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Abstract

Aims Understanding cardiac function after anthracycline administration is very important from the perspective of
preventing the onset of heart failure. Although cardiac magnetic resonance and echocardiography are recognized as the ‘gold
standard’ for detecting cardiotoxicity, they have many shortcomings. We aimed to investigate whether cardiac computed to-
mography (CCT) could replace these techniques, assessing serial changes in cardiac tissue characteristics as determined by CCT
after anthracycline administration.

Methods and results We prospectively investigated 15 consecutive breast cancer patients who were scheduled to receive
anthracycline therapy. We performed echocardiography and CCT before and 3, 6, and 12 months after anthracycline treat-
ment. The mean cumulative administered anthracycline dose was 269.9 + 14.6 mg/m? (doxorubicin-converted dose). Of the
15 enrolled patients who received anthracycline treatment for breast cancer, none met the definition of cardiotoxicity. The
CCT-derived extracellular volume fraction tended to continue to increase after anthracycline treatment and had relatively sim-
ilar dynamics to the left ventricular ejection fraction and global longitudinal strain as determined by echocardiography.
Conclusions Our findings indicated that CCT could provide adequate information about the characteristics of myocardial tis-
sue after anthracycline administration. CCT may improve the understanding of cardiotoxicity by compensating for the weak-
nesses of echocardiography. This technique could be useful for understanding cardiac tissue characterization as a ‘one-stop
shop’ evaluation, providing new insight into cardiooncology.
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Introduction

Cardiac magnetic resonance (CMR) imaging is regarded
as ‘the gold standard’ diagnostic imaging method for
detecting cardiotoxicity caused by anticancer drug use,
and its use is recommended in many guidelines.>™ How-
ever, the long examination times, the high medical
costs, and the limited number of facilities that can accom-
modate this method limit the widespread use of CMR
imaging.

We previously reported that cardiac computed tomogra-
phy (CCT) enables comprehensive assessment in the
non-invasive evaluation of patients with takotsubo
cardiomyopathy* and achieved extracellular volume (ECV)
quantification using CCT in takotsubo cardiomyopathy
patients.® Given the above background, we recently reported
a similarity between CCT and CMR in cancer therapy-related
cardiac dysfunction (CTRCD) cases in terms of consistency be-
tween the ECV maps from CCT and CMR and between late io-
dine enhancement in CCT and late gadolinium enhancement
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(LGE) in CMR.®” Moreover, regarding late cardiac function in
patients after using anthracycline treatment, we demon-
strated that CCT may be comparable with echocardiography
because the ECV determined by CCT behaved the same as left
ventricular (LV) ejection fraction (EF) (end-diastolic volume
and end-systolic volume) and LV-global longitudinal strain
(GLS) as determined by echocardiography?; the clinical appli-
cation of CCT in the cardiooncology area is expected in the
coming years.>*°

In the present study, to enhance the clinical usefulness of
CCT in cardiooncology, we investigated serial changes in the
CCT-derived ECV fraction in anthracycline-treated breast can-
cer patients.

Methods

The current study was a prospective, single-centre, observa-
tional study that explored clinical data in patients with breast
cancer scheduled to receive anthracycline therapy.

Ethical consideration

All procedures were conducted in accordance with the Decla-
ration of Helsinki and its amendments. The study protocol
was approved by the Institutional Review Board of Kuma-
moto University (Approval No. Rinri 1730), and written in-
formed consent was obtained from each patient or the family
of the patient. This study was registered with the University

Hospital Medical Information Network Clinical Trials Registry
(UMINO00047554).

Study subjects

We prospectively investigated 22 consecutive patients who
were diagnosed with breast cancer and scheduled to receive
anthracycline therapy at Kumamoto University Hospital be-
tween August 2019 and July 2020. We recorded each pa-
tient’s medical history and relevant clinical characteristics.
We excluded two patients: one who refused to participate
in the study (n = 1) and one who had renal dysfunction
(n = 1). We performed blood tests, echocardiography, and
CCT before and 3, 6, and 12 months after anthracycline treat-
ment. During the observation period, we excluded five pa-
tients because of withdrawal of consent (n = 3) and discontin-
uation of chemotherapy (n = 2). The remaining 15 patients
were enrolled in this study. The study flow chart is shown
in Figure 1.

Clinical parameters

Baseline demographic data, cardiovascular risk factors, and
medications on enrolment were documented. Hypertension
was defined as blood pressure > 140/90 mmHg or the taking
of antihypertensive medication, as previously described.?*™*3
Diabetes mellitus was defined as the presence of
symptoms of diabetes and a casual plasma glucose

Figure 1 Study flowchart. CCT, cardiac computed tomography; UCG, ultrasound cardiography.

22 consecutive cases of anthracycline treatment for breast cancer
in Kumamoto University Hospital (Aug. 2019 — Aug. 2020)

Excluded: 2
* Reject (n=1)
* Renal dysfunction (n=1)

| 20 patients consent |

«——— Bascline: Blood test, UCG, CCT |

| Anthracycline treatment |

Excluded: 5
*  Withdrawn (n=3)
* Chemotherapy discontinuation (n=2)

‘—‘ 3 Months: Blood test, UCG, CCT |

A:—| 6 Months: Blood test, UCG, CCT |

«e————— 12 Months: Blood test, UCG, CCT |

15 patients enrolled |
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concentration 200 mg/dL, a fasting plasma glucose
concentration 126 mg/dL, and a 2-h plasma glucose
concentration > 200 mg/dL on the oral glucose tolerance test
(75 g) or the taking of medication for diabetes mellitus.
Dyslipidaemia was defined as a low-density lipoprotein cho-
lesterol concentration > 140 mg/dL (>3.63 mmol/L), a high-
density lipoprotein cholesterol concentration < 40 mg/dL
(1.04 mmol/L), or a triglyceride concentration > 150 mg/dL
(>1.7 mmol/L). Blood samples were obtained under stable
and fasting conditions in the early morning. Chronic kidney
disease was defined as an estimated glomerular filtration
rate < 60 mL/min/1.73 m?.2* The estimated glomerular filtra-
tion rate was calculated using the Japanese Society of Ne-
phrology formula.*®

2
2

Blood biomarkers

Blood samples were collected by venipuncture from every
patient at each point as described in Figure 1. Serum high-
sensitivity troponin-T (hsTnT) concentration levels and
plasma B-type natriuretic peptide (BNP) concentration levels
were analysed using commercially available assays (Roche Di-
agnostics, Tokyo, Japan and Abbott Japan, Matsudo, Japan,
respectively).

Echocardiography

Echocardiography was performed at each point as described
in Figure 1. The methodology of the echocardiography was
described previously.'® In brief, LVEF was measured using
the modified Simpson’s method. The LVEF and E/e’ ratio,
which were assessed by tissue Doppler, were measured by
echocardiography (Vivid-E95®; GE-Vingmed Ultrasound,
Horten, Norway; Aplio500®; Canon, Tokyo, Japan; EPIQ 7G®;
Philips, Bothell, WA, USA) as previously reported.'”:*8
LV-GLS was assessed using 2DS vendor-independent software
(TomTec Imaging Systems, Germany). Speckles were tracked
frame by frame throughout the LV myocardium over the
course of one cardiac cycle; basal, mid, and apical regions
of interest were then created and manually adjusted when-
ever needed. All sonographers were blinded to the patient’s
clinical history and data to minimize bias.

Cardiac computed tomography

Cardiac computed tomography was performed at each point
as described in Figure 1. The methodology for the CCT scans
was described previously.®™ In brief, all CCTs were performed
using a 320-detector row scanner (Aquilion One Genesis edi-
tion; Canon Medical Systems, Otawara, Japan). First,
electrocardiogram-gated unenhanced CCT was performed.
Then, coronary CT angiography was performed using

550 mgl/kg contrast material, and delayed phase CCT was
performed 7 min after contrast material injection. The pa-
rameters for CT scanning and image reconstruction for ECV
analysis were as follows: 120 kVp, 750 mA, 0.275 ms/rot, a
model-based iterative reconstruction algorithm (Forward
projected model-based Iterative Reconstruction SoluTion),
18.0-cm display field of view, section thickness: 0.5 mm. Each
original dataset of 0.5-mm axial images was processed for
multiplanar reformation in the short-axis plane with a section
thickness of 5.0 mm. Regions of interest were placed in the
septum and blood pool in the mid-left ventricular
unenhanced and delayed phase CCT short-axis images. For
ECV measurement, a septal segment was chosen because im-
proved accuracy has previously been demonstrated using
septal regions of interest compared with analysis of all
mid-ventricular segments on short-axis images.***° The ECV
value was calculated as follows: ECV
(%) = (1 — haematocrit) x (Amyo + Ablood pool) x 100, where
Amyo = myocardial HU (postcontrast — precontrast) and
Ablood pool = left ventricular blood pool HU
(postcontrast — precontrast).

Anthracycline administration regimen

In FEC therapy, fluorouracil, epirubicin, and cyclophospha-
mide were administered at 500, 100, and 500 mg/m?, respec-
tively; in EC therapy, epirubicin and cyclophosphamide were
administered at 90 and 600 mg/m?, respectively; and in AC
therapy, doxorubicin and cyclophosphamide were adminis-
tered at 60 and 600 mg/m?, respectively, usually every
3 weeks (or every 2 weeks for dose-dense therapy).
Trastuzumab and radiation therapy were used sequentially
after anthracycline-containing regimen.

Definition of cancer therapy-related cardiac
dysfunction

A decrease in the LVEF > 10 percentage points and to a
value < 53% was defined as CTRCD, according to the Ameri-
can Society of Echocardiography and the European Associa-
tion of Cardiovascular Imaging expert consensus.?! The utility
of echocardiography in the detection of CTRCD was described
in the expert consensus above.?*

Anthracycline equivalence dose

The anthracycline equivalent dose was calculated based on a
position paper! In brief, the relative cardiotoxicity of
epirubicin to doxorubicin was 0.7.
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Statistical analysis

The Shapiro—Wilk test was used to assess the normality of the
distribution of continuous data. Continuous variables with a
normal distribution are expressed as the mean + standard de-
viation. Categorical data are presented as numbers or per-
centages. Differences between two groups were tested using
Fisher’s exact test or the y” test for categorical variables and
the Mann—Whitney U test for continuous variables, as appro-
priate. The data on the effect of anthracycline administration
on each parameter described in Figure 3 were analysed with
one-factor analysis of variance with repeated measures
followed by the post hoc Bonferroni multiple comparisons
test. A P value < 0.05 was considered to denote statistical
significance. Statistical analyses were performed using SPSS
Version 27 (IBM Inc., Armonk, NY, USA).

Results
Clinical characteristics of enrolled patients

Patient characteristics, such as demographics, chemotherapy
regimens, anthracycline doses, and cardiovascular risk profile,
are shown in Table 1. Fourteen patients received epirubicin
and cyclophosphamide therapy (EC therapy). One patient re-
ceived doxorubicin and cyclophosphamide therapy (AC ther-
apy). The cumulative anthracycline dose in all patients was
269.9 + 14.6 mg/m? (doxorubicin-converted dose). Five pa-
tients received trastuzumab therapy, and two patients re-
ceived radiation therapy. The LVEF was 66.6 + 3.2% at
baseline.

Serial changes in blood biomarkers

None of the 15 patients treated with anthracycline developed
CTRCD during the observation period. In all patients, obstruc-
tive coronary artery disease was excluded by CCT
angiography.

Figure 3A,B shows serial changes in plasma BNP level and
serum hsTnT level, respectively. Plasma BNP levels tended
to increase slightly, but no significant change was observed.
Serum hsTnT levels increased significantly 3 months after
anthracycline treatment (P < 0.01, vs. baseline) and then
gradually decreased to the normal range. Case by case delin-
eations were shown in Supporting Information, Figure S2.

Serial changes in echocardiographic parameters

Figure 3C,D shows LVEF and GLS determined by echocardiog-
raphy, respectively. LVEF decreased significantly 3 months af-
ter anthracycline treatment (P < 0.01, vs. baseline) and con-

Table 1 Baseline characteristics of enrolled patients

All patients (n = 15)

Age (yearsg 62.1 = 10.3
BMI (kgz/m ) 22.7 £ 4.2
BSA (m?) 1.54 + 0.13
Breast cancer profile
Cancer stage
0-1 (%) 6 (40)
-1V (%) 9 (60)
Unknown (%) 0 (0)
Chemotherapy
FEC (%) 0(0)
EC (%) 14 (93)
AC/FAC (%) 1(7)
Anthracycline dose® (mg/mz) 2699 + 14.6
Molecular target therapy® 5(33)
Trastuzumab (%) 5(33)
Bevacizumab (%) 0 (0)
Pertuzumab (%) 4 (27)
Lapatinib (%) 0 (0)
Radiation therapy (%) 2(13)
Cardiovascular risk profile
Hypertension (%) 6 (40)
Diabetes mellitus (%) 2(13)
Dyslipidaemia (%) 10 (67)
CKD (%) 1(7)
Prechemotherapy LVEF (%) 66.6 + 3.2
Prechemotherapy BNP (pg/mL) 13.5+7.6

Data are presented as the mean + SD, or number (percentage).
AC, doxorubicin and cyclophosphamide; BMI, body mass index;
BNP, plasma B-type natriuretic peptide concentration level; BSA,
body surface area; CKD, chronic kidney disease; EC, epirubicin
and cyclophosphamide; FAC, fluorouracil, doxorubicin and cyclo-
phosphamide; FEC, fluorouracil, epirubicin, and cyclophospha-
mide; LVEF, left ventricle ejection fraction.

°‘Overlaps possible.

*Doxorubicin-converted dose.

tinued to decrease during the observation period. GLS
decreased significantly 6 months after anthracycline treat-
ment (P < 0.01, vs. baseline) and continued to decrease dur-
ing the observation period. Figure S1 shows more echocar-
diographic data concerning the LV systolic and diastolic
function.

Serial changes in cardiac computed
tomography-derived extracellular volume
fractions

Representative CCT-derived ECV images are described in
Figure 2. Figure 3E shows serial change in GLS determined
by echocardiography and in ECV determined by CCT. ECV
gradually increased, and a significant difference was observed
12 months after anthracycline treatment. Table S1 shows
clinical characteristics of enrolled patients according to ECV
changes. ECV increase and decrease groups show the group
in which ECV increased (n = 8) and the group in which ECV de-
creased (n = 7) at the third month compared with baseline,
respectively. Prechemotherapy LVEF in ECV increase group
was significantly lower than in ECV decrease group.
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Figure 2 Cardiac computed tomography (CCT) imaging. ECV, extracellular volume; GLS, global longitudinal strain as determined by UCG; hsTnT,
high-sensitivity troponin-T; LVEF, left ventricular ejection fraction as determined by UCG.

| Baseine | 3Month | __6Month | ___12Month _|

CCT -
) . . -

iy
CCT
ECV
Map
ECV (%) 24.0 27.9 26.2 29.1
LVEF (%) 65.4 63.0 60.6 65.1
GLS (%) 23.8 20.1 19.0 18.7
hsTnT (ng/mL) 0.0030 0.0106 0.0077 0.0042

Figure 3 Serial changes in plasma BNP concentration level, serum hsTnT concentration level, LVEF, GLS, and ECV in anthracycline-treated patients. All
data are expressed as the mean + standard deviation. Zero indicates baseline. The numbers in parenthesis indicate the number of late iodine enhance-
ment (LIE) patients. BNP, plasma B-type natriuretic peptide concentration levels; ECV, extracellular volume fraction; GLS, global longitudinal strain;
LVEF, left ventricular ejection fraction. *P < 0.05 vs. baseline, **P < 0.01 vs. baseline.
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Discussion

The main purpose of this study was to investigate serial
changes in potent factors related to myocardial impairment,
including myocardial tissue characterization determined by
CCT-derived ECV fraction in anthracycline-treated breast can-
cer patients, and the main findings of this study were as fol-
lows: first, serum hsTnT concentration increased at peak
within 3 months after anthracycline treatment, but gradually
decreased to the normal range; second, LVEF and GLS as de-
termined by echocardiography decreased after anthracycline
treatment and tended to keep decreasing gradually; third,
the CCT-derived ECV fraction tended to continue to increase
after anthracycline treatment and had relatively similar dy-
namics to the abovementioned LVEF and GLS.

Great strides have been made in cancer treatment, which
has greatly improved the prognosis of cancer patients. Espe-
cially for cancer chemotherapy, in addition to ‘classic’
anthracycline anticancer drugs and platinum preparations,
molecular targeted therapies and immune checkpoint inhibi-
tors continue to be developed, and these preparations also
contribute to extending the lifespan of cancer patients. The
effects of these drugs on the cardiovascular system can force
cancer treatment to be discontinued and can sometimes lead
to fatal cardiovascular  complications.  Therefore,
oncocardiology-specialized cardiovascular evaluation and
therapeutic intervention are required for cancer treatment.*?

Since the contrast of the tissue is clear on CMR imaging,
many T1 mapping techniques have been reported for
assessing myocardial oedema and fibrosis. It has been re-
ported that potential myocardial damage caused by
anthracyclines shows a high signal on T1 mapping.*® In addi-
tion, it has been reported that in cardiomyopathy caused by
trastuzumab, a large distribution of LGE is observed in the
middle layer of the myocardium on the lateral wall,>* and
CMR may be useful for early diagnosis. On the other hand,
patients with indwelling internal metals, such as non—MRI-
conditional pacemakers and implantable cardioverter defi-
brillators, cannot be examined with CMR, and there are many
problems in terms of cost and convenience. Recently, this in-
formation was comprehensively reviewed.?>2®

Echocardiography is highly versatile and can be used to re-
peatedly evaluate cardiac function. Conventionally, LVEF has
been used as the standard for the diagnosis of CTRCD, but
in recent years, it has been reported that early CTRCD can
be detected using the GLS, which is known as the myocardial
strain method, as an index. Many guidelines recommend
measuring GLS values.®™ Recently, we reported that left
atrium reservoir function as determined by echocardiography
may be an optimal indicator of CTRCD.'® Echocardiography
has numerous advantages, such as wide availability, lack of
radiation, and the ability to assess haemodynamics and car-
diac structures; however, its major limitations include inter-
observer variability, intraobserver variability, test-retest vari-

ability, intervendor variability,?” image quality, and technical
requirements.’ Contrast echocardiography and real-time 3D
echocardiography have been used to reduce interobserver
variability and improve the quality of image rendering, but
they have not yet become widespread in clinical practice.?®

Regarding CCT, CMR and echocardiography were originally
superior in morphological evaluation, and the usefulness of
CCT has been considered to be poor from the perspective of
cardiac  function evaluation.”® Therefore, in the
cardiooncology field, contrast-enhanced CT has been useful
for diagnosing deep vein thrombosis and pulmonary
embolism.3® However, our previous report demonstrated con-
sistency between CCT and CMR in CTRCD cases,®’ showing
that in patients with significant LV dysfunction as detected
by echocardiography after anthracycline therapy, CCT could
detect changes in myocardial tissue characterization. These
previous reports indicated that CCT may be comparable with
CMR, indicating that CCT could effectively evaluate CTRCD.

In the present study, we first demonstrated the clinical
usefulness of CCT in the cardiooncology field in terms of se-
rial changes in the CCT-derived ECV fraction in patients ad-
ministered anthracycline. Interestingly, prechemotherapy
LVEF in ECV increase group was significantly lower than in
ECV decrease group (Table S1). These results were consistent
with and may complement previous reports that
prechemotherapy LVEF was one of predictor of CTRCD
onset.>3!

Cardiac computed tomography is not only simply and eas-
ily performed in clinical practice but also well validated and
inexpensive, which indicates that the method can be widely
applied. Moreover, this novel CT imaging method can be per-
formed in conjunction with standard coronary artery evalua-
tion and cancer follow-up, possibly contributing to an exami-
nation cost reduction. In other words, CCT may compensate
for the weaknesses of echocardiography. ECV evaluation by
CCT involves an increase in the radiation dose, and it provides
little functional information over echocardiography despite
the increased radiation exposure. It is well known that the in-
crease in ECV is closely correlated with tissue fibrosis and oe-
dema, and an increase in ECV is also observed in the myocar-
dium where abnormalities cannot be detected by LGE in
CMR.3? Therefore, an increase in ECV value has the potential
to detect myocardial damage that cannot be detected by
echocardiography or biomarkers. CCT may be an important
way to effectively identify patients with suspected CTRCD
by echocardiographic functional evaluation and then assess
the characteristics of myocardial tissue. It is highly likely that
combining CCT and echocardiography will result in improved
evaluation of myocardial properties as well as increased diag-
nostic ability. In other words, CCT and echocardiography can
complement each other to improve the diagnostic ability of
cardiotoxicity. Importantly, large-scale clinical trials are essen-
tial to examine the usefulness of CCT and to show the role of
CT-ECV in clinical studies in the cardiooncology field.
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Study limitations

The present study has some limitations. First, it was a
single-centre study with a very small population. Therefore,
a larger multiracial and multicentre study is required. Second,
we could not compare patients receiving anthracycline and
patients receiving no drugs because of the lack of a control
group (non-cancer group/non-anthracycline group). Third,
verification of CTRCD by using other drug classes, such as
trastuzumab, is mandatory. Moreover, the effects of concom-
itant agents must be verified. Furthermore, in the present
study, 2 out of 15 patients had a history of radiation therapy,
and thus, the effect of LV systolic/diastolic dysfunction asso-
ciated with radiation therapy®® cannot be ruled out. Finally,
no patients in the study developed CTRCD; thus, it is not clear
that changes in ECV derived by CCT have any clinical signifi-
cance. Hence, further pathophysiological and molecular phys-
iological studies, including animal experiments, are war-
ranted. Additional detailed, large-scale clinical studies may
be required to verify our theories.

Conclusions

Despite these limitations, we have clearly and for the first
time demonstrated serial changes in the CCT-derived ECV
fraction in patients after anthracycline administration. This
simple but novel method could be useful for understanding
cardiac tissue characterization as a ‘one-stop shop’ evalua-
tion, providing new insight into cardiooncology.

Acknowledgements

We thank all the paramedical staff and clinical secretaries for
their kind support during this work.

Conflict of interest

Prof Matsushita belongs to the endowed division sponsored
by Abbott Medical Japan LLC, Boston Scientific Corporation,
Cardinal Health Japan G.K., Fides-one, Inc., Getinge AB, GM
Medical Co., Ltd., ITl, Japan Lifeline Co., Ltd., Kaneka Medix
Corporation, Kikuchi Medical Association, Koninklijke Philips
N.V., Medtronic Japan Co., Ltd., Nipro Corporation, and

References

1. Zamorano JL, Lancellotti P, Rodriguez
Munoz D, Aboyans V, Asteggiano R,

Galderisi M, Habib G, Lenihan DJ, Lip
GYH, Lyon AR, Lopez Fernandez T,

Terumo Corporation. Prof Tsujita received significant re-
search grant from AMI Co., Ltd., Bayer Yakuhin, Ltd.,
Bristol-Myers K.K., EA Pharma Co., Ltd., MOCHIDA PHARMA-
CEUTICAL CO., LTD., and scholarship fund from AMI Co.,
Ltd., Bayer Yakuhin, Ltd., Boehringer Ingelheim Japan, Chugai
Pharmaceutical Co, Ltd., Daiichi Sankyo Co., Ltd., Edwards
Lifesciences Corporation, Johnson & Johnson K.K.,, ONO
PHARMACEUTICAL CO., LTD., Otsuka Pharmaceutical Co.,
Ltd., Takeda Pharmaceutical Co., Ltd., and honoraria from
Amgen K.K., Bayer Yakuhin, Ltd., Daiichi Sankyo Co., Ltd.,
Kowa Pharmaceutical Co. Ltd., Novartis Pharma K.K., Otsuka
Pharmaceutical Co., Ltd., Pfizer Japan Inc., and belongs to
the endowed departments donated by Abbott Japan Co.,
Ltd., Boston Scientific Japan K.XK., Fides-one, Inc., GM
Medical Co., Ltd., ITI Co., Ltd., Kaneka Medix Co., Ltd.,,
NIPRO CORPORATION, TERUMO Co, Ltd., Abbott Medical
Co., Ltd., Cardinal Heaith Japan, Fukuda Denshi Co., Ltd.,
Japan Lifeline Co., Ltd., Medical Appliance Co., Ltd,,
Medtoronic Japan Co., Ltd. The remaining authors have noth-
ing to disclose.

Funding

This study was supported in part by Grants-in-Aid for Scien-
tific Research (20K17087) from the Ministry of Education,
Culture, Sports, Science and Technology of Japan.

Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Figure S1. Serial changes in left ventricle (LV) volume (A), E/e’
(B) and E/A (C) in echocardiographic data.

LVEDV: LV end-diastolic volume, LVESV: LV end-systolic
volume.

Figure S2. Serial changes in plasma BNP concentration level,
serum hsTnT concentration level, LVEF, GLS, and ECV in
anthracycline-treated patients (case by case delineation)

0 month indicates baseline.

Abbreviations as shown in Figure 3.

Table S1. Baseline characteristics of enrolled patients accord-
ing to ECV changes.

Mohty D, Piepoli MF, Tamargo J,
Torbicki A, Suter TM, Group ESCSD.

ESC Heart Failure 2022; 9: 1792-1800
DOI: 10.1002/ehf2.13867



CCT-derived ECVF in anthracycline-treated cancer patients

1799

2016 ESC position paper on cancer treat-
ments and cardiovascular toxicity devel-
oped under the auspices of the ESC com-
mittee for practice guidelines: the task
force for cancer treatments and cardio-
vascular toxicity of the European Society
of Cardiology (ESC). Eur Heart J 2016;
37: 2768-2801.

. Armenian SH, Lacchetti C, Barac A,
Carver J, Constine LS, Denduluri N,
Dent S, Douglas PS, Durand JB, Ewer
M, Fabian C, Hudson M, Jessup M, Jones
LW, Ky B, Mayer EL, Moslehi J, Oeffinger
K, Ray K, Ruddy K, Lenihan D. Preven-
tion and monitoring of cardiac dysfunc-
tion in survivors of adult cancers:
American Society of Clinical Oncology
clinical practice guideline. J Clin Oncol
2017; 35: 893-911.

. Curigliano G, Lenihan D, Fradley M,
Ganatra S, Barac A, Blaes A, Herrmann
J, Porter C, Lyon AR, Lancellotti P, Patel
A, DeCara J, Mitchell J, Harrison E,
Moslehi J, Witteles R, Calabro MG,
Orecchia R, de Azambuja E, Zamorano
JL, Krone R, Iakobishvili Z, Carver J, Ar-
menian S, Ky B, Cardinale D, Cipolla
CM, Dent S, Jordan K, ESMO Guidelines
Committee. Management of cardiac dis-
ease in cancer patients throughout onco-
logical treatment: ESMO consensus rec-
ommendations. Ann Oncol 2020; 31:
171-190.

. Sueta D, Oda S, Izumiya Y, Kaikita K,

Kidoh M, Utsunomiya D, Yamashita Y,

Tsujita K. Comprehensive assessment of

takotsubo cardiomyopathy by cardiac

computed tomography. Emerg Radiol

2019; 26: 109-112.

. Sueta D, Oda S, Yamamoto E, Nishi M,

Kaikita K, Kidoh M, Utsunomiya D,

Nakaura T, Yamashita Y, Tsujita K.

Takotsubo cardiomyopathy mimicking

acute coronary syndrome- extracellular

volume quantification using cardiac

computed tomography. Circ J 2019; 83:

1613.

. Sueta D, Kidoh M, Oda S, Tsujita K.

Novel assessment of cancer

therapy-related cardiac dysfunction by

cardiac computed tomography: a case

report. Eur Heart J Case Rep 2020; 4:

1-2.

. Sueta D, Kidoh M, Oda S, Egashira K, Ya-

mamoto E, Kaikita K, Matsushita K,

Yamamoto Y, Hirai T, Tsujita K. Useful-

ness of cardiac computed tomography

in the diagnosis of anti-cancer therapy-
related cardiac dysfunction- consistency
with magnetic resonance imaging. Circ

J 2021; 85: 393-396.

. Egashira K, Sueta D, Tomiguchi M,

Kidoh M, Oda S, Usuku H, Hidaka K,

Goto-Yamaguchi L, Sueta A, Komorita

T, Takae M, Oike F, Fujisue K, Yamamoto

E, Hanatani S, Takashio S, Arima Y,

Araki S, Kaikita K, Matsushita K, Yama-

moto Y, Hirai T, Tsujita K. Cardiac com-

puted tomography-derived extracellular
volume fraction in late
anthracycline-induced cardiotoxicity. Int

J Cardiol Heart Vasc 2021; 34: 100797.

9.

10.

11.

12.

13.

14.

15.

16.

17.

Rosmini S, Aggarwal A, Chen DH,
Conibear J, Davies CL, Dey AK, Edwards
P, Guha A, Ghosh AK. Cardiac computed
tomography in cardio-oncology: an up-
date on recent clinical applications. Eur
Heart J Cardiovasc Imaging 2021; 22:
397-405.

Schindler TH, Sharma V, Bhandiwad A.
Cardiac computed tomography-derived
extracellular volume fraction in the
identification of cardiotoxicity: another
emerging imaging option. Int J Cardiol
Heart Vasc 2021; 34: 100806.

Tabata N, Sueta D, Yamamoto E,
Takashio S, Arima Y, Araki S, Yamanaga
K, Ishii M, Sakamoto K, Kanazawa H,
Fujisue K, Hanatani S, Soejima H,
Hokimoto S, Izumiya Y, Kojima S,
Yamabe H, Kaikita K, Tsujita K, KUMA
study investigators. Outcome of current
and history of cancer on the risk of car-
diovascular events following percutane-
ous coronary intervention: a Kumamoto
University malignancy and atherosclero-
sis (KUMA) study. Eur Heart J Qual Care
Clin Outcomes 2018; 4: 290-300.

Sueta D, Tabata N, Ikeda S, Saito Y,
Ozaki K, Sakata K, Matsumura T, Yama-
moto-Ibusuki M, Murakami Y, Jodai T,
Fukushima S, Yoshida N, Kamba T, Araki
E, Iwase H, Fujii K, Thn H, Kobayashi Y,
Minamino T, Yamagishi M, Maemura K,
Baba H, Matsui K, Tsujita K. Differential
predictive factors for cardiovascular
events in patients with or without can-
cer history. Medicine (Baltimore) 2019;
98: e17602.

Tabata N, Sueta D, Yamamoto E,
Takashio S, Arima Y, Araki S, Yamanaga
K, Ishii M, Sakamoto K, Kanazawa H,
Fujisue K, Hanatani S, Soejima H,
Hokimoto S, Izumiya Y, Kojima S,
Yamabe H, Kaikita K, Matsui K, Tsujita
K. A retrospective study of arterial stiff-
ness and subsequent clinical outcomes
in cancer patients undergoing percuta-
neous coronary intervention. J
Hypertens 2019; 37: 754-764.

National Kidney F. K/DOQI clinical prac-
tice guidelines for chronic kidney dis-
ease: evaluation, classification, and
stratification. Am J Kidney Dis 2002;
39: S1-S266.

Matsuo S, Imai E, Horio M, Yasuda Y,
Tomita K, Nitta K, Yamagata K, Tomino
Y, Yokoyama H, Hishida A, Collaborators
developing the Japanese equation for es-
timated GFR. Revised equations for esti-
mated GFR from serum creatinine in
Japan. Am J Kidney Dis 2009; 53:
982-992.

Sueta D, Usuku H, Kinoshita Y, Tsujita K.
Left atrial function assessed by speckle
tracking echocardiography in
anthracycline-induced cardiotoxicity: a
case report. Eur Heart J Case Rep 2020;
4: 1-5.

Nishihara T, Yamamoto E, Sueta D,
Fujisue K, Usuku H, Oike F, Takae M,
Arima Y, Araki S, Takashio S, Nakamura
T, Suzuki S, Sakamoto K, Soejima H,
Kawano H, Kaikita K, Tsujita K. Clinical

18.

19.

20.

21.

22.

23.

24.

25.

significance of serum magnesium levels
in patients with heart failure with pre-
served ejection fraction. Medicine (Balti-
more) 2019; 98: e17069.

Sueta D, Yamamoto E, Nishihara T,
Tokitsu T, Fujisue K, Oike F, Takae M,
Usuku H, Takashio S, Arima Y, Suzuki
S, Nakamura T, Ito M, Kanazawa H,
Sakamoto K, Kaikita K, Tsujita K.
H2FPEF score as a prognostic value in
HFpEF patients. Am J Hypertens 2019;
32: 1082-1090.

Emoto T, Kidoh M, Oda S, Nakaura T,
Nagayama Y, Sasao A, Funama Y, Araki
S, Takashio S, Sakamoto K, Yamamoto
E, Kaikita K, Tsujita K, Yamashita Y.
Myocardial extracellular volume quanti-
fication in cardiac CT: comparison of the
effects of two different iterative recon-
struction algorithms with MRI as a refer-
ence standard. Eur Radiol 2020; 30:
691-701.

Emoto T, Oda S, Kidoh M, Nakaura T,
Nagayama Y, Sakabe D, Kakei K, Goto
M, Funama Y, Hatemura M, Takashio S,
Kaikita K, Tsujita K, Ikeda O. Myocardial
extracellular volume quantification
using cardiac computed tomography: a
comparison of the dual-energy iodine
method and the standard subtraction
method. Acad Radiol 2021; 28:
el119-e126.

Plana JC, Galderisi M, Barac A, Ewer MS,
Ky B, Scherrer-Crosbie M, Ganame J,
Sebag IA, Agler DA, Badano LP, Banchs
J, Cardinale D, Carver J, Cerqueira M,
DeCara JM, Edvardsen T, Flamm SD,
Force T, Griffin BP, Jerusalem G, Liu JE,
Magalhaes A, Marwick T, Sanchez LY,
Sicari R, Villarraga HR, Lancellotti P. Ex-
pert consensus for multimodality imag-
ing evaluation of adult patients during
and after cancer therapy: a report from
the American Society of Echocardiogra-
phy and the European Association of Car-
diovascular Imaging. J Am  Soc
Echocardiogr 2014; 27: 911-939.

Barac A, Murtagh G, Carver JR, Chen
MH, Freeman AM, Herrmann J, Iliescu
C, Ky B, Mayer EL, Okwuosa TM, Plana
JC, Ryan TD, Rzeszut AK, Douglas PS.
Cardiovascular health of patients with
cancer and cancer survivors: a roadmap
to the next level. J Am Coll Cardiol
2015; 65: 2739-2746.

Neilan TG, Coelho-Filho OR, Shah RV,
Feng JH, Pena-Herrera D, Mandry D,
Pierre-Mongeon F, Heydari B, Francis
SA, Moslehi J, Kwong RY, Jerosch-
Herold M. Myocardial extracellular vol-
ume by cardiac magnetic resonance im-
aging in patients treated with
anthracycline-based chemotherapy. Am
J Cardiol 2013; 111: 717-722.
Fallah-Rad N, Lytwyn M, Fang T,
Kirkpatrick I, Jassal DS. Delayed con-
trast enhancement cardiac magnetic res-
onance imaging in trastuzumab induced
cardiomyopathy. J Cardiovasc Magn
Reson 2008; 10: 5.

Celutkiene J, Pudil R, Lopez-Fernandez
T, Grapsa J, Nihoyannopoulos P,

ESC Heart Failure 2022; 9: 1792-1800
DOI: 10.1002/ehf2.13867



1800

K. Egashira et al.

26.

27.

28.

Bergler-Klein J, Cohen-Solal A, Farmakis
D, Tocchetti CG, von Haehling S,
Barberis V, Flachskampf FA, Ceponiene
I, Haegler-Laube E, Suter T, Lapinskas
T, Prasad S, de Boer RA, Wechalekar K,
Anker MS, Iakobishvili Z, Bucciarelli-
Ducci C, Schulz-Menger J, Cosyns B,
Gaemperli O, Belenkov Y, Hulot JS,
Galderisi M, Lancellotti P, Bax J,
Marwick TH, Chioncel O, Jaarsma T,
Mullens W, Piepoli M, Thum T, Hey-
mans S, Mueller C, Moura B, Ruschitzka
F, Zamorano JL, Rosano G, Coats AJS,
Asteggiano R, Seferovic P, Edvardsen T,
Lyon AR. Role of cardiovascular imaging
in cancer patients receiving cardiotoxic
therapies: a position statement on be-
half of the Heart Failure Association
(HFA), the European Association of Car-
diovascular Imaging (EACVI) and the
Cardio-Oncology Council of the Euro-
pean Society of Cardiology (ESC). Eur J
Heart Fail 2020; 22: 1504-1524.

de Baat EC, Naaktgeboren WR, Leiner T,
Teske AJ, Habets J, Grotenhuis HB. Up-
date in  imaging of  cancer
therapy-related cardiac toxicity in
adults. Open, Heart 2021; 8: e001506.
Takigiku K, Takeuchi M, Izumi C, Yuda S,
Sakata K, Ohte N, Tanabe K, Nakatani S,
JUSTICE investigators. Normal range of
left ventricular 2-dimensional strain:
Japanese ultrasound speckle tracking of
the left ventricle (JUSTICE) study. Circ
J 2012; 76: 2623-2632.

Oreto L, Todaro MC, Umland MM,
Kramer C, Qamar R, Carerj S,

29.

30.

31.

Khandheria BK, Paterick TE. Use of
echocardiography to evaluate the car-
diac effects of therapies used in
cancer treatment: what do we know?
J Am Soc Echocardiogr 2012; 25:
1141-1152.

McMurray JJ, Adamopoulos S, Anker
SD, Auricchio A, Bohm M, Dickstein K,
Falk V, Filippatos G, Fonseca C, Gomez-
Sanchez MA, Jaarsma T, Kober L, Lip
GY, Maggioni AP, Parkhomenko A,
Pieske BM, Popescu BA, Ronnevik PK,
Rutten FH, Schwitter J, Seferovic P,
Stepinska J, Trindade PT, Voors AA,
Zannad F, Zeiher A, Guidelines ESCCfP.
ESC guidelines for the diagnosis and
treatment of acute and chronic heart
failure 2012: the task force for the diag-
nosis and treatment of acute and
chronic heart failure 2012 of the Euro-
pean Society of Cardiology. Developed
in collaboration with the Heart Failure
Association (HFA) of the ESC. Eur Heart
J 2012; 33: 1787-1847.

Sueta D, Utsunomiya D, Izumiya Y,
Nakaura T, Oda S, Kaikita K, Yamashita
Y, Tsujita K. Novel assessment of retro-
spective on-demand analysis of venous
thromboembolism by dual-layer spec-
tral-detector CT. J Cardiol Cases 2018;
18: 88-91.

Lyon AR, Dent S, Stanway S, Earl H,
Brezden-Masley C, Cohen-Solal A,
Tocchetti CG, Moslehi JJ, Groarke JD,
Bergler-Klein J, Khoo V, Tan LL, Anker
MS, von Haehling S, Maack C, Pudil R,
Barac A, Thavendiranathan P, Ky B,

32.

33.

Neilan TG, Belenkov Y, Rosen SD,
Iakobishvili Z, Sverdlov AL, Hajjar LA,
Macedo AVS, Manisty C, Ciardiello F,
Farmakis D, de Boer RA, Skouri H, Suter
TM, Cardinale D, Witteles RM, Fradley
MG, Herrmann J, Cornell RF,
Wechelaker A, Mauro MJ, Milojkovic D,
de Lavallade H, Ruschitzka F, Coats
AJS, Seferovic PM, Chioncel O, Thum
T, Bauersachs J, Andres MS, Wright DJ,
Lopez-Fernandez T, Plummer C, Lenihan
D. Baseline cardiovascular risk assess-
ment in cancer patients scheduled to re-
ceive cardiotoxic cancer therapies: a po-
sition  statement and new risk
assessment tools from the
Cardio-Oncology Study Group of the
Heart Failure Association of the Euro-
pean Society of Cardiology in collabora-
tion with the International
Cardio-Oncology Society. Eur J Heart
Fail 2020; 22: 1945-1960.

Ugander M, Oki AJ, Hsu LY, Kellman P,
Greiser A, Aletras AH, Sibley CT, Chen
MY, Bandettini WP, Arai AE. Extracellu-
lar volume imaging by magnetic reso-
nance imaging provides insights into
overt and sub-clinical myocardial pa-
thology. Eur Heart J 2012; 33:
1268-1278.

Groarke JD, Nguyen PL, Nohria A,
Ferrari R, Cheng S, Moslehi J. Cardio-
vascular complications of radiation ther-
apy for thoracic malignancies: the role
for non-invasive imaging for detection
of cardiovascular disease. Eur Heart J
2014; 35: 612-623.

ESC Heart Failure 2022; 9: 1792-1800
DOI: 10.1002/ehf2.13867



