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There is a paucity of cardiac magnetic resonance (CMR) T1 mapping data in childhood cancer
survivors (CCS). Furthermore, the available data appears inconclusive. One study showed negative
correlations between native T1/ extracellular volume (ECV) and exercise capacity in CCS but healthy
controls (HC) were not included.? In another study, native T1 was similar between CCS and HC,
although ECV was shown to be higher in female than male survivors.? Our goal was to determine if
CMR native T1 and ECV are altered in CCS, and if sex difference of these myocardial fibrosis markers

exists in long-term CCS.

CCS aged >13yrs who had completed anthracycline-based chemotherapy regimens for >5yrs were
recruited from three hospitals. All subjects provided written informed consent. Age- and sex-matched
normotensive healthy volunteers with no history of cardiovascular disease, normal electrocardiograms
and blood tests were recruited. Haematocrit of all subjects was determined within 48 hours of CMR
examination. A 3T CMR Scanner acquired T1 mapping images using a modified Look-Locker
Inversion Recovery (MOLLI) sequence 5s(3s)3s (spatial resolution 1.17mm x 1.17mm x 10mm) in
the left ventricular (LV) short axis at the base, mid and apex, pre-contrast and 15 minutes post-
contrast injection. T2 mapping was performed in the same T1 mapping positions. T1 and T2 mapping
contouring was performed on the mid-ventricular slice. Late gadolinium enhancement (LGE) areas
were excluded. LGE was performed 8 to 15 minutes after intravenous injection of 0.2mmol/kg
gadolinium-DOTA. Two observers independently evaluated LGE presence and location. LGE was
quantified semi-automatically using a signal intensity threshold of >6 standard deviations above the
normal myocardium. Study was approved by the Institutional Review Board of University of Hong
Kong/ Hospital Authority and participants’ informed consent was obtained for all participants. Study

database is available from the corresponding author upon reasonable request.



Kolmogorov-Smirnov test was applied to determine appropriate parametric or non-parametric tests.
Continuous variables were compared between CCS and HC as a group and by sex using two-sided
Student's t-test and Mann-Whitney U test where appropriate. Categorical variables were compared by
Fisher’s exact test. Multivariable linear regression analyses were performed to explore associations
between native T1, ECV, LGE and clinical parameters.

54 CCS and 42 HC (25x7yrs vs 26+8yrs, p=0.66; 34 males vs 19 males, p=0.11) were recruited
for study. CCS were diagnosed at 7+4yrs and studied at 17+7yrs after chemotherapy completion. Cancer
diagnoses were leukaemia (n=34), lymphoma (n=12), Wilms’ tumour (n=3), Ewing sarcoma (n=3) and
others (n=2). Median cumulative anthracycline dose and duration of treatment were 220mg/m?
(interquartile range 155 to 280mg/m?) and 0.5yr (interquartile range 0.3 to 0.6yr), respectively. No CCS
had cardiac symptoms. None were receiving cardiac medications. CCS and HC had similar haematocrit
(0.41+0.03g/dL vs 0.41+0.05¢/dL, p=0.76), weight, height and body surface area. CCS had lower LV
ejection fraction (p=0.008) and right ventricular end-diastolic (p=0.008) and end-systolic (p=0.029)
volumes.

Native T1 (1222+23ms vs 1226+19ms, p=0.31), ECV (22.9+2.2% vs 23.8+2.4%, p=0.06) and
T2 values (57+4ms vs 58+6ms, p=0.22) were similar between CCS and HC (Fig. 1A). Female CCS had
significantly higher native T1 (1232+19ms vs 1216+23ms, p=0.012) and ECV (24.5+1.8% vs
22.0£1.9%, p<0.001) than male survivors. Similarly, among HC, females had significantly higher
ECV (25.1+1.8% vs 22.4+2.1%, p<0.001) and lower T2 values (56x3ms vs 61+6ms, p=0.002) than
males. When stratified by sex, there were no significant differences in all of these parameters between
CCS and HC (all p>0.05) (Fig. 1B). Multiple linear regression analyses confirmed that sex is the only
significant independent variable of both native T1 (p=0.01) and ECV (p<0.001) after adjustment for
CCS/ HC status, age at diagnosis, years post-chemotherapy, cumulative anthracycline dose, and T2
mapping. Median LGE volume was 0.0% in CCS (range, 0.0% to 5.8%) and HC (range, 0.0% to 3.1%).
LGE volume was similar between CCS and HC (0.92%z1.32% vs 0.46%+0.96%, p=0.07).
Our study demonstrates the absence of statistically significant increase in myocardial fibrosis
as assessed by CMR native T1, ECV and LGE in relatively young CCS. The higher native T1 and ECV

in female survivors are probably related to an intrinsic sex difference. Our findings are consistent with
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Toro-Salazar et al who showed no significant increase in native T1 and ECV in CCS compared to HC.?
Tham et al’s study on T1 mapping in CCS did not include a normal reference.* However, a subsequent
paper from the same group® showed that native T1 and ECV were lower compared to normal reference
values (native T1 1155.3+56.5ms vs 1177+27ms; ECV 20.7+3.6% vs 22.2+3.1%). Thus, our findings
are consistent with those of previous publications. While increased ECV was also reported by Tham
et al to correlate with decreased LV mass/volume ratio and peak oxygen consumption during exercise
testing,! there was no adjustment for sex as a possible confounder. Further analysis of our data did not
reveal significant correlations between native T1 or ECV and LV mass/LV end-diastolic volume after
adjustment for sex. Limitations of our study include the small sample size, potential survivor selection
bias, and the lack of formal exercise testing.

Our findings contrast with those in adult cancer survivors, in whom T1 mapping showed
elevated levels.* Possible explanations include differences in underlying malignancies and hence
chemotherapeutic regimens, need for additional radiotherapy that accentuates the myocardial fibrotic
process, and different age at the time of treatment.* Sex difference in native T1 and ECV are now

recognized in different myocardial diseases.®
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Figure 1: (A) Scatter plots showing the distribution of native T1 (top), ECV (middle) and T2 (bottom)

values in patients and controls. Solid lines represent the mean values. (B) Boxplots showing sex

differences and group comparison of native T1 (top), ECV (middle) and T2 (bottom) values. *p<0.01

for sex differences in survivors; #p<0.01 for sex differences in controls. ECV=extracellular volume

fraction.
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