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ARTICLE INFO ABSTRACT

Keywords: Objective: Cancer and cardiovascular diseases both have adverse effects on each other. We aim in
Cancf’r ) the current study to investigate cardiac dysfunction including its prevalence, and associated
Cardiac dysfunction factors in patients treated for breast cancer and lymphoma in a unique cardiac oncology center.
In-hospital outcomes Methods: A single-center retrospective study included 180 patients with cancer breast and lym-

phoma who presented and were treated at our oncology center from January 2019 to February

2022.

Result: Out of 180 consecutive patients, 155 patients (86 %) were diagnosed with cancer breast
and 25 patients (14 %) were diagnosed with lymphoma. Patients with lymphoma were older age,
less obese, and showed more prevalence of diabetes mellitus (DM) (P = 0.026, 0.05, and 0.04
respectively). They also showed more post-therapy left ventricular (LV) dilatation and lower
values of global longitudinal strain (GLS); however, they did not develop more LV dysfunction
compared to cancer breast patients. Moreover, lymphoma patients showed poor in-hospital
outcomes (P = 0.04, 0.001, and 0.015 for infection, pericardial effusion, and mortality respec-
tively). Cancer therapy-related cardiac dysfunction (CTRCD) was observed in 41 patients (23 %)
of our population. The independent predictors of CTRCD in the current study were DM, low body

mass index (BMI), and the use of trastuzumab.

Conclusions: Some patients treated for breast cancer and lymphoma develop LV dysfunction.
Lymphoma patients showed more subclinical LV dysfunction and poor in-hospital outcomes
compared to patients with cancer breast. DM, low body mass index (BMI), and the use of tras-
tuzumab were the independent predictors of cardiac dysfunction among our patients.
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Cancer therapy-related cardiac dysfunction was not uncommon and implementation of cardiac function monitoring at pre-
therapy and each treatment stage for high-risk patients is advised. Secondary prevention interventions in patients with pre-
existing cardiovascular risk factors and following a healthy lifestyle are recommended. Moreover, our study suggests the fact
that early detection of subclinical cardiac dysfunction could lead to an early start of heart failure therapy, thus preventing poor
cardiac outcomes.

Introduction

Cardiovascular disease (CVD) is the leading cause of death and morbidity worldwide. Moreover, it is considered the second leading
cause of both morbidity and mortality in cancer survivors. Cancer and cardiovascular diseases both have adverse effects on each other.
Treatments that improve cancer prognosis and survival are frequently linked to cardiovascular risks.'*> A guiding principle of
cardio-oncology is integration, and cardio-oncology providers must know the broad scope of cardiology, oncology, and hematology.®

Breast cancer is metastatic cancer that can commonly transfer to distant organs leading to manifestations that are more systematic
and making it difficult to treat and manage with the increased rate of deaths.®* Furthermore, it remains the most prevalent cancer in
developing countries such as Saudi Arabia, accounting for 29 % of new cancer cases for women and 14 % of new cancer cases for both
sexes in 2020.° On the other hand, lymphomas are a group of diseases caused by malignant lymphocytes that accumulate in lymph
nodes and other lymphoid tissue higher in highly developed regions of the world associated with a raised mortality rate.® In Saudi
Arabia, lymphoma is a common type of cancer with an increased incidence and a total death rate of up to 7.5 %.°

Cardiovascular risks are dependent on several variables, such as the types of chemotherapy regimens, the concurrent use of other
medications, radiotherapy, or the patient’s comorbidities.” Cancer treatment increases the risk of cardiovascular diseases by directly
damaging heart structures or indirectly promoting accelerated atherosclerosis.® Cardiotoxicity is generally used to refer to dysfunction
of the left ventricle (LV) which is defined by a decline in left ventricular ejection fraction (LVEF) of more than 10 %. To detect early
myocardial damage before LVEF changes, a decline of >15 % of the global longitudinal strain (GLS) is a useful tool.”*°

Our center is one of the largest unique cardio-oncology centers in the western region of Saudi Arabia and hence receives most of the
oncology patients deemed suitable for treatment with proper cardiac mentoring. Our study aims to investigate the cardiovascular
outcomes including the prevalence, and factors associated with left ventricular (LV) dysfunction in patients treated for breast cancer
and lymphoma.

Method

This retrospective descriptive study collected clinical data from electronic health records of patients with cancer breast and
lymphoma who presented and were treated at our oncology center from January 2019 to February 2022. This study is designed to be
part of the standard of patient care and has received approval from the ethics committee/institutional review board of our institution.

Inclusion criteria

Patients fitting the inclusion eligibility criteria of our center and have been diagnosed with breast cancer or lymphoma with at least
available two echocardiograms, one pre-exposure to cancer therapy, and one post-exposure.

Exclusion criteria

Patients outside the scope of the service of our center, those who had significant baseline LV dysfunction, and those who did not
have completed recorded data.

Data collection

*Clinical data

Baseline patient’s demographics, characteristics, cardiovascular risk factors, and occurrence of any cardiac insult (chest pain,
arrhythmias, heart failure...etc). Oncology data include age at diagnosis, stage of cancer, and different lines of treatment (chemo-
therapy, hormonal, biological, radiotherapy, and surgical intervention). Laboratory data included troponin levels. Outcome param-
eters include infection rate, pericardial effusion, shock, cardiac arrest, and mortality.

*Echocardiography

All patients underwent a baseline standard transthoracic Doppler echocardiography and a follow-up study within 6 months to two-
year post-therapy. It was performed with a Vivid 7 ultrasound system assessing the slandered parameters. (a) Left ventricular ejection
fractions (LVEF) are the fraction of chamber volume ejected in systole (stroke volume) concerning the volume of the blood in the
ventricle at the end of diastole (end-diastolic volume). Stroke volume (SV) is calculated as the difference between end-diastolic volume
(EDV) and end-systolic volume (ESV). LVEF is calculated from LVEF: [SV/EDV] x 100. (b) The early (E) and late diastolic velocities (A)
of the mitral inflow were measured by using pulsed wave Doppler from the apical 4-chamber view. (c) TDI was performed by activating
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the TDI function. Spectral waveforms from pulse wave tissue Doppler are used to measure peak myocardial velocities (Sm) at different
LV sites, and then an average value was used to assess the global systolic function. Normal reference values for (Sm) should be
interpreted according to age and gender.H (d) Myocardial deformation (strain) using automated function imaging (AFI) software to
measure LV GLS from three standard apical views (the apical 4- chamber, apical 2-chamber, and apical long axis views). Each apical
view assessment produced segmental values of peak systolic longitudinal strain. Thus, LV GLS was defined as the mean of the peak
systolic longitudinal strain of all the LV segments from three apical views.'?

A comparison between patients treated for breast cancer and lymphoma was done regarding all the above-mentioned data.

*Cancer therapy-related cardiac dysfunction (CTRCD) is defined as

1- >10 % decline in LVEF to a final value less than 53 % confirmed on subsequent imaging performed 2 to 3 weeks after the initial
measurement (Clinical)
2- >15 % relative decline in global longitudinal strain (GLS) compared with baseline strain (subclinical) (14).

However, the need to harmonize the proper definitions has frequently been stated and recognized and resulted in the recent in-
ternational definitions of CTRD supported by an updated guideline.3

Statistical analysis

Patients were divided into two groups; patients with cancer breast and lymphoma. A 10 % reduction in LVEF was considered the
cut-point of LV dysfunction. Statistical analysis was performed by use of the SPSS software package (SPSS Inc.; Chicago, I11), version
21.0. Continuous data were expressed as mean= standard deviation and compared using the Student t-test. Categorical data were given
as a percentage and compared with a chi-square test. Also, a regression analysis was done to identify the predictors of CTRCD. For all
analyses a p-value, < 0.05 was considered significant and not significant if it is > 0.05.

Results

A total of 180 consecutive oncology patients who met the criteria were analyzed. Among these patients, 155 patients (86 %) were
treated for cancer breast (Group I) and 25 patients (14 %) for lymphoma (Group II) (Fig. 1).

Patients and clinical characteristics

Patients with lymphoma were older age at the time of diagnosis, less obese, and showed more prevalence of diabetes mellitus (DM)
(P = 0.026, 0.05, and 0.04, respectively). There are no detected other cardiovascular risk factors, advanced cancer stage, and/ or
cardiac insult-related differences between both groups (Table 1).

There were no significant differences between both groups regarding the baseline echocardiographic parameters (LVEF, systolic
myocardial velocity (Sm by TDI and/ or GLS). However more LV dilatation (increased both LV end-diastolic and end-systolic volumes),
Lower values of GLS post-therapy were noted among lymphoma patients (Group II), and this reflects the occurrence of subclinical
cardiac dysfunction. On the other side, they did not develop more clinical LV dysfunction compared to cancer breast patients (Table 2).

Radiotherapy and biological treatment are frequently utilized among patients with cancer breast (P < 0.001) (Fig. 2).

Different groups and in-hospital outcome

The in-hospital outcome parameters were different as lymphoma patients showed poor in-hospital outcomes reflected by higher

m Breast Cancer

Lymphoma

Fig. 1. Distribution of groups regarding frequency of breast cancer & lymphoma.
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Table 1
Comparing demographic and clinical data between the two groups.
Variable Group I Breast cancer N = 155 (86 %) Group II Lymphoma N = 25 (14 %) P value
Age at diagnosis (years) M + SD 50.5 +11.3 53.7 £15.4 0.026
Female gender n, % 152 (98 %) 10 (40 %) <0.001
Non Saudi patients n, % 26 (17 %) 5 (20 %) NS
BMIM + SD 30.5+7.2 27.9 £ 5.5 0.05
DM n, % 37 (24 %) 12 (48 %) 0.04
HTN n, % 54 (35 %) 9 (30 %) NS
CKD n, % 2 (1.3 %) 1 (4 %) NS
Advanced stage n, % 108 (70 %) 20 (80 %) NS
Cardiac insult n, % 31 (20 %) 4 (16 %) NS
BMI: Body Mass Index; CKD: Chronic kidney disease; DM: Diabetes mellitus; HTN: Hypertension
Table 2
Comparing the echocardiography parameters between the two groups.
Variable Group I Breast cancer N = 155 (86 %) Group II Lymphoma N = 25 (14 %) P value
LVEDV (mL) Mean + SD 51.6 £ 5.0 52.3 £ 6.6 NS
(Pre- therapy)
LVESV (mL) Mean + SD 229 + 3.2 24.1 + 4.6 NS
(Pre- therapy)
LVEF % Mean + SD 55.6 + 3.9 542+7.4 NS
(Pre- therapy)
Average Sm by TDI (cm/sec) ) Mean + SD 10.7 £ 3.2 9.2+ 26 NS
(Pre-therapy)
GLS % Mean + SD 17.9 + 4.0 16.9 + 4.5 NS
(Pre-therapy)
LVEDV (mL) Mean + SD 56.6 £ 16.0 72.3 £40.1 0.002
(Post therapy)
LVESV (mL) Mean + SD 279 +£10.8 38.1 £29.5 0.004
(Post therapy)
LVEF % Mean + SD 54.1 £ 5.6 51.5+7.2 0.07
(Post therapy)
Average Sm by TDI (cm/sec) ) Mean + SD 9.8 +21 89+22 NS
(Post therapy)
GLS % Mean + SD 17.09 £+ 4.1 14.2 + 3.4 0.05
(Post therapy)
CTRCD n, % 35 (23 %) 6 (24 %) NS

CTRCD: Cancer therapy related cardiac dysfunction; GLS: Global longitudinal strain; LVEDV: Left ventricle end diastolic volume; LVEF: Left ven-
tricular ejection fraction; LVESV: Left ventricle end systolic volume; TDI: Tissue Doppler imaging

rates of infection, pericardial effusion, and mortality compared to patients with breast cancer (P = 0.04,0.001, and 0.015, respectively)
(Table 3).

Clinical profile and predictors of CTRCD group

Almost one-fourth (23 %) of our cancer-treated patients developed CTRCD (Fig. 3). The median time between cancer diagnosis and
CTRCD diagnoses was 9 months.

The majority of patients with CTRCD were elderly, more than one-third had DM& HTN, more than a half had advanced cancer
stage, one-fourth showed cardiac insult in their history, and 6 % died (Fig. 4). Among our patients, the independent predictors of
further cardiac dysfunction were DM, lower BMI, and the use of trastuzumab (P = 0.03, 0.05, and 0.02, respectively) (Table 4).

Moreover, there was a positive correlation between baseline global longitudinal strain (GLS) and the follow-up LVEF post-cancer
therapy (P = 0.02).

Discussion

Cancer treatment-related cardiotoxicity is a significant concern among a rising number of cancer patients and a proper definition&
delivering appropriate prevention and surveillance plan for possible complications is highly recommended.® The majority of oncology
patients presented and treated at our center are cancer breast and lymphoma. We seized this opportunity to conduct the current study
comparing those two groups of cancer-treated patients defining their pre-existing cardiovascular risk factors, clinical data, and further
development of CTRCD-related differences. This is considered a new addition as no similar study conducted in the region in this regard.
However, our main concern was to focus on and evaluate the development of CTRCD among our cancer-treated patients exploring their
clinical profile and associated independent predictors. This enables the oncology team to consider initial risk stratifications while
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Fig. 2. Distribution of different types of cancer therapy received by both groups.
Table 3
Comparing the in-hospital outcome parameters between the two groups.
Variable Group I Breast cancer N = 155 (86 %) Group II Lymphoma N = 25 (14 %) P value
Infection n, % 40 (26 %) 11 (44 %) 0.04
Pericardial effusion n, % 0 3 (12 %) 0.001
Shock n, % 23 (5 %) 3(12%) NS
Cardiac arrest n, % 9 (6 %) 1 (4 %) NS
23%

. _

Fig. 3. Frequency of cancer treated patients developed further CTRCD.

making cancer treatment choices, educating patients regarding their risk, and personalizing the surveillance and follow-up strategy.
The present study demonstrated several important findings. First, there were clinical variables, cardiac dysfunction, and
complications-related differences between cancer breast, and lymphoma-treated patients. Second, CTRCD was not uncommon in the
patients and detailed monitoring pathways during cancer therapy are highly recommended. Third, DM, lower BMI, and the use of
trastuzumab were independent predictors of CTRCD in patients with breast cancer and lymphoma. Fourth, the current study shows
that specialized care provided for cancer patients utilizing echocardiography (baseline and at follow-up stages) is necessary for early
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Fig. 4. Clinical profile of patients developed CTRCD.

Table 4

Binary regression analysis for independent predictors of CTRCD.
Variable B df P value EXP (B) 95 % lower 95 % upper
DM 0.991 1 0.033 2.693 1.085 6.685
BMI -0.059 1 0.052 0.943 0.884 1.005
Trastuzumab 1.025 1 0.024 2.786 1.144 6.781

DM: Diabetes mellitus; BMI: Body Mass Index

recognition and detection of even subclinical cardiac dysfunction and reflects how our actual practice is following the existing
guidelines.

Based on the literature, the comorbidity of cancer and cardiovascular diseases is increasing, given the aging population with
preexisting cardiovascular risk factors'®'* and this was similar to our current findings. Moreover, body mass index (BMI) predisposes
to several site-specific cancers and this is affected by variable individual-level factors (gender, smoking, menopausal status, and age).”
In this regard, present data show the same increase in BMI was associated with cancer breast. On the other side, lower values of BMI
were noted more among lymphoma patients. This could be explained by the fast burning up of the body’s energy caused by cancer cells
while trying to fight these cells off. This can lead to sudden weight loss, especially since many lymphomas typically grow rapidly.
Interestingly, this finding raises and highlights the idea of the "obesity paradox" in cancer patients which is well acknowledged in the
cardio-metabolic literature but less so in oncology.

It is worth mentioning that the evaluation of the early impact of cancer therapy on cardiac function and the clinical implication of
subtle LV dysfunction is challenging. In this study, there were no significant differences regarding baseline echocardiography pa-
rameters (LV size, LVEF, Sm by TDI or/ and GLS) between breast cancer and lymphoma. However, subclinical LV dysfunction was
noted in lymphoma patients receiving cancer therapy during the follow-up stage. This was identified by post-therapy dilated LV size
and reduced GLS values. Interestingly, these results are consistent with a recent study, which concluded that LV GLS is a feasible,
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noninvasive, and objective modality for identifying early cardiac dysfunction in lymphoma patients receiving anticancer therapy.'®
Growing evidence has shown that LV GLS is a very potent prognostic predictor, not only for patients with cardiac disease but also for
those with systemic diseases.'”'® Here, we verified the prognostic value of LV GLS in patients with lymphoma undergoing cancer
therapy. Treated lymphoma patients who had subtle LV dysfunction showed significantly poor in-hospital outcomes including mor-
tality and this was consistent with the results of a recent study.'°

During their treatment, oncology patients are frequently at risk for CTRCD, which occurred in approximately 23 % of our patients
including breast cancer and lymphoma. Indeed, the incidence of CTRCD varies according to the definition and series.'® Many factors
might explain the variable prevalence of CTRCD including age, pre-existing cardiovascular risk factors, type of cancer, treatment
schedule....etc.

The development of CTRCD dysfunction was associated with poor prognosis.?’ Therefore, the early identification of high-risk
patients for CTRCD would be clinically important. In the present study, DM was one of the independent predictors of CTRCD in pa-
tients with breast cancer and lymphoma. It has known that the risk of a number of cancers and cancer mortality is increased in the
presence of DM. On the other hand, some kinds of cancer and cancer therapies are associated with an increased risk of diabetes
mellitus.?! Many factors might explore the associations between these different diseases including genetic factors, inflammation,
oxidative stress, hyperglycemia, hyperinsulinemia, cancer therapies, insulin, and some oral hypoglycemic medications. Moreover, low
BMI was found as another independent risk factor of CTRCD in the present study, even though it was not a well-known CTRCD-related
risk factor. This is consistent with a previous study, which concluded that Low BMI was an independent predictor of
chemotherapy-induced LV dysfunction in patients with breast cancer.® In contrast to the result of the present study, a recent study
demonstrated that elevated BMI was an independent predictor of cardiac function impairment in breast cancer.?? This discrepant result
regarding the association between BMI and CTRCD may come from a selection bias as we involved both groups of patients (breast
cancer and lymphoma) in the present study. Moreover, low BMI may reflect a poor nutritional status, and hence more prone to the
further development of heart failure. The strong independent predictor of CTRCD in the current study was the use of trastuzumab as a
target therapy and this was similar to previous studies.® The benefits of trastuzumab are unfortunately associated with a significant risk
of cardiac dysfunction however, the new guidance on continuing trastuzumab in cancer patients who develop asymptomatic moderate
CTRCD (LVEF 40-49 %) whilst starting cardioprotective medication is provided.3 Therefore, patients with these characteristics may be
considered as a high-risk group and the development of CTRCD should be closely monitored.

Limitations

The present study has some potential limitations. The number of patients included is due to the nature of the single center and the
limited selected period. It is a retrospective analysis that included both cancer breast and lymphoma patients; thus, selection bias
would be a considerable limitation. Cardiac biomarkers, such as high-sensitivity cardiac troponin and brain natriuretic peptide were
not investigated in this study due to deficient recorded data. The timing of the follow-up echocardiography was not the same among all
patients, the onset of CTRCD could not be estimated accurately in the present study. No long-term follow-up was assessed including the
prescription of heart failure medications after the diagnosis of CTRCD and further assessment of LV function recovery. We hope to
reduce the effect of this limitation by sharing with other cardio-oncology centers in the region to conduct similar studies in the future
including long-term follow-up data.

Conclusion

It is well-recognized that cancer therapy-related cardiac dysfunction represents an emerging problem for cancer survivors. Our
study demonstrated that lymphoma patients showed more subclinical LV dysfunction and poor in-hospital outcomes compared to
patients with cancer breast. DM, low body mass index (BMI), and the use of trastuzumab were independent predictors of cardiac
dysfunction among our patients. Therefore, the development of CTRCD should be carefully monitored in patients with breast cancer
and lymphoma who are receiving trastuzumab therapy, have DM, and have poor nutritional status. Communication between different
healthcare professionals is critical to optimize the care of patients with cancer. Further larger prospective multicenter studies that
include longer follow-ups even investigating the reversibility of CTRCD are needed.
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