration 

This study had been approved by Malaysia Medical Research and Ethics Committee (NMRR-15-612-

24156) (Appendix 1), Monash University Human Research Ethics Committee (CF15/3029 – 

2015001271) (Appendix 2) and UKM Medical Centre Secretariat for Medical Research and Innovation 

(FF-2015-402) (Appendix 3). 

 

Study sample, Inclusion, and Exclusion Criteria 

The cohort was prospectively identified from Hospital Ampang, Selangor and UKM Medical Centre, 

Kuala Lumpur. Patients who were planned for anthracycline-based chemotherapy were screened for 

eligibility before recruitment. We recruited patients from August 2015 until June 2016 and followed-

up consented patient from inclusion until June 2017. Inclusion criteria were patient aged above 18 

years old who were diagnosed with lymphoma. We excluded patient who has history of prior 

anthracycline use and/or cardiac irradiation because their heart function may be caused by previous 

treatment. 

 

Characteristic of Prediction model 

The prediction model was internally validated using both split-sample method and bootstrap 

procedure. Key factor used in the model are age more than 50 year-old, haematology malignancies, 

concomitant use of cardio-protective agent, and concomitant administration of cyclophosphamide 

and trastuzumab. The AUROC is 0.75 and R2 is 0.38%. At population with ACT incidence of 4.6%, the 

NNS and PPV of the model is 19 and 9.6%.  
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Data collection 

Demographics, past medical history, type of cancer and cancer treatment (chemotherapy: regimens, 

including type and cumulative dose of anthracycline, radiation therapy: field, dose and fraction) 

were recorded. Blood pressure, liver function, renal function (serum creatinine) and cardiac function 

were followed-up periodically using a pretested data collection form (Appendix 5). 

Cardiac function monitoring was done using measures as listed below. 

1. Echocardiogram: Echocardiogram (echo) was done by certified sonographer using a 

calibrated transthoracic echocardiography machine. Echo was done after participant consented and 

within 1 week before the first dose of anthracycline and repeated after at least one month after the 

last dose of anthracycline. Cardiotoxicity is defined as decline in LVEF to less than 50%; or an 

absolute decrease in EF of 10% or more with or without heart failure signs or symptoms45. 

 

2. 12- Lead electrocardiography: 12-Lead electrocardiography (ECG) was done by nurse or 

doctor using a calibrated electrocardiography machine. QT interval was determined by averaging 

five QT intervals of the same results. Any QT interval greater than or equal to 0.45 seconds is 

considered prolonged45. ECG was done after participant consented and within 1 week before the 

first dose of anthracycline and repeated at least one month after the last dose of anthracycline. 

 

Statistical analyses 

Continuous data are reported as median (range) and mean (standard deviation. Categorical variables 

are reported as n (%). Individual anthracycline-induced cardiotoxicity (ACT) risk score was the sum of 

score for each factor (Table 3-7) the patient had and classified into no-, low-, moderate- and high-

risk groups (Table 3-8).  

 

Table 3-7: Risk score for each risk factor used to estimate individual risk for anthracycline-induced 
cardiotoxicity. 

Risk factor Risk score 

Age more than 50 year-old  2 
Haematology malignancies 1 
Concomitant use of cardio-protective agent 2 
Concomitant administration of cyclophosphamide and 
trastuzumab 

3 

 

Table 3-8: Four anthracycline-induced cardiotoxicity (ACT) risk groups according to the total risk 
score of each patient. 

ACT risk group Total risk score 

No risk < 1 

Low 1 – 2  

Medium 3 – 4  

High ≥ 5 
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3.2.3 Results 

We recruited 48 out of 102 patients screened for eligibility. Thirty-four patients remained active at 

the end of data collection period (Figure 3-7).  

 

 

Figure 3-7: Diagram showing participant flow through study. 
Defaulted treatment refers to patients who didn’t show up for subsequent treatment appointment, 
defaulted follow-up refers to patients didn’t show up for subsequent follow-up appointment.  
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Table 3-9: Demographic and clinical characteristics of the included patients (N = 34). 

 

Study population 
 (N = 34) 

Demographic or clinical Characteristic No % 

Age at primary cancer diagnosis 
   Mean 47.7 

  SD 16.61 
  Median 51 
  Range 22 - 74 
 Gender 

   Male 14 41.2 

 Female 20 58.8 

Race/ethnicity 
   Malay 22 64.7 

 Chinese 7 20.6 

 Indian 4 11.8 

 Others (Sarawak indigenous)  1 2.9 

Average BSA kg/m2 
   Mean 1.60 

  SD 0.21 
  Median 1.59 
  Range 1.20 – 2.09 
 Primary diagnosis 

   Hodgkin's lymphoma 10 29.4 

 Diffuse large B cell lymphoma 19 55.9 

 Other type of lymphoma 5 14.7 

Length of follow-up, months  
  Mean 11.7 
  SD 3.38 
  Median 11.7 
  Range 3.7 – 18.9 
 Cumulative anthracycline exposure, mg/m2  
  Mean 276.9 
  SD 51.3 
  Median 298.4 
  Range 80 – 324.2 
 Categories of anthracycline exposure, mg/m2  
  1-100 1 2.9 

 101-150 1 2.9 

 151-200 1 2.9 

 201-250 2 5.9 

 251-300 23 67.6 

 301-350 6 17.6 

Concomitant cytotoxic drugs  
  Cyclophosphamide 26 76.4 

Chest radiation 4 11.8 
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Table 3-9: Demographic and clinical characteristics of the included patients (N = 34). (cont.) 

 

Study population 
 (N = 34) 

Demographic or clinical Characteristic No % 

Pre-anthracycline CV risk factors  
  Hypertension only 2 5.9 

 Diabetes only 2 5.9 

 Dyslipidaemia only 1 2.9 

 Hypertension and diabetes 2 5.9 

 Hypertension and dyslipidaemia 1 2.9 

 Diabetes and dyslipidaemia 1 2.9 

Use of cardio-protective drugs 3 8.8 

Individual risk   

 Low 15 44.1 

 Medium 16 47.1 

 High 3 8.8 

Cardiac events 3 8.8 

 

Characteristics of the study populations are summarised in Table 3-9. Of the thirty-four patients who 

completed follow-up, nineteen (55.9%) were diffused large B-cell lymphoma, ten (29.4%) were 

Hodgkin’s lymphoma and five (14.7%) were other type of non-Hodgkin’s lymphoma. Median age of 

the thirty-four patients was 51 years (range 22 – 74 years). There were twenty (58.8%) women and 

fourteen (41.2%) men. Twenty-two (64.7%) were Malay, seven (20.6%) were Chinese, four (11.8%) 

were Indian and one Sarawak indigenous. The median of average body surface area of these patients 

was 1.59m2 (range 1.20 – 2.09). 

The types of anthracycline administered were doxorubicin (n = 33) and epirubicin (n = 1). The 

median of cumulative anthracycline exposure, the sum of cardio-toxic potential adjusted cumulative 

dose (mg/m2) of each anthracycline, was 298.4 (range 80 – 324 mg/m2). Patients were mainly in 

medium and low risk category according to the classification of ACT predictive model. At the median 

follow-up duration of 11.7 months (range 3.7 – 18.9 months), three (8.8%) patients were diagnosed 

with cardiac event with different risk score (Table 3-10). The number of ACT cases was as predicted 

by the positive predictive value of the model developed previously. 

Table 3-10: Risk of anthracycline-induced cardiotoxicity (ACT) by risk score. 

ACT risk Risk score Total, N ACT, N % 

No risk 0 0 0 0 
Low 1 – 2 15 1 6.7 
Medium 3 – 4 16 1 6.3 
High ≥ 5 3 1 33.3 
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3.2.4 Discussion 

Three ACT cases were identify as expected by the ACT prediction model (PPV = 9.6%). However, the 

number need to screen (NNS) of eleven in this study is less than required in the model development 

study (NNS = 19). 

The baseline characteristics of this prospective population were fairly similar to the study population 

in the model development studies. Median age, gender and ethnic distribution and median body 

surface average area were comparable. The median length of follow-up was lesser while cumulative 

anthracycline exposure was higher in this population. Due to the nature of the study sites of the 

study as haematology referral centre, the distribution of primary diagnosis of the study population 

were double or more for Hodgkin’s lymphoma, diffuse B-cell lymphoma and other type of lymphoma 

while there were none solid tumour patients. 

The main advantage of the ACT prediction model is the nature of the risk factors in the model which 

are readily available before the initiation of anthracycline therapy. Thus, baseline cardiac function 

for patient at risk can be plan prior to anthracycline administration. Besides, the risk factors in the 

model can be identified from interviewing the patient and their past medical records. Therefore, the 

assessment of ACT risk using the model can be done by all healthcare professionals. 

There are a few limitations warrant discussion. First is the lack of heterogeneity in diagnosis in our 

study population. The diagnosis of haematology malignancy put all the patients at risk for ACT with 

risk score of one. Our patient selection criteria that exclude patient who has history of prior 

anthracycline use might be the cause that none of the patients received cyclophosphamide and 

trastuzumab concurrently, a treatment choice mainly for breast cancer, which carries a risk score of 

three. 

 

3.2.5 Conclusion 

The use of ACT prediction model in clinical practice is promising. However, supportive findings from 

diverse and large prospective data from different centre(s) are needed.  
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 A qualitative exploration on the content and usability of a 4-factors 3.3
anthracycline-induced cardiotoxicity (ACT) prediction model 

3.3.1 Introduction 

Besides utility evaluation, we also explore the necessity and practicality aspect of clinical usefulness 

of the developed model. Exploration of the necessity and practicality is required to support future 

work in developing a more extensive prediction model.  Thus, this qualitative survey aims to explore 

the opinion of healthcare professionals on the content and usability of the developed prediction 

model. 

 

3.3.2 Method 

Participants 

The study was conducted in Klang valley, where most oncology referral centers in Malaysia are 

located. Participants were conveniently selected from consultants, specialists and pharmacists 

practicing in the field of haematology oncology, oncology and cardiology in any of the five cancers 

referral centers in Klang Valley, namely Hospital Kuala Lumpur, Hospital Ampang, National Cancer 

Institute, UKM Medical Center and UM Medical Center. This group of healthcare professionals was 

targeted because they will be the main user of the 4-factors ACT prediction model.  

 

Procedure and survey process 

A semi-structured survey form which consists of seven open-ended 
questions (
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Appendix 6: Performance of potential models 

Ten of fifty-one models have AUROC of 0.75 or more (rounded to two decimal points).  Model 5 was selected as final model based on the AUROC and 

calibration slope. 

Model Description R-squared AUROC 
Hosmer-

Lemeshow test 
Calibration slope 

1 
Age + Cardio-protective agent + Haematology + 

Cyclophosphamide & Trastuzumab 
0.0412 0.7508 0.0151 

 

2 
Age + ACEi + Haematology + Cyclophosphamide & 

Trastuzumab 
0.0446 0.7534 0.0002 
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Model Description R-squared AUROC 
Hosmer-

Lemeshow test 
Calibration slope 

3 
Age + Cardiac comorbid + Haematology + 

Cyclophosphamide & Trastuzumab 
0.0356 0.751 0.0020 

 

4 
Age + Haematology + Cyclophosphamide & 

Trastuzumab 
0.0333 0.7472 0.0002 

 

5 
Age50 + Cardio-protective agent + Haematology + 

Cyclophosphamide & Trastuzumab 
0.0384 0.7479 0.8178 
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Model Description R-squared AUROC 
Hosmer-

Lemeshow test 
Calibration slope 

6 
Age50 + Number of cardiac comorbid + 

Haematology + Cyclophosphamide & Trastuzumab 
0.0454 0.7457 0.5998 

 

7 
Age50 + Chinese + ACEi + Haematology + 

Cyclophosphamide & Trastuzumab 
0.0462 0.7487 0.2456 

 

8 
Age50 + Chinese + Cardiac Comorbid + 

Haematology + Cyclophosphamide & Trastuzumab 
0.038 0.75 0.5049 
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Model Description R-squared AUROC 
Hosmer-

Lemeshow test 
Calibration slope 

9 
Age50 + Chinese + Cardiac Comorbid + 

Haematology + Cyclophosphamide & Trastuzumab 
+ breast cancer 

0.0402 0.7529 0.3541 

 

10 
Age50 + Haematology + Creatinine clearance + 

Cyclophosphamide & Trastuzumab 
0.0354 0.754 0.9932 

 
Age, age as continuous covariate; Age50, age as 50 or more years
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Appendix 7: Qualitative survey form 

) was sent to potential participants together with the 4-factors ACT prediction model in excel format 

(Figure 3-8). Face-to-face or video conference interview were conducted upon request which was 

audio recorded. All interviews were transcribed in verbatim. The resulting transcribes were then 

sent to the participant for approval. A minimum of one week was given to the participants to 

approve the transcript by signing the validation form. The survey continued until saturation point 

was reached, when no new information was obtained from subsequent interviews.  

Answers were subjected to thematic content analysis, and the transcripts are analysed for relevant 

content to identify the emerging categories81 with every additional survey until saturation. 

Consensus of themes’ definition and naming was achieved through discussions between two 

researchers.  

 

Figure 3-8: Excel format of the 4-factor prediction model.  
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3.3.3 Results 

A total of six healthcare professionals, three consultants and three pharmacists practising in the area 

of hematology-oncology, oncology and cardiology responded to the survey. During analysis, two 

themes were identified: lack of scoring system as well as content and usability of the developed 

model.    

 

Theme 1: Lack of scoring system  

In this preliminary investigation, all respondents lamented the lack of scoring system to predict the 

occurrence of cardiotoxicity among their patients receiving anthracycline therapy. In general, most 

respondents would usually base their judgement on their experience as well as other medical history 

such as cardiac assessments.   

No specific scoring systems if no history of heart disease. If history of cardiovascular, would 

use TIMI score, CHAD score and NYHA classification. [C1] 

Not a formal scoring system but will be based on co morbidities but baseline cardiac 

function test is required. [C2] 

 

Theme 2: Content and usability of the developed model 

Subtheme 1: Simple validated tool 

In general, most respondents commented that they would prefer to use a simple tool which requires 

very minimal input and was validated. Indeed, all respondents expressed the need to have a 

validated tool which they felt can be universally applied to all their patients. 

Validated, universal. [C2] 

Validation of the system. [C3] 

Simple to use. [P1] 

Ease of use. [P2] 

Respondents suggested that any tool which will be developed needs to be validated using some 

form of data or cohort to ensure that the results are applicable and widely accepted. 

Supported with validation study. [P3] 

Validation with supporting data. [C3]   
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Subtheme 2: Characteristics of the developed model. 

When shown the developed prediction model, respondents replied that they particularly liked the 

model as they found it was very simple and easy to use.  They were particularly impressed that the 

model only relied on existing demographic data which was easy to obtain.  There has even been 

suggestion that the tool could be further developed into an app to improve its audience base. 

Straightforward and easy to use. [P3] 

Fairly easily available. [C2] 

Readily available. [P2 and P3] 

Possible if easy access, if has phone app. [C1] 

There was however some reservation on how applicable the tool could be as a prediction model 

Great and simple, but hard to believe how it works for my patients. [C2] 

Would need to be convinced that model has validated use over a reasonably large 

population of patients and has accurately predicted the risk of cardiotoxicity. [P2] 

 

3.3.4 Discussion 

The ACT prediction model has a good overall performance (Brier score = 0.042), acceptable 

discrimination (AUROC = 0.75) and stable prediction with a positive predictive value of 9.6%. It also 

can potentially use in clinical practice. Thus, the objective of this study was to explore healthcare 

professionals’ perspectives regarding the content and usability of the ACT prediction model, as well 

as their suggestion to improve the model. The current study portrays the respondents from 

hematology-oncology, oncology and cardiology and represents doctors and pharmacists who will be 

the main potential user of the model. 

The study results suggest that the formal scoring system to predict ACT risk for anthracycline 

recipients is lacking. At the same time, healthcare professionals in the related fields are anticipating 

a straightforward, validated and readily accessible tool for the purpose. 

The most dominant reasons why healthcare professionals are ready to adopt the developed 4-

factors ACT prediction model are readily available factors and its straightforwardness. However, the 

model needs to be validated with supporting data.  

We managed to include healthcare professionals from all related clinical areas. The major limitation 

of the survey is the low respond rate of 15.7%. Nevertheless, we manage to reach saturation point at 

4th respondents and no new information emerged with the subsequent two responds. Future study 

to validate the prediction model is required. 
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3.3.5 Conclusion 

This qualitative exploratory study investigated the perspectives of doctors and pharmacists from 

hematology-oncology, oncology and cardiology practice area. Currently there is no formal scoring 

system to predict the risk for ACT among anthracycline recipients and the developed 4-factors ACT 

prediction model is easy to use. Respondents were ready to adopt a validated ACT prediction model 

in their clinical practice. 
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4 Pharmacogenomics in antineoplastic-related cardiovascular 
toxicity 

We also recognised that in the effort to pave way for personalised medicine, beside stratify patients’ 

individual risk using prediction model, it will only do it justice by considering the possibility of genetic 

role in predicting cancer chemotherapy-related cardiovascular (CV) complications in the era of 

genetic. Therefore, we conducted systematic reviews to identify single nucleotide polymorphisms 

related to antineoplastic-related CV complications in general (Section 4.1, page 103) and 

anthracycline-induced cardiotoxicity in specific (Section 4.2, page 167).  

 

 Pharmacogenetics in non-anthracycline based antineoplastic-induced 4.1
cardiovascular toxicities: A Systematic Review and Meta-analysis 

4.1.1 Introduction  

This chapter has been submitted to JAMA Cardiology awaiting editorial decision. The candidate, 

Leong Siew Lian was primarily responsible for searching, analysis and writing of the manuscript. The 

paper’s co-authors, Shaun Lee Wen Huey, Nathorn Chaiyakunapruk, Wichittra Tassaneeyakul, 

Poukwan Arunmanakul and Surakit Nathisuwan contributed in various aspects of this article. 
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4.1.2 Submitted manuscript and supplementary materials 
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Figure 1: Meta-analysis of genotypes associated with bevacizumab-induced hypertension (HTN).  

VEGF, vascular endothelial growth factor 
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Figure 2: Meta-analysis of genotypes associated with trastuzumab-induced decreased left ventricular 

ejection fraction (DLVEF). 

HER2, human epidermal growth factor receptor 2 
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 Pharmacogenetics role in anthracycline-induced cardiotoxicity 4.2
prediction 

A systematic review and meta-analysis was done with the aim to identify single nucleotide 

polymorphism that can be considered as a risk factor in the risk prediction model. Although a 

significant number of SNPs were studies however the evidences are limited to support any of them 

to be use as predictor. Thus, genetic biomarker was excluded in the development of ACT risk 

prediction model. 

 

4.2.1 Introduction 

Part of this chapter has been published in the Scientific Reports (2017), Volume 7, Issue 1, page 39. 

The candidate, Leong Siew Lian was primarily responsible for searching, analysis and writing of the 

manuscript. The paper’s co-authors, Shaun Lee Wen Huey and Nathorn Chaiyakunapruk, contributed 

in various aspects of this article. 

 

Based on the finding of this chapter, a letter to editor has been published in JAMA Cardiology (2017), 

Volume 2, Issue 7, page 817. The candidate, Leong Siew Lian was primarily responsible for writing of 

the letter. The paper’s co-authors, Shaun Lee Wen Huey and Nathorn Chaiyakunapruk, contributed 

in various aspects of this letter. 

 

4.2.2 Unpublished findings 

The use of anthracycline has also been associated with atrial and ventricular fibrillation, resulting in 

supraventricular extrasystoles, premature ventricular contractions as well as torsades de pointes29. 

Genetic studies have suggested that several genes plays a role in the ECG abnormalities including 

sodium channel, voltage gated, type V alpha subunit (SCN5A), potassium channel, voltage gated 

KQT-like subfamily Q, member 1 (KCNQ1)82, and matrix metallopeptidase (MMP-1 and MMP-3)83. In 

the current study, forty genes contained within the family and mutation of KCNQ1 and KCNH2 has 

been reported to cause long QT syndrome84. The effect of these genes in arrhythmia is outlined in 

Figure 4-1. Although Kitagawa et al. did not find significant association between polymorphisms in 

these genes and electrocardiogram changes; they provide the basis for future research in this area 

as they found that there is significant increase in QTc interval after anthracycline therapy85. Thus, 

more studies are needed to assess the association of polymorphs and anthracycline induced 

electrocardiogram changes. 
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Figure 4-1: The effects of potassium voltage-gated channel subfamily H member 2 (KCNH2) and 
potassium voltage-gated channel subfamily Q member 1 (KCNQ1) in arrhythmia were generated 
using QIAGEN’s Ingenuity Pathway Analysis.  
IPA®, QIAGEN Redwood City, www.qiagen.com/ingenuity. 
  

http://www.qiagen.com/ingenuity
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5 Integrated Discussion 

 Main findings of the research 5.1

Studies reporting incidence of anthracycline-induced cardiotoxicity (ACT) are increasing despite 5 

decades of experience ACT use. It seems that ACT affects cancer survivors worldwide at comparable 

incidence rate. Reported risk factors for ACT appeared to be similar but differ in sensitivity across the 

globe. Findings suggest that Malaysians were at risk for ACT at younger age and lower cumulative 

dose of anthracycline. Previous studies reported patients’ age 65-year or more were at risk for ACT 

while our study found that the age threshold was 50-year. Studies in United States suggested 

cumulative dose of more than 350mg/m2 as risk factor33, 34 and 300mg/m2 by study in Japan35 while 

our study population were at risk at a cumulative dose of 250mg/m2. 

A demographic and clinical characteristics-based multivariable model was developed with 1356 

patients and internally validated with 678 patients. The developed and validated four-factor model 

showed acceptable performance and stability. The four covariates are age more than 50 year-old, 

haematology malignancies, concomitant use of cardio-protective agent, and concomitant 

administration of cyclophosphamide and trastuzumab. It discrimination power was evidence by its 

AUROC of 0.75. At the ACT incidence of study population of 4.6%, estimated overall rate of correct 

classification was 70%, with 70% of no cardiac event group correctly classified (specificity) and 66% 

of the cardiac event group correctly classified (sensitivity). Pilot study on its utility in clinical setting 

and qualitative analysis on its content and usability showed it is likely to be used in ACT prediction 

risk following anthracycline use.  

Parallel to the advancement in genotyping techniques, researchers had embarked on genetic 

association studies in search for more sensitive predictors for antineoplastic-related cardiotoxicity 

and ACT. Single nucleotide polymorphism (SNP) may affect cardiotoxicity risk positively or negatively. 

ABCC2 rs8187710, CYBA rs4673 and RAC2 rs13058338 were the three SNPs contributes to 

significantly increase of risk for ACT. The findings seem promising although is premature to be 

conclusive. 
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 Implications of findings 5.2

Although ACT has been recognised for almost half a century, the incidence and risk remain a 

significant concern among clinicians. Studies on risk factors for ACT in different populations are 

warranted as sensitivity towards risk factors may differ.  

The use of model in clinical practice which personalised risk assessment for ACT following 

anthracycline therapy could offer several benefits to cancer patients. Identifying cancer patients at 

high risk for ACT may inform decisions on the intensity of the treatment. More precise risk 

stratification may also identify patients who may benefits from more frequent cardiac function 

screening for earlier detection of ACT. Screening strategies such as biomarkers or novel technologies 

aimed at identifying cancer patients at high risk may be employed more effectively too. 

Our systematic reviews showed the results from published genetic association studies on ACT are 

promising and should be developed. It also provides directions for future studies in exploring the 

role of genetics biomarker for ACT prediction. 

Based on our findings, patients undergoing chemotherapy especially anthracycline-based regimens 

should have proper clinical evaluation and assessment of cardiovascular risk factors. Regular cardiac 

function monitoring is recommended for anthracycline recipients with ACT risk factors especially the 

four risk factors in the model at baseline and up to at least four years after end of anthracycline 

therapy.  

With these preventive measures in place for patients at risk for ACT, the vitally important expected 

outcome is reduction in both short and long term cardiac toxicity event. The latter is particularly 

unfavourable in childhood cancer survivors. Besides, optimal dose of anthracycline can be 

administered with confident which will improve success rate of chemotherapy in cancer treatment. 

These include survival, disease control and/or quality of life, depending on the indication of the 

therapy. 

The readily available covariates of the model will enhance the usability of the model and diminish 

the screening cost. Given the number to screen of nineteen for this model and the annual cost of 

heart failure management of Int$ 908 to Int$ 40, 971 per patient86, this model offers potential to 

reduce healthcare cost. In cases where anthracycline use is inevitable, frequent cardiac monitoring 

based on the risk stratified by the model enable early detection of declined heart function.   
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 Limitations of the research 5.3

Other than the limitations discussed in each section of the thesis, we also encountered other 

challenges while conducting the project.  

The main challenge we encountered was the lack of prospective data. While the proposal targeted 

to include 240 patients from two cancer referral centres, only forty-two patients consented among 

102 patients available after one year of data collection. The total number of patients was less than 

estimation from consensus of previous years. This unexpected recruitment necessitated us to use 

retrospective data instead. As such, we used the limited prospective data to test the utility of our 

prediction model.  

Besides, we also faced roadblocks in the attempts to validate the prediction model using external 

data that we could not overcome at this point of time. We identified two possible databases that 

potentially used for external validation, The Surveillance, Epidemiology, and End Results (SEER) 

Program of the National Cancer Institute database and Clalit Health Services database. However, to 

access to both databases require a significant monetary contribution which we could not provide 

since this project was not funded. Thus, we conducted a qualitative survey to gather expert opinions 

on the content and usability of the prediction model. 

Another shortcoming we dealt with was the lack of funding to incorporate genetic markers in 

prediction model. While multiple attempts to obtain funding from various organisations, these were 

all rejected. Due to time constraint we dropped the plan and kept the blood samples for future 

studies. Lack of consented patients was the other reason for the decision. 

We also experienced issue in getting additional data from authors for systematic reviews. Among 

eight authors contacted, only one author provided us with additional data for meta-analysis. This 

may have led to less comprehensive meta-analyses.  
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 Recommendation for future research 5.4

Studies to determine incidence and risk factors for ACT in population yet to be reported should be 

encourage as susceptibility may differ. This will impart in the effort to pave way for personalised 

medicine. 

Based on the potential of the prediction model, it warrants external validation and utility evaluation 

in clinical settings. Besides, its development attempts are encouraged, especially studies designed to 

improve its sensitivity using prospective studies with more complete cardiac function results and risk 

factors cardiac disease. With improved evidence on genetic role in ACT, genetic biomarkers such as 

SNPs and gene-dose effect should be incorporated in the prediction model. 

Future studies to determine genetic role in ACT should employ more advanced approaches such as 

human genome-wide association studies or whole exome or whole genome sequencing should be 

undertaken with proper population stratification. Future genetic studies should strategize to 

determine the gene-dose effect in ACT. 

Research on preventive strategies for patients at risk for ACT should be encouraged such as 

developing anthracycline with similar efficacy but less cardiac toxic and preventive agents. 
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6 Conclusion 

Systematic review and meta-analysis of the incidence of antineoplastic-related cardiovascular 

toxicities in Asia showed a pooled incidence for ACT of 3.2%. However, a retrospective study in 

Malaysia which included a multi-ethnic population in Asia which found that incidence of ACT was 

higher at 4.6%. 

To predict the risk for ACT among anthracycline recipients, a prediction model which was developed 

based on demographic and clinical data of the 2034 anthracycline recipients resulting in a 4-factors 

prediction model. The factors are age more than 50 years, presence of haematology malignancy, 

concomitant use of cardioprotective agents and concomitant use of cyclophosphamide and 

trastuzumab. In a small prospective study, the developed and validated prediction model showed a 

potential to stratify individual at risk for ACT in clinical settings. Qualitative study on the perspective 

of healthcare professionals in the related-clinical area on the developed prediction model showed 

that the scoring system to predict ACT risk is lacking and the model was welcomed once it is 

validated with supporting data. 

Systematic reviews and meta-analyses on genetic biomarkers associated to antineoplastic-related 

cardiovascular toxicities showed that HER2 rs1136201 is potentially predictor for trastuzumab-

related decreased left ventricular ejection fraction while ABCC2 rs8187710, CYBA rs4673 and RAC2 

rs13058338 were risk variants for ACT.  

These imply that clinical practice is in need for a tool to predict and thus prevent ACT because 

number of ACT cases is expected to increase with the improvement in cancer survival rates. An ideal 

tool would require a combination of demographic data, clinical data and genotypes effects. 
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Appendix 5: Data collection form 
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Appendix 6: Performance of potential models 

Ten of fifty-one models have AUROC of 0.75 or more (rounded to two decimal points).  Model 5 was selected as final model based on the AUROC and 

calibration slope. 

Model Description R-squared AUROC 
Hosmer-

Lemeshow test 
Calibration slope 

1 
Age + Cardio-protective agent + Haematology + 

Cyclophosphamide & Trastuzumab 
0.0412 0.7508 0.0151 

 

2 
Age + ACEi + Haematology + Cyclophosphamide & 

Trastuzumab 
0.0446 0.7534 0.0002 
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Model Description R-squared AUROC 
Hosmer-

Lemeshow test 
Calibration slope 

3 
Age + Cardiac comorbid + Haematology + 

Cyclophosphamide & Trastuzumab 
0.0356 0.751 0.0020 

 

4 
Age + Haematology + Cyclophosphamide & 

Trastuzumab 
0.0333 0.7472 0.0002 

 

5 
Age50 + Cardio-protective agent + Haematology + 

Cyclophosphamide & Trastuzumab 
0.0384 0.7479 0.8178 

 
 

 



238 
 

238 
 

 

Model Description R-squared AUROC 
Hosmer-

Lemeshow test 
Calibration slope 

6 
Age50 + Number of cardiac comorbid + 

Haematology + Cyclophosphamide & Trastuzumab 
0.0454 0.7457 0.5998 

 

7 
Age50 + Chinese + ACEi + Haematology + 

Cyclophosphamide & Trastuzumab 
0.0462 0.7487 0.2456 

 

8 
Age50 + Chinese + Cardiac Comorbid + 

Haematology + Cyclophosphamide & Trastuzumab 
0.038 0.75 0.5049 
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Model Description R-squared AUROC 
Hosmer-

Lemeshow test 
Calibration slope 

9 
Age50 + Chinese + Cardiac Comorbid + 

Haematology + Cyclophosphamide & Trastuzumab 
+ breast cancer 

0.0402 0.7529 0.3541 

 

10 
Age50 + Haematology + Creatinine clearance + 

Cyclophosphamide & Trastuzumab 
0.0354 0.754 0.9932 

 
Age, age as continuous covariate; Age50, age as 50 or more years
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Appendix 7: Qualitative survey form 
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