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Echocardiographic Detection of Cardiac Dysfunction in Childhood Cancer Survivors:
How Long Is Screening Required?
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Background. Childhood cancer survivors treated with anthra-
cycline chemotherapy are at an increased risk of long-term cardiac
toxicity, and guidelines recommend that exposed survivors undergo
echocardiography every 1-5 years. However, it is unclear whether
survivors should undergo echocardiographic screening indefinitely,
or if a period of echocardiographic stability indicates that screening
is no longer necessary. The objective of this study was to evaluate the
outcomes of echocardiographic screening to aid in the refinement of
existing guidelines. Methods. We retrospectively analyzed the results
of echocardiographic screening in a cohort of adult survivors of child-
hood cancer treated with anthracyclines and/or cardiac radiation ther-
apy. Interval regression analysis was performed to identify predictors
of singleepisode or sustained abnormal echocardiograms. Results. The
cohort constituted 333 survivors, with median follow-up time of 15.8
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years post-treatment (range: 5.0-47.9), and median age at treatment of
8 years (range: 1.5-18). Forty-nine survivors had an abnormal echocar-
diogram (14.7%), and 29 (8.7%) had reproducible abnormal findings.
An ongoing continual increase in the incidence of sustained echocardi-
ographic abnormality was seen among patients treated with >250mg/
m? doxorubicin at age <5 years, reaching 43% by 20 years of therapy.
In contrast, no sustained abnormal echocardiographic findings arose
after 10 years of therapy in survivors treated with <250mg/m? at age
>5 years. Conclusions. Single-episode echocardiographic abnormali-
ties are often not reproduced in subsequent evaluations. The duration
of echocardiographic screening for childhood cancer survivors should
be reassessed for patients who received lower doses of anthracycline
after age 5. Pediatr Blood Cancer 2015;62:2197-2203. © 2015 The
Authors. Pediatric Blood & Cancer published by Wiley Periodicals, Inc.

INTRODUCTION

As survival rates for childhood cancer improve, reducing the
long-term toxicities of treatment has emerged as a priority in
pediatric oncology. Among the most significant complications of
pediatric cancer treatment is the occurrence of cardiac morbidity,
occurring in up to 57% of survivors treated with anthracycline
chemotherapy.[1] The receipt of radiation therapy (RT) to the heart is
also strongly associated with cardiac morbidity in these patients.[2]

Recognizing these risks, expert groups have published consen-
sus-based follow-up guidelines intended to detect early clinical
indicators of cardiac dysfunction, with the aim of reducing long-
term cardiac morbidity. However, significant limitations in existing
echocardiographic screening data have resulted in discordance in
surveillance recommendations.[3] The Children’s Oncology Group
(COQG), for example, recommends lifelong echocardiographic
screening beginning 2 years post-treatment for survivors treated
with anthracyclines and/or mediastinal RT, at a frequency of every
1-5 years, depending on treatment age, anthracycline dose, and RT
exposure.[4] In contrast, Scottish Intercollegiate Guidelines
recommend screening every 2-3 years for patients at greater risk
of anthracycline-induced cardiotoxicity, without recommending a
screening duration.[5]

Challenges applying the findings of the existing literature to
clinical practice arise for several reasons. Many studies have
compared the average ventricular function measures from
anthracycline-exposed patients to the average results among non-
exposed survivors.[6-10] This approach does not reveal the
proportion of anthracycline-exposed survivors who will develop
abnormal ventricular function indices over time, for whom
screening may be beneficial. Follow-up duration is limited in
some studies, so that it is not known whether it is necessary to
continue screening indefinitely in all patients, or whether a series of
normal echocardiograms indicates that future tests are unlikely to
be clinically useful. Consequently, guidelines are inconsistent on
the optimal duration of screening. Finally, although high rates of
echocardiographic abnormalities have been reported among

survivors,[11] many studies report on one-time echocardiographic
abnormalities. However, the reproducibility and clinical signifi-
cance of single-episode abnormalities are uncertain, and the benefit
of early detection is inferred largely from elderly patients with
complex cardiac pathology.[12—14] Consequently, although routine
echocardiographic screening has the appeal of potentially detecting
pre-symptomatic heart disease at a time when intervention may
prevent further deterioration, it is also possible that for some
patients, it is unnecessary and detects abnormalities of no clinical
consequence.[15,16]

The purpose of this study was to help establish optimal use of
echocardiographic screening by identifying risk factors associated
with sustained echocardiographic abnormalities among pediatric
cancer survivors, and to describe the incidence of clinically
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significant late-onset cardiac morbidity among survivors with an
extended post-treatment follow-up.

METHODOLOGY
Study Design and Setting

The study cohort comprised adult survivors of pediatric cancer
managed in the Aftercare program at the Princess Margaret Cancer
Centre in Toronto, Canada. Eligible patients were diagnosed with a
malignancy before age 18, had attained age >18 years, were treated
with anthracyclines and/or cardiac RT, had >5 years of follow-up
post-treatment, and at least one echocardiogram after 1 year of
completing therapy. Date of treatment completion was ascertained
through patient chart review (i.e., date of last radiation treatment or
final chemotherapy cycle). As the study focus was not acute
congestive heart failure, patients with a history of acute ventricular
dysfunction arising within 1 year of completing therapy were
excluded. The institutional research ethics board of the Princess
Margaret Cancer Centre approved the study.

Medical Record Abstraction

Demographic information, including age at diagnosis, sex, age
at treatment completion and length of follow-up, was collected,
along with patient data on history of hypertension, diabetes
mellitus, and smoking status. Anthracyclines included doxorubicin,
daunomycin, and epirubicin. Anthracycline doses were converted
to doxorubicin-equivalent dose using a conversion factor of 0.83 for
daunomycin and 0.67 for epirubicin.[17]

Echocardiography

All echocardiograms were performed at a tertiary cardiac care
center according to the Ontario Cardiac Care Network Quality
Standards.[18] Echocardiography was ordered using a risk-based
frequency defined in the follow-up guidelines of the Children’s
Oncology Group.[4] Echocardiographic parameters, obtained from
original reports, included ejection fraction (EF) and shortening
fraction (SF). An echocardiogram was considered abnormal if EF
<55% or SF <28%][19] or if valvular abnormalities were described
as more than “trivial.” Patients with significant abnormalities were
referred to a cardiologist for further management. Survivors were
considered to have “any” abnormality when there was at least one
abnormal echocardiogram, regardless of subsequent echocardio-
graphic results. A “sustained” abnormality was defined as an
abnormal echocardiogram followed by one or more consecutive
abnormal echocardiograms.

Statistical Analysis

Chi-square tests were performed to compare categorical
variables and two sample #-tests were used to assess continuous
variables. Interval regression analyses were performed to identify
predictors of time to any abnormal echocardiogram, and to
sustained abnormal echocardiograms. This method fits a parametric
model to failure time data that can be right, left, or interval-
censored, and accounts for cases in which the initial abnormal
echocardiogram was found at the first visit, and also for variation in
timing and frequency of echocardiography among patients in
different risk groups. The following variables were assessed
through bivariate analysis: age, anthracycline dose, number and
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frequency of echocardiograms performed, RT receipt, smoking
status and a history of hypertension described in the medical record.
Variables ultimately included in multivariate analyses were selected
on the basis of statistical significance, clinical importance, and
confounding. The incidence of abnormal echocardiography was
estimated using interval censoring and plotted based on a
nonparametric maximum likelihood estimator using Turnbull’s
algorithm.[20] All analyses were performed using SAS (version
9.3: SAS Institute, Cary, NC). Plots were produced using R
statistical software.[21]

RESULTS

Four hundred and twenty-one patients met inclusion criteria.
Seventy-nine were excluded as they had no echocardiographic data
available, and nine were excluded due to incomplete and/or missing
data on treatment-related variables. Excluded patients were more
likely to have leukemia than included patients (44% vs. 30%) and
less likely to have lymphoma (36% vs. 47%, P = 0.02 for difference
in diagnoses), were more likely to be >5 years old at diagnosis
(85% vs. 67%, P=0.001), but did not differ significantly with
respect to cumulative anthracycline dose (P = 0.27). The remaining
333 survivors were analyzed.

Patient demographic and clinical characteristics are summarized
in Table L. Overall, 224 (67.3%) of those included in the study were

TABLE I. Demographics, Treatment and Follow-Up Characteristics

% (N) or mean (SD)

Age, mean (SD) 8.47 (4.92)
1-4 years, % (No.) 32.73 (109)
>5 years, % (No.) 67.27 (224)

Male sex, % (No.) 49.25 (164)

Diagnosis, % (No.)

Hodgkin lymphoma 35.44 (118)
ALL 43.54 (145)
Wilm tumor 10.21 (34)
Ewing sarcoma 3.90 (13)
Osteosarcoma 3.30 (11)
Rhabdomyosarcoma 2.10 (7)
Lymphoma 0.60 (2)
Undifferentiated sarcoma 0.60 (2)
Angiosarcoma 0.30 (1)

Doxorubicin dose (mg/mz), mean (SD)* 212.9 (103.52)

Radiotherapy receipt, % (No.)® 39.04 (130)

Age x Anthracycline Dose, % (No.) 23.12 (77)
1-4 years + 1-250 mg/m2 9.61 (32)
1-4 years + >250 mg/m> 52.55 (175)
>5 + 1-250 mg/m? 14.71 (49)
>54 > 250 mg/m? 10.51 (35)
Any age + no anthracycline

Conventional cardiac risk factors
Smoking (former) 3.3 (11)
Smoking (current at last follow-up) 10.2 (34)
Hypertension (ever) 3.6 (13)
Diabetes (ever) 2.1 (7)

No. echocardiograms, mean (SD)° 2.86 (2.10)

*Anthracycline drugs included doxorubicin, daunomycin, and epirubi-
cin. Anthracycline doses were converted to doxorubicin equivalent dose
by using conversion factor 0.83 for daunomycin and 0.67 for epirubicin.
PRadiation received by the heart. “Number of echocardiograms
received.



>5 years of age at the time of initial cancer treatment. The majority
of patients (69.1%) were treated with a doxorubicin-equivalent dose
<250 mg/m2 and 130 (39%) patients received thoracic RT (median
prescribed dose = 15 Gy, range 10—45 Gy). The mean doxorubicin-
equivalent dose was significantly higher in patients with sustained
abnormal echocardiography at 295 mg/rn2 (P <0.001). The median
number of echocardiograms performed was 2 (range: 1-13), with
96 patients having one echocardiogram. The median follow-up time
post-treatment was 15.8 years (range: 5.0-47.9 years). The median
interval between the end of treatment and the first echocardiogram
was 5.7 years (range 0.9-48.0 years) and the median interval
between echocardiograms was 2.2 years (range 0.1-19.4 years).
Following an abnormal echocardiogram, the median interval to the
next echocardiogram was 1.5 years.

Any Echocardiographic Abnormality

Forty-nine patients (14.7%) had at least one abnormal
echocardiogram during the follow-up period. The median time to
first abnormal echocardiogram was 11.7 years post-treatment
(range: 1.8-42.0 years). The probability of having any echocardio-
graphic abnormality steadily increased and reached 20% by
20 years (Fig. 1). Thirty-nine (79.5%) and 28 patients (57.1%)
had an abnormality in EF and SF, respectively. Three patients
(6.1%) had a valvular abnormality.

The 10-year probabilities of having an abnormal echocardio-
gram among patients, <250 mg/m? and >250 mg/m? were 8.3%
95% CI=4.2-123%) and 23.3% (95% Cl=12.5-32.7%),
respectively. By 20 years after treatment, these rates were 19.5%
(95% CI=8.3-29.2%) and 36.9% (95% Cl=22.8-48.4%),
respectively (P < 0.001, Fig. 2). No echocardiographic abnormali-
ties were noted in the first 20 years of follow-up among patients
treated with thoracic RT without anthracyclines. The results of
univariate interval regression analyses indicated that an anthracy-
cline dose >250 mg/m? was associated with a significantly greater
risk of having any abnormal echocardiogram (P < 0.01; Table IT). In
multivariate analysis, this association remained statistically
significant (P < 0.01; Table II). Receipt of mediastinal RT was
not significantly associated with abnormal findings.

The 10-year probabilities of abnormal echocardiography among
patients ages 14 years and >5 years at the time of treatment were
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13.6% (95% CI=6.6-20.1%) and 10.9% (95% CI=5.9-15.5%),
respectively. By 20 years after treatment, these rates had increased
to 26.7% (95% CI=15.7-36.2%) and 14.5% (95% CI=7.9—
20.7%), respectively (Fig. 2). Although the incidence of abnormal
echocardiograms in the younger group increased steadily during
this 20-year period, few abnormal echocardiograms were observed
beyond 15 years in those receiving chemotherapy at >5 years of
age. Age <5 years at treatment had a borderline association with
developing an abnormal echocardiogram (P = 0.07), but this was
not significant in multivariate analysis (Table II). When stratified by
age and anthracycline dose, the 20-year rates abnormal echocardi-
ography were 11% (>5 years + <250 mg/m?), 18% (<5 + <250
mg/m?), 29% (>5 years + >250 mg/m?), and 49% (<5 years +
>250 mg/m?, P=0.01).

Sustained Echocardiographic Abnormality

Twenty-nine patients (8.7%) had sustained abnormal echocar-
diography. For nine patients (2.7%), the results of only one
echocardiogram were retrievable, and therefore, we were unable to
determine whether abnormal echocardiography was sustained or
not. This means there were, at minimum, 11 patients with non-
sustained abnormal echocardiography, none of which received any
cardiac pharmacologic treatment that could account for subsequent
normal echocardiography. The 20-year probability of having a
sustained echocardiographic abnormality was 15.7% (95% Cl=
11-21%; Fig. 1). Younger treatment age and anthracycline dose
>250 mg/m? were significantly associated with the development of
sustained echocardiographic abnormalities in both univariate and
multivariate analyses (P = 0.032; Table III). The 20-year probabili-
ties of having sustained abnormal echocardiography among
patients receiving 0 mg/m?, <250 mg/m?, and >250 mg/m? were
0%, 10.2%, and 35.5%, respectively. Over the entire follow-up
duration, there was a consistent increase in the incidence of
sustained echocardiographic abnormalities among individuals that
received >250mg/m® whereas the probability of having a
sustained abnormal echocardiogram may have plateaued by
year 15 in the <250 mg/m? group (Fig. 2).

The 20-year probabilities of having sustained abnormal
echocardiograms among patients aged 1-4 and patients >5 years
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Fig. 1. (A) Probability of producing an abnormal echocardiogram. (B) Probability of producing an abnormal sustained echocardiogram.
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Fig. 2. Cumulative incidence of abnormal echocardiography stratified by age at treatment (A,B) and by anthracycline dose (C,D).

at treatment were 26.2% and 6.9%, respectively. Few events were
observed in the older age group beyond 15 years (Fig. 2).

When stratified by age and dose, there was a significant
(P=0.01) difterence in the risk of having sustained abnormal
echocardiography, which was greatest in younger patients that
received a high anthracycline dose (20-year risk =54%, 95%
CI=27-70%; Fig. 3). In contrast, few events occurred among the
162 patients treated with <250mg/m> at age >3, where the
probability of having an abnormal echocardiogram may have
plateaued at 5% (95% CI = 1-9%) after 10 years, with no additional
sustained abnormalities occurring among the 109 echocardiograms
done beyond 10 years post-treatment in this group.

Additional Investigations and Medical Interventions

Thirty-five patients (10.4% of all patients) with abnormal
echocardiography were referred to a cardiologist. Twenty-four
patients underwent additional investigations (e.g., stress echocar-
diography + Holter monitoring) following abnormal echocardio-
graphy. Sixteen patients (32.6% of those with abnormal
Pediatr Blood Cancer DOI 10.1002/pbc

echocardiography, 4.8% of the entire cohort) received a medical
intervention. Specifically, 13 patients were prescribed angiotensin
converting enzyme inhibitors, 10 were prescribed beta blockers,
and two were given diuretic medications. Calcium-channel block-
ers, statins, and digoxin were also prescribed. Nine (69.2%) of these
patients were <S5 years of age at the time of treatment. Two patients
were admitted to hospital for cardiac-related complications. The
median time to the initiation of any cardiac treatment was 12.5 years
(range: 3.5-47.2 years) post-treatment. No patients died during the
course of follow-up.

DISCUSSION

Non-invasive and widely available echocardiography re-
mains the recommended screening instrument for cardiac
abnormalities in childhood cancer survivors.[4] These recom-
mendations are largely based on studies that report a decrement
in the average echocardiographic indices of ventricular function
among anthracycline-exposed survivors compared to non-
exposed survivors.[6,7,22] Although this method of reporting
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TABLE II. Univariate and Multivariate Interval Regression Analyses for any Abnormal Echocardiogram
Univariate Multivariate
Coefficient® (95% CI) P-value Coefficient (95% CI)* P-value
Age category
Age >5 years Reference — Reference —
Age <5 years —0.54 (—1.13, 0.046) 0.0711 —0.34 (—0.85, 0.17) 0.186
Anthracycline dose
None Reference — Reference -
1-250 mg/m* —1.10 (-2.32, 0.12) 0.0783 0.97 (—2.23, 0.29) 0.130
>250 mg/m> —2.06 (—3.34, —0.77) <0.01 —1.95 (—3.26, —0.64) <0.01
No. of echocardiogramsb 0.15 (—0.059, 0.35) 0.163 — —
Echocardiogram frequency 0.041 (0.0085, 0.074) 0.014 —° —
RT receipt
No RT Reference — Reference —
RT received 0.50 (—0.065, 1.06) 0.083 0.27 (—0.26, 0.81) 0.312
Smoking status
Never smoked Reference — — —
Ever smoked —0.20 (—0.93, 0.53) 0.590 — —
Hypertension
Non-hypertensive Reference — — —
Hypertensive —-0.27 (—1.29, 0.75) 0.6002 — —
Diabetes
Non-diabetic Reference — — —
Diabetic 0.40 (—1.47,2.27) 0.6733 — —

A negative coefficient indicates an increased likelihood of having an abnormal echocardiogram (i.e., reduced time to abnormal echocardiography).
®Number of normal echocardiograms prior to first abnormal echocardiogram. “Echocardiogram frequency was not significant after adjusting for
age and treatment and was therefore omitted from the final model.

TABLE III. Univariate and Multivariate Interval Regression Analyses for Sustained Abnormal Echocardiograms Only

Univariate Multivariate
Coefficient” (95% CI) P-value Coefficient (95% CI)* p-value

Age category

Age >5 years Reference — Reference —

Age <5 years —0.89 (—1.64, 0.15) 0.019 —0.72 (—1.37, —0.06) 0.033
Anthracycline dose

None Reference — — —

<250 mg/m> —0.99 (—-2.47, 0.50) 0.194 —0.96 (—2.53, 0.61) 0.229

>250 mg/m> —2.10 (—3.65, —0.56) <0.01 —2.10 (—3.72, —0.48) 0.011
No. of echocardiogramsb —0.042 (—0.22, 0.13) 0.64 — —
Echocardiogram frequency 0.062 (0.019, 0.11) <0.01 —° —
RT receipt

No RT Reference — Reference —

RT received 0.19 (—0.41, 0.79) 0.53 —0.028 (—0.60, 0.55) 0.925
Smoking status

Never smoked Reference — — —

Ever smoked —0.59 (—1.32, 0.14) 0.114 — —
Hypertension

Non-hypertensive Reference — — —

Hypertensive —0.70 (—-1.70, 0.30) 0.172 — —
Diabetes®

Non-diabetic Reference — — —

Diabetic — — — —

#A negative coefficient indicates an increased likelihood of having an abnormal echocardiogram or reduced time to abnormal echocardiography.
"Number of normal echocardiograms prior to first abnormal echocardiogram. °Echocardiogram frequency was not significant in multivariable
analysis with age and treatment exposures, and therefore was excluded from the final model. 9A univariate analysis was not performed with the
diabetes variable as no sustained echocardiogram abnormalities were present in individuals with a positive diabetes status.

Pediatr Blood Cancer DOI 10.1002/pbc
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Fig. 3. Cumulative incidence of abnormal echocardiography stratified

is useful to elucidate factors associated with overall decline in
average cardiac performance, it does not provide insight into the
proportion of patients likely to benefit from periodic echocar-
diographic screening. Moreover, there are no data to establish
appropriate cardiac screening duration, and existing guidelines
make different recommendations on this issue. Our clinical
impression is that for many anthracycline-treated patients,
indefinite screening is of limited value, but there have been no
clinical studies to elucidate the appropriate time to discontinue
screening.

Our finding that young age at exposure and higher anthracycline
doses (>250mg/m.>) were predictive of the risk of abnormal
echocardiography is consistent with prior work,[2,23,24] as well as
the risk stratification seen across various guidelines. These findings
support the use of continued screening among long-term survivors,
particularly those exposed to >250 mg/m? prior to age 5, as the
incidence of echocardiographic abnormalities continues to rise for
at least 25 years post-treatment, with over half of survivors
developing sustained evidence of ventricular dysfunction. In
contrast, none of the patients treated with <250 mg/m? after age
5 developed sustained evidence of ventricular dysfunction beyond
10 years of screening. In our cohort, this subgroup accounted for
51.6% of the study population. If these patients could be discharged
from routine echocardiographic screening, it would produce a
significant reduction in their burden of follow-up, in addition to
saving the costs of unnecessary testing.

The findings of this clinical study are consistent with the results
of recent economic simulation studies.[25,26] Wong et al. modeled
the cost-effectiveness of different echocardiograph screening
schedules for a variety of anthracycline-exposed patient risk-
profiles, and estimated that echocardiographic screening at 2-year
intervals among patients >5 years at diagnosis treated with an
anthracycline dose <300 mg/m?, without RT, could be expected to
increase per-person life expectancy by less than 3 months, at a cost
of $235,000/QALY.[25] Yeh et al. reported similar findings, where
the most cost-effective screening strategy in this relatively low-risk
group was no assessment.[26] Taken together, it appears that there
is an emerging body of evidence that beyond 10 years after

Pediatr Blood Cancer DOI 10.1002/pbc
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by age at treatment (A) and by anthracycline dose (B).

exposure, echocardiography is not clinically useful or cost-effective
in patients treated with less than 250 mg/m? after age 5.

Studies in other clinical settings have also shown that as a
diagnostic test, echocardiographic results can be user-dependent,
and therefore not always reproducible.[27] Our findings further
illustrate this limitation of echocardiography as a screening
modality, where only 72% of patients with abnormal echocardiog-
raphy had reproducible results. This illustrates a limitation of some
studies that have reported high rates of single-episode echocardio-
graphic abnormalities among survivors,[2,6,27,28] as a significant
proportion of exposed patients with an abnormal echocardiogram at
a single visit may be misclassified as cases, potentially causing an
overestimation of ventricular dysfunction.

The clinical significance of asymptomatic echocardiographic
abnormalities detected in survivors is often uncertain. Much of the
assumed benefit of early detection and treatment are inferred from
studies of elderly patients with complex cardiac pathology and
additional comorbidities.[29-31] It seems possible, however, that
many of the echocardiographic abnormalities detected in survivors
are of no clear short-term clinical consequence, as with a median
follow-up of 15.8 years, only 4.8% of the cohort ultimately required
a pharmaceutical intervention. Similarly, a comparison of studies
that report the rate of asymptomatic echocardiographic abnormali-
ties to others reporting clinically apparent heart disease reveals the
latter to be considerably less common.[32-38] This suggests that
improving the value of screening will require increasing the
positive-predictive value of the tests employed, and not simply
identifying increasingly subtle abnormalities. Large collaborative
case-control studies will likely be required evaluating alternative
diagnostic tools, possibly in conjunction with assessment of cardiac
biomarkers to develop screening protocols that are capable of
identifying precursors of significant heart disease.[39,40]

This study has several limitations that should be considered.
First, although the intent was to evaluate echocardiography based
on the COG guidelines, irregular attendance among some patients
meant that many underwent echocardiograms at inconsistent
time intervals. This likely resulted in some delay in detecting
cases that would have been considered “events” earlier had an



echocardiogram been performed at a scheduled time. We addressed
this issue statistically by performing a series of interval regression
analyses to account for inconsistent screening schedules. Secondly,
we did not distinguish different types of abnormalities in our
analyses separately, and some features of ventricular remodeling
(e.g., left ventricular posterior wall dimension) were not always
specifically reported. Patients with normal ejection fraction may
have other more subtle myocardial changes of uncertain clinical
significance, and our study did not routinely capture these.[41]
Finally, although patients with persistent or clinically significant
echocardiographic abnormalities were referred to tertiary care
cardiologists with survivorship experience, there was no formalized
protocol for treatment. This reflects the lack of data regarding the
optimal management for asymptomatic echocardiographic abnor-
malities for these survivors. Recognizing these issues, we believe
our results reflect the likely outcomes of screening in a specialized
follow-up care setting, given the inevitable variation in patient
attendance and current uncertainty regarding the best echocardio-
graphic parameter to identify clinically important ventricular
dysfunction among survivors. We also did not identify RT as a risk
factor for developing echocardiographic abnormalities, likely due
to the fact that the median RT dose to our patients was low, and RT-
associated valvular abnormalities typically occur >20 years after
exposure, which is later than the follow-up of most of the patients on
this study. Our results would likely not apply to patients with
cardiac doses >15Gy. Further follow-up among patients with
higher RT doses would likely reveal the emergence of valvular
abnormalities in some patients.

CONCLUSIONS

Childhood cancer survivors exposed to >250 rng/m2 of
anthracyclines prior to age 5 had an ongoing risk of developing
sustained echocardiographic abnormalities for up to 25 years
following treatment. In contrast, patients receiving <250 mg/m?
after age 5 had no new sustained abnormalities detected after
10 years of follow-up, suggesting that prolonged screening for
anthracycline-induced cardiomyopathy could be reconsidered in
this group. Efforts should be made to improve not only screening
sensitivity, but also the specificity of screening to identify clinically
important findings.
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