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Abstract

AIMS Doxorubicin-induced cardiotoxicity (DIC) is a significant cause of mortality in cancer care. This study was conducted

to establish the frequency of DIC in Zimbabwean breast cancer patients on doxorubicin and to test the DIC predictive power

of genetic biomarkers. METHODS A cohort of 50 Zimbabwean breast cancer patients treated with doxorubicin were followed

up for 12 months with serial echocardiography and genotyped for UGTA1A6*4, SLC28A3 and RARG. 11% of the patients

experienced DIC. RESULTS The frequency of SLC28A3 (rs7853758), UGT1A6*4 (rs17863783) and RARG (rs2229774) was

60.7%, 17.9% and 14.3% respectively. No association between DIC and the three variants was observed. CONCLUSIONS This

is the first study on the prevalence of DIC and associated genetic biomarker predictive evaluation in Zimbabwean breast cancer

patients. The genetic frequencies observed in our study was different to that reported in other populations. A larger sample

size with a longer follow up time will be necessary in future studies.
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AIMS

Doxorubicin-induced cardiotoxicity (DIC) is a significant cause of mortality in cancer care. This study was
conducted to establish the frequency of DIC in Zimbabwean breast cancer patients on doxorubicin and to
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. test the DIC predictive power of genetic biomarkers.

METHODS

A cohort of 50 Zimbabwean breast cancer patients treated with doxorubicin were followed up for 12 months
with serial echocardiography and genotyped for UGTA1A6*4, SLC28A3 and RARG. 11% of the patients
experienced DIC.

RESULTS

The frequency of SLC28A3 (rs7853758), UGT1A6*4 (rs17863783) and RARG (rs2229774) was 60.7%, 17.9%
and 14.3% respectively. No association between DIC and the three variants was observed.

CONCLUSIONS

This is the first study on the prevalence of DIC and associated genetic biomarker predictive evaluation in
Zimbabwean breast cancer patients. The genetic frequencies observed in our study was different to that
reported in other populations. A larger sample size with a longer follow up time will be necessary in future
studies.

What is already known about the subject?

The incidence of cardiotoxicity has been shown to range from 3-47%. The minor alleles RARG (rs2229774)
and UGT1A6*4 (rs17863783) have been observed to be risk markers for cardiotoxicity, and the SLC28A3
rs7853758 have been proven to have a cardioprotective effect against doxorubicin induced cardiotoxicity
(DIC).

What does this study add?

This study demonstrates the frequency of genetic risk markers that are associated with DIC in the black
Zimbabwean breast cancer patients and the incidence of acute DIC (11%).

Introduction

Doxorubicin is one of the most commonly used anthracyclines for the treatment of different types of cancers
in adults and children1,2. Its clinical utility is limited due to side effects including cardiotoxicity when it
exceeds the recommended cumulative dosage of 400 mg/m2 - 550 mg/m2 in adults and > 300 mg/m2 in
children 3,4. The risk of developing cardiotoxicity increases when the cumulative dose of doxorubicin exceeds
these thresholds, with 700 mg/m2having a risk of 48% 3,5,6. The gold standard for monitoring risk for
doxorubicin induced cardiotoxicity (DIC) is using left ventricular ejection fraction (LVEF) measured via
echocardiogram7,8.

Candidate gene and genome-wide association studies have established genetic variants associated with DIC
9–13 .These include genetic variations in genes involved in anthracycline metabolism and transportation.
A meta-analysis by Aminkeng et al showed that the evidence was strongest and most consistent for an
association of RARG (retinoic acid receptor gamma) rs2229774, SLC28A3 (solute carrier family 28 member 3)
rs7853758, and UGT1A6 (UDP glucuronosyltransferase family 1 member A6), rs17863783 variants with DIC.
Based on current evidence, Canadian Pharmacogenomics Network for Drug Safety (CPNDS) recommends
genotyping children who are taking doxorubicin for UGT1A6*4 (rs17863783), SLC28A3 (rs7853758) and
RARG (rs2229774) haplotypes9.

As most of these pharmacogenomics studies have been performed in pediatric patients receiving doxorubicin
14–18, the generalizability of these findings to adults and other anthracyclines is unknown. In addition to
the three genetic markers that have been identified in children, there are other genetic markers that have
been associated with the DIC9, however they are not well characterized and they have not been replicated
in most of the studies. Further research is thus required in adults and other understudied populations to
help improve the predictive and prognostic role in predicting DIC .This study was therefore conducted to
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. establish the frequency of DIC in adult black Zimbabwean breast cancer patients treated with doxorubicin
and to test the DIC predictive power of genetic biomarkers in this cohort.

Method

Study design & participants

The prospective study was initiated at the University of Zimbabwe, Faculty of Medicine and Health Sciences
at Parirenyatwa Hospital (PH) in Harare. The study recruited 50 Zimbabwean patients above the age of 18
years receiving doxorubicin chemotherapy for breast cancer over a period of 6 months from January 2019-
July 2020. The patients were sampled using purposive sampling to reflect the demographics of black breast
cancer patients from Zimbabwe. Participants underwent cardiovascular assessment by a cardiologist using
echocardiography to measure Left Ventricular Ejection Fraction (LVEF) at baseline, 3 months, 6 months
and 12 months. Patients with prior treatment with any chemotherapy, prior chest wall radiotherapy and
non-black women were excluded. Demographics, body mass index (BMI) and physical performance of the
patients was recorded at the time of recruitment. A blood specimen was collected at the study entry from
which the genotype for the three cardiotoxicity risk variants was determined. The genotypes were checked for
any deviation from the Hardy Weinberg principle (HWE) before their frequencies were determined using χ2.
The association analysis of genotypes and LVEF measures was done using multivariable logistic regression.
A patient with cardiotoxicity was defined as having LVEF threshold of greater than 10% reduction from the
normal echocardiograms (normal [?]60%) 19,20.

Genotyping

Three SNPs (UGT1A6 rs17863783, SLC28A3 rs7853758 and RARG rs2229774) that previously showed strong
evidence of association with DIC were selected 9,15. Genomic DNA was extracted from whole blood using the
Applied Biosytems MagMAX DNA Multi-Sample Ultra 2.0 Kit using an automated system (King FisherFlex
Magnetic Particle Processor System). Genotyping was done using the GenoPharm® pharmacogenomics
open array panel which contains 120 assays for over 48 genes. GenoPharm® uses TaqMan Assay chemistry
using the Applied Biosystems QuantStudio 12K Flex Real-Time PCR System (Thermo Fisher Scientific,
Waltham, Massachusetts).

Statistical analysis

Statistical analysis was done using Stata Version 16.0. Continuous variables, such as age, dose and BMI were
presented as medians and interquartile ranges (IQR). Qualitative variables, such as cancer stage, performance
status and co-medications were presented as numbers and percentages. Hardy–Weinberg equilibrium of
variants and genotype distribution were tested by χ2 (p > 0.05). The association of DIC and the variants
was evaluated using Pearson Chi-Square exact test. We also tested the association of UGT1A6 rs17863783,
SLC28A3 rs7853758 and RARG rs2229774 with cardiotoxicity using logistic regression adjusted for age at
start of treatment, cumulative anthracycline dose and BMI. Statistical significance was set at p< 0.05.

Results

Study population

A total of fifty patients were enrolled into the study and of those 28 (56%) patients were followed up to
12 months (Figure 1). Of the patients analysed the median age was 48 years (IQR 44.5-59.0). Most of the
patients (86%) had advanced stages of breast cancer (stage III/IV) with a good Karnofsky performance status
between 80-90%. The median LVEF measurement at 12 months was 61.5% (IQR 58.1-77.3) and the median
cumulative doxorubicin dose was 238.89 mg m-2 (Table 1).Two (7%) out of the 28 patients received single
agent doxorubicin, 9 (32%) received doxorubicin plus cyclophosphamide doublet and 17 (61%) of patients
received doxorubicin, cyclophosphamide followed by paclitaxel(Table S1) Three (11%) patients developed
cardiotoxicity and cumulatively these patients received the following doses of doxorubicin 240 mg m-2, 281
mg m-2 and 360 mg m-2. The final LVEF measurements of the three patients after the 12-month follow
up were 18.2%, 34.9% and 39%. One of the patients received single agent doxorubicin while the remaining
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. two received a combination therapy of doxorubicin plus cyclophosphamide followed by paclitaxel. The three
patients were all hypertensive and additionally one had diabetes mellitus.

Genetic results

Of the 50 patients initially recruited, 47 patients were genotyped successfully. Hardy-Weinberg equilibrium
(HWE) was calculated for each SNP and no genotype deviated from HWE (p > 0.05) (Table S2). The
cardioprotective variant SLC28A3 rs7853758 was identified in 31 (67%) patients. The cardiotoxic risk variants
UGT1A6 rs17863783 and RARG rs2229774 were present in 10 (21.2%) and 5 (10.6%) respectively. Among
the 28 patients who were followed up to 12 months, 12 (43%) of them carried the protective variants SLC28A3
rs7853758, 1 (4%) carried UGT1A6 rs17863783 and 2 (8%) carried RARG rs2229774. Three (11%) patients
carried both SLC28A3 rs7853758 and UGT1A6 rs17863783 while 1 (4%) carried both SLC28A3 rs7853758
and RARG rs2229774 variants. Eight (29%) patients did not have any genetic variation. A single patient
(4%) carried all the three variants. All three patients who developed DIC carried SLC28A3 rs785375 variant
and none of them carried RARG rs2229774 variants. One of the 3 patients carried UGT1A6 rs17863783.

Association between the variants and Doxorubicin Induced Cardiotoxicity

We evaluated the association between SLC28A3 rs7853758, RARG rs2229774 and UGT1A6 rs17863783 vari-
ants and DIC. No covariate had an independent significant effect on DIC from the univariable analysis
(SLC28A3 rs7853758 (p= 0.408), RARG rs2229774 (p= 0.471), UGT1A6 rs17863783 (p= 0.354), age (p=
0.124), BMI (p= 0.451) and cumulative dose (p= 0.357)). Using the stepwise method approach in multi-
variable analysis, we further explored whether cardiotoxicity was influenced by age, BMI and genotypes.
None of these covariates were significantly affecting changes in cardiotoxicity. Thus, there was no significant
relationship between cardiotoxicity and genotype, age and BMI.

Determination of the predictive value of genotyping test

Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) was calculated
to determine the predictive value of the test. The SLC28A3 rs7853758, UGT1A6 rs17863783 and RARG
rs2229774 genotypes were associated with the following parameters: sensitivity of 13% and specificity of 90%
in predicting cardiotoxicity (Table 2). The PPV of the genotype test was 33.3% while the NPV of the test
was 72.0%. Both PPV and NPV are influenced by the prevalence of DIC.

Discussion

The incidence of cardiotoxicity (11%) in our population was comparable to rates in the literature 21–23

which ranged from 9%-12%. However, it is important to note that these studies were performed in Western
populations and are associated with late-onset DIC, with a sample size of more than 1000 and longer follow
up time of 5 years contrary to our study which had a smaller sample size with follow up time of 1 year.
Other studies conducted in Asia24–26 reported higher incidence of DIC (> 30%) . This suggests that our
patients may be experiencing higher incidence of cardiotoxicity or an early onset cardiotoxicity.

In this study we could not verify clinical risk factors to be significant risk factors for developing DIC, of
which previous studies have identified hypertension, female sex, age, cumulative anthracycline dose, as risk
factors for DIC 3,14,27 . It may be possible that the small sample size in our study could have reduced the
statistical power to demonstrate the significance of association of the clinical risk factors with DIC 12,28–33

If we considered doxorubicin cumulative dose, we observe that there was no clear association between cumu-
lative doxorubicin dose and cardiotoxicity (p = 0.357), which is not as expected11,12,18,34–38. However, the
high frequency (60.7%) of the cardioprotective variant could have influenced this dose relationship in our
study. The cardioprotective variant (SLC28A3 rs7853758) is important because it affects the pharmacology
of doxorubicin and reduce incidence of cardiotoxicity39,40.

The UGT1A6 rs17863783 variant results in altered enzymatic activity, increasing the risk of developing
DIC in those carrying at least one copy of the variant 9,18,30 . One of the patients who carried UGT1A6
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. rs17863783 developed DIC in our study. RARG rs2229774 variant occurred at a significantly low frequen-
cies (14.3%) in our study, compared to Asian populations (21.6%) suggesting a possible decreased expres-
sion of the topoisomerase II gene (TOP2B). A reduction in expression of this gene has been shown to be
cardioprotective1,14,18,30. None of the patients who developed DIC carried RARG rs2229774.

PPV and NPV are influenced by the prevalence of the disease that is being screened. In our study the
prevalence of DIC was 11% and resultantly our PPV and NPV was 33.3% and 72.0% respectively. This
was comparable to PPV of 34.4% and NPV 90.9% obtained in other studies9,19,41. With current care, the
estimated average lifetime cost of DIC is $8,667 per treated patient42. Our test will reduce DIC related life
cost and deaths in 33% of patients who carry the risk variants.

To our knowledge, this study presents the first documentation of the prevalence DIC in black Zimbabwean
breast cancer patients and the first attempt to evaluate the predictive value of genetic biomarkers for car-
diotoxicity. The lack of significant association between the DIC and the biomarkers is either due to the small
sample size or the insufficient predictive power of these biomarkers. Future studies in adults will be needed
to further evaluate the possible use of these biomarkers in guiding treatment in adults. A larger sample size
with a longer follow up time will be necessary for future studies to increase the predictive power of these
biomarkers because chronic cardiotoxicity occurs after a long period of time. There is also need to develop
African specific DIC scoring system that incorporates both genotypes and clinical data like electrocardiogram
(ECG) scores and cardiac enzymes like troponins to better predict DIC.
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Tables

Table 1: Patient demographics and clinical characteristics of the study participants

Characteristic Frequency(%), Median(IQR) N=28

Age 48.0 (44.5-59.0)
BMI 30.1(28.7- 34.2)
Cumulative dose 238.8(233.6-240.6)
Systolic blood pressure 134.5(127.5- 150.0)
Diastolic blood pressure 90(84- 100)
Left Ventricular Ejection Fraction Baseline 3 months 6 months 12 months 63.9(59.3-71.3) 69.6(62.9-74.2) 69.6(62.9-73.4) 61.5(58.1-77.3)
Performance status 100% 80-90% 60-70% 10-50% 1 (4.0) 24 (86.0) 3 (10.0) 0 (0.0)
Family history of breast cancer Yes No Unknown 3(10.7) 22(78.6) 3(10.7)
Hypertension Yes No 15(53.6) 13(46.4)
Diabetic Yes No 4(14.3) 24(85.7)
Radiotherapy Yes No Unknown 12(44.4) 14(51.9) 1(3.7)

Note: BMI – Body mass Index,

Table 2: Sensitivity and specificity of the genotype screening

Expected test results Expected test results Expected test results

ACT (n) No ACT (n) Total (n)
Observed test results Observed test results Positive Negative TP (1) FN (7) FP (2) TP (18) TTP (3) TTN (25)

Total Total 8 20 28

TP (True Positive), FP (False positive), TTP (Total True Positive), FN (False Negative), TN (True Nega-
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. tive),

TTN (Total True Negative)

Figure legends

Figure 1: Study flow diagram

Appendices

Patients and Methods

This study was conducted at PH and African Institute of Biomedical Science and Technology (AiBST)
laboratory. We included all the patients who met the inclusion criteria into the study. Inclusion criteria
were; women aged 18 years and above with histologically proven breast cancer diagnosis, willingness to
participate in the study and attend study follow-up visits as well as have been prescribed doxorubicin based
chemotherapy but not received the first. The exclusion criteria were; non-black women, prior treatment
with any chemotherapy and patients with prior chest wall radiotherapy. Five milliliter of whole blood
was collected from each patient who met the inclusion criteria by venipuncture at entry and stored at
the Zimbabwe repository. Two hundred microliters of the whole blood was used to extract DNA using
Kingfisher flex Magnetic Particle Processor. Genomic DNA was extracted using the Applied Biosytems
MagMAX DNA Multi-Sample Ultra 2.0 Kit using an automated system (King FisherFlex Magnetic Particle
Processor System). The extracted DNA was quantified using Qubit, dsDNA BR (broad range) Assay Kit
and run on the Invitrogen Qubit 4 Fluorometer according to the manufacturer’s protocols. Fifty ng/μl was
the recommended amount of DNA for genotyping by manufacturer hence nuclease free water was used to
normalize the DNA to this recommended concentration. The extracted DNA was stored at either -20°C
short term or -80°C long term before analysis. Written informed consent was obtained from all patients or
legal guardians. The study was approved by the ethics committees of PH.

Genotyping

Genotyping was done using the GenoPharm® pharmacogenomics open array panel which contains 120 assays
for over 48 genes. GenoPharm® uses TaqMan Assay chemistry using the Applied Biosystems QuantStudio
12K Flex Real-Time PCR System (Thermo Fisher Scientific, Waltham, Massachusetts). This open array
system is customized for AiBST. In a 96 well plate, 6μl of each 50 ng/μl of DNA sample was mixed with
6μl of the Open Array Genotyping Master mix. The mixture was then shortly vortexed, centrifuged and
then transferred into a 384 well plate. A no template control (NTC) was included on the plate. Using the
robotic arm of the Applied Biosystems Accufill System the contents of the 384 well plate was transferred to
an open array plate (33nl per well).The run was done on the QuantStudio 12K Flex Real-Time PCR System
using the default settings pre-set by the manufacturer for an open array genotyping run. All calls were
made at cycle 40 using the default quality value [?] 0.95 to assign a genotype call. Genotyping was done for
UGT1A6 rs17863783, SLC28A3 rs7853758 and RARG rs2229774 variants using a predesigned primers and
probes (Applied Biosystems). The thermal cycling conditions was as follows; Initial denaturation 95ºC for
10 minutes, followed by 40 cycles of denaturation at 95ºC for 15 seconds and annealing and extension at
60ºC for 60 seconds.

Cardiac examination

To determine DIC, cardiologists performed echocardiographic examinations and electrocardiographic recor-
dings. The patients were evaluated for cardiovascular disease at entry (baseline), 3, 6 and 12 months during
the study. The echocardiogram was done in the University of Zimbabwe College of Health Sciences (UZCHS)
Department of Medicine and the results were made available to the treating physician. Additional informa-
tion, such as BMI, cumulative dose of doxorubicin, co-medications and physical performance of the patients
were recorded using a questionnaire. The endpoint were; cardiac dysfunction, as diagnosed by the cardiologist
or Left ventricular ejection fraction reduction of more than 10% from baseline 60%.

Hosted file
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. Figure.docx available at https://authorea.com/users/510964/articles/587904-cardiotoxicity-

and-pharmacogenetics-of-doxorubicin-in-black-zimbabwean-breast-cancer-patients
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