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Myocardial Disease

Ventricular Sigmoid Septum as a Risk Factor for
Anthracycline-Induced Cancer Therapeutics-Related Cardiac
Dysfunction in Patients With Malignant Lymphoma

Takafumi Nakayama, MD, PhD; Yoshiko Oshima, MD; Yasuhiro Shintani, MD;
Junki Yamamoto, MD, PhD; Masashi Yokoi, MD, PhD; Tsuyoshi Ito, MD, PhD;
Kazuaki Wakami, MD, PhD; Shuichi Kitada, MD, PhD; Toshihiko Goto, MD, PhD;
Hiroya Hashimoto, PhD; Shigeru Kusumoto, MD, PhD; Tomonori Sugiura, MD, PhD;
Shinsuke Iida, MD, PhD; Y oshihiro Seo, MD, PhD

Background: ldentifying risk factors for cancer therapeutics-related cardiac dysfunction (CTRCD) is essential for the early detection
and prompt initiation of medial therapy for CTRCD. No study has investigated whether the sigmoid septum is a risk factor for
anthracycline-induced CTRCD.

Methods and Results: We enrolled 167 patients with malignant lymphoma who received a CHOP-like regimen from January 2008
to December 2017 and underwent both baseline and follow-up echocardiography. Patients with left ventricular ejection fraction
(LVEF) <50% were excluded. CTRCD was defined as a >10% decline in LVEF and LVEF <50% after chemotherapy. The angle
between the anterior wall of the aorta and the ventricular septal surface (ASA) was measured to quantify the sigmoid septum. CTRCD
was observed in 36 patients (22%). Mean LVEF and global longitudinal strain (GLS) were lower, left ventricular mass index was
higher, and ASA was smaller in patients with CTRCD. In a multivariable Cox proportional hazard analysis, GLS (hazard ratio [HR]
per 1% decrease 1.20; 95% confidence interval [Cl] 1.07—1.35) and ASA (HR per 1° increase 0.97; 95% CIl 0.95-0.99) were identified
as independent determinants of CTRCD. An integrated discrimination improvement evaluation confirmed the significant incremental
value of ASA for developing CTRCD.

Conclusions: Smaller ASA was an independent risk factor and had significant incremental value for CTRCD in patients with malignant
lymphoma who received the CHOP-like regimen.

Key Words: Anthracycline-induced cardiotoxicity; Aorto-septal angle; Cancer therapeutics-related cardiac dysfunction; Sigmoid
septum

for several kinds of malignant tumors, particularly

in patients with malignant lymphoma (ML) and
breast cancer.!-? In contrast, anthracycline-induced cancer
therapeutics-related cardiac dysfunction (CTRCD), defined
by a decline in left ventricular ejection fraction (LVEF),
often causes poor clinical outcomes and low quality of life
in patients with cancer.*? Identifying baseline risk factors
for CTRCD is vital for the early detection of CTRCD and
prompt initiation of medical therapy, which are essential
for improving left ventricular (LV) contraction after
CTRCD develops.113 Several baseline risk factors have

S- nthracycline is an effective chemotherapeutic agent

been identified in previous studies, including baseline
LVEEF, global longitudinal strain (GLS), age, general car-
diovascular risk factors, and a history of cardiovascular
disease.+11.14-16 Recently, LV hypertrophy was recognized
as a risk factor for CTRCD in ML patients,!” suggesting
LV morphologic remodeling also represents an accumu-
lated myocardial injury that may result in vulnerability to
CTRCD. Conversely, the sigmoid septum, known as a
synonym of discrete upper septal thickening, is considered
one type of LV morphologic remodeling. A previous study
reported that the sigmoid septum was significantly related
to LV diastolic dysfunction.!’® However, no one has clari-
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ML patients who received a CHOP-like regimen
January 2008 to December 2017

(n=443)
Patients who did not undergo
—> baseline echocardiography (n = 14) or
Patients without echocardiographic follow-up echocardiography (n = 185)
images available for analysis 3
n=1)
Patients with LVEF < 50%
- at baseline (n = 14)
Patients whose GLS could not
be quantified by tri-plane <
n=62)
A4
Definition of cardiotoxicity: Study participants
>10% decrease in LVEF (m=167)
and LVEF <50%
Follow-up period: A 4 l

median 305 days
(IQR: 171-837)

Cardiotoxicity (+)
(n =36,22%)

Cardiotoxicity (-)
(n=131)

malignant lymphoma.

Figure 1. Study flow diagram of patient enroliment. GLS, global longitudinal strain; LVEF, left ventricular ejection fraction; ML,

fied the association of the sigmoid septum with the inci-
dence of CTRCD.

In the present study we focused on the presence of the sig-
moid septum and aimed to reveal its impact on anthracycline-
induced CTRCD in patients with ML who were treated with
a CHOP-like (cyclophosphamide +doxorubicin + vincristine +
prednisolone £ rituximab) regimen.

Methods

Study Population

Data for all ML patients who were treated with a CHOP-
like regimen between January 2008 and December 2017 at
Nagoya City University Hospital were reviewed retrospec-
tively. The dosing and schedule for the CHOP-like regimen
were standardized in this cohort. From this group, patients
who underwent a baseline echocardiographic examination
and 21 follow-up examination were enrolled in the study
(Figure 1). Patients with an LVEF <50% at baseline but no
echocardiographic images of adequate quality were excluded.
The present study is a subanalysis of a previous study in
which we described the clinical features of anthracycline-
induced CTRCD.?

Study Protocol

Patients’ clinical characteristics, including age, sex, body
mass index, general cardiovascular risk factors, past history,
laboratory data, chemotherapeutic regimen, performance
status, and echocardiographic parameters, were retrospec-
tively collected from their medical records. The chemothera-
peutic regimen, performance status, and dose of anthracycline
were assessed by 2 hematologists. Patients with intravascu-
lar large B-cell lymphoma (IVL) and primary mediastinal
large B cell lymphoma (PMLBCL) were enrolled in the
present study as a subtype of diffuse large B-cell lymphoma
(DLBCL). Echocardiographic parameters and the inci-
dence of symptomatic heart failure and cardiovascular
death were obtained and assessed by 2 cardiologists in a

blinded manner. In the present study, CTRCD was defined
as a decline in LVEF of 210% from baseline and LVEF
<50% in the follow-up study.’

Cardiovascular risk factors were defined as hypertension,
dyslipidemia, diabetes, and a history of smoking. Each
cardiovascular risk factor was defined using the following
criteria: hypertension was defined as a history of hyperten-
sion or being on antihypertensive therapy; dyslipidemia
was defined as a history of dyslipidemia, serum low-density
lipoprotein cholesterol >140mg/dL, or being on choles-
terol-lowering treatment; and diabetes was defined as a
history of diabetes, HbAlc >6.5%, or being on blood glu-
cose-lowering therapy. A history of ischemic heart disease
was defined as a history of myocardial infarction, angina
pectoris, or coronary artery revascularization.

This study was approved by the Ethics Committee of
Nagoya City University (No. 60-19-125) and was performed
in accordance with the principles of the Declaration of
Helsinki.

Echocardiography

Echocardiographic data were measured according to the
recommendations of the American Society of Echocar-
diography.?? However, avoiding the region of the sigmoid
septum, the LV end-diastolic diameter (LVDd), interven-
tricular septal wall thickness (IVSd), and posterior wall
thickness (PWd) were measured at a mid-ventricular posi-
tion. LVEF was calculated by the disk summation method
using the TomTec Imaging System (Munich, Germany).
To avoid a misdiagnosis of CTRCD, LVEF that had been
measured as between 40% and 60% by one measurer was
re-evaluated by a second measurer to assess the accuracy
of diagnosis. LV wall thickness was defined as the mean
IVSd and PWd. The LV mass index (LVMi) was calcu-
lated using the following formula:!?

LVMi=1.04x[(LVDd +1VS+PWd)}-LVDd*x0.8+0.6

Valvular diseases were graded according to the guidelines

Circulation Reports Vol.4, April 2022



Sigmoid Septum and CTRCD in ML Patients

175

Basal-mid ratio : 1.03

133 degree

A The ratio of basal to mid interventricular septal diameter
(Basal-mid ratio, B-M ratio)

B The angle between the anterior-wall of the aorta and the ventricular septal surface
(Aorto-Septal angle, ASA)

Basal-mid ratio : 1.41

92 degree

Figure 2. Representative echocardiographic images of measurement of morphological parameters associated with the sigmoid
septum. (A) The basal-mid ratio was defined as the ratio of basal to mid interventricular septal diameter. (B) The aorto-septal angle
was defined as the angle between the anterior wall of the aorta and the ventricular septal surface.

of the Japanese Circulation Society.?!

As described in previous studies that investigated the
sigmoid septum,822-26 we calculated the ratio of basal to
mid-interventricular septal diameters (“B-M ratio”). We
also measured the angle between the anterior wall of the
aorta and the ventricular septal surface (i.e., aorto-septal
angle [ASA]) during the end diastolic phase to quantify the
sigmoid septum (Figure 2). To determine intra- and inter-
rater reliability, the ASA was remeasured by the first rater
(T.N.) and the second rater (J.Y.) in 30 patients who
underwent baseline echocardiography between January
2016 and December 2017.

Statistical Analysis

Continuous variables are expressed as the mean+SD. For
comparisons between groups of continuous variables,
Welch’s test was used in the case of unequal variances and
Student’s t-test was used in other cases. Categorical vari-
ables were analyzed using Pearson’s Chi-squared test. Cox
proportional hazards analyses were performed to identify
risk factors for the primary endpoint. The common loga-
rithmic conversion was used when B-type natriuretic pep-
tide was assessed in Cox proportional hazard analyses.

Intra- and inter-rater reliabilities were evaluated with
intraclass correlation coefficients (ICC), with an ICC >0.80
considered the preferred level of reliability.?”

The primary endpoint was the incidence of CTRCD,
and the initial time point for each survival analysis was the
first day of the CHOP-like regimen. Follow-up censoring
of participants with undetected CTRCD was the final
echocardiographic examination. Clinical variables recog-
nized as risk factors for CTRCD were analyzed using
univariable Cox proportional hazards analyses. The GLS
value was converted to an absolute value when assessed in
Cox proportional hazard analyses, Kaplan-Meier analyses,
and logistic regression analyses. In the first multivariable
Cox proportional hazards analysis, echocardiographic
parameters with P<0.05 in the univariable analyses were
analyzed to clarify the independent echocardiography-
derived determinants of the event (Multivariable Analysis
1). Next, the independent echocardiographic parameters
were adjusted by the clinical parameters with P<0.05 in the
univariable analyses as Multivariable Analysis 2. Multivari-
able Cox proportional hazard analyses were assessed by
the forward stepwise method. The follow-up period varied
among patients; therefore, we constructed time-dependent
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Table 1. Baseline Characteristics

Characteristic (::1t2|7)
Basic data
Age (years) 69.1+11.3
Male sex 91 (54)
BMI (kg/m2) 20.9+2.3
R-CHOP 139 (83)
DLBCL 111 (67)
Performance status
0 33 (20)
1 76 (46)
2 37 (22)
3 13 (8)
4 8 (5)
Doxorubicin dose (mg/m?) 291.5+95.3
Cardiovascular risk factors
Hypertension 58 (35)
Dyslipidemia 50 (30)
Diabetes 30 (18)
Smoking 68 (41)

History of cardiovascular disease
Ischemic heart disease

=

Heart failure

Atrial fibrillation

Cerebral infarction
Laboratory measurements

© © o0 N
—_ o~~~
a a0

- = < =

Hemoglobin (g/dL) 11.7x2.2
Albumin (g/dL) 3.5+0.8
Serum sodium (mEg/L) 139.2+3.9
eGFR (mL/min/1.73m?) 70.8+22.0
Total bilirubin (mg/dL) 0.7+0.7
BNP (pg/mL; n=147) 61.2+109.2
Echocardiography

LVEF (%) 64.3+6.2
GLS (%) —20.0+3.4
LV diastolic diameter (mm) 44.7+5.6
Valvular disease > moderate 29 (18)
LV wall thickness (mm) 9.5+1.4
LV mass index (g/m?) 94.6+22.4
Left atrial diameter (mm) 33.5+5.8
Valsalva sinus diameter (mm) 31.8+3.7
E wave (cm/s) 68.7+17.7
Deceleration time (ms) 230.1£61.9
B-M ratio 1.28+0.24
ASA (°) 117.8+13.9

CTRCD
Yes No P value
(n=36; 22%) (n=131; 78%)
71.5+8.1 68.5+12.0 0.072
21 (58) 70 (53) 0.60
21.2+1.9 20.8+2.4 0.19
27 (75) 112 (85) 0.14
25 (69) 86 (66) 0.67
0.88
7(19) 26 (20)
14 (39) 62 (47)
10 (28) 27 (21)
3(8) 10 (8)
2 (6) 6 (5)
298.7+97.1 289.5+95.1 0.95
13 (36) 45 (34) 0.84
11 (31) 39 (30) 0.93
6 (17) 24 (18) 0.82
19 (53) 49 (37) 0.10
5 (14) 2(2) 0.001
1(3) 4 (3) 0.93
2 (6) 7 (5) 0.96
0(0) 9(7) 0.11
11.9+2.0 11.7+2.3 0.13
3.5+0.7 3.5+0.8 0.21
139.2+3.4 139.2+4.1 0.42
66.2+22.1 72.1+21.8 0.67
0.7+0.4 0.7+0.7 0.53
81.5+171.2 54.9+80.8 0.06
61.6+5.3 65.0+6.2 0.003
-18.7+2.9 -20.3+3.4 0.008
45.4+5.3 44.6+5.7 0.40
7(19) 22 (17) 0.71
9.8+1.2 9.5+1.4 0.23
101.1£18.5 92.8+23.1 0.047
34.1+5.3 33.4+5.9 0.52
32.4+4.4 31.6+3.4 0.28
66.4+15.7 69.3+18.2 0.38
232.1+67.1 229.6+60.6 0.83
1.35+0.22 1.26+0.24 0.029
112.1+14.2 119.4+13.4 0.005

Unless indicated otherwise, data are given as n (%) or the mean+SD. ASA, angle between the anterior-wall of the
aorta and the ventricular septal surface; BMI, body mass index; B-M ratio, the ratio of basal to mid interventricular
septal diameter; BNP, B-type natriuretic peptide; CTRCD, cancer therapeutics-related cardiac dysfunction; DLBCL,
diffuse large B-cell lymphoma; eGFR, estimated glomerular filtration rate; GLS, global longitudinal strain; LV, left
ventricular; LVEF, left ventricular ejection fraction; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine,

and prednisolone.

receiver operating characteristic (ROC) curves based on
the incidence of the primary endpoint within 4 years from
the initial time point, because <10% of patients were fol-
lowed after 4 years. We used the inverse probability of
censoring weighting technique to deal with censoring. SAS

analytical software was used to estimate the time-depen-
dent ROC curves and corresponding C-statistics. Youden’s
index, derived from ROC curves, was used to determine
the cut-off values for risk factors related to the primary
endpoint. Event-free survival curves using the cut-off val-
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Table 2. Risk Factors for CTRCD
Variable Univariable analysis Multivariable analysis 1 Multivariable analysis 2
HR 95% ClI P value HR 95% ClI P value HR 95% ClI P value

Echocardiography

LVEF, per 10% decrease 1.88 1.08-3.28 0.026 - - -

IGLSI, per 1% decrease 1.17 1.05-1.30 0.005 1.19 1.06-1.33 0.003 1.20 1.07-1.35 0.002

LV diastolic diameter 1.01 0.94-1.07 0.88

Valvular disease = moderate 1.86 0.81-4.26 0.14

vs. < mild

LV wall thickness 1.23 0.95-1.59 0.11

LV mass index, per 10-g/m? 1.17 1.00-1.37 0.045 - - -

increase

Left atrial diameter 1.02 0.96-1.09 0.45

Valsalva sinus diameter 1.02 0.93-1.13 0.65

E wave, per 10-cm/s increase 0.98 0.79-1.21 0.83

Deceleration time, per 10-ms 0.99 0.93-1.04 0.62

increase

B-M ratio, per 0.1 increase 1.11 0.99-1.25 0.081

ASA, per 1° increase 0.97 0.95-0.99 0.007 0.97 0.95-0.99 0.004 0.97 0.95-0.99 0.003
Basic data

Age, per 10-year increase 1.46 1.01-2.09 0.042 - - -

Male vs. female 1.14 0.59-2.22 0.70

BMI 1.06 0.93-1.22 0.39

R-CHOP vs. CHOP 0.48 0.23-1.03 0.059

DLBCL vs. non-DLBCL 1.29 0.63—-2.62 0.49

Performance status =2 vs. <1 1.96 1.01-3.82 0.047 - - -

Doxorubicin dose, per 0.99 0.95-1.02 0.40

10-mg/m? increase

Cardiovascular risk factors 1.54 0.79-3.01 0.21

>2vs. <1

History of ischemic heart 4.59 1.75-12.00 0.002 5.13 1.94-13.56 0.001

disease, yes vs. no
Laboratory measurements

Hemoglobin 0.98 0.85-1.14  0.81

Albumin 0.90 0.59-1.39 0.64

Serum sodium 0.94 0.85-1.05 0.28

gGFR, per 10-mL/min/1.73m?2 0.88 0.76-1.02 0.081
increase

Total bilirubin 1.37 0.73-2.57 0.33

Log[BNP] (n=147) 1.69 0.80-3.56 0.17

CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisolone; Cl, confidence interval; HR, hazard ratio. Other abbreviations as in

Table 1.

ues were constructed by Kaplan-Meier analyses, and the
log-rank test was used to assess the significance of differ-
ences between curves.

To assess the incremental value of newly recognized risk
factors for CTRCD, we defined 2 categorized models:
Model 1 included the risk factors that were already consid-
ered risk factors in a previous study and were recognized
independently for CTRCD in the present study, whereas
Model 2 had all independent risk factors identified in the
present study, including newly recognized risk factors.
First, we compared the C-statistics of each model using
SAS. We calculated the area under the curve (AUC) to
assess the utility of new risk factors. Second, we used the
continuous-net reclassification index (cNRI) and inte-
grated discrimination improvement (IDI) to evaluate the
incremental value of risk factors newly identified in the
present study.?82 In these analyses, patients with a prob-
ability 0.5 in logistic regression analyses in each model

were considered to have CTRCD. The R package, sur-
vIDINRI was used to estimate the IDI and cNRI to com-
pare the predictive models for the incidence of primary
endpoint within 4 years.

Two-sided P<0.05 was considered significant. Analyses
were performed using SPSS ver. 26 (IBM Corp., Armonk,
NY, USA), SAS ver. 9.4 (SAS Institute, Cary, NC, USA),
and R ver. 4.1.0 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

Study Population

Of the 443 patients initially enrolled in this study, 14 patients
without baseline echocardiography data and 185 patients
without follow-up echocardiography data were excluded.
Fourteen patients with LVEF <50%, 62 patients whose
GLS could not be quantified by tri-plane, and 1 patient
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Figure 3. Kaplan-Meier curves for cancer therapeutics-related cardiac dysfunction (CTRCD). CTRCD-free survival was calculated
according to cut-off values for (A) global longitudinal strain (GLS) and (B) the aorto-septal angle (ASA) determined by receiver
operating characteristic curves. Event-free survival rates were significantly lower in groups with lower GLS and smaller ASA.

08

0.6

0.4

Free from cardiotoxicity

02 ASA > 120 degree =
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N
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Model 1 (AUC, 0.67)

0.0 Model 2 (AUC, 0.76)
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Figure 4. C-statistics for developing cancer therapeutics-
related cardiac dysfunction. Model 1 includes a history of
ischemic heart disease and global longitudinal strain (GLS)
as already known risk factors. Model 2 includes a history of
ischemic heart disease, GLS, and incremental variables of the
aorto-septal angle. The area under the curve (AUC) of Models
1 and 2 was 0.67 and 0.76, respectively.

without any echocardiographic images available for analy-
sis were also excluded. In the comparison between patients
who underwent GLS measurements and those who were
excluded because they did not have GLS measurements,
there were no significant differences in basic and labora-
tory data (Supplementary Table 1).

Finally, 167 patients were eligible for inclusion in the
present study (Figure 1). CTRCD was observed in 36 patients
(22%) during the follow-up period, which was a median of

305 days (interquartile range [IQR] 171-837 days). The
mean and median number of follow-up echocardiographic
examinations was 3.0+£2.6 and 2 (IQR 1-4), respectively.
The median interval between the baseline and follow-up
echocardiographic studies was 112 days (IQR 50-238 days).

Baseline Characteristics

The baseline characteristics of eligible patients are summa-
rized in Table 1. No significant differences were found in
baseline characteristics between patients with and without
CTRCD, except for the prevalence of prior ischemic heart
disease. Most patients (83%) received the R-CHOP regimen,
with the remaining patients receiving the CHOP regimen.
There were 111 patients with DLBCL (67%), including 4
and 2 patients with IVL and PMLBCL, respectively. The
mean cumulative dose of doxorubicin was almost within
the recommendation of a medical package insert of
291.5495.3 mg/m? (Table 1).

Baseline Echocardiographic Parameters
Echocardiographic parameters at baseline for the entire
cohort are presented in Table 1. Mean LVEF was 64.31£6.2%
and 29 patients (18%) had moderate or greater valvular
disease (aortic regurgitation, n=5; mitral regurgitation,
n=6; tricuspid regurgitation, n=23; aortic stenosis, n=1).
As a parameter of sigmoid septum, the B-M ratio and ASA
were 1.28+0.24 and 117.8+13.9°, respectively (Table 1).
The ICCs for the intra- and inter-rater reliabilities were
0.97 and 0.94, respectively.

We found significant differences between patients with
and without CTRCD in LVEF (61.615.3% vs. 65.016.2%,
respectively; P=0.003), GLS (18.7+2.9% vs. 20.3£3.4%,
respectively; P=0.008), LVMi (101.1£18.5 vs. 92.8423.1 g/m?,
respectively; P=0.047), B-M ratio (1.35£0.22 vs. 1.2610.24,
respectively; P=0.029), and ASA (112.1£14.2° vs. 119.4+13.4°,
respectively; P=0.005).

Risk Factors for CTRCD
In the univariable Cox proportional hazard analyses, of
the baseline echocardiographic parameters, LVEF, GLS,
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LVMi, and ASA were significantly associated with the
primary endpoint. With regard to clinical baseline charac-
teristics, age, performance status >2, and a history of isch-
emic heart disease were associated with the primary
endpoint (Table 2). In Multivariable Analysis 1, GLS (haz-
ard ratio [HR] per 1% decrease 1.19; 95% confidence inter-
val [CI] 1.06-1.33; P=0.003) and ASA (HR per 1° increase
0.97; 95% CI 0.95-0.99; P=0.004) were identified as inde-
pendent risk factors. Multivariable Analysis 2 identified
GLS (HR per 1% decrease 1.20; 95% CI 1.07-1.35;
P=0.002), ASA (HR per 1° increase 0.97; 95% CI 0.95-
0.99; P=0.003), and a history of ischemic heart disease (HR
5.13; 95% CI 1.94-13.56, P=0.001) as independent risk
factors for the primary endpoint (Table 2).

We constructed ROC curves to determine the abilities of
GLS and ASA to predict the incidence of CTRCD and to
determine the cut-off value for each. Based on ROC curves,
the cut-off values for GLS and ASA were —20.2% and
120°, respectively. The AUC, sensitivity, and specificity
were 0.63, 0.73, and 0.60, respectively, for the GLS cut-off
value and 0.76, 0.77, and 0.85, respectively, for the ASA
cut-off value. The Kaplan-Meier estimate curves for GLS
and ASA are shown in Figure 3, with significant differences
observed between each cut-off value.

Incremental Value of Newly Recognized Risk Factor
According to the independent risk factors for CTRCD in
this study, we defined Model 1 as consistent with a history
of ischemic heart disease and GLS, and Model 2 as consis-
tent with a history of ischemic heart disease, GLS, and
ASA. ROC curves for probability in Model 1 and Model
2 are shown in Figure 4. The C-statistic (AUC) for Model
2 was 0.76, which was superior to the C-statistic of 0.67 for
Model 1 (Model 1-Model 2=-0.089; 95% CI —0.21, 0.028).
The reclassification tables for Model 1 and Model 2 are
presented in Table 3. The cNRI and IDI were calculated to
compare Model 1 and Model 2. The cNRI was 0.50 (95%
CI —0.046, 0.80; P=0.066) and the IDI was 0.096 (95% CI
0.005-0.257; P=0.027).

Discussion

The present study demonstrated that ASA was an indepen-
dent risk factor for CTRCD in patients with ML who were
treated with a CHOP-like regimen, and that ASA had a
significant incremental value to predict the development of
CTRCD. Any other clinical characteristics at baseline and
the dose of anthracycline were not independent risk factors
for CTRCD. Furthermore, when excluding patients with
moderate or greater valvular diseases from the analyses,
ASA was still an independent risk factor for developing
CTRCD (HR per 1° increase 0.95; 95% CI 0.93-0.98;
P<0.001).

The relationship between almost all echocardiographic
parameters, except LVEF and GLS, and CTRCD has not
been examined previously. To the best of our knowledge,
this study is the first to detect the impact of morphologic
echocardiography parameters on CTRCD. In the present
study, a history of ischemic heart disease and lower GLS
were risk factors for CTRCD, consistent with previous
studies.11:16:30.31 We also found that smaller ASA was a new
risk factor for CTRCD.

Smaller ASA/Ventricular Sigmoid Septum
Several terms have been used to describe the sigmoid sep-

179
Table 3. Estimated Reclassification Table From Model 1 and
Model 2 at an Arbitrary Cut-off Value of 0.5
Model 2
0.5 <0.5 Total
CTRCD (n=36)
Model 1
>0.5 31.6 353 34.9
<0.5 9.3 20.0 29.3
Total 40.9 23.3 64.2
No CTRCD (n=131)
Model 1
>0.5 16.4 11.7 28.1
<0.5 10.7 64.0 74.7
Total 27.1 75.7 102.8

Patients with a model probability >0.5 are considered to have a
high probability of developing cardiotoxicity. CTRCD, cancer
therapeutics-related cardiac dysfunction.

tum, including discrete upper septal thickening, subaortic
ventricular septal bulge, and discrete upper septal knuckle.
The ASA has been used previously to quantify the sigmoid
septum,!824-26 a5 has the B-M ratio.?22 In the present
study, the ICCs for intra- and inter-rater reliabilities were
satisfactory, which indicates that the ASA measurement
can be considered reliable and reproducible.

In general, the sigmoid septum is frequently observed in
the elderly population,3234 although some investigators
have reported this geometric change as part of the spectrum
of hypertrophic cardiomyopathy, because of LV outlet
obstruction.-37 Therefore, the sigmoid septum is consid-
ered to be the result of aging-related changes associated with
aortic atherosclerosis, hypertension, or thickening and cal-
cification of the aortic or mitral valve.340 In the present
study, higher age and higher body mass index were inde-
pendently associated with the presence of sigmoid septum,
as defined by the cut-off value of the ROC curve for
CTRCD, in the logistic regression analysis (Supplementary
Table 2). In the present study, in univariable Cox regres-
sion analysis, age was one of the factors significantly asso-
ciated with CTRCD, consistent with previous reports.!!
However, after the multivariable analysis, ASA was proven
as an independent risk factor for CTRCD, whereas age was
not an independent determinant. This result may explain
why a visible morphologic change due to aging was a more
specific predictor for developing CTRCD than age alone.

Conversely, Cox regression analysis showed that the
B-M ratio was not a significant predictor for developing
CTRCD. However, Kaplan-Meier analysis with a cut-off
value for the B-M ratio of 1.22, determined from a time-
dependent ROC curve, demonstrated that patients with
high B-M ratios had a significantly higher prevalence of
CTRCD than patients with low B-M ratios (Supplementary
Figure; log-rank P=0.002). Furthermore, when the B-M
ratio was treated as a categorical variable (=1.22), it was
identified as an independent risk factor for developing
CTRCD in both univariable analysis (HR 3.49; 95% CI
1.58-7.71; P=0.002) and multivariable analysis (HR 4.48;
95% CI 1.92-10.45; P=0.001). Nevertheless, a cut-off value
of 1.22 for the B-M ratio could be arbitrary, because the
source and adaptation groups were the same cohort.
Therefore, we continued to use a continuous value for the
B-M ratio in the main analyses of this study. However, the
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Figure 5. Graphic summary of a
theory as to how anthracycline-
induced cancer therapeutics-related
cardiac dysfunction (CTRCD) devel-
ops. CTRCD develops according to
the sum of baseline tissue damage
plus chemotherapy-associated myo-
cardial stress and damage. The
presence of a sigmoid septum indi-
cates some degree of baseline tissue
damage. Due to the disadvantaged
hemodynamics associated with a
sigmoid septum, its presence can
increase the severity of chemother-
apy-associated tissue damage. BP,
blood pressure; GLS, global longitu-
dinal strain; LVEF, left ventricular

Sigmoid septum associated
hemodynamical disadvantage.
(diastolic dysfunction, elevated central BP.)

ejection fraction.

B-M ratio, treated as a continuous variable, was not sig-
nificantly associated with CTRCD; this finding was prob-
ably due to the inadequate number of participants. Thus,
a future study with a large number of participants or a
prospective study with a B-M ratio cut-off of 1.22 are
needed to confirm the utility of the B-M ratio.

Previous studies have not clarified the clinical or prog-
nostic significance of the sigmoid septum. A large prospec-
tive observational trial could not show the effects of the
sigmoid septum on exercise capacity in a healthy popula-
tion.23 In addition, a large retrospective study reported that
the sigmoid septum was not independently associated with
adverse clinical outcomes.22 However, in those studies, due
to the strict parameters, only a small number of patients
met the criteria for a sigmoid septum. These parameters
included an upper septal thickness 214mm and a B-M
ratio 21.3, with only 1.5% of patients meeting the criteria,?
or an upper septal thickness 213 mm in men or 212mm in
women and a B-M ratio 21.5, with 7% meeting these crite-
ria.? Applying these criteria to our cohort, only 14.3% and
12.6% of patients met the criteria, respectively. Further-
more, the Kaplan-Meier analyses revealed no significant
differences in the prevalence of CTRCD between patients
with and without a sigmoid septum based on these criteria
(log-rank P=0.17 and P=0.66). In the previous studies, a
mild-moderate sigmoid septum, with a B-M ratio >1.22,
may have been categorized as normal. We speculate that
those criteria may explain why the results from the present
study seem to differ to those from previous studies. Conse-
quently, more investigations are warranted to determine
an adequate cut-off value for the B-M ratio. In recent
years, imaging technology and 3-dimensional echocardiog-
raphy diagnostic capabilities have evolved;*! these
advances may contribute to setting more appropriate cri-
teria for classifying a sigmoid septum.

Anthracycline-induced cardiotoxicity is considered cumu-
lative. Consequently, the sum of baseline cardiomyocyte
tissue damage and any additional tissue damage due to
chemotherapy contributes to the development of CTRCD.
The sigmoid septum is one of several visible morphologic
changes associated with aging, aortic atherosclerosis,
hypertension, and valvular thickening and calcification.
These associations suggest that the presence of a sigmoid

septum may indicate higher prior exposure to myocardial
stress compared with the absence of a sigmoid septum.
Furthermore, hemodynamically, the sigmoid septum was
associated with LV diastolic dysfunction,!8 increased cen-
tral blood pressure, and increased aortic pressure wave
reflection.?s Greater wave reflection is also an independent
predictor of adverse cardiovascular events.*>43 These
hemodynamic disadvantages may have affected the higher
frequency of CTRCD in patients with a sigmoid septum.
We speculate that these mechanisms may be associated
with developing CTRCD in patients with smaller ASAs who
undergo anthracycline-containing chemotherapy (Figure 5).
A previous study showed that the sigmoid septum was a
risk factor of stroke relapse in patients with hypertension.#
Future studies should investigate the impact of a sigmoid
septum (defined adequately) on clinical outcomes in patients
with heart diseases.

GLS and a History of Ischemic Heart Disease

Lower LVEF and smaller GLS in patients with normal
LVEEF are already recognized as risk factors for anthracy-
cline-induced CTRCD.11-1415.19 [ the present study, LVEF
was not an independent determinant for anthracycline-
induced CTRCD in the multivariable analysis, probably
because GLS can detect myocardial injury more sensitively
than LVEF.454 A history of ischemic heart disease is also
considered a risk factor for CTRCD.3! Both decreased GLS
and prior ischemic heart disease at baseline are generally
considered to be associated with LV myocardial injury, even
when LVEF is within normal limits. In the logistic regression
analysis in the present study for GLS below the cut-off value,
performance status =2, higher total bilirubin, and lower
LVEF were independent determinants (Supplementary
Table 3). Considering that a history of general risk factors
of ischemic heart disease, including hypertension, hyperlip-
idemia, diabetes, and smoking, was not identified as a risk
factor for CTRCD in the present study, a history of ischemic
heart disease may indicate myocardial damage more directly.

Study Limitations

This study has some limitations. First, it was a single-center
retrospective study, and enrollment volume was limited.
Second, a relatively large number of patients who did not
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undergo baseline or follow-up echocardiography were
excluded. In the comparison between the group enrolled in
the study and the group excluded because of the absence of
baseline or follow-up echocardiography, the enrolled group
was older (69.1£11.3 vs. 64.9£13.9 years; P=0.002), suggest-
ing the attending physicians ordered echocardiographic
examinations more frequently for potentially high-risk
patients, possibly resulting in the high prevalence of CTRCD
in the present study. Third, the timing of follow-up echocar-
diography also varied depending on the attending physi-
cian. The median interval between the follow-up examinations
was 112 days, suggesting relatively good-quality follow-up
was performed. However, there was a possibility that the
diagnosis of CTRCD was delayed or not made. Fourth,
the sensitivity and specificity of the cut-off values evaluated
in the same cohort used for derivation are biased due to
over-optimism. Further studies are needed to assess the
prognostic value of ASA in a prospective cohort.

Conclusions

In addition to lower GLS and a history of ischemic heart
disease, decreased ASA was found to be a new indepen-
dent risk factor for anthracycline-induced CTRCD in
patients with ML treated with a CHOP-like regimen.
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