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Cardiodetection  and  cardioprotection  in  patients  with  cance
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Background

Cardio-oncology  is  a  recent  field  that  has  emerged  from
the  growing  need  to  manage  the  cardiovascular  health  of
patients  with  cancer.  It  was  first  developed  in  the  1960s,
with  the  use  of  anthracyclines  and  the  discovery  of  their
myocardial  toxicity,  which  led  to  the  development  of  heart
failure,  particularly  in  patients  who  received  high  doses.
Over  the  years,  the  interest  in  cardio-oncology  has  grown
considerably  in  response  to  epidemiological  changes  in  the
cancer  population  and  major  advances  made  in  cancer  treat-
ment  [1].  The  increase  in  life  expectancy,  the  decrease  in
cancer  mortality  and  the  development  of  new  cancer  drugs
have  led  to  greater  involvement  of  cardiologists  in  the  mana-
gement  of  patients  with  cancer.  Indeed,  the  association
between  cancer  and  cardiovascular  disease/risk  factors  has
become  more  and  more  frequent,  and  various  cardiovascular
adverse  events  have  been  described  with  new  treatments,
such  as  targeted  therapies  or  immunotherapies  (Table  1).
Now,  every  cardiologist  should  have  skills  in  cardio-oncology,
because  the  risk  of  cancer  survivors  developing  cardiovascu-
lar  events  can  become  greater  than  their  risk  of  recurrent
malignancy  [2].  At  the  same  time,  we  need  expert  car-
diologists  (cardio-oncologists)  who  can  manage  the  most
complex  cases,  and  who  know  the  cardiovascular  effects  of
the  most  recent  cancer  treatments.  Recently,  the  European
Society  of  Cardiology  outlined  the  rationale  for  creating
cardio-oncology  teams,  clinics  and  services,  to  provide  a
multidisciplinary  patient-centred  approach  in  a  dedicated
environment  [3].

In  this  context,  cardiologists  are  new  actors  in  the  mana-
gement  of  many  patients  with  cancer,  and  their  role  should
no  longer  be  limited  to  the  measurement  of  left  ventricu-
lar  ejection  fraction  (LVEF)  alone.  They  have  to  be  involved
before,  during  and  after  cancer  treatment,  to  prevent,  pre-
dict,  screen  and  eventually  treat  a  range  of  cardiovascular
diseases  related  to,  or  associated  with,  cancer  therapy,
without  compromising  its  effectiveness.  These  missions  of
cardiodetection  and  cardioprotection  are  essential  in  the

short  term  to  reduce  discontinuation  of  cancer  treatment,
and  in  the  long  term  to  improve  overall  survival;  they  involve
the  cardiologists’  clinical  skills,  but  also  their  ability  to  use
relevant  cardiovascular  imaging  modalities.
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he mission of cardiodetection

everal  cancer  therapies  confer  an  increased  risk  of
eart  failure  and/or  left  ventricular  systolic  dysfunction
LVSD),  and  also  several  other  cardiovascular  diseases  [4,5]
Table  1).  The  incidence  of  these  events  varies  depend-
ng  on  the  population  considered,  the  anticancer  regimen,
he  duration  of  follow-up,  the  strategy  used  to  detect  car-
iotoxicity  and  the  definition  used  to  classify  cardiotoxicity.
ndeed,  substantial  discrepancies  exist  in  terms  of  cardio-
ascular  toxicity  definitions  and  follow-up,  because  of  the
ack  of  strong  evidence  to  guide  therapies.

ow should we define cardiodetection?

ardiodetection  could  be  defined  as  the  capability  of
edical  strategies,  based  on  clinical  risk  factors,  bio-

ogical  and  imaging  biomarkers,  to  identify  patients  at
isk  of  developing  cardiovascular  abnormalities,  especially
eart  failure  and/or  LVSD,  during  and  after  cancer  ther-
py.  Cardiodetection  is  intrinsically  associated  with  the
oncept  of  cardioprotection,  which  could  be  defined  as
he  ability  of  certain  strategies  (pharmacological  and
on-pharmacological)  to  mitigate  the  incidence  of  LVSD
nd/or  heart  failure  in  patients  with  cancer  exposed  to
ardiotoxic  therapies.  To  be  validated  in  routine  clini-
al  practice,  the  ideal  marker  for  cardiodetection  should
e:  (1)  able  to  identify  high-risk  patients  early  in  the
ourse  of  cancer  therapy;  (2)  available  in  academic
nd  non-academic  centres;  (3)  reproducible;  (4)  submit-
ed  to  low  temporal  variability;  and  (5)  cost-effective.
his  marker  should  be  able  to  guide  a  strategy  of
ardioprotection  and,  finally,  should  be  applicable  to  anthra-
yclines  and  non-anthracycline  drugs,  as  well  as  thoracic
adiotherapy.

ho needs cardiodetection?

he  identification  of  a  patient  at  high  risk  of  developing

ardiovascular  toxicity  related  to  cancer  therapy  begins  by
ssessing  the  patient’s  baseline  characteristics  and  the  type
f  cancer  therapy  to  be  given.  Regardless  of  the  cancer
reatment  used,  the  risk  of  toxicity  is  more  important  in
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Table  1  Most  frequent  cancer  therapy-induced  cardiovascular  toxicity.

Cardiovascular  toxicity  Cancer  therapy

LV  dysfunction  and  heart  failure  Anthracyclines,  trastuzumab  (and  other  antibodies  to  HER2),  alkylating  agents
(cyclophosphamide,  ifosfamide,  melphalan),  antimicrotubule  agents  (taxanes),
antimetabolites,  VEGF  inhibitors  (monoclonal  antibodies  or  TKIs),  BCR-ABL  TKIs,
proteasome  inhibitors,  radiotherapy

Immune-mediated  myocarditis  (LV
dysfunction,  arrhythmia,
conduction  disturbances)

Immune  checkpoint  inhibitors

Hypertension  VEGF  inhibitors  (monoclonal  antibodies  or  TKIs)
Myocardial  ischaemia  Fluoropyrimidines  (5-fluorouracil,  capecitabine,  gemcitabine),  platinum

compounds  (cisplatin),  antimicrotubule  agents  (taxanes),  VEGF  inhibitors
(monoclonal  antibodies  or  TKIs),  BCR-ABL  TKIs,  androgen  deprivation  therapy,
radiotherapy

Arterial  and  venous
thromboembolic  events

VEGF  inhibitors  (monoclonal  antibodies  or  TKIs),  BCR-ABL  TKIs,  IMiDs

Atherosclerosis  BCR-ABL  TKIs  (nilotinib),  radiotherapy
Pulmonary  arterial  hypertension  BCR-ABL  TKIs  (dasatinib)
Valvular  heart  disease  Radiotherapy
Pericardial  disease  Radiotherapy,  TKIs,  anthracyclines,  alkylating  agents
Atrial  fibrillation  TKI  (ibrutinib)
QT  prolongation  Arsenic  trioxide,  TKIs,  histone  deacetylase  inhibitors,  numerous  other  drugs

BCR-ABL: breakpoint cluster region-abelson; HER2: human epidermal growth factor receptor 2; IMiDs: immunomodulatory drugs, such
as thalidomide, lenalinomide, pomalidomide; LV: left ventricular; TKI: small molecule tyrosine kinase inhibitor; VEGF: vascular
endothelium growth factor.
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atients  with  pre-existing  cardiovascular  disease  or  with
nderlying  cardiovascular  risk  factors  [6].  For  example,
ypertension  is  the  most  frequent  comorbidity  in  patients
ith  cancer,  and  can  contribute  to  left  ventricular  dysfunc-

ion  and  heart  failure  [7].  It  has  also  been  demonstrated  that
he  likelihood  of  anthracycline-  and  trastuzumab-induced
eart  failure  is  significantly  higher  with  increased  age,
eripheral  and  coronary  artery  disease,  diabetes  mellitus
nd  hypertension  [8].  The  European  Society  of  Cardiology
nd  the  European  Society  of  Medical  Oncology  have  under-
ined  the  importance  of  identifying  patients  at  high  risk  of
oxicities  at  baseline  [5,9].

As  it  is  unrealistic  to  prescribe  comprehensive  cardiovas-
ular  evaluation  for  all  patients  before  they  begin  cancer
reatment,  patients  considered  as  being  at  higher  risk  of
ardiovascular  toxicities  should  be  defined.  However,  data
n  how  to  identify  this  group  are  lacking.  The  recent
uidelines  from  the  American  Society  of  Clinical  Oncol-
gy  used  current  evidence  to  define  the  following  criteria
hat  identify  patients  at  notable  long-term  risk  for  cardiac
ysfunction  [10]:  (1)  high-dose  anthracycline  (e.g.  doxoru-
icin  ≥  250  mg/m2,  epirubicin  ≥  600  mg/m2);  (2)  high-dose
adiotherapy  (≥  30  Gy)  where  the  heart  is  in  the  treat-
ent  field;  (3)  lower-dose  anthracycline  in  combination  with

ower-dose  radiotherapy;  (4)  treatment  with  lower-dose
nthracycline  followed  by  trastuzumab;  (5)  and  treatment
ith  lower-dose  anthracyclines  or  trastuzumab  alone,  and

he  presence  of  any  of  these  risk  factors:  multiple  cardio-

ascular  risk  factors  (≥  2  risk  factors),  including  smoking,
ypertension,  diabetes,  dyslipidaemia  and  obesity,  during
r  after  completion  of  therapy;  older  age  (≥  60  years)
t  cancer  treatment;  compromised  cardiac  function  (e.g.

E

T
c

orderline  low  LVEF  [50—55%],  history  of  myocardial  infarc-
ion,  ≥  moderate  valvular  heart  disease)  at  any  time  before
r  during  treatment.

Nevertheless,  the  American  Society  of  Clinical  Oncology
uidelines  could  not  provide  any  recommendations  on  the
isk  of  cardiac  dysfunction  in  patients  with  cancer  receiv-
ng  other  types  of  cancer  therapy,  because  of  a  lack  of
vidence.  Moreover,  we  should  focus  not  only  on  the  risk
f  direct  myocardial  toxicity,  but  also  on  that  of  coro-
ary  artery  disease,  which  is  increased  with  some  therapies
Table  1).  In  the  absence  of  specific  recommendations  in
atients  with  cancer,  diagnostic  algorithms  used  to  identify
oronary  artery  disease  should  be  the  same  as  in  the  gen-
ral  population.  Thus  stress-imaging  tests,  calcium  scoring
r  coronary  computed  tomography  scans  might  be  proposed
n  patients,  according  to  their  pre-test  probability,  including
he  cancer  therapy.

In  addition,  we  are  facing  a  growing  population  of  can-
er  survivors  who  are  at  higher  risk  of  cardiovascular  disease
esulting  from  the  interaction  between  the  long  exposition
ime  to  cancer  therapy  and  traditional  cardiovascular  risk
actors.  Thus,  we  need  standardized  monitoring  after  can-
er  therapy  completion  to  control  modifiable  risk  factors  and
o  screen  for  late  cardiovascular  diseases.  Although  surveil-
ance  guidelines  are  available  to  guide  long-term  cardiac
ollow-up  of  childhood  cancer  survivors  [11],  none  has  been
eveloped  for  survivors  of  adult  cancers.
chocardiography for cardiodetection

he  definition  of  cardiac  toxicity  has  undergone  many
hanges  in  recent  years.  Initially,  only  the  occurrence  of
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clinical  signs  and/or  symptoms  of  heart  failure  were  con-
sidered.  Then,  following  advances  in  cardiac  imaging  and
the  development  of  serum  biomarkers,  pre-clinical  abnor-
malities  were  added  to  the  definition.  The  recent  position
paper  from  the  European  Society  of  Cardiology  defined
cancer  therapeutics-related  cardiac  dysfunction  (CTRCD)
as  a  decrease  in  LVEF  of  >  10  percentage  points,  to  a
value  <  50%.  In  this  paper,  transthoracic  echocardiography
(TTE)  is  considered  the  method  of  choice  for  the  detec-
tion  of  CTRCD,  before,  during  and  after  cancer  therapy  [5].
Other  imaging  modalities  can  be  used  to  follow  LVEF,  but
the  radiation  exposure  with  radionuclide  angiography  and
the  low  availability  of  cardiac  magnetic  resonance  imaging
are  limitations.  Moreover,  it  is  important  to  realize  that  the
different  modalities  use  different  normal  reference  values.
Thus,  the  same  technique  should  be  performed  for  baseline
assessment  and  follow-up  studies,  during  and  after  cancer
treatment.

The  ability  of  LVEF  variations,  diastolic  variables,  stress
echocardiography  and  speckle-tracking  echocardiography
to  predict  CTRCD  was  evaluated  in  several  studies,  with
disappointing  results,  except  for  speckle-tracking  echocar-
diography.  Belham  et  al.  found  that  a  change  in  LVEF  of
4%  between  baseline  and  low-dose  anthracyclines  was  the
best  predictor  of  CTRCD  [12].  However,  this  value  is  close  to
the  variability  of  two-dimensional  TTE,  rendering  this  vari-
able  difficult  to  manage  in  daily  practice.  Cardinale  et  al.
showed  in  a  larger  study  that  the  LVEF  value  measured  at  the
time  of  completion  of  anthracycline  therapy  was  a  predic-
tor  of  CTRCD  [13].  Conversely,  in  the  most  recent  studies,
the  LVEF  value  at  completion  of  anthracycline  therapy  was
not  a  good  predictor  of  CTRCD  [14—16].  These  conflicting
results  encourage  the  use  of  other  markers  and  underline
the  intrinsic  limitations  of  two-dimensional  TTE  to  detect
subtle  decreases  in  LVEF.  Therefore,  three-dimensional  TTE
has  been  recommended  to  follow  LVEF  in  patients  with  can-
cer  treated  with  chemotherapy  [5,17].  Advantages  include
better  accuracy  in  detecting  LVEF  below  the  lower  limit  of
normal,  better  reproducibility  and  lower  temporal  variabil-
ity  compared  with  2D  TTE  [18].

Nevertheless,  LVEF  monitoring  remains  insufficient  for
identifying  early  myocardial  injury,  with  potential  conse-
quences  for  outcome.  Several  diastolic  variables  and  stress
echocardiography  criteria  were  tested  and  evaluated,  in
order  to  predict  CTRCD  earlier.  Although  each  of  these  varia-
bles  differs  in  patients  receiving  anthracyclines,  none  of
them  was  found  to  be  able  to  identify  patients  at  high  risk
of  developing  CTRCD  [19,20].

In  a  meta-analysis  of  studies  using  speckle-tracking
echocardiography,  a  relative  early  reduction  in  global
longitudinal  strain  (GLS)  of  10—15%  appeared  to  be  the  best
variable  to  predict  CTRCD  [21].  Further  works  confirmed
these  initial  findings  in  different  population  of  patients
[16,22,23].  Thus,  in  the  European  Society  of  Cardiology
expert  consensus,  the  ideal  strategy  is  to  compare  the
measurements  of  GLS  obtained  during  treatment  with
the  measurement  obtained  at  baseline,  using  the  same
vendor-specific  ultrasound  machine.  A  relative  percentage

reduction  in  GLS  of  >  15%  is  very  likely  to  be  abnormal,
whereas  a  change  of  <  8%  appears  not  to  be  of  clinical
significance  [5,17].  It  is  important  to  realise  that  the
abnormal  GLS  value  should  be  interpreted  according  to
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oading  conditions  (level  of  arterial  blood  pressure,  volume
xpansion),  and  confirmed  by  a  repeat  study  performed
—3  weeks  after  the  initial  abnormal  study.

General  heart  failure  guidelines  largely  endorse  screen-
ng  with  echocardiography  for  patients  receiving  cardiotoxic
edication,  without  specific  recommendations.  Unfortu-

ately,  there  are  no  high-quality  studies  to  help  determine
he  optimal  screening  interval  for  imaging  of  patients
eceiving  cardiotoxic  medications.  Thus,  the  guidelines  are
nly  based  on  expert  consensus,  only  involve  patients  who
eceive  anthracyclines,  trastuzumab  or  radiotherapy,  and
iffer  from  one  to  another  [24].

iological markers for cardiodetection

n  addition  to  clinical  and  echocardiographic  variables,  bio-
ogical  markers  of  myocardial  necrosis  (troponin  I  and  T)
nd  natriuretic  peptides  were  assessed  to  identify  high-risk
atients.  Several  studies  have  demonstrated  the  prognostic
alue  of  the  serum  troponin  assay  being  performed  immedi-
tely  before  or  after  an  anthracycline  cycle.  Some  studies
uggest  that  30—35%  of  patients  receiving  anthracyclines
ill  develop  a  significant  troponin  rise  [25];  they  consis-

ently  show  that  even  a  slight  rise  in  troponin  allows  for
he  prediction  of  LVSD  and  heart  failure,  especially  when
roponin  remains  elevated  during  therapy  [26—28].  This  rise
recedes  LVEF  deterioration  by  3—4  months,  and  the  tro-
onin  peak  seems  to  be  correlated  with  the  severity  of  the
VSD.  At  the  same  time,  repeated  measurements  of  nega-
ive  troponin  allow  identification  of  a  low-risk  population
hat  will  not  develop  cardiac  complications  during  follow-
p,  with  an  excellent  negative  predictive  value  [25].  These
orks  led  to  the  implementation  of  this  assay  in  a  monitoring

trategy  of  anthracycline  therapy,  proposed  by  the  European
ociety  of  Medical  Oncology  and  the  European  Society  of  Car-
iology  [5,9]. However,  a number  of  questions  remain  about
he  use  of  troponin  as  an  accurate  marker  of  toxicity,  and
hus  about  its  widespread  utilization.  The  same  laboratory
hould  always  perform  the  assay,  because  of  differences  in
ethods  of  measurement.  Some  works  have  shown  no  corre-

ation  between  troponin  and  CTRCD  [29].  Determination  of
ptimal  timing  of  its  completion  and  the  type  of  troponin  to
se  (conventional  versus  high-sensitivity  and  troponin  I  ver-
us  troponin  T)  also  requires  further  larger  studies.  Finally,
he  usefulness  of  troponin  with  non-anthracycline  therapies
as  not  been  clearly  demonstrated.

Although  there  are  significant  variations  in  the  con-
entrations  of  brain  natriuretic  peptide  and  N-terminal
rohormone  of  brain  natriuretic  peptide  during  anthracy-
line  administration,  these  variations  were  not  correlated
ith  significant  changes  in  LVEF,  limiting  their  use  in  routine
linical  practice  for  the  early  identification  of  patients  at
isk  of  CTRCD  [30,31]. Some  studies  tested  other  biomark-
rs,  such  as  myeloperoxydase  and  growth  differentiation
actor  15,  with  promising  results  in  the  prediction  of  CTRCD
32].

 combination strategy for cardiodetection
wo  works  have  demonstrated  that  GLS  combined  with  mon-
toring  of  serum  troponin  concentration  could  be  useful  in
he  prediction  of  LVSD  in  patients  receiving  anthracyclines
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Table  2  Definitions  of  cancer  treatment-induced  cardiac  toxicity.

Toxicity  level  Definition  Comments

‘‘Subclinical’’a:
LV  dysfunction
using  serum
biomarkers

↑Troponin  >  99th
percentile

Although  several  studies  have  demonstrated  the  value  of  serum
troponin  in  predicting  LV  dysfunction,  questions  remain.  Optimal
timing  in  relation  to  cancer  treatment  administration,  the  optimal
cut-off  value  and  the  type  of  troponin  to  use  (I  versus  T  and
conventional  versus  high-sensitivity)  have  not  been  clearly  defined

‘‘Subclinical’’a:
LV  dysfunction
using  imaging

> 15%  relative  drop  in
GLS  compared  with
baseline

According  to  the  ESC  expert  consensus,  the  ideal  strategy  is  to
compare  the  measurements  of  GLS  obtained  during  treatment  with
the  one  obtained  at  baseline,  using  the  same  vendor-specific
ultrasound  machine.  A  relative  percentage  reduction  in  GLS  of  >  15%
is  very  likely  to  be  abnormal,  whereas  a  change  of  <  8%  appears  not
to  be  of  clinical  significance.  The  abnormal  GLS  value  should  be
interpreted  according  to  loading  conditions  (level  of  arterial  blood
pressure,  volume  expansion),  and  confirmed  by  a  repeat  study
performed  2—3  weeks  after  the  initial  abnormal  study

Asymptomatic
LVSD

LVEF  ↓10  percentage
points  to  a  value  <  50%,
without  signs  or
symptoms  of  heart
failure

According  to  the  ESC  expert  consensus,  echocardiography  is  the
method  of  choice  for  the  evaluation  of  LVEF  during  cancer
treatment.  3D  echocardiography  should  be  used  when  available,
and  the  modified  biplane  Simpson’s  method  (±  contrast)  is  indicated
when  2D  echocardiography  is  used.  If  the  quality  of
echocardiography  is  suboptimal,  CMR  is  recommended.
Radionuclide  angiography  (MUGA)  may  be  used  if  CMR  is  not
available  or  contraindicated

Symptomatic
LVSD

LVEF  ↓10  percentage
points  to  a  value  <  50%,
with  signs  and/or
symptoms  of  heart
failure

2D: two-dimensional; 3D: three-dimensional; CMR: cardiac magnetic resonance; ESC: European Society of Cardiology; GLS: global
longitudinal strain; LV: left ventricular; LVEF: left ventricular ejection fraction; LVSD: left ventricular systolic dysfunction; MUGA:
multiple-gated acquisition.
a The term ‘‘subclinical’’ is taken from the ESC expert consensus paper [5], and does not mean ‘‘asymptomatic’’, but rather ‘‘subtle’’.
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ith  or  without  trastuzumab  [14,15].  Thus,  in  the  American
ociety  of  Echocardiography/European  Association  of  Car-
iovascular  Imaging  expert  consensus,  an  increase  in  serum
roponin  I  or  a  decrease  in  GLS  during  cancer  treatment  was
roposed  to  define  ‘‘subclinical’’  left  ventricular  dysfunc-
ion  (Table  2)  [17].

he mission of cardioprotection

ifferent  potential  cardioprotective  measures  and  strate-
ies  to  reduce  CTRCD  have  been  proposed.  Pharmacological
nd  non-pharmacological  interventions  aim  to  prevent  the
ccurrence  or  aggravation  of  cardiac  structural  abnormal-
ty,  but  the  timing  for  starting  a  dedicated  cardioprotective
trategy  is  still  under  debate  (primary  versus  secondary  pre-
ention  strategy).

Prevention  of  cardiovascular  events  remains  one  of
he  most  important  challenges  in  patients  with  cancer.
hus,  prevention  and  treatment  of  cardiovascular  abnor-

alities/risk  factors  have  become  major  objectives  in  the
anagement  of  patients  before  cancer  therapy,  as  they

ncrease  the  risk  of  CTRCD  in  the  short,  medium  and  long
erm.  In  addition,  exposure  to  anticancer  therapies  can  be

s
t
w

onsidered  as  an  additional  cardiovascular  risk  factor  and
hould  now  be  integrated  into  global  cardiovascular  risk
tratification  in  the  general  population.  Therefore,  many
ardio-oncology  statements  and  guidelines  have  emphasized
he  importance  of  considering  cardiovascular  health  as  soon
s  possible  after  a  cancer  diagnosis,  and  throughout  life,
ecause  it  may  influence  clinical  decisions  about  the  choice
f  cancer  treatment,  the  indication  for  cardioprotection  and
he  frequency  of  monitoring  [5,9,10]. However,  we  needed
ore  evidence  to  demonstrate  that  early  optimization  of

ardiovascular  health  before  cancer  treatment  will  improve
atient  outcome.

In addition,  the  use  of  anticancer  drug  protocols  with
he  highest  efficacy-to-safety  ratio  should  be  a  priority  to
educe  the  risk  of  cardiac  toxicity.  Cardioprotective  drugs
hould  also  be  considered.  Dexrazoxane  has  been  demon-
trated  to  protect  the  heart  from  doxorubicin-associated
amage  through  topoisomerase  II�  inhibition.  However,  as

 result  of  reports  of  cases  of  haematological  malignan-
ies,  the  indications  for  this  drug  have  been  restricted.
umerous  randomized  trials  have  tested  renin-angiotensin

ystem  inhibitors,  beta-blockers,  mineralocorticoid  recep-
or  blockers  and  statins  in  the  prevention  of  LVSD  in  patients
ith  cancer,  before  or  during  anthracycline  therapy  with
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or  without  trastuzumab,  but  their  results  were  conflicting,
and  have  not  allowed  any  strong  recommendations  to  be
made  regarding  their  routine  use  in  primary  prevention  [4].
Thus,  the  identification  of  a  subset  of  patients  who  are
truly  at  high  risk  of  cardiac  toxicity  is  needed  before  the
initiation  of  any  cardiovascular  treatment  for  prevention.
The  early  use  of  enalapril  has  been  shown  to  prevent  LVSD
in  patients  receiving  anthracyclines,  with  subtle  signs  of
myocardial  damage.  Indeed,  in  patients  with  preserved  LVEF
but  elevated  serum  troponin  concentrations  during  their
cancer  treatment,  the  introduction  of  enalapril  was  shown
to  preserve  left  ventricular  function  and  reduce  the  risk  of
cardiovascular  events  in  one  randomized  trial  [33].  How-
ever,  it  is  unknown  whether  subtle  myocardial  abnormalities
identified  by  cardiac  imaging  may  help  in  the  selection
of  patients  for  cardioprotection.  Moreover,  there  have  not
been  trials  of  specific  cardioprotective  strategies  for  newer
cancer  therapies,  or  of  preventive  strategies  for  limiting
other  cardiovascular  events,  such  as  arrhythmia,  hyperten-
sion  or  vascular  diseases.

Finally,  few  data  exist  regarding  the  treatment  of
patients  with  overt  left  ventricular  dysfunction  induced  by
cancer  treatments,  because  these  individuals  have  usually
been  excluded  from  cardiovascular  trials.  Thus,  cardio-
logical  management  and  decisions  about  anticancer  drugs
depend  on  the  degree  of  cardiac  toxicity  and  the  type  of
therapy  responsible  for  the  adverse  event.  In  patients  with
LVSD  related  to  cardiac  toxicity,  the  beneficial  impact  of
renin-angiotensin  system  inhibitors,  beta-blockers  and  min-
eralocorticoid  receptor  blockers  might  be  more  important
when  treatment  is  started  early  [34].  This  underlines  the
critical  need  for  a  specific  cardiac  imaging  monitoring  strat-
egy.

Future directions

Several  guidelines  and  position  papers  have  been  published
in  recent  years  to  assist  practitioners  in  their  overall  cardio-
oncology  mission  [5,9—11,17].  However,  they  are  limited  by
a  low  level  of  evidence,  and  deal  little  with  new  cancer
therapies,  such  as  targeted  therapies  or  immunotherapies.
Opportunities  for  improving  cardio-oncology  management
are  numerous,  and  include  the  relevant  use  of  different
imaging  modalities.

Regarding  the  definitions  of  the  different  cardiovascular
toxicities,  there  are  many  classifications  from  oncology  and
cardiology  societies;  harmonization  is  therefore  essential.  In
addition,  the  threshold  values  used  to  define  cardiovascular
toxicities  are  quite  arbitrary  and  need  to  be  established  on
the  basis  of  prognostic  studies  correlating  the  level  of  toxi-
city  with  strong  endpoints.  It  is  also  important  to  have  more
data  on  the  role  of  tissue  and  metabolic  myocardial  charac-
terization  in  the  early  detection  of  myocardial  toxicity.  In
theory,  tissue  abnormalities  such  as  oedema  or  myocardial
fibrosis  should  appear  before  ventricular  function  abnormal-
ities.  The  use  of  cardiac  magnetic  resonance  imaging  offers
the  possibility  to  detect  cancer  therapy-induced  myocar-

dial  damage.  Some  recent  works  have  demonstrated  the
value  of  myocardial  T1-  or  T2-mapping  in  the  early  diag-
nosis  of  cardiac  toxicity.  These  imaging  modalities  could
have  a  major  role  in  the  diagnosis  of  new  toxicities,  such
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s  the  serious  myocarditis  induced  by  checkpoint  inhibitors
35]. Similarly,  the  incidence  of  right  ventricular  dysfunction
nd  its  prognostic  value  have  not  been  correctly  evalu-
ted  in  patients  with  cancer  [36]. However,  the  assessment
f  right  ventricular  function  should  be  performed  system-
tically  during  echocardiography,  and  future  research  on
his  topic  is  required.  The  incremental  value  of  serum
iomarkers,  such  as  troponin  or  natriuretic  peptides,  in
he  monitoring  of  new  cancer  therapies  will  need  also
urther  investigation.  Identification  of  genetic  susceptibil-
ty  to  cardiotoxicity  represents  an  important  proposition
n  our  mission  of  cardiodetection  and  cardioprotection.
he  recent  ability  to  generate  patient-specific  pluripotent
tem  cell-derived  cardiomyocytes  creates  the  opportunity
or  a  personalized  approach  to  predict  and  characterise
ardiovascular  toxicities.  Indeed,  these  patient-derived  car-
iomyocytes  possess  patient-specific  genetic  variations,
llowing  the  evaluation  of  drug  safety  for  a  particular  indi-
idual  [37].

The  European  Society  of  Cardiology,  the  European  Society
f  Medical  Oncology  and  the  American  Society  of  Clini-
al  Oncology  have  defined  precisely  the  modalities  and
iming  of  clinical/imaging  monitoring  of  patients  treated
ith  anthracyclines  with  or  without  trastuzumab  [5,9,10].
his  is  essentially  a  screening  for  left  ventricular  dysfunc-
ion  using  LVEF  and  GLS  measurements.  However,  these
trategies  have  not  been  validated,  and  the  results  of
uture  studies  are  highly  anticipated.  The  SUCCOUR  trial
ill  aim  to  evaluate  whether  GLS  guidance  of  cardio-
rotective  therapy  improves  cardiac  function  in  at-risk
atients  undergoing  potentially  cardiotoxic  chemotherapy,
ompared  with  usual  care  [38]. This  study  is  the  first
andomized  controlled  trial  to  address  the  practical  hypoth-
sis  of  advanced  imaging-guided  precision  medicine,  where
maging  not  only  identifies  individuals  at  higher  risk  of
ardiotoxicity,  but  also  directly  informs  a  specific  interven-
ion.

There  are  no  standardized  monitoring  recommenda-
ions  for  patients  taking  vascular  endothelial  growth  factor
nhibitors,  small  molecule  tyrosine  kinase  inhibitors,  pro-
easome  inhibitors  or  immunotherapies.  However,  these
rugs  are  used  increasingly,  and  could  potentially  lead
o  multiple  cardiovascular  toxicities  as  frequently  as
id  older  molecules.  This  lack  of  recommendations  is
elated  to  their  relatively  recent  use,  and  a  lack  of
nowledge  about  the  mechanisms  underlying  these  tox-
cities.  For  these  molecules,  it  is  not  only  a  question
f  LVSD  detection,  but  also  of  screening  hypertension,
rrhythmia,  vascular  anomalies  and  pericardial  diseases.
n  the  absence  of  formal  recommendations,  the  cardi-
logist  must  therefore  be  able  to  define  a  personalized
linical  follow-up  and  imaging  programme,  based  on  the
ancer  therapies  used  and  the  patient’s  cardiovascular  pro-
le.

Finally,  the  recommendations  on  the  specific  manage-
ent  of  cardiovascular  events  induced  by  cancer  treatment

re  largely  extrapolated  from  those  proposed  in  the  general
opulation,  whereas  the  pathogenesis  is  often  different.  In
he  future,  advanced  cardiovascular  multimodality  imaging
ould  be  used  to  identify  patients  with  LVSD  who  can  con-
inue  their  cancer  therapy,  and  to  predict  recovery  with  or

ithout  cancer  therapy  interruption.
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Figure 1. Propositions for improvement of cardiovascular management in patients with cancer. 2D: two-dimensional; 3D: three-
d ular; 
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imensional; CMR: cardiac magnetic resonance; CV: cardiovasc
ransthoracic echocardiography.

onclusions

he  assessment  of  cardiovascular  risk  and  the  manage-
ent  of  cardiovascular  toxicity  related  to  cancer  treatments
ave  become  major  challenges  in  oncology.  In  the  future,
he  constant  improvement  in  the  overall  outcomes  of  can-
er  survivors  might  become  limited  by  the  occurrence  of
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ECG: electrocardiogram; GLS: global longitudinal strain; TTE:

dverse  cardiac  events.  Thus,  a  comprehensive  programme
f  cardio-oncology,  including  cardio-oncology  teams,  mul-
imodality  cardiovascular  imaging  strategies  and  biological
arkers,  must  be  encouraged,  with  the  ultimate  goal  of  con-
inuing  the  development  of  new  cancer  treatments  without
ompromising  the  cardiovascular  system  and  overall  sur-
ival  (Fig.  1).  This  programme  must  be  integrated  into  each
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step  of  the  development  and  use  of  anticancer  drugs,  and  it
should  enable  us  to:  (1)  determine  consensual  and  accurate
definitions  of  cardiovascular  toxicity;  (2)  develop  molecular
approaches  to  better  understand  the  mechanisms  of  toxi-
city  and  patient  susceptibility;  (3)  develop  cardiovascular
strategies  to  screen  for  adverse  effects,  including  defin-
ing  high-risk  groups  of  patients  and  the  cardiac  monitoring
that  should  be  used;  (4)  develop  clinical  trials  identifying
the  most  effective  treatments  in  cases  of  cardiovascular
toxicity;  and  (5)  recommend  standardized  long-term  cardio-
vascular  monitoring  in  cancer  survivors.
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