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A B S T R A C T   

Introduction: Neoadjuvant chemotherapies for breast cancer (BC) are effective but potentially cardiotoxic, and 
expose long survivors at risk of chemotherapy-related cardiac dysfunction (CTRCD). Unfortunately, early 
screening for CTRCD has actual diagnostic limits. Myocardial extracellular volume (mECV) is a radiological 
marker used in cardiac CT scans and cardiac magnetic resonance for diagnosis and follow-up of CTRCD. It can be 
measured in whole-body CT (WB-CT) scan, routinely performed in patients at high risk of relapse, to evaluate 
CTRCD occurrence during oncological follow-up. 
Methods: 82 WB-CT scans were examined at baseline (T0) and during oncological follow-up at first year (T1) and 
fifth year (T5) after the end of neoadjuvant treatment. mECV was measured at 1 min (PP) and 5 min (DP) after 
contrast injection. 31 echocardiograms were retrieved in T1 to perform a linear correlation between mECV and 
left ventricular ejection fraction (LVEF). 
Results: mECV values in T0 were similar between the two groups both in PP and in DP. Significant results were 
found for PP values in T1 (37.0 % vs 32 %, p = 0.0005) and in T5 (27.2 % vs 31.2 %, p = 0.025). A cut-off value of 
35 % in PP proved significant in T1 (OR = 12.4, p = 0.004), while mECV was inversely correlated with LVEF both 
in PP (adj-S = − 3.54, adj-p = 0.002) and in DP (adj-S = − 2.51, adj-p = 0.0002), suggesting a synergistic action 
with the age at diagnosis (p < 0.0001, respectively). 
Conclusions: WB-CT scans performed during oncological reassessment in patients at high-risk of recurrence could 
be used for CTRCD screening in cardiovascular low-risk patients, especially in aging patients with mECV values 
above 35 %.   

1. Introduction 

Breast cancer (BC) management has achieved improvements in 
neoadjuvant chemotherapy (NACT), exceeding a 70 % 10-year survival 
in Europe, providing survival rates of 89 % and 62 % in local and 
regional diseases, respectively [1,2]. However, despite progresses in 
oncological therapies and diagnostic tools [3], the occurrence of car-
diovascular disease (CVD) is still an issue for cancer patiens [4,5] being a 
potential consequence of cancer treatments [6]. For long-surviving pa-
tients, cancer therapeutics-related cardiac dysfunction (CTRCD) caused 

by potential cardiotoxic drugs could undermine the oncological out-
comes. Despite their renowned cardiotoxicity, anthracyclines (AC), 
represent the first option for the high-risk patients with triple negative 
BC and very selected luminal-like BCs [2]. Analogously, in human 
epidermal growth factor receptor 2 (Her-2) positive BC, 
anti-Her-2-based schemes with Trastuzumab (T) are used in both neo-
adjuvant and adjuvant settings [7,8]. In the latter, the combination of 
AC + T is still used in some cases, although modern protocols suggest to 
de-escalate AC in patients with low risk Her-2 positive BC or to use 
anti-Her-2 dual blockade [2,7,9,10]. CTRCD has been widely reported as 
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an adverse event of both drugs, ranging between 5-48 % and 1.7–44 %, 
for AC and T, respectively [10–12], although moderate-to-severe 
CTRCDs are found in 5.8 % and 6.2 % of cases, respectively [10] and 
7.0 % of events are observed when used sequentially [10]. Reliable 
biomarkers for CTRCD early detection are still lacking, as Troponins I/T 
(Tn I/T) are burdened by a consistent rate of false positive and negative 
results, while Brain Natriuretic Peptides (BNP) are tardive markers of 
heart failure [13,14]. Both biomarkers have low overall sensitivity and 
positive predictive value (69 % and 52 %, respectively) [15]. Echocar-
diography is limited by interference of breast surgical scar and by a 
tardive increase of left ventricular ejection fraction (LVEF) [16–18]. A 
recent echocardiographic technique, the Speckle Tracking, aimed at 
studying the residual elasticity of cardiac tissue by measuring the 
reduced Global Longitudinal Strain (GLS) [13,19], has proven unsuc-
cessful in guiding the choice of cardio-protective therapy [19,20]. 
Among the new markers under investigation [16–18] stands the 
myocardial extracellular volume (mECV), a radiological marker 
reflecting the expenditure of the contrast mean in the myocardial 

interstitial space [21,22]. It may increase in the presence of edema and 
interstitial fibrosis [21–23] and it is utilized as an early predictor of 
myocardial injury in cardiac Magnetic Resonance Imaging (cMRI) [23] 
or Computed Tomography (CT) scan [24,25]. Normal values range be-
tween 20 and 30 % and greater values are considered pathological [23]. 
Although mECV assessment is already widely validated in cMRI, its costs 
prevent its routine use in cardio-oncology [24,26]. Conversely, CT scan 
provides acceptable results concordant with histological findings 
[24–26]. Indeed, patients who underwent AC treatments showed a sig-
nificant correlation with mECV values when adjusted for age [27,28]. 
Therefore, the evaluation of mECV values in whole body (WB)-CT scan 
used for disease restaging in symptomatic patients and selected high risk 
patients, might be useful for early detection of asymptomatic and un-
expected damage to cardiac tissue in low cardiovascular risk patients 
[4]. However, studies are limited as they measure mECV values only in a 
delayed phase, in 7–10 min after contrast medium injection, thus lead-
ing to a loss of information on its early spread in cardiac tissue. 

Hypothesizing different trends between portal and delayed phase, 

Fig. 1. Flowchart of exclusion criteria.  
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we evaluated the differences in mECV values in BC patients exposed to 
cardiotoxic drugs. 

2. Methods 

2.1. Study design 

We retrospectively evaluated 102 women affected by BC, who were 
treated with neoadjuvant chemotherapy, based on AC or T, between 
January 2010 and July 2016 at the Oncology Department of Tor Vergata 
University Hospital. Patient eligibility was checked according to the 
following criteria:  

• Age ≥18 years  
• A WB-CT scan performed before treatment (T0), after 12 ± 3 months 

(T1) and after 60 ± 6 months (T5);  
• A complete blood cell count (CBC) not older than 2 ± 1 weeks from 

the beginning of NACT;  
• An echocardiogram performed at T0 and at T1. 

Exclusion criteria were (a) patients with personal history of any 
cardiovascular disease, (b) patients who received a reduced dose of 
NACT due to toxicity, (c) patients relapsing or with a second tumor 
requiring an additional oncological treatment and (d) patients who 
developed a CTRCD before T1 time point. 

Eighty-two patients were found eligible and were divided in two 
observational arms based on the cardiotoxic occurrence, the CTRCD 
group and the non-CTRCD group, to perform a retrospective association 
study (Fig. 1). 

2.2. Definition of CTRCD 

Included patients were studied retrospectively in a follow up of 5 

years for cardiotoxicities occurring after the first year of follow up. 
CTRCDs were defined in agreement with European society of cardiology 
(ESC) guidelines for cardio-oncology 2022 [13] as (1) onset of symptom-
atic HF (2) asymptomatic drop of LVEF >10 % from baseline and under 
the value of 53 % at ultrasonography (US), (3) onset of other relevant 
cardiac diseases such as myocardial infarction, moderate-to-severe val-
vulopathy, arrhythmias or cardiopathies. 

2.3. CT acquisition protocols 

WB-CT scans were performed with a 128-layer CT scanner (GE- 
Healthcare; Revolution EVO, CT, General Electrics Medical System, 
Milwaukee, WI, USA) using a multi-step spiral acquisition following a 
cranial–caudal direction, including abdomen, part of the thorax, heart 
and cranium. In contrast with standard cardiac CT protocol, all acqui-
sitions were performed without ECG gating during the oncological 
reassessments. Imaging acquisition included a baseline scan and three 
subsequent scans before the administration of 100–120 mL of iodinated 
contrast medium (Iomeron 350 mg/mL, Bracco Imaging) followed by 
30–50 mL of saline at 3 mL/s. Post-contrast scans were acquired 
applying a threshold of 120 HU placing a region of interest (ROI) in the 
descending aorta at the thoracic-abdominal passage, 

In this way, three phases were obtained:  

• Arterial phase, generally about 15–18 s after contrast injection;  
• Portal phase, 1 min after contrast injection (Fig. 2-A);  
• Delayed phase, about 5 min after contrast injection (Fig. 2-B). 

Radiation doses were reported using the following formula: dose 
length product (DLP) expressed in mGy × cm (DLP value for each patient 
were extracted). 

The WB-CT images were evaluated by two radiologists with 15 years 
of experience in cardiovascular radiology, blinded to each other refer-

Fig. 2. ROI (green arrows) located in the interventricular septum and left intraventricular blood pool in CT scans acquired (A) during the portal phase (1 min after 
contrast medium injection) and (B) in the delayed phase (5 min after contrast medium injection), respectively, and in the portal phase. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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ring to a third radiologist for solving discrepancies. One ROI was drawn 
in the thickest portion of the middle septum and another one of equal 
proportions in the “blood” pool of the left ventricle, avoiding the 
papillary muscles. ROIs were measured in the three phases (basal, por-
tal, and delayed phase) at T0, T1 and T5. Hounsfield units (HUs) obtained 
were included in the following formula [29]: 

ECV=(1–haematocrit)

•
[(

Humyopost – Humyopre

) / (
Hubloodpost – Hubloodpre

)]

resulting in ECV values measured in PP and DP. 

2.4. Statistical analysis 

The quantitative and normally distributed variables were presented 
as mean ± standard deviation (SD), otherwise, data was described with 
median ± interquartile range (IQR). ANOVA test was performed after 
Shapiro–wilk’s tests and Mauchly’s test that confirmed normality and 
sphericity, respectively. Welch’s t-tests for paired data were conducted 
between the independent groups with different or not known variances, 
whereas, for not normally distributed populations, a Wilcoxon test for 
paired data was used. A multiple linear regression was performed 
together with the interaction tests for the predictors, whereas the re-
sidual analysis was performed to check the goodness of the results. 
Finally, Fisher’s exact test and odds ratio were used to find a possible 
predictive cut-off of ECV. All the tests and plots were performed with a 
two-sided α = 0.05 as significance level, using Rstudio software v 4.0.4. 

3. Results 

In the overall selected population (n = 82) median age was 45 ± 4.5 
(±IQR) years, with a baseline (T0) LVEF 65 % ± 3.5 % versus T1-LVEF of 
60 % ± 2.5 %. All patients were apparently healthy and asymptomatic 
before starting the oncological treatments, reporting a mean LVEF>50 
% at the echocardiogram. Post-menopausal women were 37 % of the 
whole cohort, with 4.5 ± 2.3 years (median ± IQR) from the meno-
pausal age; the known smokers were 26.8 % and smoked about 19 ± 5.1 
pack/years; patient’s comorbidities were type-2 diabetes (19.5 %), hy-
pertension (17.1 %), hypercholesterolemia (31.7 %). Body Mass Index 
(BMI) reported in the population was 22.4 ± 2.6 (median ± IQR), with 
17.1 % of underweighted patients (BMI<19.5) and 17.1 % of over-
weighted (BMI>30) individuals. In the control group, only 22 patients 
reported complete clinical data on LVEF values. 

Among the 82 selected patients, 5 cases of CTRCD were recorded 
with a median time-to-event ranging between 14 and 23 months. 

Indeed, 2 patients suffered of >15 % LVEF reduction, 1 patient reported 
arrhythmia (atrial fibrillation) and massive pericarditis, and 1 patient 
reported an asymptomatic LVEF decrease under 50 % (LVEF 40 %). On 
the other hand, 77 patients remained apparently healthy and asymp-
tomatic during the 5-year FU. Consequently, the CTRCD-arm (n = 5) was 
compared with the apparently healthy non-CTRCD arm (n = 77), 
assessing the general trends in mECV values. 

3.1. Analysis in CTRCD-arm at T1 and T5 in the portal phase (PP) and 
delayed phase (DP) settings 

We observed different trends in mECV values among the different 
time points (T0, T1, T5) in the PP setting, showing a significant difference 
after the ANOVA test (F = 14.14, p = 0.0007). At the pairwise analysis, 
we found increased mECV values with a relative difference (RD) of 23.5 
% from T0 to T1 (30.0 % vs 37.0 %, t4 = 4.17, p = 0.014), while no 
significant variations were observed between T0 and T5 (30.0 % vs 28.4 
%, t4 = 1.04, p = 0.36) (Fig. 3A). Conversely, a significant decrease of 
mECV was registered from T1 to T5 (RD -23.3 %, t4 = − 10.6, p =
0.0004). 

The analyses were performed also in the DP setting (Fig. 3B), 
showing a significant difference among the three groups (F = 7.84, p =
0.007), confirmed at the subgroup analyses, with a significant increase 
(RD = 45.6 %) of mECV from T0 to T1 (26.0 % vs 37.8 %, t4 = − 4.4, p =
0.012). Similarly, a significant result from T0 to T5 (t4 = − 4.7, p < 0.01) 
was detected (Fig. 3B). Noteworthy, no significant variations were 
detected when T1 and T5 were compared (t4 = 1.0, p = 0.38) in the DP 
setting. 

3.2. Comparisons between CTRCD-arm vs non-CTRCD in the PP and in 
the DP setting 

The direct comparison of mECV values between the CTRCD-arm and 
the non-CTRCD arm was performed at each time point in both PP and DP 
setting. No difference was found in T0 confirming the initial absence of 
cardiac damage both in PP (t80 = 1.64, p = 0.11) and DP (t80 = − 1.1, p 
= 0.28) (Fig. 4). At T1, a significant difference was detected, showing a 
relative increase of 14 % (p = 0.0005) in the CTRCD group values. 
Surprisingly, at T5 we observed lower mECV values for the CTRCD group 
with a statistically significant relative reduction of 12.7 % of the mean 
values (t6.5 = − 2.88, p = 0.025) (Fig. 4-A). Conversely, no significant 
differences were observed in the DP setting (Fig. 4-C and D). 

Fig. 3. Trend of mECV values in CTRCD group during oncological follow up. mECV mean values measured in patients with CTRCDs at different timepoint during the 
follow up, at baseline (T0), at first year (T1) and at fifth year (T5) in A. Portal phase and B. Delayed Phase. Comparisons were performed with a 2-sided Wilcoxon test. 
* (p < 0,05), ** (p < 0.01), ***(p < 0.001). 
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3.3. Correlation between LVEF and mECV values at T1 in general sample 
and CTRCD group 

Correlation analyses were conducted on the two arms after all 
echocardiograms were retrieved and all patients with incomplete in-
formation were excluded (Fig. 1). As a result, we confirmed from general 
population a sample (GS) of 27 patients (median age 45 ± 4 years), 
gathering data for their Cardiac Risk Factor (CRF) useful for the further 
analyses. A cardiotoxicity (CarTox, n = 5) group and a non-CarTox 
group (n = 22) were defined, and their baseline CFR and characteris-
tics are enlisted in Table 1. 

3.3.1. Correlations in the General Sample 
Firstly, we analyzed the GS without further distinctions considering 

ECV in the PP phase (PP-ECV) at the T1 time point. As a result, no sig-
nificant correlation was found between changes in LVEF (Δ-LVEF) nor in 
PP-ECV (s = − 0.04, R2 = 0.002, p = 0.83), when simple regression was 
performed. Of note, after the multiple regression the adjusted values of 
PP-ECV became strongly significant (adj-S = − 3.54; adj-p = 0.002) 
while a significant interaction (p = 0.002) between PP-ECV and age at 
diagnosis (AD) was found, suggesting a possible synergistic effect be-
tween these two predictors on the final outcome of Δ-LVEF (Table 2A). 

On the other hand, in the DP, ECV absolute values (DP-ECV) were 
significantly correlated with Δ-LVEF (S = − 0.29, r = − 0.2, R2 = 0.14, 
F28 = 4.6, p = 0.04) showing an inverse relationship at T1 (Table 2B and 
Fig. 5A). The values were found to be still statistically significant when 
regression analysis was performed, and an interaction between DP-ECV 
and AD was found (adj-R2 = 0.55, F26 = 4. Residual SE = 0.04, Fig. 5A). 
Notably, also DP-ECV resulted to be even more significant when the 
interaction test was performed (p < 0.0001), suggesting, also in this 
case, an additional and synergistic effect. DP-ECV did not show any 
additional significant interaction with other patient’s characteristics, 

(data not shown). 

3.3.2. Correlations in the CarTox arm 
The CarTox arm was analyzed to investigate whether PP-mECV and 

Fig. 4. Comparison of mECV values between CTRCD and non-CTRCD group. The mECV values of patients with CTRCD were compared with ethe values of apparently 
healthy patients at T0, T1 and T5 both in PP (A-B) and DP setting (C-D). The results are presented as values (mean ± SD) in tables (A-C), whereas they are graphed in 
barbplot in B-D. Of note, in T1 and in T5 we observed a statistically significant reduction of mECV values for patients with CTRCD in PP (p = 0.0005) and in DP (p =
0.025), whereas no significant difference was observed in DP settings (p = 0.29 and p = 0.07, respectively.). Comparisons were performed with 2-sided welch’s t-test. 

Table 1 
Characteristics and cardiac risk factor (CRF) of the general sample (GS).  

Variables Arm CarTox (n 
= 5) 

Arm non-CarTox (n 
= 22) 

p- 
value 

Age (years, median ± IQR) 45 ± 7 45 ± 4 0.72 

Menopause (RF) 2 (0.4) 5 (0.2) 0.60 

Type of carcinoma 
Infiltrating ductal (RF) 2 (0.4) 14 (0.56) – 
Infiltrating lobular (RF) 1 (0.2) 4 (0.16) – 
Poorly differentiated 
(RF) 

1 (0.2) 7 (0.28) – 

Mucinous (RF) 1 (0.2) 0 – 

Comorbidities 
DiabetesMellitus (RF) 2 (0.4) 4 (0.2) 0.24 
Hypertension (RF) 2 (0.4) 4 (0.2) 0.17 
Smoking (RF) 2 (0.4) 6 (0.2) 0.84 
Hypercolesterolemia 
(RF) 

1 (0.2) 8 (0.3) 0.54 

Treatment choice 
Doxorubicin 3 17 0.77 
Trastuzumab 2 8 

Baseline LVEF (mean ±
SD) 

0.70 ± 0.03 0.65 ± 0.06 0.13 

1st year LVEF (mean ± SD) 0.65 ± 0.05 0.65 ± 0.05 0.28 

Hematocrit (%), mean ±
SD 

35.4 ± 0.05 36.2 ± 0.07 0.76 

IQR: Interquartile range; RF: Relative Frequence; SD: Standard Deviation. 
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DP-mECV could have a role in the clinical diagnosis of CTRCD. Unfor-
tunately, no significant result was observed. Indeed, despite a clear trend 
towards decrease of the LVEF values while increasing DP-ECV at the first 
year (S = − 1.13, Adj-R2 = 0.83, F3 = 15.68), the relationship was not 
statistically significant (p = 0.058, Fig. 5B). Importantly, this analysis 
had a low statistical power (β = 0.66), and the Spearman’s rank coef-
ficient was also significantly high (r = − 0.87). 

3.4. Definition of a predictive value for mECV values predicting CTRCDs 

A reliable PP-ECV value able to distinguish patients who are devel-
oping a CTRCD from those who are still apparently healthy was evalu-
ated. We found that a PP-ECV greater than 35 %, measured at T1, 
predicted a risk to develop a CTRCD 12-fold higher than the non-CTRCD 
group (OR = 12.4, V = 0.49, p = 0.004, Fig. 5C). 

3.5. Correlations in the AC-treated group and T-treated group 

A last analysis was performed on the subgroups of patients receiving 
A (n = 20) or T (n = 10). The two subgroups were unrefined for CTRCD, 
because the number of events was too low (3 and 2 patients, respec-
tively). However, also in this case, in the A-treated group we observed a 
non-significant trend for the PP-ECV (S = 0.24, R2 = 0.16, F = 3.4, p =
0.082) and for DP-ECV (S = − 0.14, R2 = 0.017, F = 0.32, p = 0.58) 
during the first year follow up, whereas a significant inverse correlation 
was found between mECV values and Δ-LVEF when age at diagnose 
(AD) and menopause status were considered within an interaction test 
(Table 3). No positive result was obtained when T was analyzed 
(Table 3). 

4. Discussion 

Our investigation evaluated thoracic CT scans performed within a 
WB-CT oncological reassessment providing evidence of detectable and 
reliable measures of mECV whose values were differently expressed in 
patients who eventually developed CTRCD and who did not. 

This approach provides promising data suggesting its use for CTRCD 
screening in long-survivors at low risk for cardiac events at baseline. 
Although 98 % of CTRCDs are generally expected within the first year 
[30], we suppose that the incidence of 2 % of late cardiotoxicity [30] 
might be underestimated because retrospective studies with longer 

follow up are few. In a previous study from our group, a significant in-
crease of mECV values was observed in both acute and chronic car-
diotoxicity settings25. In the present study, we analyzed the changes in 
mECV values in patients who developed cardiac dysfunction (CTRCD 
arm) and in those who did not (non-CTRCD arm), analyzing different 
phase, PP and DP. Indeed, significant increases from T0 to T1 were 
observed both in PP (p = 0.014) and in the DP phase (p = 0.012). These 
findings suggest that the maximum peak of mECV values for the CTRCD 
group arises at T1, defining mECV measurements as a useful monitoring 
tool in the first year of follow up. These data are in agreement with 
previous evidences [28,31,32]. Noteworthy, a consistent mECV reduc-
tion from T1 to T5 was observed in the PP setting (RD -23.3 %, p =
0.0004) but not in the DP (p = 0.38), where mECV values remained 
stably high. Probably, the differences observed between PP and DP are 
caused in T1 by myocardial edema for a (sub)acute inflammation, 
whereas in T5 the chronic cardiotoxicity reflected myocardial fibrosis. 
Indeed, both conditions cause a slow contrast medium wash-out in DP as 
expected [28,31,32], while the hypovascularization within the scar 
could account for the slow wash-in observed in PP, as described in 
analogous diseases [33,34]. 

When the CTRCD and non-CTRCD groups were compared in the PP 
setting at T5, even lower values were observed (27.2 % vs 31.2 %, p =
0.025). Also in this case, hypovascularization and ischemic disease with 
vessel obstruction after the CTRCD event could be hypothesized [33,34]. 
Remarkably, a statistically significant cut-off value (V = 0.49, p =
0.004) of 35 % predicted a 12-fold increased risk of developing CTRCD 
in patients with higher PP-ECV values. Indeed, all patients with CTRCD 
clustered in the lower-right “high-risk” quadrant, suggesting the same 
prognostic pattern, whereas, in DP setting, the relationship resulted not 
significant (p = 0.29). 

A linear regression analysis was performed between mECV values 
and changes in cardiac contractility in the first year follow up (T1). 
Analyzing the GS with a multiple regression analysis, a significant 
relationship was found when the interaction test with patient’s AD was 
performed, both for PP-ECV and for DP-ECV. This suggests that AD and 
mECV should be considered synergistically to better explain the inverse 
relationship between Δ-LVEF and mECV. Noteworthy, when we 
analyzed the linear regression for the CTRCD group, despite the lack of 
statistical significance due to a low statistical power, we found a strong 
inverse correlation, indicating that results are promising. Lastly, corre-
lation analyses were performed for the trastuzumab-treated women with 
negative results both in PP and DP setting, while for anthracyclines- 
treated women a significant inverse relationship with Δ-LVEF was 
found at the multiple regression after the interaction test between AD 
with both PP-ECV and DP-ECV, suggesting a synergistic model. 

Although our data on non-CTRCD patients are consistent with those 
reported in the literature, to our knowledge we are the first to show data 
in CTRCD patients, reporting at baseline a range of mECV values (PP =
26.9–30 % and DP = 26–28.7 %) similar to previous observations [24, 
35,36]. Although our patients are younger (median 45 ± 4 years) than 
those described in other studies reported so far [24,26,36], the role of 
AD in reducing cardiac contractility and increasing the risk of CTRCD 
was already described [10,13,37,38]. In a similar study on patients 
treated with AC, a cumulative cardiotoxicity incidence of 1.2 % per year 
was observed in patients younger than 55 years, reaching a 10.6 % risk 
in patients over-75 years [39], thus suggesting a synergy between drug 
cardiotoxicities and AD. On this regard, the cumulative risk added by 
CRFs has been recently evaluated in the cardio-oncological guidelines 
when risk stratification is assessed at baseline [13,38]. Indeed, CRF 
correction and cardiac prevention lead to reduced CTRCD incidence in 
AC-treated elderly patients [13,40,41]. Actually, mECV values are 
already largely used in CMR, and several studies focusing on AC-induced 
CTRCDs confirmed that these values remain persistently increased even 
years after the end of treatment [28,42,43]. However, CMR cannot be 
used routinely in the follow-up of BC patients being expensive and 
time-consuming, whereas, CT scan is part of the oncological 

Table 2 
Results from analysis of linear regressions. The reported values are referring to 
simple linear regression (S-value; p-value; R2-value) and to multiple regression 
with interaction test (adjusted values) between LVEF and the prognosticators (A) 
PP-ECV or (B) DP-ECV. Noteworthy a significant interaction was found between 
the ECV values measured both in portal phase (PP-ECV) and in delayed phase 
(DP-ECV) with the age at diagnosis (AD). Considering these synergies with AD, a 
stronger effect was found between (A) PP-ECV and LVEF (-3.54 vs -0.04, adj-S vs 
S) and a higher predictive capability of the model was described (0,25 vs 0.002, 
adj-R2 vs R2). Similar results were observed for PP-ECV (B), with an even higher 
predictive capability (0.55 vs 0.14, R2 vs adj-R2). R2: coefficients of determi-
nation; S: linear coefficient (slope).  

Prognosticators S p- 
value 

R2 Adj- 
R2 

Adj-S Adj-p 

A) 
PP-ECV (1min) − 0.04 0.83 0.002 0.25 − 3.54 0.002 
Age at Diagnosis 

(AD) 
0.0006 0.63 0.008 0.03 0.008 

Interaction test – – – 0.007 0.002 
(AD*PP-ECV) 

B) 
DP-ECV (5min) − 0.29 0.04 0.14  − 2.51 0.0002 
Age at Diagnosis 

(AD) 
0.0006 0.63 0.16 0.55 0.03 0.0002 

Interaction test – – –  0.007 <0.0001 
(AD*DP-ECV)  
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reassessment [28,42,43]. We described for the first time, to the best of 
our knowledge, the differences in mECV values, measured by WB-CT 
scan, between patients who developed CTRCD and those who did not, 
highlighting their predictive role for CTRCD and myocardial remodeling 
and the ability to differentiate between acute and chronic damage. 
Moreover, the use of WB-CT scan imagines allowed us to follow the 
patients for a long time (5 years). 

We must acknowledge important limitations: the reduced sample 
size, the limited rate of CTRCD, the possible presence of selection biases 
and the lack of a control arm not exposed to cardiotoxic drugs. More-
over, we considered together severe and mild cases, leading to hetero-
geneity of results, whereas a larger study with adequate number of 
documented CTRCDs could better differentiate in mild, moderate and 
severe cases. Among the technical limitations, the ECG-synchronization 
was not performed when the image were acquired reducing somehow 
the accuracy and precision. However, the choice of centering the ROI in 
the septum drastically reduced motion artefacts. 

5. Conclusions 

In the present study we provided evidence supporting the use of WB- 
CT scans as a preliminary assessment for CTRCD when considering 
mECV evaluation, in apparently healthy women, whereas an intensive 
cardiological follow up could be reserved to second level examinations. 
Indeed, cardiac damage in young women after anthracycline treatment 
is a slow and multifactorial process. These patients, after significant 
initial cardiac distress, continue to accumulate tissue insults due to the 
presence of CRF, becoming at greater risk to develop CTRCD and, 
therefore, they need to be monitored. In this context, DP-ECV values 
could be monitored over time to predict the incidence of CTRCD, 
particularly when they increase above 35 %, revealing a 12-fold 
increased risk. Our study shows that increasing values of DP-ECV com-
bined with decreasing values of PP-ECV could be used to differentiate 
acute from chronic damage, when measured at the first and fifth year 
after anthracycline therapy. However, more evidences will be needed to 

Fig. 5. Linear regressions between ECV values in delayed phase and LVEF changes evaluated at T1. The trends of ECV values at T1 negatively correlates with the 
changes of LVEF from T0 to T1 both in the GS (A) and in the CTRCD group (B). Of note in PP setting (C), patients are clustered in significant groups, suggesting 
subgroup of patients with different prognoses. Indeed, green points could be patients probably healthy and at lower risk to develop a CTRCD (lower ECV and higher 
LVEF values), whereas yellow points could be patients developing a CTRCD or at higher risk (higher ECV and lower LVEF values). Importantly patients with a 
diagnosed CTRCD (red) were all located in the lower right quadrant, confirming its high risk and the predictivity of PP-ECV > 35 %. In DP setting (D), although more 
patients(yellow) were located in the lower right high-risk quadrant the patients with a CTRCD were scattered, do not confirming its predictive role in DP-ECV. A 
dotted line on 0.35 was chosen as a cut-off for CTRCD prediction as shown in PP and as reference for DP. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 
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assess the utility for thorax CT scan in helping clinicians to decide 
whether a cardiac CT should be performed as a second level examina-
tion. Moreover, the clinical utility of our findings requires confirmation, 
including a histopathological one, in larger ad hoc prospective studies. 
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