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IT TAKES A VILLAGE: MAXIMIZING SUPPORTIVE CARE AND MINIMIZING TOXICITY DURING CHILDHOOD LEUKEMIA THERAPY
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   Anthracycline che mo ther apy remains an inte gral com po nent of mod ern pedi at ric acute mye loid leu ke mia (AML) reg i mens 
and is often deliv ered at high doses to max i mize can cer sur vival. Unfortunately, high - dose anthracyclines are asso ci ated with 
a sig nifi   cant risk of cardiotoxicity, which may result in early and / or long - term left ven tric u lar sys tolic dys func tion and heart 
fail ure. Moreover, the devel op ment of cardiotoxicity dur ing pedi at ric AML ther apy is asso ci ated with lower event - free and 
over all sur vival, which may be par tially attrib ut  able to incom plete anthracycline deliv ery. A com bined strat egy of pri mary 
cardioprotection and close car diac mon i tor ing can max i mize che mo ther apy deliv ery while reduc ing the tox ic ity of inten-
sive AML ther apy. Primary cardioprotection using dexrazoxane reduces short - term cardiotoxicity with out com pro mis ing 
can cer sur vival. Liposomal anthracycline for mu la tions, which are under active inves ti ga tion, have the poten tial to mit i gate 
cardiotoxicity while also improv ing anti tu mor effi  cacy. Primary cardioprotective strat e gies may reduce but not elim i nate 
the risk of cardiotoxicity; there fore, close car diac mon i tor ing is also needed. Standard car diac mon i tor ing con sists of serial 
echo car dio graphic assess ments for left ven tric u lar ejec tion frac tion decline. Global lon gi tu di nal strain has prog nos tic util ity 
in can cer ther apy - related cardiotoxicity and may be used as an adjunct assess ment. Additional cardioprotective mea sures 
should be con sid ered in response to sig nifi   cant cardiotoxicity; these include car diac remodeling med i ca tions to sup port 
car diac recov ery and anthracycline dose inter rup tion and / or reg i men mod i fi  ca tions. However, the with hold ing of anthracy-
clines should be lim ited to avoid com pro mis ing can cer sur vival. A care ful approach to cardioprotection dur ing AML ther apy 
is crit i cal to max i mize the effi  cacy of leu ke mia treat ment while min i miz ing the short -  and long - term risks of cardiotoxicity.  

   LEARNING OBJECTIVES 
   •    Recognize the impact of anthracycline - asso ci ated cardiotoxicity on car diac and leu ke mia out comes in the treat-

ment of pedi at ric acute mye loid leu ke mia 
  •    Understand the role of pri mary cardioprotection dur ing anthracycline - containing che mo ther apy for pedi at ric 

acute mye loid leu ke mia 
  •    Understand the strengths and lim i ta tions of car diac   imag ing modal i ties and the role of echo car di og ra phy dur ing 

pedi at ric acute mye loid leu ke mia ther apy  

  CLINICAL CASE   
  A 15 - year - old girl was diag nosed with acute mye loid leu-
ke mia (AML) after presenting with fatigue, men or rha gia, 
and fever. Cytogenetic ana ly ses dem on strated a t(9;11) 
KMT2A - MLLT3 fusion. The patient com menced induc-
tion ther apy with cytarabine, dau no ru bi cin with dexra-
zoxane, and gemtuzumab ozogamicin. After induc tion, 
there was no evi dence of resid ual leu ke mia, and she was 
strat i fi ed to low - risk AML treat ment per the stan dard arm 
of the Children ’ s Oncology Group (COG) trial AAML1831 
(NCT04293562) with planned receipt of 5 che mo ther apy 

cycles includ ing 300   mg / m 2  dau no ru bi cin and 48   mg / m 2

mitoxantrone. On day 14 of inten si fi  ca tion 1 (fol low ing 
300   mg / m 2  dau no ru bi cin), she was admit ted to the inten-
sive care unit with kleb si ella sep tic shock. After pres sor 
ini ti a tion for fl uid - refrac tory hypo ten sion, echo car di og ra-
phy dem on strated a sig nifi   cant decline in left ven tric u lar 
ejec tion frac tion (LVEF) from 60 %  at base line to 35 % .  

 Introduction 
 While clin i cal out comes of pedi at ric AML have improved 
over time with inten si fi  ca tion of ther apy, the risk of leu ke mia
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recur rence and ther apy-related mor bid ity and mor tal ity remains 
high.1 Anthracyclines are crit i cal for opti mal sur vival,2 and deliv-
ered doses in AML sub sets treated with out consolidative trans-
plant may exceed 600 mg/m2 of doxo ru bi cin equiv a lents after 
account ing for the recently rec og nized 10:1 cardiotoxic dose 
equiv a lence of mitoxantrone in com par i son with doxo ru bi cin.3 
As a result, anthracycline-asso ci ated cardiotoxicity is com mon, 
with late car dio my op a thy rates of up to 27%.4 Early LV sys tolic 
dys func tion (LVSD) dur ing AML ther apy is also com mon and has 
impor tant impli ca tions for car dio vas cu lar out comes and sur vival. 
The inci dence and impact of early LVSD were eval u ated in 2 re-
cent ran dom ized phase 3 COG tri als in de novo pedi at ric AML.5,6 
In AAML0531, 12% of chil dren with non-FLT3-mutant AML devel-
oped grade 2 + LVSD dur ing or fol low ing ther apy (n  =  1022; 5-
year fol low-up).6 In AAML1031, with more com pre hen sive ascer-
tain ment due to man dated site reporting of car diac func tional 
param e ters, the rate of grade 2 + LVSD was 21% (n  =  1014; median 
3.5-year fol low-up).5 In fur ther anal y sis of AAML0531, those who 
devel oped LVSD on ther apy were much more likely to have per-
sis tent or recur rent LVSD dur ing off-pro to col fol low-up (haz ard 
ratio [HR], 12.1; 95% CI, 4.2-34.8). Moreover, on-ther apy grade 
2 + LVSD was asso ci ated with a >15% reduc tion in 5-year event-
free and over all sur vival (Figure 1).6 Given that this pro to col re-
quired dis con tin u a tion of anthracyclines after the devel op ment 
of LVSD, infe rior sur vival was likely driven in part by incom-
plete anthracycline deliv ery com pro mis ing che mo ther a peu tic 
effi cacy. Thus, devel op ing an effec tive strat egy to reduce the 
cardiotoxicity of AML ther apy while maintaining leu ke mia-free 
sur vival is crit i cal. A com bined approach of pri mary cardiopro-
tection and close car diac mon i tor ing to guide tox ic ity-respon-
sive cardioprotective mea sures dur ing che mo ther apy can help 
bal ance the some what com pet ing goals of max i mal ther apy 
deliv ery and cardiotoxicity reduc tion to opti mize both leu ke mia 
and car dio vas cu lar out comes.

Primary cardioprotection
Primary cardioprotection involves the con cur rent use of cardi-
oprotective med i ca tions dur ing anthracycline ther apy or the 
use of less cardiotoxic agents to reduce cardiotoxicity risk. Two 
impor tant pri mary cardioprotective strat e gies per ti nent to pedi-
at ric AML ther apy are dexrazoxane and lipo so mal anthracyclines.

Dexrazoxane
Dexrazoxane is the only US Food and Drug Administration-ap-
proved drug for pre vent ing anthracycline-induced cardiotoxici-
ty. Its approval is restricted to met a static breast can cer patients 
receiv ing >300 mg/m2 of doxo ru bi cin based on data across mul-
ti ple ran dom ized phase 3 tri als dem on strat ing lower rates of car-
diac events and/or heart fail ure with con cur rent dexrazoxane.7 
In 2014 dexrazoxane was des ig nated as an orphan drug for the 
“pre ven tion of car dio my op a thy for chil dren and ado les cents 0 
through 16 years of age treated with anthracyclines,” allowing 
for its use in pedi at ric AML. Dexrazoxane mit i gates anthracy-
cline-induced cardiomyocyte injury by stim u lat ing the selec tive 
deg ra da tion of topoisomerase IIβ, a molec u lar tar get of anthra-
cyclines, thereby reduc ing DNA dam age and oxi da tive stress.8 
Dexrazoxane is admin is tered as a bolus infu sion over 15 min utes 
imme di ately prior to anthracycline admin is tra tion at a dose ratio 
of 10:1 with doxo ru bi cin.9 Dosing with alter na tive anthracycline 
agents has his tor i cally been based on their cardiotoxicity dose 

Figure 1. Event-free (A) and Overall (B) survival according to 
the occurrence of Grade 2 + LVSD, in the presence or absence 
of associated bloodstream infection, on COG trial AAML0531. 
Grade 2 + LVSD was defined as LVEF <50% or LVFS <24% based 
on Common Terminology Criteria for Adverse Events V3.0. 
Adapted with permission from Getz et al.6

equiv a lence ratio to doxo ru bi cin, wherein dexrazoxane is dosed 
at 5-10:1 with dau no ru bi cin, 40:1 with mitoxantrone, and 50:1 
with idarubicin.10 However, given evolv ing dose equiv a lence ra-
tios as new data sets emerge,3 dexrazoxane dos ing should also 
take into con sid er ation dem on strated phar ma co ki net ics, safety, 
and effi cacy. Studies of dexrazoxane in com bi na tion with agents 
com monly used in AML (ie, dau no ru bi cin, mitoxantrone, idaru-
bicin) have shown safety and/or effi cacy in dose ranges/ratios 
sim i lar to those pro posed above.7,10

Dexrazoxane has been shown to sig nifi  cantly reduce short-
term LVSD in anthracycline-treated chil dren with acute lym pho-
blas tic leu ke mia, non-Hodgkin lym phoma, and Ewing sar coma.11-13 
Evaluations of dexrazoxane use in pedi at ric AML, though prom is-
ing, have his tor i cally been lim ited to small sin gle-insti tu tion stud-
ies.14,15 More recently, the short-term cardioprotective effects of 
dexrazoxane were ana lyzed in the COG trial for de novo AML, 
AAML1031.5 Dexrazoxane use was nonrandomized and deter-
mined by insti tu tional prac tice; 96 (9.5%) patients received 
dexrazoxane and 918 (90.5%) did not. The 4-year risk for grade 
2 + LVSD was 45% lower with dexrazoxane than with out (26.5% 
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vs 42.2%; HR  =  0.55; 95% CI, 0.36-0.86; P  =  .009), with greater 
reduc tions in risk for higher-grade cardiotoxicity. While dexra-
zoxane did not pro vide com plete pro tec tion against LVSD, its 
use was asso ci ated with smaller declines in LVEF (Figure 2), less 
wors en ing over time, and a trend toward greater like li hood of 
LVSD res o lu tion. Although label ing warns that dexrazoxane may 
increase the myelosuppressive effects of che mo ther apy, dura-
tions of neutropenia, inten sive care unit require ments, and rates 
of mucositis and blood stream infec tion did not dif fer with dexra-
zoxane expo sure. Additionally, 5-year event-free (49.0% vs 45.1%; 
P  =  .534) and over all sur vival esti ma tes (65.0% vs 61.9%; P  =  .613) 
were com pa ra ble between those who did and did not receive 
dexrazoxane. However, sig nifi  cantly lower treat ment-related 
mor tal ity with dexrazoxane (4.6% vs 12.6%; P  =  .024) sug gests 
that it may pre vent acute car diac events that con trib ute to early 
patient deaths.

Despite com pel ling evi dence of an early cardioprotective ben-
e fit, <10% of AML patients receive dexrazoxane, likely due to early 
con cerns for increased sec ond ary malig nancy risk.5 This asso ci a tion 
was ini tially suggested in an anal y sis of two Hodgkin lym phoma 
tri als that included the ran dom ized admin is tra tion of dexrazoxane 
in the con text of mod er ate-dose anthracycline, etoposide, and 
alkylator ther apy, P9425 (n  =  216) and P9426 (n  =  255).16 However, in 
sub se quent ana ly ses of these tri als and the COG T-cell acute lym-
pho blas tic leu ke mia/lym phoma trial P9404 (n  =  537) with lon ger 
fol low-up (median, 12.6 years),17 dexrazoxane did not sig nifi  cantly 
increase the 10-year relapse risk (16.1% with dexrazoxane vs 19.1% 
with out; HR  =  0.81; 95% CI, 0.60-1.08), over all mor tal ity (12.8% vs 
12.2%; HR  =  1.03; 95% CI, 0.73-1.45), or deaths due to sec ond ary 
can cers (2.0% vs 1.6%; HR  =  1.24; 95% CI, 0.49-3.15; Figure 3). More-
over, these find ings remained sim i lar in long-term ana ly ses of the 
indi vid ual Hodgkin lym phoma tri als. Likewise, sec ond ary malig-
nan cies were rare over the fol low-up on AAML1031 (n  =  4), with only 
one occur ring after dexrazoxane ther apy.5

Overall, suf fi cient data exist to sup port the use of dexra-
zoxane in chil dren with AML to mit i gate short-term LVSD and 
improve the poten tial for tar get anthracycline dose deliv ery. It 

Figure 2. Temporal trends in LVEF by dexrazoxane exposure. 
Standard errors of the mean LVEF measurements are presented 
as vertical bars. The (*) denotes treatment courses that include 
an anthracycline. Adapted with permission from Getz et al.5

should be noted that dexrazoxane reduces but does not elim-
i nate short-term cardiotoxicity. In addi tion, fur ther research is 
needed to assess non car diac toxicities such as typhlitis rates, 
which were qual i ta tively higher in Hodgkin lym phoma patients 
receiv ing dexrazoxane in P9425 (8.4% vs 2.8%) and to deter mine 
the long-term effects of dexrazoxane on car dio vas cu lar mor bid-
ity and mor tal ity.18

Liposomal anthracyclines
Liposomal deliv ery sys tems for anthracyclines are a prom is ing 
strat egy to mit i gate cardiotoxicity while enhanc ing anti tu mor 
effi cacy.19-21 Liposomal drug encap su la tion reduces its pen e-
trance into the tight cap il lary junc tions of the heart while allow-
ing sustained sys temic cir cu la tion and pref er en tial accu mu la tion 
in the tumor.22 Meta-ana ly ses of adult tri als com par ing lipo so mal 
doxo ru bi cin to free drug dem on strate a >50% reduc tion in clin-
i cal and sub clin i cal car diac dys func tion with lipo so mal for mu la-
tions.23,24 Intensification of che mo ther apy with lipo so mal encap-
su lated dau no ru bi cin, DaunoXome® (DNX), has proven effec tive 
and tol er a ble in the con text of pedi at ric AML stud ies conducted 
by the International Berlin-Frankfurt-Münster Study Group. In 
the relapse set ting, DNX plus fludarabine and cytarabine (FLAG) 
dem on strated enhanced leu ke mic effi cacy and com pa ra ble car-
diotoxicity com pared to FLAG alone.25 Children with de novo 
AML expe ri enced sim i lar rates of cardiotoxicity and less over-
all treat ment-related tox ic ity with DNX, given at a higher than 
equiv a lent dose vs idarubicin, dur ing induc tion.26 DNX is no lon-
ger being manufactured and thus is not avail  able for use in AML.

CPX-351 is a lipo so mal for mu la tion of dau no ru bi cin plus cytar-
abine recently approved by the US Food and Drug Administration 
in adults and chil dren with ther apy-related AML or AML/myelo-
dysplastic syn drome, given its favor able effi cacy and tol er a ble 
safety pro file.27,28 The cardioprotective effects of CPX-351 are not 
established; how ever, clin i cal cardiotoxicity has been described 
in early tri als. A ran dom ized study of CPX-351 vs dau no ru bi cin 

Figure 3. Cumulative incidence of relapse and overall mortali-
ty in the combined COG randomized trials of DRZ. Cumulative 
incidences at 10 years were not significantly different by DRZ 
status for either outcome. DRZ, dexrazoxane; DRZ+, exposed to 
DRZ; DRZ−, not exposed to DRZ. Adapted with permission from 
Chow et al.17
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and cytarabine in 309 older adults with sec ond ary AML dem on-
strated sim i lar rates of cardiotoxicity despite nearly dou ble the 
rate of postremission consolidative anthracycline deliv ery on the 
CPX-351 arm.28 In 38 heavily anthracycline pretreated chil dren 
with relapsed AML who received CPX-351 followed by FLAG on 
the COG phase 1/2 study, grade 2 + LVSD occurred in 7 (18%).27 
There are a pau city of data to inform how this com pares with 
tra di tional anthracycline or nonanthracycline sal vage reg i mens. 
CPX-351 is cur rently being stud ied in the up-front set ting by COG 
in a phase 3 ran dom ized study in de novo AML (NCT04293562). 
If found to mit i gate cardiotoxicity while enhanc ing or even main-
taining leu ke mia-free sur vival, lipo so mal anthracyclines could 
sub stan tially improve ther a peu tic options for AML.

Cardiac mon i tor ing and tox ic ity-respon sive 
cardioprotection
While pri mary cardioprotection may reduce the risk for cardio-
toxicity, the above data dem on strate that these approaches 
have not elim i nated car diac risk. Thus, close monitoring of car-
diac func tion dur ing and after AML ther apy remains crit i cal to 
clin i cal man age ment and is used to guide tox ic ity-respon sive 
cardioprotective inter ven tions.

Cardiac mon i tor ing
Cardiac mon i tor ing dur ing pedi at ric AML ther apy typ i cally con-
sists of serial precycle echo car di og ra phy to assess for LVSD, 
manifested as declines in LV frac tional short en ing (LVFS), LVEF, 
and/or global lon gi tu di nal strain (GLS). Each of these meth ods 
has strengths and lim i ta tions that are rel e vant to clin i cal man-
age ment (Table 1).

LVFS is the frac tional cav ity diam e ter change between dias-
tole and sys tole. It is assessed with two-dimen sional (2D) or 
M-mode echo car di og ra phy via a lin ear inter ro ga tion through the 
cen ter of the LV. LVFS has a long his tor i cal pre ce dent and is easy 
to acquire and mea sure.29 However, it is sub op ti mal in screen-
ing given its sig nifi  cant angle depen dence and poor reli abil ity 
between acqui si tions.30

LVEF is the frac tional cav ity vol ume change between dias-
tole and sys tole. Cardiac mag netic res o nance imag ing (CMRI) 
is the opti mal modal ity for LVEF der i va tion given its high-res-
o lu tion, direct LV mea sure ment in 3 dimen sions with out geo-
met ric assump tions.31 However, CMRI is cur rently reserved for 
sec ond ary eval u a tion, pri mar ily related to its lesser avail abil ity.32 
Echocardiography, the stan dard pri mary screen ing modal ity, 
can be used to derive LVEF using mul ti ple meth ods. The Teich-
holz for mula can be used to cal cu late LVEF from lin ear dimen-
sions; how ever, this method is not recommended due to its 
sig nifi  cant geo met ric assump tions and resulting inaccuracy.33,34 
Alternate 2D LVEF der i va tions include the five/sixths area-length 
(ie, “bul let”) method and the biplane Simpson’s method; pref er-
ence among these is gen er ally lab o ra tory depen dent. Although 
supe rior to Teichholz, these meth ods also have lim i ta tions due 
to chal lenges with angle depen dence, mea sure ment repro duc-
ibil ity, and geo met ric assump tions such that their sen si tiv ity to 
detect abnor mal LVEF com pared to CMRI in child hood can cer 
sur vi vor pop u la tions is only approx i ma tely 50%.33,35

Three-dimen sional (3D) echo car di og ra phy allows com plete 
LV visu al i za tion, yield ing a more repro duc ible and accu rate LVEF 
mea sure ment in com par i son with 2D meth ods; the sen si tiv ity to 
detect LVSD in com par i son with MRI is 53% to 68% in child hood 

can cer sur vi vor pop u la tions.33,35 However, lim i ta tions include the 
need for spe cial ized equip ment, soft ware, and train ing and a 
pau city of data supporting its use in youn ger chil dren with can-
cer. When avail  able, 3D LVEF is the pre ferred screen ing method 
in ado les cents and young adults.32

Although valid and impor tant heart fail ure screen ing mea-
sures, LVEF and LVFS declines may be late find ings in the pro-
gres sion of anthracycline-related car dio my op a thy.36 Strain, 
spe cifi  cally GLS, has been pro posed as an alter na tive mea sure to 
facil i tate ear lier, more sen si tive cardiotoxicity detec tion. Strain 
is the frac tional change in myo car dial fiber length, or defor ma-
tion, dur ing the car diac cycle. GLS rep re sents strain along the LV 
long axis, aver aged across the LV. GLS declines pre cede and are 
prog nos tic of LVEF declines in adults dur ing and after anthracy-
cline ther apy.37 GLS abnor mal i ties are also prev a lent in child hood 
can cer sur vi vors in the pres ence of nor mal LVEF and are asso-
ci ated with established car dio vas cu lar risk fac tors, suggesting 
that they are clin i cally rel e vant.38 In recent years GLS has been 
incor po rated in adult cardio-oncol ogy imag ing guide lines, and 
its use is becom ing more wide spread.32 However, 1-year results 
from the only ran dom ized trial com par ing the effi cacy of a GLS- 
vs LVEF-guided approach to cardioprotective ther apy ini ti a tion 
in adults receiv ing anthracyclines failed to dem on strate a ben e fit 
of GLS.39 In addi tion, pedi at ric data attesting to the util ity of GLS 
dur ing anthracycline ther apy are lim ited. Based on the cur rent 
evi dence, GLS may serve as an adjunct mea sure, but AML treat-
ment deci sions should not be altered based on GLS alone.40

Toxicity-respon sive cardioprotection dur ing che mo ther apy
Cardiac mon i tor ing pro vi des the oppor tu nity for addi tional cardi-
oprotective inter ven tions in response to cardiotoxicity detec tion, 
with the goal of reduc ing fur ther car diac injury and supporting 
car diac recov ery. The two main strat e gies of cardioprotection in 
response to LVSD dur ing che mo ther apy include with hold ing an-
thracyclines (ide ally tem po rar ily) and using car diac remodeling 
med i ca tions. There are lim ited data to guide cli ni cians regard ing 
when to insti tute these inter ven tions; acknowl edg ing this pau-
city, our pro posed man age ment strat egy is depicted in Figure 4. 
Dose inter rup tions or reduc tions in anthracycline deliv ery should 
be min i mized given the poten tial to reduce che mo ther a peu tic 
effi cacy. Brief delays may be con sid ered in the set ting of LVSD, 
with the goal of func tional recov ery and resump tion of anthracy-
cline deliv ery. Withholding anthracycline should be con sid ered 
in cases of sig nifi  cant dys func tion; in these set tings we sug gest 
replacing it with an inten sive non-anthracycline-containing che-
mo ther apy block such as high-dose cytarabine and asparaginase 
(Capizzi II). The pres ence of per sis tent and/or sig nifi  cant LVSD 
should prompt car di  ol ogy con sul ta tion, fur ther car diac test ing, 
and con sid er ation of car diac remodeling med i ca tions such as 
angio ten sin converting enzyme inhib i tor or beta-blocker ther-
apy; fur ther pedi at ric data are needed to deter mine the ben-
e fit of these med i ca tions in this set ting. Recovery of func tion 
after these tox ic ity-respon sive inter ven tions may allow for the 
resump tion or con tin u a tion of anthracycline deliv ery.

Summary
The goals of care dur ing pedi at ric AML ther apy are to max i-
mize cure while min i miz ing short- and long-term cardiotoxici-
ty. To pro mote the safety and effi cacy of che mo ther apy, treat-
ment reg i mens should include pri mary cardioprotection in the 
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Table 1. Indices used to assess for LVSD

Measure Strengths Limitations
Threshold for sig-
nif  cant LVSD Recommendation for use

LVFS

•  Long his tor i cal pre ce dent
•  Easy to acquire and mea sure

• Highly angle depen dent
•  Poor reli abil ity (~7% error 

when in the nor mal range)30

<24%a Adjunct mea sure only except 
in the set ting of inad e quate 
win dows for alter nate mea-
sures

LVEF

Teichholz for mula
(from lin ear dimen-
sions)

•  Easy to acquire and mea sure •  Significant geo met ric 
assump tions

• Inaccurate

<50%a Not recommended

2D echo
(5/6 area length or 
biplane Simpson’s 
method)

•  Standard across most lab o-
ra to ries

•  Established util ity in heart 
fail ure

• Geometric assump tions
• Measurement error
•  Only ~50% sen si tiv ity to 

detect LVSD in com par i son 
with CMRI (in sur vi vor data)

May be used as pri mary 
screen ing

3D echo • Better repro duc ibil ity
•  53%-68% sen si tiv ity to 

detect LVSD in com par i son 
with CMRI (in sur vi vor data)

•  Requires spe cial ized train ing 
and equip ment

•  Limited data in youn ger 
chil dren

Preferred for pri mary screen-
ing in ado les cents and young 
adults, when avail  able

CMRI •  Optimal LVEF repro duc ibil ity 
and accu racy

•  Can mea sure other poten-
tially impor tant car diac 
fea tures (eg, pre cise mea-
sure ment of mass; edema, 
fibro sis)

•  Requires spe cial ized train ing 
and equip ment

• Less avail  ableb

•  Compliance chal lenges in 
youn ger chil drenb

•  An improve ment in out-
comes has not been dem on-
strated in adult cardio-oncol-
ogy pop u la tions

•  Limited pedi at ric cardio-
oncol ogy data

Secondary eval u a tion as indi-
catedb

GLS

•  More sen si tive mea sure of 
car diac func tion

•  Prognostic of sub se quent 
LVEF declines37

•  An improve ment in out-
comes has not been dem on-
strated in adult cardio-oncol-
ogy pop u la tions39

•  Limited pedi at ric cardio-
oncol ogy data

>−16% (approx i-
mate)42 or ≥15% 
wors en ing from 
base line valuec

Adjunct mea sure only (fur ther 
study needed)

The table depicts the der i va tions of imag ing-based mea sures of left ven tric u lar sys tolic func tion. LVFS is the frac tional change in cav ity diam e ter dur ing the car diac cycle. LVEF 
is the frac tional change in cav ity vol ume dur ing the car diac cycle. Strain is the frac tional change in myo car dial fiber length, or defor ma tion, dur ing the car diac cycle, typ i cally 
derived from speckle-track ing anal y sis of 2D echo car dio graphic images. GLS is the aver age defor ma tion in the lon gi tu di nal dimen sion. 2D or 3D echo car dio graphic der i va tions 
of LVEF should be the pri mary screen ing mea sure used to assess for LVSD dur ing pedi at ric AML ther apy. Strengths, lim i ta tions, and rec om men da tions for use are based on gen-
eral car dio vas cu lar-imag ing quan ti fi ca tion guide lines and adult cardio-oncol ogy guide lines, with addi tional sup port ive ref er ences listed within the table and foot notes.29,32,34,40

aLVFS and LVEF cut offs are based on grade 2 sever ity events for the terms “left ven tric u lar sys tolic dys func tion” and “ejec tion frac tion decreased” in the National Cancer 
Institute Common Terminology Criteria for Adverse Events (Versions 3.0 and 5.0, respec tively). Precise cut offs may vary among treat ment pro to cols, and cli ni cians should 
con sult the spe cific pro to col for fur ther guid ance.
bSome indi ca tions for CMRI in sec ond ary eval u a tion are poor echo car dio graphic win dows resulting in inad e quate assess ment of func tion, bor der line/inde ter mi nate echo-
car dio graphic results in which a more pre cise LVEF esti mate would change clin i cal man age ment, or base line or sig nifi  cant LVSD to eval u ate for under ly ing car dio my op a-
thy.31,32 CMRI does not employ ion iz ing radi a tion, and assess ment of LV vol umes, mass, and LVEF does not require intra ve nous con trast. However, youn ger chil dren require 
seda tion/anes the sia to com plete CMRI, which is an impor tant con sid er ation.43 Increasing avail abil ity cou pled with ongo ing tech no log i cal improve ments that reduce motion 
arti facts/patient com pli ance demands, scan ning time, and postprocessing time may result in increased CMRI use in pedi at ric can cer pop u la tions in the future.
cGLS val ues are typ i cally expressed as a neg a tive per cent age; less neg a tive val ues reflect worse sys tolic func tion (eg, −16% is worse than −18%). The limit of nor mal has not 
been pre cisely established in pedi at rics; the reported limit of −16% is an impre cise esti mate based on prior pedi at ric stud ies.42 The wors en ing of 15% from the base line value 
is based on adult cardio-oncol ogy guide lines and refers to the per cent wors en ing from the base line value,32 not the abso lute wors en ing in GLS (eg, a change from −20% to 
−17% is a 15% wors en ing). LVEDD, left ven tric u lar end-dia stolic diam e ter; LVEDV, left ven tric u lar end-dia stolic vol ume; LVESD, left ven tric u lar end-sys tolic diam e ter; LVESV, 
left ven tric u lar end-sys tolic vol ume.
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form of con cur rent dexrazoxane and car diac mon i tor ing with 
addi tional tox ic ity-respon sive cardioprotective inter ven tions as 
indi cated. Given the del i cate bal ance needed to man age com-
pet ing onco logic and car dio vas cu lar risks, a close col lab o ra tion 
between oncol o gists and car di  ol o gists is crit i cal to opti miz ing 
patient care. This col lab o ra tion should begin dur ing che mo ther-
apy and con tinue in sur vi vor ship, with long-term mon i tor ing and 
the poten tial implementation of sec ond ary and ter tiary heart 
fail ure pre ven tion mea sures.41 As onco logic ther a pies con tinue 
to rap idly evolve, the devel op ment of ded i cated, inter dis ci plin-
ary pedi at ric cardio-oncol ogy pro grams may serve to meet this 
impor tant need.

CLINICAL CASE (Con tin ued)
The patient was diag nosed with grade 3 LVSD in the set ting 
of sep sis. With inten sive sup port ive care, the patient recov-
ered and was discharged on cycle day 34. LVEF improved to 
48% on echo car di og ra phy at dis charge, with fur ther recov ery 
to 55% 1.5 weeks later. The patient was admit ted for inten si-
fi ca tion 2, includ ing full-dose mitoxantrone with dexrazoxane, 
and her che mo ther apy course was com pleted with out fur ther 
com pli ca tions. The patient is cur rently 1 year fol low ing ther apy 
and is being mon i tored with annual echo car dio grams due to 
high-dose anthracycline expo sure and a his tory of on-ther apy 
LVSD.
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Off-label drug use
Hari K. Narayan: Off-label use of several drugs is discussed: 
angiotensin converting enzyme inhibitors (ex. enalapril); beta 
blockers (ex. Carvedilol); asparaginase dexrazoxane (given under 
FDA orphan drug designation for pediatric cancers, but not tech-
nically a labeled indication).
Kelly Getz: Off-label use of several drugs is discussed: angioten-
sin converting enzyme inhibitors (ex. enalapril); beta blockers 
(ex. Carvedilol); asparaginase dexrazoxane (given under FDA or-
phan drug designation for pediatric cancers, but not technically 
a labeled indication).
Kasey J. Leger: Off-label use of several drugs is discussed: angio-
tensin converting enzyme inhibitors (ex. enalapril); beta blockers 
(ex. Carvedilol); asparaginase dexrazoxane (given under FDA or-
phan drug designation for pediatric cancers, but not technically 
a labeled indication).

Figure 4. Proposed management of cardiotoxicity during pediatric AML therapy. This figure depicts our proposed algorithm to 
manage cardiotoxicity during AML therapy, with the goal of balancing cardiac safety with effective delivery of AML-directed che-
motherapy. LVEF cutoffs are based on National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) V3.0 for 
LVSD: grade 2 LVSD is defined as asymptomatic LVEF decline of 40% to 49%. Grade 3 LVSD is defined as LVEF decline of 20% to 39%, 
or symptomatic heart failure. These LVEF thresholds are consistent with grade 2/3 “ejection fraction decreased” in CTCAE V5.0. 
*Additional testing may include biomarkers (eg, N-terminal-pro B-type natriuretic peptide), CMRI, or alternate testing as indicated. 
Biomarkers currently have an established role in secondary/further evaluation but are under investigation as a primary screening  
modality. ^Cardiac remodeling medications may include angiotensin converting enzyme inhibitors (eg, enalapril) and beta-blockers 
(eg, carvedilol). #When omission of anthracyclines is necessary due to persistent LVSD, efforts should be made to maintain the inten-
sity of chemotherapy, if appropriate. Thus, we suggest replacing with an intensive non-anthracycline-containing chemotherapy block, 
such as high-dose cytarabine and asparaginase (Capizzi II).
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