
LONG-TERM EFFECTS MONITORING FOR SURVIVORS OF PEDIATRIC HEMATOLOGIC MALIGNANCIES

Late car dio vas cu lar tox ic ity | 251

     Mitigating, mon i tor ing, and man ag ing long - term 
che mo ther apy -  and radi a tion - induced car diac 
tox ic ity 
     Wendy   Bottinor  1  and  Eric J.   Chow  2
1 Virginia Commonwealth University, Richmond, VA; and  2 Fred Hutchinson Cancer Center, Seattle Children ’ s Hospital, Seattle, WA 

   Five - year sur vival for child hood can cer now exceeds 85 % . However, for many patients, treat ment requires the use of 
inten sive anthracycline - based che mo ther apy and radio ther apy, both of which are asso ci ated with sig nifi   cant long - term 
car dio vas cu lar tox ic ity. As such, late car dio vas cu lar dis ease is now one of the lead ing causes of pre ma ture mor bid ity and 
mor tal ity among child hood can cer sur vi vors. Recent advances over the past decade have refi ned the cardiotoxic poten-
tial of var i ous che mo ther a peu tics, and ongo ing work seeks to deter mine the effi  cacy of var i ous cardioprotective strat e-
gies in chil dren receiv ing active can cer ther apy. The devel op ment of risk pre dic tion mod els offers an addi tional strat egy 
to defi ne risk for both newly treated and long - term sur vi vors. Current screen ing strat e gies are pri mar ily based on 
 echo car di og ra phy, although there is active research inves ti gat ing meth ods to fur ther opti mize screen ing through myo-
car dial strain, car diac mag netic res o nance imag ing, blood bio mark ers, and genet ics, along with the cost -  effec tive ness 
of dif fer ent screen ing strat e gies. Active research is also underway inves ti gat ing the effi  cacy of pre ven tion strat e gies for 
child hood can cer sur vi vors who have com pleted can cer ther apy. This ranges from the use of med i ca tions to mit i gate 
poten tial path o logic ven tric u lar remodeling to reduc ing adverse and mod i fi  able car dio vas cu lar risk fac tors (eg, hyper-
ten sion, dyslipidemia, insu lin resis tance, phys i cal inac tiv ity, tobacco expo sure), many of which may be more com mon in 
can cer sur vi vors vs the gen eral pop u la tion and are often underrecognized and undertreated in rel a tively young adult -
 aged sur vi vors of child hood can cer.  

   LEARNING OBJECTIVES 
    •  Describe strat e gies to iden tify sur vi vors of child hood can cer who are at increased risk for late cardiotoxicity 
   •  Understand the cur rent mon i tor ing strat e gies for car dio vas cu lar tox ic ity after child hood can cer  

  Introduction 
 Refi nements in can cer ther a pies have resulted in dra-
matic improve ments in the cur abil ity of all  child hood can-
cers, includ ing leu ke mias and lym pho mas. 1  While 5 - year 
sur vival rates among indi vid u als diag nosed with can cer 
dur ing child hood and ado les cence are now over 85 % , 
late mor tal ity rates remain increased com pared with the 
gen eral US pop u la tion. 2,3  Premature car dio vas cu lar dis-
ease, includ ing car dio my op a thy / heart fail ure, ische mic 
heart dis ease, val vu lar dis ease, and stroke, is a lead ing 
con trib u tor to this late mor tal ity. 4,5  Various strat e gies 
may reduce the con tri bu tion of car dio vas cu lar dis ease 
to mor tal ity among sur vi vors. These range from pri mary 

pre ven tion (eg, reduc ing expo sure to cardiotoxic can-
cer treat ments) to refi ne ments in risk pre dic tion that 
can guide more targeted posttreatment screen ing (both 
imag ing and blood - based bio mark ers) and devel op ment 
of sec ond ary pre ven tion strat e gies (eg, bet ter con trol 
of tra di tional car dio vas cu lar risk fac tors, includ ing life-
style inter ven tions, use of med i ca tions to mit i gate post - 
treatment path o logic left ven tric u lar remodeling). 6  Finally, 
among those with clin i cal dis ease, the opti mal approach 
to man ag ing pre ma ture car dio vas cu lar dis ease in these 
often youn ger patients remains unclear and is often 
adapted from treat ment par a digms used for older pop u-
la tions. Herein, we dis cuss cur rent approaches to reduce 
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the bur den of cardiotoxicity among chil dren and ado les cents 
diag nosed with can cer.

CLINICAL CASE
A 3-year-old girl on ther apy for acute mye loid leu ke mia (AML) 
com pleted dau no ru bi cin-based induc tion ther apy (300  mg/m2 
over 2 courses) and is now in remis sion with out detect-
able min i mal resid ual dis ease. However, prior to starting a 
 mitoxantrone-based inten si fi ca tion course, she has a rou tine 
sur veil lance echo car dio gram and is found to have an ejec tion 
frac tion of 48%, decreased from 56% from her prior echo car-
dio gram. Her treating phy si cians elect to repeat her echo car-
dio gram 1 week later, when the ejec tion frac tion is improved to 
52%, and she pro ceeds with treat ment, receiv ing a cumu la tive 
mitoxantrone dose of 48  mg/m2. Two months later, she gets 
her end-of-ther apy echo car dio gram, which shows an ejec tion 
frac tion of 55%. Nevertheless, based on a car dio vas cu lar risk 
cal cu la tor designed spe cifi  cally for child hood can cer sur vi vors 
(ccss.stjude.org/cvaclc), she is at very high risk of future car-
dio my op a thy given her young age, female sex, and cumu la tive 
anthracycline dose (doxo ru bi cin equiv a lent dose of 630  mg/m2: 
dau no ru bi cin [0.5 equiv a lence]  =  150  mg/m2; mitoxantrone 
[10.0 equiv a lence]  = 480  mg/m2), with an esti mated prob a bil ity 
of devel op ing heart fail ure by age 50 years of 13.1% (95% con-
fi dence inter val, 9.1%-17.0%), which is over 30-fold greater than 
the risk for a noncancer sib ling com par i son group.

Mitigating car dio vas cu lar dis ease risk
Although the past 70 years have seen a dra matic improve ment 
in the cure rates of most child hood can cers, in many instances, 
this has required sig nifi  cant inten si fi ca tion of ther a pies, includ-
ing the use of radio ther apy, anthracycline che mo ther apy, and 
hema to poi etic cell trans plan ta tion.1 While refine ments over the 
past sev eral decades have led to a reduc tion in spe cific cardio-
toxic expo sures such as radio ther apy for many patients with 
acute lym pho blas tic leu ke mia (Table 1) and Hodgkin lym phoma 
(Table 2),7,8 the empha sis on anthracycline and hema to poi etic cell  

Table 1. Rate (prev a lence) ratio of late car dio vas cu lar dis ease among acute lym pho blas tic leu ke mia sur vi vors (n = 6148)  
from the Childhood Cancer Survivor Study by treat ment group

Treatment group Heart fail ure, RR (95% CI) Coronary artery dis ease, RR (95% CI) Stroke, RR (95% CI)

1970s 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

1980s high risk 0.9 (0.3-2.5) 1.1 (0.3-3.3) 0.6 (0.2-1.7)

1980s stan dard risk 0.6 (0.2-1.6) 0.6 (0.2-1.8) 1.5 (0.7-3.2)

1990s high risk 0.4 (0.1-2.0) 0.0 (0.0-0.02)* 1.1 (0.4-3.6)

1990s stan dard risk 0.0 (0.0-0.1)* 0.5 (0.2-1.5) 0.4 (0.1-0.9)

From Dixon et al.7

*No events reported for these groups.
CI, con fi dence inter val; RR, rel a tive risk.

trans plan ta tion for AML and relapsed hema to logic malig nan cies 
may con trib ute to increased car dio vas cu lar mor bid ity in those 
sur vi vors.9 The devel op ment of newer molec u lar targeted ther a-
pies may reduce reli ance on con ven tional cyto toxic chemothera-
pies, and refine ments in radio ther apy may reduce dam age to the 
heart and great ves sels.10

In addi tion to reduc ing reli ance on anthracyclines and radio-
ther apy, alter na tive for mu la tions of anthracyclines may be asso-
ci ated with dif fer en tial rates of cardiotoxicity. Recent analyses 
of childhood cancer survivors have found that hema to logic 
tox ic ity equiv a lency may not trans late to cardiotoxicity, and 
that com pared with doxo ru bi cin, dau no ru bi cin may be sub-
stan tially less cardiotoxic while mitoxantrone may be sub stan-
tially more cardiotoxic than pre vi ously con sid ered (Figure 1).11,12  
Other strat e gies effec tive in adults, such as use of lipo so mal for-
mu la tions and prolonged infu sion of anthracyclines, have lim ited 
data supporting their effi cacy in pedi at rics.6

Concurrent admin is tra tion of poten tial cardioprotectants 
such as dexrazoxane rep re sents another pri mary pre ven ta-
tive strat egy. While data supporting dexrazoxane remain most 
robust for adult patients with breast can cer, clin i cal trial data 
from chil dren treated for leu ke mia and lym phoma sug gest that 
con cur rent admin is tra tion is safe, with short- and medium-term 
effi cacy and emerg ing evi dence of poten tial lon ger-term ben-
e fit.6,13 The Children’s Oncology Group is cur rently conduct-
ing pro spec tive fol low-up of patients pre vi ously treated on 
 dexrazoxane-containing clin i cal tri als to deter mine long-term 
effi cacy (ALTE11C2; ClinicalTrials  .gov NCT01790152), as well as 
a phase 3 clin i cal trial test ing the effi cacy of lipo so mal dau no-
ru bi cin with cytarabine along with dau no ru bi cin and mitoxan-
trone with dexrazoxane in newly diag nosed patients with AML 
(AAML1831; ClinicalTrials  .gov NCT04293562).

Although most chil dren who are newly diag nosed with can-
cer lack con ven tional car dio vas cu lar risk fac tors (eg, hyper ten-
sion, dyslipidemia, dia be tes), obe sity at diag no sis has been 
asso ci ated with worse oncol ogy out comes,14 and sub se quent 
devel op ment of these poten tially mod i fi able risk fac tors greatly 
increases the risk of sig nifi  cant heart dis ease.15 In large cohort 
stud ies, child hood can cer sur vi vors who are more phys i cally 
active early on dur ing the sur vi vor ship period were observed to 
have a strongly atten u ated risk of late mor tal ity.16

http://ccss.stjude.org/cvaclc
http://ClinicalTrials.gov
http://ClinicalTrials.gov
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Monitoring for car dio vas cu lar tox ic ity
Cardiovascular risk pre dic tion
Although radi a tion and anthracycline dose have been long 
established as key risk fac tors for car dio vas cu lar dis ease in can-
cer sur vi vors, indi vid u al ized risk pre dic tion mod els have been 
devel oped recently that incor po rate these expo sures along 
with demo graphic (ie, sex, age at can cer diag no sis) and other 
health char ac ter is tics (ie, pres ence of dia be tes, dyslipidemia, 
and/or hyper ten sion) to pro vide risk esti ma tes for future seri-
ous car dio vas cu lar out comes for child hood can cer sur vi vors 
who have sur vived a min i mum of 5 years from can cer diag no sis 
up through age 50 years with rea son able accu racy (Figure 2; 
pub licly avail  able online cal cu la tor at ccss.stjude.org/cvcalc).15 
Models that also incor po rate cost-effec tive ness esti ma tes for 
cur rent echo car dio graphic screen ing modal i ties add addi-
tional nuance to future screen ing strat e gies.17 Risk pre dic tion 
may also be fur ther refined by incor po rat ing genetic risk fac-
tors and imag ing bio mark ers.

Imaging strat e gies
As cardiotoxicity may not man i fest until decades after can-
cer treat ment, life long sur veil lance of at-risk child hood can cer  
sur vi vors is recommended.4 Serial echo car di og ra phy is gen er-
ally used to mon i tor car diac func tion dur ing and after pedi at ric  
can cer ther apy due to its wide spread avail abil ity, lack of inva-
sive ness, and lack of patient-related bar ri ers such as poor 
renal func tion or claus tro pho bia.18 While most echo car dio-
grams have typ i cally focused on 2-dimen sional mea sure ments 
of left ven tric u lar sys tolic func tion such as ejec tion frac tion 
(EF) and frac tional short en ing (FS), 2-dimen sional echo car-
di og ra phy is lim ited by both reli ance on geo met ric assump-
tions of left ven tric u lar mor phol ogy and greater inter- and 
intraobserver var i abil ity when com pared with 3-dimen sional 
echo car di og ra phy or car diac mag netic res o nance (CMR) 
imag ing.19 Changes in EF and FS are also felt to rep re sent later 
mark ers of cardiotoxicity, and ear lier mark ers of dis ease, such 
as changes in myo car dial strain, may enhance the abil ity of  

Table 2. Cumulative inci dence of seri ous late car dio pul mo nary con di tions among Hodgkin lym phoma sur vi vors (n = 2996)  
from the Childhood Cancer Survivor Study by select treat ment groups

Treatment group Cumulative inci dence by age 30 years, % (95% CI)

Contemporary ther apy (n = 229)* 8.2 (3.7-15.0)

Chemotherapy† with out chest radi a tion (n = 216) 2.8 (0.9-6.6)

Salvage ther apy (n = 296)‡ 12.4 (8.4-17.2)

Chest radio ther apy ≥35 Gy (n = 1215)§ 7.1 (5.6-8.9)

From Oeffinger et al.8

*Based on Children’s Oncology Group pro to cols AHOD0431 (low risk) and HOD0031 (inter me di ate risk) with doxo ru bi cin <205  mg/m2, cyclo phos pha-
mide 2000 to 3900  mg/m2, any vin cris tine, and pred ni sone, with or with out involved field radi a tion ≤26 Gy.
†Any anthracycline plus any alkylator.
‡Treatment for relapse with or with out autol o gous or allo ge neic hema to poi etic cell trans plan ta tion within 5 years of can cer diag no sis.
§With or with out che mo ther apy; not mutu ally exclu sive with sal vage ther apy group.

Figure 1. Risk of cardiomyopathy associated with (A) daunorubicin and (B) mitoxantrone relative to doxorubicin. Markers and 
extending 95% confidence intervals for each agent represents estimates from a Cox proportional hazards model based on cat-
egorical dose increments. Each marker is placed at the median dose on the x-axis for each category. Lines represent the linear 
(solid) and linear exponential (dashed) modeled continuous dose-response relationships. From Feijen et al.11,12

http://ccss.stjude.org/cvcalc
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echo car di og ra phy to detect ear lier cardiotoxicity in can cer 
sur vi vors (Figure 3).20 Nevertheless, acute drops in EF or FS 
dur ing ther apy may be impor tant prognostically, with recent 
data from pedi at ric patients with AML show ing that those with 
acute cardiotoxicity (>10% of patients) had an approx i mate 
60% increased relapse and mor tal ity risk (Figure 4).21 How-
ever, detailed infor ma tion on treat ment mod i fi ca tions fol low-
ing acute cardiotoxicity was not cap tured, which pre cluded 
the abil ity to deter mine if lower cumu la tive anthracycline 
expo sure medi ated the asso ci a tion between cardiotoxicity, 
relapse, and mortality risk.

Left ven tric u lar myo car dial strain imag ing quantifies defor-
ma tion of the ven tri cle dur ing the car diac cycle. Evidence from 
indi vid u als diag nosed with can cer dur ing adult hood indi cate 
that a rel a tive reduc tion of global lon gi tu di nal strain by 10% to 
15% dur ing ther apy is a pre dic tor for future declines in EF and 
symp tom atic heart fail ure.22 The value of myo car dial strain imag-
ing for early detec tion and improved response to cardioactive 
ther apy is fur ther supported by the recent SUCCOUR study.20 In 

this study, EF 1 year after treat ment was bet ter pre served with a 
global lon gi tu di nal strain-guided approach to ini ti a tion of cardio-
active med i ca tions in com par i son with an EF-guided approach. 
However, sim i lar stud ies are needed in pedi at ric patients with 
can cer before strain imag ing can be rou tinely incor po rated as 
part of clin i cal care.

Although most screen ing is performed using echo car di og ra-
phy, CMR can more pre cisely quan tify left ven tric u lar sys tolic 
func tion among sur vi vors with bor der line left ven tric u lar EF 
(LVEF) by echo car di og ra phy (50%-59%).23 CMR also more accu-
rately quantifies left ven tric u lar mass, which can be abnor mally 
low in approx i ma tely half of child hood can cer sur vi vors with 
abnor mal EF,23 and provides tis sue char ac ter iza tion (Figure 5).  
Low left ven tric u lar mass may have prog nos tic value among 
these sur vi vors as it has been shown to be asso ci ated with an 
increased risk for adverse car dio vas cu lar events among sur-
vi vors of adult-onset can cer.24 In addi tion, approx i ma tely one-
third of child hood can cer sur vi vors may have right ven tric u lar 
 dys func tion, and CMR is the pre ferred method to eval u ate the 
right ven tri cle.25

In the set ting of radi a tion ther apy, rou tine screen ing may 
also include assess ments of val vu lar and vas cu lar func tion. This 
can include echo car di og ra phy for val vu lar assess ment, carotid 
artery ultra sound for sur vi vors exposed to high-dose neck radi-
a tion, and cor o nary artery screen ing for sur vi vors exposed to 
chest radi a tion, given the asso ci a tion between radi a tion expo-
sure and pre ma ture ath ero scle ro sis.4,16

Blood-based bio mark ers
Although data from adult patients with can cer have found that ele-
vated tro po nin, brain natri uretic pep tide, and other blood-based 
bio mark ers dur ing treat ment can be asso ci ated for cardiotoxicity,  
data supporting the rou tine use of blood bio mark ers are 
largely lacking for pedi at ric patients with can cer.26 For exam-
ple, although tro po nin and brain natri uretic pep tide may be 
ele vated in child hood can cer sur vi vors at risk for cardiotoxicity, 
cur rent data sug gest the sen si tiv ity of these mark ers is low and 
should not be used in place of imag ing as a screen ing modal-
ity.27 However, it is pos si ble that a com bined imag ing plus blood 
bio marker approach could improve the accu racy of both tools.

Managing car dio vas cu lar tox ic ity
Prophylaxis
Medical ther apy for pedi at ric can cer sur vi vors relies on the pil-
lars of goal-directed medical therapy rec og nized by the Amer-
i can Heart Association and Amer i can College of Cardiology 
for the treat ment of left ven tric u lar sys tolic dys func tion: beta-
block ers, angio ten sin converting enzyme inhib i tors, angio ten-
sin recep tor block ers, min er al o cor ti coid inhib i tors, angio ten sin 
recep tor neprilysin inhib i tors, and sodium-glu cose cotransporter 
inhib i tors.28 In the pro phy lac tic set ting, data from indi vid u als 
diag nosed with can cer in adult hood sug gest bet ter pres er va-
tion of car diac func tion (LVEF, strain, dia stolic func tion) with 
beta-blocker and/or angio ten sin converting enzyme inhib i tor 
ther apy prior to can cer treat ment,29,30 but there are conflicting 
data regard ing opti mal drug clas ses, and an asso ci a tion with 
improve ment in clin i cal symp tom-based out comes has not 
been defin i tively described. For these rea sons, and in con sid-
er ation of poten tial side effects of these med i ca tions such as 

Figure 2. Predicted and observed incidence rates for (A) heart 
failure, (B) ischemic heart disease, and (C) stroke among child-
hood cancer survivors with predicted moderate- and high-risk 
status across each 5-year age time point, per models accessed 
at ccss.stjude.org/cvcalc. From Chen et al.15

http://ccss.stjude.org/cvcalc
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hypo ten sion, renal dys func tion, and elec tro lyte imbal ances that 
may impede can cer ther apy, pro phy lac tic ther apy is not uni-
ver sally recommended for pedi at ric patients. At pres ent, there 
is an ongo ing dou ble-blinded, pla cebo-con trolled ran dom ized 
clin i cal trial of low-dose carvedilol being conducted within the 
Children’s Oncology Group (pro to col ALTE1621; ClinicalTrials 
 .gov NCT01347970) that will assess the effi cacy of this strat egy 
in miti gat ing devel op ment of late cardiotoxicity among sur vi vors 

of child hood and ado les cent can cer who are at least 2 years off 
can cer ther apy and who received at least 250  mg/m2 doxo ru bi-
cin (or equiv a lent anthracycline dose).

Control of mod i fi able car dio vas cu lar con di tions
Although it has been shown that the pres ence of comorbid 
mod i fi able car dio vas cu lar risk fac tors such as hyper ten sion, dys-
lipidemia, and dia be tes sub stan tially increases the risk of late 
car dio vas cu lar dis ease in child hood can cer sur vi vors,15 sig nifi -
cant pro por tions of long-term sur vi vors remain undi ag nosed.31 
Even when diag nosed, young and mid dle-aged adult sur vi vors 
of child hood can cer may be more than twice as likely to be 
undertreated for these con di tions com pared with a matched 
gen eral pop u la tion sam ple.31 Along with pro mot ing health ier 
life style behav iors (phys i cal activ ity, diet, and smok ing ces sa-
tion), increas ing aware ness among child hood can cer sur vi vors 
and their health care pro vid ers of the impor tance of screen ing 
for and con trol ling these car dio vas cu lar risk fac tors may reduce 
their long-term car dio vas cu lar risk.

Subclinical car diac dys func tion
The Amer i can Heart Association and Amer i can College of Car-
diology use a 4-stage grad ing sys tem for heart fail ure, with 
stage B representing indi vid u als with evi dence of heart dis ease 
but no symp toms or signs of heart fail ure (Visual Abstract).28 
Among indi vid u als with stage B heart fail ure, evi dence for 
med i cal ther apy is most robust for those with an LVEF <40%. 
There is some evi dence from a prom is ing ret ro spec tive sin-
gle-cen ter study of 22 child hood can cer sur vi vors that  

Figure 3. Example of borderline left ventricular systolic function (ejection fraction of 50%-55%) per 2-dimensional echocardio-
gram supplemented with myocardial strain measurements, which show abnormal global longitudinal strain (−12.3%) 15 years after 
cancer treatment. Patient was originally treated for Hodgkin lymphoma per Children’s Oncology Group protocol AHOD0031 with 
doxorubicin, bleomycin, vincristine, etoposide, cyclophosphamide, and neck radiation.

Figure 4. Cox model-predicted curve for overall survival (OS) 
among pediatric patients with AML treated on Children’s On-
cology Group trial AAML0531 without LVSD and those with 
infection-associated LVSD and non-infection-associated LVSD. 
From Getz et al.21

http://ClinicalTrials.gov
http://ClinicalTrials.gov
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angio ten sin converting enzyme inhib i tors and angio ten sin 
recep tor block ers can pro vide a sustained improve ment in 
strain for greater than 1 year.32 However, an ear lier ret ro spec tive 
study in 18 chil dren by Lipshultz et al33 ini tially dem on strated 
an improve ment in LVEF with enalapril, but this ben e fit was no 
lon ger observed after 6 to 10 years off ther apy. A dou ble-blind,  
ran dom ized trial conducted com pared enalapril to pla cebo in 
135 long-term anthracycline-exposed pedi at ric can cer sur vi-
vors with a his tory of hav ing at least 1 abnor mal car diac find-
ing.34 While Silber et al34 did not find any dif fer ences in their 
pri mary out come (myo car dial con trac til ity index), they did 
find that enalapril was sig nifi  cantly asso ci ated with reduced 
left ven tric u lar end-sys tolic wall stress within the first year 
of ther apy and that this dif fer ence was maintained over the 
study’s 5-year fol low-up period.

Symptomatic car diac dys func tion
Although car dio vas cu lar mor bid ity and mor tal ity may be 
higher for can cer sur vi vors with heart fail ure com pared with 
indi vid u als with heart fail ure with out a his tory of can cer, sur-
vi vors of child hood can cer with symp tom atic car diac dys func-
tion (stage C heart fail ure; Visual Abstract) should be treated 
according to the cur rent heart fail ure guide lines.28 Angiotensin 
converting enzyme inhib i tors and angio ten sin recep tor block-
ers have tra di tion ally been the focus of neu ro hor monal ther apy 
in the field of cardio-oncol ogy, although recent stud ies have 
suggested an addi tional improve ment in EF among patients 
pre vi ously treated with these ther a pies who tran si tion to sacu-
bitril-valsartan.35,36

Outcomes after inci dent myo car dial ische mia may also be 
worse among can cer sur vi vors at large vs the gen eral pop u-
la tion.37 In can cer sur vi vors with radi a tion-related val vu lar dis-
ease, sur gi cal repair or replace ment is asso ci ated with poor 
5-year sur vival.38 The obser va tion of increased short- and long-
term mor tal ity in patients under go ing sur gi cal pro ce dures for 
radi a tion-related car dio vas cu lar dis ease extends beyond valve 
sur gery to other car diac sur ger ies as well.39 However, much of 
the evi dence base is derived from the expe ri ence of adult-on-
set can cer sur vi vors, and research exam in ing these out comes 
spe cifi  cally in child hood can cer sur vi vors remains lim ited.

Figure 5. Example of cardiac magnetic resonance imaging revealing mildly reduced ejection fraction (52%; lower end of normal 
being 58%) with mid-myocardial delayed enhancement indicative of cardiac fibrosis (white arrows) in a long-term non-Hodgkin 
lymphoma survivor >30 years after doxorubicin-based chemotherapy who presented with premature ventricular contractions.

CLINICAL CASE (Con tin ued)
Our patient receives serial echo car dio grams every 2 years per 
cur rent Children’s Oncology Group rec om men da tions (www 
 .survivorshipguidelines  .org) fol low ing com ple tion of her AML 
ther apy. When she is 10 years off ther apy (age 13 years), a rou tine  
screen ing echo car dio gram is obtained and is concerning for 
lower left ven tric u lar func tion with an ejec tion frac tion of 49%, 
with wall dimen sions that appear thin for age and concern-
ing for dila ta tion (sev eral z scores greater than −2). Global 
lon gi tu di nal myo car dial strain is also mea sured and is −14%. 
Reviewing her recent echo car dio grams, dila ta tion and thin-
ning had pos si bly started sev eral years ear lier. She is referred 
to car di  ol ogy, where she is started on enalapril, although evi-
dence guid ing the use of this inter ven tion is lim ited in this set-
ting. She remains asymp tom atic but tol er ates this inter ven tion 
with out prob lems. However, more research will be needed to 
deter mine the opti mal drug(s), dos ing, and dura tion of this 
treat ment (ie, time lim ited if improve ments are seen after a 
few years vs life long).

Conclusions
As more chil dren sur vive can cer, treat ment-related car dio vas-
cu lar mor bid ity and mor tal ity is becom ing of greater con cern. 
With increas ing aware ness and a grow ing body of research, 
effec tive strat e gies includ ing pre ven tion, ear lier detec tion, 
and improved treat ment of clin i cal heart dis ease offer the 
prom ise of improved long-term car dio vas cu lar health among 
child hood can cer sur vi vors. To bring these strat e gies to fru-
ition, work to fur ther risk-strat ify indi vid u als before, dur ing, 
and after can cer treat ment will be essen tial. This includes 
refine ments in imag ing and defin ing use ful nonimaging bio-
mark ers (includ ing genet ics), as well as incor po rat ing cost-
effec tive ness prin ci ples. Additionally, iden ti fy ing the spe cific 
under ly ing path o phys i o logic pro cesses that lead to can cer 
treat ment-related car dio vas cu lar tox ic ity and expanding the 
evi dence base for effec tive treat ment of those with clin i cal 
heart dis ease are also required. These advances will reduce 
the cost of cure among sur vi vors.

http://www.survivorshipguidelines.org
http://www.survivorshipguidelines.org
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