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Highlight 

 Hypertension is considered an important risk factor for CTRCD as well as HF. 

 Hypertension with LVH was strongly associated with CTRCD. 

 Watchful observation may be needed for patients with hypertension and LVH. 
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Abstract 

Background: Hypertension is considered an important risk factors for cancer 

therapeutics-related cardiac dysfunction (CTRCD) as well as heart failure. However, the 

impact of hypertension and left ventricular (LV) hypertrophy (LVH), which is 

associated with hypertension, on LV function in patients treated with anthracycline 

chemotherapy for malignant lymphoma remains uncertain.  

Methods: We studied 92 patients with malignant lymphoma and with preserved LV 

ejection fraction (LVEF). Echocardiography was performed before and two-month after 

anthracycline chemotherapy. CTRCD was defined as the presence of an absolute 

decrease in LVEF ≥10% to a final value <53%. LVH was defined as concentric 

hypertrophy, which was determined as relative wall thickness ≥0.42 and LV mass index 

>95 g/m2 for females and >115 g/m2 for males. 

Results: Relative decrease in LVEF after anthracycline chemotherapy in patients with 

hypertension (n=23) was significantly higher than that in patients without hypertension 

(n=69) (-5.8% [-9.4, -1.3]) vs. (-1.1% [-4.1, 2.5]); P=0.005). Moreover, the prevalence 

of CTRCD in patients with hypertension tended to be higher than in those without 

hypertension (17% vs. 5%, p=0.09). A sequential logistic model for predicting CTRCD, 

based on baseline clinical variables including major clinical risk factors, was improved 

by the addition of the complication of hypertension (P=0.049), and further improved by 

the addition of the presence of LVH (P=0.023). 

Conclusions: Hypertension, especially when complicated by LVH, was found to be 

associated with LV dysfunction after anthracycline chemotherapy in patients with 

malignant lymphoma and preserved LVEF. Watchful observation or early therapeutic 

intervention may thus be needed for such patients. 

Key words: Hypertension, malignant lymphoma, left ventricular hypertrophy, cancer 

therapeutics-related cardiac dysfunction 
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1. Introduction 

 Anthracyclines are widely used in the treatment of solid tumors and 

hematologic malignancies, including malignant lymphomas, and have resulted in 

important survival gains. However, anthracyclines can also lead to cardiovascular 

toxicity, including left ventricular (LV) dysfunction, heart failure (HF) and increased 

cardiovascular mortality[1, 2]. Anthracycline-induced decline in LV ejection fraction 

(LVEF) can occur in 15-17% of patients, and 2-3% may suffer from severe HF[3]. LV 

dysfunction caused by cancer chemotherapy is known as cancer therapeutics-related 

cardiac dysfunction (CTRCD) which has become a leading cause of morbidity and 

mortality for cancer survivors [2, 4], with the mortality rate for patients with CTRCD 

reportedly being as high as 60% by 2 years after treatment [5]. Patients without HF 

symptoms or LV structural abnormalities, but with a history of using cardiotoxins, are 

currently included in Stage A HF [6] because of the irreversible LV myocardial changes 

due to anticancer drugs, changes such as myocyte loss, interstitial fibrosis leading to 

diminished LV contractility, reduced LV wall thickness, and progressive LV dilation. 

Although early detection of subclinical LV dysfunction is thus essential for delaying 

progression to HF in patients with a history of using cardiotoxins, the assessment of 

such dysfunction can be challenging. A recent position paper on cancer treatments and 

cardiovascular toxicity from the European Society of Cardiology (ESC) lists several 

factors associated with risk of cardiotoxicity following treatment with anthracyclines[7]. 

Hypertension, one of these factors, is considered an important risk factor for the 

development of CTRCD as a pre-existing condition before anthracycline chemotherapy. 

Hypertension is also a major risk factor for the development of both HF with preserved 

LVEF (HFpEF) and reduced LVEF (HFrEF), a risk that extends across all age 
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ranges[8]. However, the impact of hypertension and LV hypertrophy (LVH), which is 

associated with a high incidence of hypertension, on LV function in patients with 

malignant lymphoma and preserved LVEF has not been fully investigated. The aim of 

this study was thus to investigate the impact of hypertension and LVH on LV function 

in patients with malignant lymphoma and with preserved LVEF who have been treated 

with anthracycline chemotherapy. 

 

2. Methods 

2.1. Study population 

For this study, 92 patients with malignant lymphoma who underwent 

anthracycline chemotherapy at Kobe University Hospital between June 2008 and May 

2019 were retrospectively enrolled. Excluded were patients with: (1) no 

echocardiographic examination before or after anthracycline chemotherapy; (2) 

previous history of anthracycline chemotherapy at baseline echocardiography; (3) LV 

systolic dysfunction, defined as a LVEF<50%.; (4) history of bone marrow 

transplantation; (5) more than moderate valvular heart disease. Hypertension was 

defined as >140 mmHg systolic or >90 mmHg diastolic blood pressure or being treated 

with anti-hypertensive drugs. This study was approved by the local ethics committee of 

our institution in conformity with the Declaration of Helsinki (No. B190252). 

2.2. Echocardiography 

Echocardiographic studies were performed before and after the termination of 

anthracycline chemotherapy by using a commercially available echocardiography 

system (Aplio Artida, Aplio 400 and Xario, Canon Medical Systems, Tochigi, Japan; 

Vivid 7 and E9, GE-Vingmed, Horten, Norway; iE33, Philips Medical Systems, 
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Andover, MA). Echocardiography after the termination of treatment with anthracycline 

was performed at a mean interval of two months after that. Digital routine grayscale 

two-dimensional cine loops from three consecutive heart beats were obtained at end-

expiratory apnea from standard parasternal and apical views. Sector width was 

optimized to allow for complete myocardial visualization while maximizing the frame 

rate. Standard echocardiographic measurements were obtained in accordance with the 

current guidelines of the American Society of Echocardiography (ASE) / European 

Association of Cardiovascular Imaging (EACVI) [9]. Specifically, LV mass was 

estimated from the formula proposed by Devereux et al., and LV mass index (LVMI) 

was calculated for each subject by dividing LV mass by body surface area[9]. LVH was 

defined as concentric hypertrophy, which was determined as relative wall thickness of 

≥0.42 and LVMI of >95 g/m2 for females and >115 g/m2 for males[9]. 

2.3. Definition of CTRCD 

According to the current definition of CTRCD in the ASE and EACVI 

consensus statement, CTRCD was defined as a decline in LVEF of >10% to an absolute 

value of <53% after the termination of anthracycline chemotherapy [10]. 

2.4. Speckle-tracking strain analysis for GLS 

 Speckle-tracking strain analysis was performed for each patient with the aid of 

a single dedicated software to evaluate LV longitudinal function, which was assessed in 

terms of global longitudinal strain (GLS) (AutoSTRAIN, TOMTEC-ARENA: 

TOMTEC Imaging Systems GmbH, Munich, Germany). Briefly, apical 4-, 2- and long-

axis views, obtained as Digital Imaging and Communications in Medicine (DICOM) 

formatted file images, were uploaded onto a personal computer for subsequent off-line 

GLS analysis. Longitudinal speckle-tracking strain was calculated by means of an 
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automated contouring detection algorithm, and manual adjustments of region of interest 

were performed if necessary. Longitudinal strain results were visualized as color-coded 

in the individual clips and combined in a bull’s eye plot. GLS was then determined as 

the averaged peak longitudinal strain of 18 LV segments, and was expressed as an 

absolute value in accordance with current guidelines[9]. 

2.5. Statistical Analysis 

 Continuous variables were expressed as mean values and standard deviation for 

normally distributed data, and as the median and interquartile range for non-normally 

distributed data. Categorical variables were expressed as frequencies and percentages. 

The parameters of the two subgroups were compared by using the Student t test or 

Mann-Whitney U test as appropriate. Proportional differences were evaluated with 

Fisher’s exact test or the χ2 test as appropriate. The initial univariate logistic regression 

analysis to identify univariate predictors of CTRCD was followed by a multivariate 

logistic regression model using enter method. Sequential logistic models were 

constructed to determine any incremental benefits of using hypertension and LVH for 

predicting CTRCD in comparison with such benefits of using clinical and conventional 

echocardiographic variables. A statistically significant increase in the global log-

likelihood χ2 of the model was defined as an increment in predictive value. For all steps, 

a p value of < 0.05 was considered statistically significant. All the analyses were 

performed with commercially available software (MedCalc software version 19.1; 

MedCalc Software, Mariakerke, Belgium). 

 

3. Results 

3.1. Baseline characteristics 
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The baseline clinical and echocardiographic characteristics of the 92 patients 

with malignant lymphoma are summarized in Table 1A. Their mean age was 55.0±17.2 

years old, 49% were female, LVEF was 65±5%, and the average cumulative 

anthracycline dose was 262.4 mg/m2 (149.7, 382.6). Table 1B shows a comparison of 

echocardiographic parameters between baseline and after the termination of 

anthracycline chemotherapy. LV size was significantly larger and LVEF significantly 

decreased after the termination of anthracycline chemotherapy after the termination of 

anthracycline chemotherapy in overall patients (LV end-systolic volume: 27.6±4.3mL 

vs. 31.3±14.6mL, p<0.001; LVEF: 65.1±5.3% vs. 62±8.1%, p<0.001). 

3.2. Comparison of LVEF decrease in patients with and without hypertension 

Twenty-three patients were classified as hypertensive and the remaining 69 as 

non-hypertension. Table 1A shows a comparison of baseline characteristics of patients 

with and without hypertension. Specifically, patients with hypertension were more 

likely to be older (68.7±6.8 years vs. 50.4±17.1 years, p<0.001) and had lower GLS 

(17.6±1.3 % vs. 20.0±2.4 %, p=0.001). Decrease in LVEF after anthracycline 

chemotherapy in patients with hypertension was significantly greater than that in 

patients without hypertension (-5.8% [-9.4, -1.3]) vs. (-1.1% [-4.1, 2.5]), P=0.005, 

Figure 1A). Moreover, the prevalence of CTRCD in patients with hypertension tended 

to be higher, but the difference was not statistically significant (17% vs. 6%, p=0.09, 

Figure 1B). Moreover, the relative decrease of GLS in patients with hypertension was 

significantly higher than that in patients without hypertension (-7.0% [-11.7, -4.5] vs. -

1.1% [-3.9, 1.1], P<0.001). The prevalence of relative decrease of GLS of >15% in 

patients with hypertension was also significantly higher than that in patients without 

hypertension (17% vs. 3%, P=0.005). 
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We also re-examined the relative decrease in LVEF and the prevalence of 

CTRCD in patients with and without well-controlled blood pressure after anthracycline 

chemotherapy. The prevalence of CTRCD in patients with well-controlled blood 

pressure (<140/90mmHg) tended to be lower than that in patients without well-

controlled blood pressure (≥140/90mmHg) (6% vs. 9%; p=0.06), and the relative 

decrease in LVEF in patients with well-controlled blood pressure was significantly 

lower than that in patients without well-controlled blood pressure (-1.1% [-4.1, 2.5] vs. -

5.8% [-9.4, -1.3]; P=0.01). 

3.3. Association of LVH with CTRCD 

 Results of the benefits of LVH for the prediction of CTRCD by means of 

sequential logistic models are shown in Figure 2. A model based on major baseline 

clinical risk factors for CTRCD including age, gender, complicating diabetes, previous 

radiation therapy and anthracycline cumulative dose (χ2=5.8), was improved by the 

addition of the complication of hypertension (χ2=9.6, P=0.049) and further improved by 

the addition of the presence of LVH (χ2=14.8, P=0.023). 

Results of univariate and multivariate analysis using logistic regression for 

predicting CTRCD after anthracycline chemotherapy are shown in Table 2. It was 

noteworthy that both hypertension (odds ratio: 12.06, 95% confidential interval: 1.00-

145.99, p=0.05) and LVH (odds ratio: 8.24, 95% confidential interval: 1.08-62.82, 

p=0.04) were independent predictors of CTRCD after anthracycline chemotherapy. 

 

4. Discussion 

The findings of our study demonstrate that complicating hypertension was 

associated with a decrease in LVEF and the development of CTRCD after anthracycline 
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chemotherapy in patients with malignant lymphoma and preserved LVEF. Furthermore, 

the presence of LVH was a significant parameter, in addition to the complication of 

hypertension, for predicting CTRCD. 

4.1. Importance of early detection of CTRCD 

 Advances in cancer treatment have resulted in significant improvement in 

cancer-specific survival. With prolonged survival, cancer survivors are increasingly 

subject to late cardiovascular disease related to cancer therapies compounded by the 

development or progression of age-related cardiovascular risk factors. Consequently, a 

higher incidence of cardiovascular disease has been observed among subgroups of 

cancer survivors [11, 12], potentially diminishing the survival gains from advances in 

oncological treatment. CTRCD may present initially as asymptomatic LV dysfunction 

and ultimately as symptomatic HF, which can occur even decades after discontinuation 

of the treatment. Once CTRCD has developed, especially CTRCD due to anthracycline 

chemotherapy, the mortality rate is especially high because CTRCD is believed to be 

refractory to conventional pharmacological therapy and to be associated with a poor 

prognosis [13-15]. On the other hand, Cardinale et al reported that prompt initiation of 

cardioprotective drugs such as angiotensin-converting enzyme (ACE) inhibitors and β-

blockers allows for complete recovery of LVEF and positively impacts cardiac 

outcomes for patients with CTRCD resulting from anthracycline chemotherapy[16]. 

They also showed that early recognition of CTRCD provides an opportunity to mitigate 

cardiac injury and risk of developing late cardiac events. Interest in the assessment of 

early detection of CTRCD caused by anthracycline chemotherapy has therefore 

remained high. In addition, many investigators have recently reported the utility of GLS 

for the identification of early LV dysfunction after chemotherapy [7, 12, 17-32]. 
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Notably, the ESC position paper stated that a relative percentage reduction in GLS of 

more than 15% from baseline may suggest risk of cardiotoxicity even in patients with 

preserved LVEF[7]. 

4.2. Hypertension as a risk factor for the development of CTRCD 

 Elevated blood pressure is a major risk factor for the development of both 

HFpEF and HFrEF, a risk that extends across all age ranges[8]. However, long-term 

treatment of both systolic and diastolic hypertension has been shown to reduce the risk 

of incident HF by approximately 50%[33, 34]. Furthermore, in a population with 

incident HF, higher baseline systolic, diastolic and pulse pressure levels were associated 

with a higher rate of adverse cardiovascular events, which further supports the 

importance of optimized blood pressure control for this population[35]. Treatment of 

hypertension is particularly beneficial for older patients[34]. Blood pressure control is 

thus one element of the holistic management of patients with HF. Elevations in both 

systolic and diastolic blood pressure are also major risk factors for developing LVH, 

which is an independent cardiovascular risk factor for the general population, and 

occurs in various types of HF patients such as those with HFrEF and HFpEF[36]. LVH 

was also found to be present in the majority of patients with HFpEF, while LV mass 

was independently associated with an increased risk of morbidity and mortality for 

patients with HFpEF [37]. 

 Hypertension is also a frequent co-morbidity in cancer patients, and its 

presence is an important risk factors for the development of CTRCD[7]. Management of 

hypertension in cancer patients is believed to reduce the short-term risk of its related 

morbidities occurring during optimal cancer treatment, and of CTRCD developing 

during long-term follow-up. However, details of the association of hypertension with 
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the development of CTRCD in individual cancer patients remain uncertain. In 

particular, the exact impact of hypertension on LV function in patients after undergoing 

anthracycline chemotherapy for malignant lymphoma is currently unclear. Szmit et al 

prospectively evaluated the effect of hypertension on developing LV systolic 

dysfunction in patients with malignant lymphoma and preserved LVEF treated with 

anthracycline chemotherapy[38]. They showed that patients with hypertension more 

frequently developed LV systolic dysfunction after anthracycline chemotherapy 

compared with those without hypertension. Furthermore, multivariate logistic 

regression analysis showed that hypertension was one of the most important risk factors 

for developing LV systolic dysfunction after anthracycline chemotherapy. Their 

speculation of strong association of hypertension with developing LV dysfunction after 

anthracycline chemotherapy in malignant lymphoma was that the coexisting high 

afterload with cardiomyocyte damage and loss may lead directly to progressive LV 

dilation and LV wall thinning. When additional stress is placed on the anthracycline-

exposed heart, it may result in decreased myocardial contractility even in patients with 

well-controlled hypertension. In our study, the complication of hypertension was shown 

to be associated with a decrease in LVEF and the development of CTRCD after 

anthracycline chemotherapy, and the presence of LVH to be a significant parameter in 

addition to the complication of hypertension for predicting CTRCD in patients with 

malignant lymphoma and preserved LVEF. Thus, our study newly demonstrated the 

effect of LVH, which is associated with a high incidence of hypertension, on developing 

LV dysfunction after anthracycline chemotherapy in patients with malignant lymphoma 

and preserved LVEF as well as hypertension. 

4.3. Clinical implications 
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 The development of LVH in patients with hypertension has been associated 

with progression to HF as characterized by increased LV end-diastolic pressure and 

diminished LV contractility. A meta-analysis of the effects of treatment on LV mass in 

essential hypertension patients reported that angiotensin II receptor blocker (ARB)s, 

ACE inhibitors, and calcium channel blockers (CCB) reduced LV mass by 

approximately 10-13 %[39]. Therefore, early detection of CTRCD in patients with 

malignant lymphoma, preferably before undergoing anthracycline chemotherapy, is 

crucial, as it will allow for early use of preventive strategies with established anti-

hypertensive medications such as ACE inhibitors, ARBs or CCBs for patients with 

malignant lymphoma and preserved LVEF who suffer from hypertension, especially 

when complicated by LVH. In fact, recent investigators claimed the importance of the 

detection of risk factors for the development of CTRCD before undergoing 

anthracycline chemotherapy, and the possibility of the early use of preventive 

strategies[40, 41]. Thus, the assessment of hypertension and LVH before undergoing 

anthracycline chemotherapy would play a pivotal role for the risk stratification, and 

such patients are considered an active indication for aforementioned anti-hypertensive 

medications. 

 The effect of cardioprotective drugs such as ACE inhibitors or β-blockers on 

the protection of the development of CTRCD in cancer patients after chemotherapy 

remains uncertain. Georgakopoulos et al recently investigated long-term follow-up 

cardiotoxicity findings in 147 patients with malignant lymphoma treated with 

doxorubicin and concomitant metoprolol or enalapril 10 years earlier[42]. They showed 

that no significant additional benefit was observed in patients who were on metoprolol 

or enalapril during 10-year follow-up. However, Guglin et al investigated if ACE 
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inhibitors or β-blockers reduced the rate of trastuzumab or anthracycline-induced 

cardiotoxicity in patients with breast cancer[43]. They showed that the event rates were 

higher in the placebo group (47%) than in the lisinopril (37%) and the carvedilol (31%) 

groups for patients receiving anthracyclines, and cardiotoxicity-free survival was longer 

on both carvedilol and lisinopril than on placebo. Thus, use of β-blockers may be one of 

the preventive strategies for the development prevention anthracycline-induced LV 

dysfunction as well as ACE inhibitors. 

 

4.4. Study limitations 

This study comprised a relatively small number of patients with short follow-

up period and was a single-center retrospective study, so that future prospective studies 

with larger patient populations and longer follow-up period will be needed to validate 

our findings. Although most cardiotoxicity after anthracycline chemotherapy occurs 

within the first year[16], the longer follow-up period in years is recommended because 

LV dysfunction after anthracycline chemotherapy may occur over time [44]. Thus, 

another study with longer follow-up period will be conducted in the near future. Finally, 

patients with hypertension were significantly older and mostly men in this study. Thus, 

menopause, which is a universal phenomenon among women, should have considered 

regarding this finding[45]. 

 

5. Conclusion 

Hypertension, especially when complicated by LVH, was found to be 

associated with LV dysfunction after anthracycline chemotherapy in patients with 
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malignant lymphoma and preserved LVEF. Watchful observation or early therapeutic 

intervention may thus be needed for such patients. 
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Figure Legends 

Figure 1 (A): Bar graphs showing relative decrease in LVEF after anthracycline 

chemotherapy, demonstrating that relative decrease in LVEF in patients with 

hypertension was significantly higher than that in patients without hypertension. 

Figure 1B: Bar graphs showing prevalence of CTRCD after anthracycline 

chemotherapy, demonstrating that CTRCD in patients with hypertension tended to be 

more severe, although the difference was not statistically significant. 

 

Figure 2: Bar graphs showing sequential logistic models for the prediction of CTRCD, 

demonstrating that a model based on baseline clinical risk factors for CTRCD including 

age, gender, the complication of diabetes, previous radiation therapy and cumulative 

dose of anthracycline, was improved by the addition of the complication of 

hypertension, and further improved by the addition of the presence of LVH. 
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Table 1A 
Baseline characteristics of patients 

 

  

 
All Patients 
（n=92） 

Patients with 
hypertension 

（n=23） 

Patients without 
hypertension 

（n=69） 
P value 

Clinical data     
 Age, years 55.0±17.2 68.7±6.8 50.4±17.1 <0.001 
 Gender (female), n (%) 45 (49) 10 (43) 35 (51) 0.55 
 Body mass index, kg/m2 23.2±4.2 25.4±4.0 22.4±4.0 0.002 
 Systolic blood pressure, mmHg 126±20 135±19 123±19 0.01 
 Diastolic blood pressure, mmHg 72±15 79±15 70±15 0.007 
 Heart rate, bpm 79±15 76.8±15.7 79.7±14.5 0.43 
Comorbidity     
 Hypertension, n (%) 23 (25) 23 (100) 0 (0) <0.001 
 Diabetes mellitus, n (%) 13 (14) 5 (22) 8 (12) 0.23 
 Smoking, n (%) 30 (33) 11 (48) 19 (28) 0.07 
 History of radiation therapy, n (%) 10 (11) 4 (17) 6 (9) 0.25 
 Cumulative doxorubicin dose, mg/m2 262.4 (149.7, 382.6) 233.0±137.1 272.2±122.3 0.20 
Type of malignant lymphoma, n (%)     
 Hodgkin lymphoma 7 (8) 1 (4) 6 (9) 0.50 
 Non-Hodgkin lymphoma 85 (92) 22 (96) 63 (91) 0.50 
Medication, n (%)     
 CCBs 14 (15) 14 (61) 0 (0) <0.001 
 ACEIs/ARB 9 (10) 9 (39) 0 (0) <0.001 
 Beta-blocker 2 (2) 1 (4) 1 (1) 0.41 
 MRA 1 (1) 1 (4) 0 (0) 0.08 
Echocardiographic parameters     
 LV end-diastolic volume, mL 76.9±24.7 73.7±25.0 77.8±24.8 0.56 
 LV end-systolic volume, mL 27.6±4.3 25.6±10.7 27.6±10.5 0.40 
 LV ejection fraction, % 65.1±5.3 66.2±6.3 64.7±4.9 0.26 
 RWT, mm 0.44±0.10 0.49±0.11 0.43±0.09 0.008 
 LVMI, g/m2 88.6±27.2 97.0±31.6 85.9±25.2 0.09 
Phenotype of LVH, n (%)     
Normal 35 (38) 5 (22) 30 (43) 0.06 

 Concentric remodeling 38 (41) 12 (52) 26 (38) 0.22 
 Eccentric hypertrophy 4 (5) 0 (0) 4 (6) 0.24 
 Concentric hypertrophy 15 (16) 6 (26) 9 (13) 0.14 
Speckle-tracking data     
 GLS, % 19.4±2.4 17.6±1.3 20.0±2.4 0.001 



Table 1B 
Echocardiographic parameters baseline and after the termination of anthracycline chemotherapy 

 

 
Baseline 
（n=92） 

After the termination of 
anthracycline chemotherapy 

（n=92） 
P value 

Echocardiographic parameters    
 LV end-diastolic volume, mL 76.9±24.7 79.3±23.5 0.16 
 LV end-systolic volume, mL 27.6±4.3 31.3±14.6 <0.001 
 LV ejection fraction, % 65.1±5.3 62±8.1 <0.001 
 RWT, mm 0.44±0.10 0.43±0.08 0.27 
 LVMI, g/m2 88.6±27.2 90.9±25.6 0.22 
 GLS, % 19.4±2.4 19.0±4.9 <0.001 

 

Values are mean ± SD for normally distributed data and median and interquartile range for non-normally 
distributed data, or n (%). P value means comparison between patients with and without hypertension. 
CCB=calcium-channel blocker; ACEI=angiotensin-converting enzyme inhibitor; ARB=angiotensin ΙΙ 
receptor blocker; MRA=mineralocorticoid receptor antagonists; LV=left ventricular; RWT=relative wall 
thickness; LVMI=left ventricular mass index; LVH=left ventricular hypertrophy; GLS=global longitudinal 
strain 
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