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What is a Clinical Pathway? e

An evidence-based guideline that decreases unnecessary variation
and helps promote safe, effective, and consistent patient care.
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Objectives of Pathway s

» To develop a comprehensive interdisciplinary pediatric pathway to standardize
primary and secondary prevention of a change in systolic performance, also
referred to as cancer therapy-related cardiac dysfunction (CTRCD)

 To utilize multimodality imaging to assess for change in systolic performance as
iIndicated

 To prevent heart failure and the progression of heart failure

« To ensure appropriate and timely referrals to necessary specialists and
ancillary service providers




Why is Pathway Necessary? e

« Among the nearly 500,000 long-term childhood cancer survivors in the United
States, more than half were treated with cardiotoxic cancer therapy, which
results in a 15-fold increased rate of heart failure and an 8-fold increased rate
of premature cardiac death.

* No comprehensive pediatric cardio-oncology pathway has been published to
guide prevention and management of cardiac effects of cancer treatment.
o Cardio-oncology is an emerging field
o Childhood cancer survivors receive numerous cancer treatments that are cardio-toxic

o We want to preserve heart function throughout cancer therapy so they can get the cancer
treatments they need

— Want to limit dose modifications
— Want to limit held doses
o Prevent or limit the long term cardiovascular effects of cancer treatments




lists the common
effects of cardiotoxic cancer
agents

» Targeted Molecular Therapies
are growing in the pediatric
population & will continue to be
used. These also have
cardiotoxic effects.
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REPLACE CLINICAL
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Conventional Therapies

Anthracyclines

Platinum-based
Cisplatin

Alkylating Agents
Cyclophosphamide, Ifosfamide
Vinca AlkaloidsA

Vinblastine, Vincristine
Antimetabolites

5-fluorouricil (5-FU),
Capecitabine, Cytarabine
Microtubule Inhibitors
(primarily used in adults)
Paclitaxel, Docetaxel

Targeted Molecular Therapies*

VEGF Inhibitors
Sunitinib, Pazopanib,
Bevacizumab

BRAF inhibitors
Dabrafenib

MEK inhibitors
Trametinib, Mirdametinib

mTOR inhibitors
Everolimus

BCR-ABL TK Inhibtors
Imatinib

BCR-ABL1 Inhibtors
Dasatinib

Proteasome Inhibitors
Bortezomib, Carfilzomib

Immunotherapies

Immune checkpoint
inhibitors

CART-cell therapy

Radiation

Imaging

Echo
(preferred screening modality)

A Vinca Alkaloids only cardiotoxic when used in combination with anthracyclines
* There is continuous introduction of additional target molecular therapies such as BRAF/MEK inhibitors
that induce cardiotoxicity. Refer to literature and cancer protocol for additional details.

Herrmann, J. (2020). Adverse cardiac effects of cancer therapies: cardiotoxicity and arrhythmia. Nat Rev Cardiol, 17(8), 474-502.
https://doi.org/10.1038/541569-020-0348-1
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Background: Heart Failure & ren:

Long term

Since outcomes of clinical heart follow-up begins
failure (HF) are generally poor, it

At risk of heart failure Clinical heart failure

IS vitally important to have a
systematic way to both prevent \ N PN
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Heart Failure Symptoms

Outcomes after a diagnosis of clinical HF are generally poor, with
5-year overall survival <50%.

Armenian 5H et al. Cardiology research and practice. 2012;2012:713294.

No symptoms and can perform ordinary physical activity without
limitations

Mild symptoms and slight limitation of physical activity; No symptoms at
rast

Marked limitation of physical activity (even with less than ordinary activity)
due to symptoms; Comfortable at rest

Unable to carry out any physical activity; Severe limitations; Symptoms
present even at rest

https://www.ezmedlearning.com/blog/congestive-heart-failure-symptoms-stages-treatment
I R
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Long term
follow-up begins

Appendix G: Stages of Heart Failure
At risk of heart fail Clinical heart failure
STAGE A STAGE C STAGE D
CANCER :::hﬁr::ism Structural heart
TREATMENT structural heart Cnssas
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Cardio-oncology prevention begins upon cancer diagnosis not after cancer treatment has

finished. Primary and secondary prevention of heart failure (HF) can include the following:
Use of Dexrazoxane

Monitoring heart function via echos/CMRs

Promoting heart healthy diet

Promoting physical activity

Utilizing cardiac medication(s) to preserve/improve heart function = prevent/reduce the need to
dose reduce or skip cancer treatments

arooON=




Background:
Heart Failure

Appendix G: Stages of Heart Failure
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Long term
follow-up begins
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STAGE A STAGEC STAGE D

CANCER :::h;:rtl :dsmknfnmr Structural heart Refractory HF
TREATMENT structural heart disease requiring
disease or with symptoms interventions
eympboms of HF

« Heart failure stage A & B are at risk for heart failure. All oncology
patients that receive cardiotoxic therapy are considered heart failure

stage A.

« Heart failure stage A means the patient is at high risk for heart failure
due to the cardiotoxic cancer therapy, but do not have any structural
heart disease (as shown via echo or CMR) or symptoms (heart failure
symptoms reviewed after heart failure stages reviewed)
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THIS PATHWAY
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Primary and Secondary Prevention Strategies
Appendix G: Stages of Heart Failure

Long term
follow-up begins

Clinical heart failure

At risk nfhamHE
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STAGE A STAGEC STAGED
CANCER ﬂ;hﬁr::ism Structural heart Refractory HF

disaase requirng
with symptoms intervantions
of HF

TREATMENT structural heart
disease or

symploms

Heart failure stage B means the patient is at high risk for heart failure due
to the cardiotoxic cancer therapy and has structural heart disease (as
shown via echo or CMR), but does not have any symptoms. This is the

stage where we want to intervene so they do not escalate to stage C or D
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Heart Failure

Appendix G: Stages of Heart Failure mnamnmua

Long term
follow-up begins

STAGE A STAGE C STAGED
CANCER :tl:hﬁ::?mkummr Structural heart Refractory HF
TREATMENT structural heart sease requiring

disease or

symptoms

Heart failure stage C & D patients have clinical heart failure

Heart failure stage C patients have structural heart disease and are
experiencing symptoms

Heart failure stage D patients have refractory heart failure, are
experiencing symptoms, and require advance heart failure therapy
(i.e. implantable mechanical heart pump, IV medication, etc.) and/or
heart transplant




Background & drent

 Children’s Oncology Group (COG) define adequate cardiac function for clinical
trial enrollment as:

o Shortening fraction of 2 28% by echocardiogram
o Ejection fraction of = 50% by radionuclide angiogram

* However, our pathway takes a more conservative approach to help prevent
progression of heart failure:
o A change in systolic performance, also known as CTRCD, is defined as:

— EF <55%

— SF <29%

— GLS <-17% (more negative is good, less negative is bad)

— Z-score < -2.0 for EF (located in the table within an echo report)




This is the Pediatric Cardio-

Oncology Acute Cardiotoxicity
Primary and Secondary Prevention

Strategies Clinical Pathway.

We will be reviewing each
component in the following slides.

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity

Primary and Secondary Prevention Strategies
Primary Prevention Strategies

Inclusion Criteria: Any pediatric cancer patient who receives cardiotoxic therapy (Appendi

List of Cardiotoxic Agents and Effects)
Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic therapy
T

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

v v
Assessment for ALL Patients: Interventions for ALL Patients:
«  Baseline echocardiogram per COG protocol «  Optimize physical activity by encouraging participation
T

. Baseline cardiac MRI if indicated’

with exercise regimens including those prescribed or

«  Baseline labs (ordered by C: High sensitivity
troponin T (hsTnT), N-terminal pro-BNP, vitamin D,
lipid panel (includes triglycerides), fructosamine, .
HbAIC, ferritin (do NOT obtain NT-proBNP and ferritin | |e
at initial cancer diagnosis)

o Assess physical fitness and consult PT as needed.

e Nutrition evaluation as needed .
o Psychosocial assessment as provided by Hematology
Oncology department (Social Determinants of Health .

via PAT 3.1 General Version, PROMIS Pediatric-37
Profile v2.0 and PROMIS Parent Proxy-37 Profile v2.0, | |o
etc)

o Patient will be offered enrollment to the existing
biorepository of biologic sample(s) for future
biomarker and genetic research

by Pediatric Oncology
Exercise Manual)
Optimize heart healthy diet as per Nutrition evaluation
Continue psychosocial support and intervention as
provided by the Hematology Oncology psychosocial
team
If ferritin is >1,000pg/L and not downward- trending,
consider obtaining cardiac and hepatic T2* MRI
Consultation with specialists to promote cardiac health
(i.e. endocrinology) as needed
Review cardio-oncology education (Patient and
Guardian Handouts)

“Indications for Cardiac MRI:

s Unreliable assessment of EF by
echo (poor acoustic windows)

©  Changein systolic
performance® during treatment
(Appendix A: List of
Cardiotoxic Agents and Effects)

e« Baseline cardiac dysfunction

s Previous history of congenital
and/or acquired cardiac
disease

. Suspicion for myocarditis/
pericarditis/new valve
dysfunction

o Tumors with cardiac
hemodynamic effect

s Moderate or high risk
stratification (Appendix B)

Appendix D: MRI Algorithm

v

[ Repeat assessment above and risk stratify patients at the following time points® |

[

v v

v

2patients will require
evaluation of cardiac risk
factors by a cardiologist and

‘ Diagnosis |

‘ Maximal Anthracycline Therapy ‘

| End of Treatment (EOT)

*If diagnosis is APML, please place Cardiology
consult and refer to COG protocol if Arsenic
Trioxide to be administered, as these patients
are at high risk for cardiac complications

Risk Stratification

(see page 3)
v v v
‘ Low Risk | ‘ Moderate Risk ‘ —PI High Risk

Cardiac Mot

Cardiac Monitoring:

e Echocardiograms and ECG per
cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

*  Cardiopulmonary Stress Test
following EOT

Algorithm)

D: MRI Algorithm)

following EOT

o

e Echocardiograms and ECG per
cancer treatment protocol
(Appendix C: Echocardiogram

. Cardiac MRI at time of .
diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix

e Cardiopulmonary Stress Test .

at time of diagnosis
to inform primary, secondary,
and tertiary prevention
strategies. Throughout therapy,
patients may require continual
re-evaluation of risk factors.

Other time points when
patients would require
additional risk stratification:
s Echocardiogram obtained
o Relapse, refractory or
new cancer dx
Radiation therapy
Bone marrow transplant

and ECG per
cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

Cardiac MRI at time of
diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix
D: MRI Algorithm)
Cardiopulmonary Stress Test
YES following EOT

*Definition of Cancer Therapeutic
Related Cardiac Dysfunction
(CTRCD):

Left Ventricular Ejection
Fraction(LVEF) AND/OR Global
Longitudinal Strain (GLS) less than
normal for age AND/OR Z score less
than -2 OR a decrease in EF of more
than 10 EF units from baseline

[ J

Change in systolic
performance® identified?

P — NO—
Treatment: Treatment: Treatment:
«  Continue Primary Prevention e Continue Primary Prevention *  Continue Primary Prevention
strategies as above strategies as above strategies as above
«  Administer Dexrazoxane prior e Administer Dexrazoxane prior *  Administer Dexrazoxane prior
to bolus anthracycline dose to bolus anthracycline dose to bolus iine dose

(Appendix E: Dexrazoxane

Prescribing) Prescribing)

. Follow up with Cardio- .
Oncology as needed

(Appendix E: Dexrazoxane

If at any point, a change in systolic
? is identified, proceed to

(Appendix E: Dexrazoxane
Administration)

Follow up with Cardio-
Oncology as needed

page 2, otherwise, after therapy
completion, continue to follow up based
on cancer treatment protocol
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CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity EVReAS A BUIDE

Primary and Secondary Prevention Strategies AND DOES NOT
REPLACE CLINICAL

Primary Prevention Strategies JUDGMENT

Page 1

Inclusion Criteria: Any pediatric cancer patient who receives cardiotoxic therapy (Appendix A:
List of Cardiotoxic Agents and Effects)
Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic therapy

+—paseme BT PeT CUG PToToToT [ [° UPUJIZE pIIySICAT aCIVITy Dy ENCoUragg paTcipaton
+  BaselinggaTaraC WRTTT Tdicated | With exercise regimens including those prescribed or

The cardio-oncology labs can be ordered by

(Appendix A: List of
Cardiotoxic Agents and Effects)

. - lizr il e High. by Pediatric Oncology y S
. i f e Baseline cardiac dysfunction
usin g ano rd er set Assessment for ALL Patients: BB e i i o per Nutrton evaluntion || |+ et isry of el
. . nue psychosocial support and intervention as and/or acquired cardiac
Baseline echocardiogram per COG protocol BBIE. e viomatology Oncatogy pevchosodil disease

. Suspicion for myocarditis/

[itin is >1,000g/L and not downward- trending, pericarditis/new valve

Baseline cardiac MRI if indicated®

Baseline labs (ordered by Cardiology): High sensitivity [ ardacandbepatic iz Mt 1L Semorewih crdic
troponin T (hsTnT), N-terminal pro-BNP, vitamin D, B o e on Pationt and e
lipid panel (includes triglycerides), fructosamine, e statfcation (ppendict)
HbA1C, ferritin (do NOT obtain NT-proBNP and ferritin

All order sets will be reviewed later in this
presentation

Appendix D: MRI Algorithm

at initial cancer diagnosis)
Assess physical fitness and consult PT as needed.
Nutrition evaluation as needed

| r—

he following time points? |

-

2patients will require
evaluation of cardiac risk
factors by a cardiologist and

ist at time of diagnosis

to inform primary, secondary,
and tertiary prevention
strategies. Throughout therapy,
patients may require continual
re-evaluation of risk factors.

]
. Psychosocial assessmentas provided by Hematology ﬂ\;,mm

Oncology department (Social Determinants of Health
via PAT 3.1 General Version, PROMIS Pediatric-37
Profile v2.0 and PROMIS Parent Proxy-37 Profile v2.0,
etc.)

e  Patient will be offered enrollment to the existing ||

biorepository of biologic sample(s) for future
biomarker and genetic research Cardiac Monitoring:

er s Echocardiograms and ECG per
cancer treatment protocol

. . .
Cardiac Monitoing: - e A > ot !
Dl L (Appendix C: Echocardiogram (Appendix C: Echocardiogram Definition of Cancer Therapeutic
o Echocardiograms and ECG per Aot Alperithm) Related Cardiac Dysfunction
(EanCERiT EatmEntprotocol e Cardiac MRI at time of e Cardiac MRI at time of (CTRCD):
(Appendix C: Echocardiogram drmgacis and maimal Left Ventricular Ejection

hematology/oncology psychosocial team e I

otherwise follow (Appendix Longitudinal Strain (GLS) less than
following EOT normal for age AND/OR Z score less

Other time points when

patients would require

additional risk stratification:

e Echocardiogram obtained

o Relapse, refractory or
new cancer dx

o Radiation therapy

Bone marrow transplant

diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix

D: MRI Algorithm) D: MRI Algorithm)
. than -2 OR a decrease in EF of more
e Cardiopulmonary Stress Test *  Cardiopulmonary Stress Test ! A
than 10 EF units from baseline
following EOT YES following EOT

Change in systolic
performance’ identified?

viNO NO‘v

As per current practice within the g | CotmeTer |2 oy s
hematology/oncology department. PI: Dr. Lau

If at any point, a change in systolic
? is identified, proceed to
page 2, otherwise, after therapy

completion, continue to follow up based

«  Administer Dexrazoxane prior e Administer Dexrazoxane prior *  Administer Dexrazoxane prior
to bolus anthracycline dose to bolus anthracycline dose to bolus iine dose
(Appendix E: Dexrazoxane (Appendix E: Dexrazoxane (Appendix E: Dexrazoxane

Prescribing) Prescribing) Administration)
e  Follow up with Cardio- «  Follow up with Cardio- on cancer treatment protocol
Oncology as needed Oncology as needed 2
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 Risk stratification is currently completed by the cardio-oncology
department.

The cardio-oncology Epic registry is under development and is designed to auto calculate
risk score.

NICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity

nary and Secondary Prevention Strategies
nary Prevention Strategies

Inclusion Criteria: Any pediatric cancer patient who receives cardiotoxic therapy (Appendix A:
List of Cardiotoxic Agents and Effects)

Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic therapy
I

v

v

Assessment for ALL Patients:
Baseline echocardiogram per COG protocol
Baseline cardiac MRI if indicated®

Interventions for ALL Patients:
Optimize physical activity by encouraging participation
with exercise regimens including those prescribed or

Baseline labs (ordered by C gy): High sensitivity
troponin T (hsTnT), N-terminal pro-BNP, vitamin D,
lipid panel (includes triglycerides), fructosamine,

by Pediatric Oncology
Exercise Manual)
Optimize heart healthy diet as per Nutrition evaluation

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

s Unreliable assessment of EF by

©  Changein systolic

«  Baseline cardiac dysfunction
©  Previous history of congenital

referred to as event)

» The Therapeutic profile tab will now have a cardio-oncology section (also

Therapeutic Profile

5 ‘ £ % | [ Ped Cardiology [ Springboard Report [ Hem/Onc Snapshot

1. Baseline
* Risk scoring

[&] Facesheet [ SDOH [ Active Orders [5] Labs [ Visit Orders

I erapeutic Profile

coring: Low risk
Baseline Heart Failure Stage: ACC/AHA Stage A heart failure (at risk for cardiomyopathy)
Baseline Cardiac Function (via ECHO and/or CMR): Normal Echo (see report for more details)

The cardio-oncology section will be used:

» Heart failure stage

» Baseline cardiac function (via Echo and/or CMR)
2. Any major cardio-onc (i.e. +CTRCD)

« Updated risk scoring

» Updated heart failure stage

» Updated cardiac function (via Echo and/or CMR)
Cardiac medications

HbAIC, ferritin (do NOT obtain NT-proBNP and ferritin | |e  Continue psychosocial support and intervention as
at initial cancer diagnosis) provided by the Hematology Oncology psychosocial

o Assess physical fitness and consult PT as needed. team

o Nutrition evaluation as needed o Ifferritin is >1,000g/L and not downward- trending,

o Psychosocial assessment as provided by Hematology consider obtaining cardiac and hepatic T2* MRI
Oncology department (Social Determinants of Health e Consultation with specialists to promote cardiac health
via PAT 3.1 General Version, PROMIS Pediatric-37 (i.e. endocrinology) as needed
Profile v2.0 and PROMIS Parent Proxy-37 Profile v2.0, | |e  Review cardio-oncology education (Patient and
etc.) Guardian Hap

o Patient will be offered enrollment to the existing
biorepository of biologic sample(s) for future
biomarker and genetic research

. Suspicion for myocarditis/

. Tumors with cardiac

s Moderate or high risk

“Indications for Cardiac MRI:
echo (poor acoustic windows)
performance® during treatment

(Appendix A: List of
Cardiotoxic Agents and Effects)

and/or acquired cardiac
disease

pericarditis/new valve
dysfunction

hemodynamic effect
stratification (Appendix B)

Appendix D: MRI Algorithm

v
Repeat assessment above and risk 55~

Risk Stratification
Tool (Appendix B)

Diagnosis

*If diagnosis is APML, please place Cardiolo
consult and refer to COG protocol if Arsenic
Trioxide to be administered, as these patients
are at high risk for cardiac complications
(see page 3)

v v

‘ Low Risk | ‘ Moderate Risk \

v v

Cardiac Monitoring:
e Echocardiograms and ECG per .

Cardiac Monitoring:

Echocardiograms and ECG per

2patients will require
evaluation of cardiac risk
factors by a cardiologist and
oncologist at time of diagnosis
Qinform primary, secondary,
&rtiary prevention
ies. Throughout therapy,
¢atients may require continual
re-evaluation of risk factors.

Other time points when

patients would require

additional risk stratification:

e Echocardiogram obtained

o Relapse, refractory or
new cancer dx

o Radiation therapy

Bone marrow transplant

cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

e Cardiac MRI at time of .
diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix
D: MRI Algorithm)

cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

Cardiac MRI at time of
diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix
D: MRI Algorithm)

Cardiac Monitoring:

e Echocardiograms and ECG per
cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

*  Cardiopulmonary Stress Test
following EOT

*Definition of Cancer Therapeutic
Related Cardiac Dysfunction
(CTRCD):

Left Ventricular Ejection
Fraction(LVEF) AND/OR Global
Longitudinal Strain (GLS) less than
normal for age AND/OR Z score less
than -2 OR a decrease in EF of more

Cardiopulmonary Stress Test o Cardiopulmonary Stress Test ! A
than 10 EF units from baseline
following EOT Vis following EOT
|
Change in systolic
performance’ identified?
— NO——y
Treatment: Treatment: Treatment:
«  Continue Primary Prevention «  Continue Primary Prevention «  Continue Primary Prevention
strategies as above strategies as above strategies as above
«  Administer Dexrazoxane prior e Administer Dexrazoxane prior «  Administer Dexrazoxane prior If at any point, a change in systolic

? is identified, proceed to

to bolus anthracycline dose
(Appendix E: Dexrazoxane
Prescribing)

to bolus iine dose
(Appendix E: Dexrazoxane
Administration)

Follow up with Cardio-
Oncology as needed

to bolus anthracycline dose
(Appendix E: Dexrazoxane
Prescribing)

e Follow up with Cardio- .
Oncology as needed

completion, continue to follow up based

page 2, otherwise, after therapy

on cancer treatment protocol
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Appendix B: Risk Stratification Tool

Cardiovascular Related Risk Categories

Bady Mass Index (BEMI) kg/m*: BMI information within the last year

Risk Stratification Tool for Patients Receiving Cancer Treatment
® mcﬁq_ﬂ Step 1: Score your patient's cardiovascular and cancer related risk categories
.-.Children’s Step 2: Total the cardiovascular and cancer related risk categories
Step 3: Determine if patient is at low, moderate, or high risk for developing cardiac toxicity

Use percentiles for patients 0-20 yeors of age
O  «85" percertile or BMI <25 o
O  85"-205" percentile or BMI 25—-23.8 0.5
O 255" percentile or BMI 30—-34.5 1
0  >120% of 95" % percentile OR BMI 235, whichewer is lower based on age 15
and sex
Lipid Panel: Performed within 3 years
O mommal {LDL-C <110 mg/dL AND trighrcerides <150 mgy/'dL) o
0  Low-Woderate Risk (LDL-C 110-129 mg/dL OR trighycerides 150-199 mgy/dL) | 0.5
O High Risk [LOL-C =130 mg/dL OR triglycerides =200 ma/dL) 1
Pre-Diabetes/Diabetes: Performed within 1 year
O momal glucose/adc (Hbadic: <5.7%, 2-hr OGTT: <140 mg/dL, or Fasting: 4]
<100 mg/dL)
O Predigbetes (Hbalc: 5.7-6.4%, 2hr OGTT: 140-192 mgfdL, or Fasting: 100- | 0.5
125 mg/dL)
O  Diabetes (HbALc: 26.5%, 2-hr OGTT: 2200 mg/dL, or Fasting: =126 mgfdy) | 1
Ferritin: Lab result st any point in time
0 51,000 pefl [
0 51,000 pgiL |1
Cardiorespiratory Fitness (CRF): Performed within the lzst 2 years
0 Good-Superior CRF based on relative WO: max for age & s=x o
(= 80% of predicted value or = & METs)
O  Fair-very Poor CRF based on relative WO, max for age & sex 1
(50 - < B0 of predicted or 3—7 METs)
O  Lessthan very Poor CRF is categorized as functional disability based on 2
relative WO, max for age & sex (<60% of predicted or <5 METs)
Previous Heart Disease at Diagnosis
O Mo | 2]
O ves B
Hypertension [HTM): per AHA {= 13 years ald) & AAP guidelines (<13 years old)
O Momal 4]
O  Elevated/Pre-HTM 0.5
O Stagel 1
O stagez 3
Change in Systolic Performance®: During or after cancer therapy completion
O Mo | 2]
O ‘wes |15

*change in Systolic Performance definition:

1.
.
3.
4.

Left ventricular Ejection Fraction [LVEF) less than normal for age AND/OR
zlobal Longitudingl Strain (GLS) l2ss than normal for age ANDY/OR
Z zrore less than -2 OR

A decrease in EF of more than 10 percentage points from baseline

Cancer Related Risk Categories

Age at Cancer Diagnosis
O 25years
O 1-dyears
O  <1year 2
Sex: Assigned at birth
O naale
O Female
Radiation: to heart region anly
O mMone 0
O <5gy 05
0 545Gy
O »15-30Gy 3
O 308y 5
Vinca alkaloids™
O Mo 0
O ves a5
Allylating Agents (Le, CPM, IFOS|
O Mo 0
O ves 15
Anthracycline {AC) Cumulative Dose
O <101 mg/m® a
O  101-200 mg/m’ 0.5
O »200-250 mg/m’ 1
O »=250-300 mg/m* 2
0 =300mg/m” 3
DexrazoxXane Given: applicable crly if patient receted
= 200mg'm’ of AT
O Mo 2
O es 0

Transplant: Please total scores for ALL transplants
patient has undergane (f patient has 2 andem transplnts
patient score wauld be 2)

O Mo 0
O Autclogous 1
O  allogenic 2

A only when given in combination with AC

Laovwr Risk Maoderate Risk

probability for developing cardiac toxicity

High Risk

0-<B6 b6-<11

211

Patient is automatically High Risk if they have a change in systolic performance®

Created by: Olga H Tor-Salazar mo, ieas, Tiffany Berthod s an, or oo, Andrea Orsey so, wsor, Eileen Gillan wo, Shailendra Upadhyay mo, Karen Rubinso
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. Risk Stratification Tool for Patients Receiving Cancer Treatment
.:.annechcul Step 1: Score your patient’s cardiovascular and cancer related risk categories

Patients Receiving Cancer Treatment
W ascular and cancer related risk categories
““””‘nd cancer related risk categories
Iow, moderate, or high risk for developing cardiac toxicity

Appendix B: Risk Stratification Tool

D H

_
Pr Ell)Ial Age at Cancer Dilipmh
. . . . - i 0 25 years
 This refers to gender at birth, as in children, < = 05 14 years
females have a higher cardio-oncology risk = | 1 <1 year 2
> 3e 13 Gender: at birth
ik Male 1]
Female il
%5{150 0 Radiation: 1o heart region anly
| 1 Maone 1]
3 gfdl. | 03 <5 Gy 0.5
b T3 5149 Gy 1
g_ 15-29.9 Gy 3
TD" =30 Gy 5
* Vinca alkaloids only gets 0.5 points if Anthracyclines were also / — 0 WFEIT )
administered as part of the patient’s cancer treatment plan. bAlc: OS5 ves 0.5
. . . gy “ 1] . . *Change it hﬂ - L
Vincristine on it's own would score “0.” Of note, vinca alkaloids ; assw) |1 - "ﬁ:'m e e 0
and anthracyclines do not need to be administered within the R | Yes 15
0 Anthracycline [AC) Cumulative Dose
same cycle. . e .
101-200 mg/m?* 0.5
Created by: Olga H.Toro-SaIaz::I wo, Tiffany Berthod wsw, rw, cew, ccre, Andrea Orsey v, msce, Eileen Gillan wip, Shailendra Upadhyay wp, Karen Rubin mp
[ o

CONTACTS: OLGA H TORO SALAZAR, MD | TIFFANY BERTHOD MSN, RN, CPN, CCRC | ANDREA ORSEY, MD, MSCE Connecticut

ILANA WAYNIK, MD
lI.Chllc:lrens
clict ldren’s Medi Center. All rights reserved.



Presenter
Presentation Notes
Update appendix B here please



Appendix B: Risk Stratification Tool

» Dexrazoxane (DRZ) is typically always given prior to
anthracycline (AC) doses.

e However, previously DRZ wasn’t standard process so there \ Dexrazoxane Given: applicable onky if patient received
may be patients for whom you will have to check “No” 2 200ma/m of AC
2

e Transplant scores are to be summed.
« Examples:
« |If a patient has had a Tandem transplant (2 autologous
transplants) they would receive a 2.

« If a patient had an autologous transplant and an allogenic

transplant they would receive a 3.

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity ey

Primary and Secondary Prevention Strategies AND DOES NOT
REPLACE CLINICAL

Appendix B: Risk Stratification Tool JUDGMENT

Risk Stratification Tool for Patients Receiving Cancer Treatment
o Connecl'icUl' Step 1: Score your patient’s cardiovascular and cancer related risk categories
.I.Children’s Step 2: Total the cardiovascular and cancer related risk categories
Step 3: Determine if patient is at low, moderate, or high risk for developing cardiac toxicity

Cardiovascular Related Risk Categories Cancer Related Risk Categories

Body Mass Index (BMI) kg/m?: BMI information within the last year Age at Cancer Diagnosis
Use percentiles for patients 0-20 years of age

" 0O >5years 0
[] <85t percentile or BMI <25 0
: [0 1-4years 1
[ 85*-<95% percentile or BMI 25 — 29.9 0.5
" 0 <lyear 2
[ 295%™ percentile or BMI 30 — 34.9 1 YT m——
01 >120% of 95% % percentile OR BMI >35, whichever is lower based on age 1.5 e"" ] s'g"\‘: |a ! o
and sex ale
Lipid Panel: Performed within 3 vears [ Female 1
—— L "Rt T NNy EEE -
n)
: 2
D =300 mg/m 3
Pre-Di

Ferr[iltin H ﬂ
o s

" | Transplant: Please tatal seores for ALL transplants
patient has undergane (if patient kas 2 Tandem
D ransplants patient score would be 2

Hyp “ﬂ
g Autologous,/Tandem

Change

C Allogenic 2

*Change
1. Leiu venuituiar LyeLuunn Fractiun \LVLE) 153 Liall HUlial iUl dge AINU/UR
2. Global Longitudinal Strain (GLS) less than normal for age AND/OR
3. Zscore less than -2 OR
4. Adecrease in EF of more than 10 percentage points from baseline

Risk probability for developing cardiac toxicity

Low Risk Moderate Risk High Risk
0-<6 | 6-<11 \ >11
Patient is ically High Risk if they have a change in systolic performance*
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Appendix B: Risk Stratification Tool

Look back time period Comments

BMI
Lipid Panel

1 year
3 years

Pre-Diabetes
Diabetes

1 year

fasting glucose

Ferritin At any point in time

Order in which to prioritize =4 °
labs: HbA1c, 2-hr OGTT,

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity

Primary and Secondary Prevention Strategies
Appendix B: Risk Stratification Tool

Risk Stratification Tool for Patients Receiving Cancer Treatment

Step 1: Score your patient’s cardiovascular and cancer related risk categories

Step 2: Total the cardiovascular and cancer related risk categories

Step 3: Determine if patient is at low, moderate, or high risk for developing cardiac toxicity

®_C ticut
€ PChildrens

Cardiovascular Related Risk Categories Cancer Related Risk Categories
Body Mass Index (BMI) kg/m?: BMI information within the last year

Age at Cancer Diagnosis
Use percentiles for patients 0-20 years of age

O 25years 0
[J <85t percentile or BMI <25 0 0 1_4vyears 1
[ 85*-<95% percentile or BMI 25 — 29.9 0.5 0 <lvear 2
[ 295" percentile or BMI 30 — 34.9 1 — : B
[ >120% of 95" % percentile OR BMI >35, whichever is lower based onage | 1.5 Sl el
Endlcex 0 Male 0
Lipid Panel: Performed within 3 years _D_ Female - 1
[]  Normal (LDL-c <110 mg/dL AND triglycerides <150 mg/dL) 0 Radiation: to heart region only
0 Lo i - i 7 n
[ High Rifk (LDL-c 2130 mg/dL OR triglycerides 2200 mg/dL) 1 0 <5Gy 0.5
+-Diab /i il oo g 1

0 Normaliglu( Body Mass Index (BMI) kg/m2: BMI information within the last year

. <loong/d  yse percentiles for patients 0-20 years of age
125 mgdL) O <85t percentile or BMI <25 o
ED her( 0 85t%h-<95t percentile or BMI 25 —29.9 0.5
ritin: Lab regult ¢
0 <1,0000g/L O =95*percentile or BMI 30 —34.9 1
U >1,0008g/t O =120% of 95t % percentile OR BMI =35, whichever is lower based on age 1.5
‘diorespiratdry F
0 Good-dip and sex
(280%pfp  Lipid Panel: Performed within 3 years
D ir-!
o Ay O  Normal (LDL—c <110 mg/dL AND triglycerides <150 mg/dL) 0
Low-Moderate Risk (LDL-c 110-129 mg/dL OR triglycerides 150-199 mg/dL) | 0.5
TioUsheartpise O High Risk (LDL-c 2130 mg/dL OR triglycerides 2200 mg/dL) 1
0 No Pre-Diabetes/Diabetes: Performed within 1 year
0
rertemsion () O Normal glucose/Alc (HbAlc: <5.7%, 2-hr OGTT: <140 mg/dL, or Fasting: 0
[0 Norma <100 mg/d L}
§ :l‘:;‘j a O Prediabetes (HbAlc: 5.7-6.4%, 2hr OGTT: 140-199 mg/dL, or Fasting: 100- | 0.5
[ Stage 2 125 mgde}
nee i: Systdich O Diabetes (HbAlc: 26.5%, 2-hr OGTT: 2200 mg/dL, or Fasting: 2126 mg/dL) | 1
[}
0 Yes Ferritin: Lab result at any point in time
O £1,000 pg/L 0
O  =1,000 pg/L 1
*Change in Systofic Performance definition:
1. Left Vent! T s T ORI o
2. Global Longitudinal Strain (GLS) less than normal for age AND/OR
3. Zscore less than -2 OR
4. Adecrease in EF of more than 10 percentage points from baseline
Risk probability for developing cardiac toxicity
Low Risk Moderate Risk High Risk
0-<6 | 6-<11 \ >11
Patient is ically High Risk if they have a change in systolic performance*
Created by: Olga H.Toro-Salazar wp, Tiffany Berthod msw, r, cen, ccre, Andrea Orsey wo, msce, Eileen Gillan wo, Shailendra Upadhyay wo, Karen Rubin wo
o o
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Appendix B: Risk Stratification Tool

Risk Stratification Tool for Patients Receiving Cancer Treatment
o Connecticut Step 1: Score your patient’s cardiovascular and cancer related risk categories
.I.Children’s Step 2: Total the cardiovascular and cancer related risk categories
Step 3: Determine if patient is at low, moderate, or high risk for developing cardiac toxicity

Cardiovascular Related Risk Categories Cancer Related Risk Categories

Body Mass Index (BMI) kg/m?: BMI information within the last year

. H - Use percentiles for patients 0-20 years of age Age at Cancer Diagnosis
* In pediatrics use the American Academy of " o percemaleorom <z o 0_ss yeurs °

: [0 1-4years 1
[ 85*-<95% percentile or BMI 25 — 29.9 0.5

Pediatrics (AAP) guidelines: 85" percentie or VI 30- 349 L i

[ >120% of 95" % percentile OR BMI >35, whichever is lower based on age 1.5 0 Mal o
ale

o https://www.mdcalc.com/calc/4052/aap- 0 Female 1

. . . . . [ Normal (LDL-c <110 mg/dL AND triglycerides <150 mg/dL) [ Radiation: to heart region only
ped |at|'| C-hvperte NnSion-gu |de| nes 0 Low-Moderate Risk (LDL-c 110-129 mg/dL OR triglycerides 150-199 mg/dL) | 0.5 0 None 0
[J  High Risk (LDL-c 2130 mg/dL OR triglycerides 200 mg/dL) 1 0 <5Gy 0.5
Pre-Diabetes/Diabetes: Performed within 1 year 0 515Gy 1
[1  Normal glucose/Alc (HbAlc: <5.7%, 2-hr OGTT: <140 mg/dL, or Fasting: 0 0 >15-30Gy 3
. . . <100 mg/dL) 0 >30Gy 5
o F ora d u It patl en tS use th e AH A g ul d e I Ines 0 I;;eﬁdiab/e;f)s (HbALc: 5.7-6.4%, 2hr OGTT: 140-199 mg/dL, or Fasting: 100- | 0.5 vincaDalk::oidsn ,
mg, o
[ Diabetes (HbAlc: 26.5%, 2-hr OGTT: 2200 mg/dL, or Fasting: 2126 mg/dL) 1 [ Yes 0.5
Ferritin: Lab result at any point in time Alkylating Agents (i.e. CPM, IFOS)
0 <1,000 pg/L 0 0 No
] >1,000 pg/L 1 0 Yes il5
Cardiorespiratory Fitness (CRF): Performed within the last 2 years Anthracycline (AC) Cumulative Dose
[J  Good-Superior CRF based on relative VO, max for age & sex 0 0 <101 mg/m? 0
BLDOD PR ESSUHE SYSTOLIC mm Hg D ASTOLIC mm Hg (2 80% of predicted value or >8-10 METs) 0 101-200 mg/m? 05
[0 Fair-Ve P CRF based lative VO: fe & 1
CATEGORY (upper number) (lower number) e | asorai :
[ Less than Very Poor CRF is categorized as functional disability based on 2 U >250-300 mg/m* 2
relative VO, max for age & sex (<60% of predicted or <5 METs) 0 >300 mg/m? 3
Previous Heart Disease at Diagnosis Dexrazoxane Given: applicable only if patient received
r 0 No m >200mg/m? of AC
NORMAL LESS THAN 120 and  LESS THAN 80 o -
Hypertension (HTN): per AHA (2 13 years old) & AAP guidelines (<13 years old)
O MNormal 0
ELEVATED 120-129 and LESS THAN 80 O  Elevated/Pre-HTN 0.5
O Stage 1
HIGH BLOOD PRESSURE - Stage?
(HYPERTENSION) 130-139 or 80 -89
m 1 *Change in Systolic Performance definition:

1. Left Ventricular Ejection Fraction (LVEF) less than normal for age AND/OR
2. Global Longitudinal Strain (GLS) less than normal for age AND/OR
HIGH BLOOD pRESSUHE 3. Zscore less than -2 OR
(HWEmENS|DN] 1 40 OH HIGH ER g DR HIGHEH 4. Adecrease in EF of more than 10 percentage points from baseline
STAGE 2
Risk probability for developing cardiac toxicity
HYPERTENSIVE CRISIS Low Risk Moderate Risk High Risk
{consult your doctor HIGHER THAN 180 | and/or | HIGHER THAN 120 0-<6 | 6-<11 | 211
Iimmediately) Patient is ically High Risk if they have a change in systolic performance*
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https://www.mdcalc.com/calc/4052/aap-pediatric-hypertension-guidelines

Clinical Tools available for HTN

CARDIO ONC — Production —

[% DAR - Dept Appts HHH Clinical References =

if§ AAPHTN Guidelines *

&) ACOG Eclampsia Checklist
—{ #) ACOG HTN Checklist

'] UpToDate *

Under Clinical References in Epic:
1) AAP HTN Guidelines
2) UpToDate

<

Connecticut

Childrens




Utilizing UpToDate for pediatric BPs apgprngcticut

r[t] T & pediatric hypertension - UpToDat % —+

(— G [ﬁ] |f| https://www.uptodate.com/contents/search?search=pediatric’e20hypertension&sp=08searchType=PLAIN_TEXT&source=USER_INPUT&searchControl=TOF_FU

@ upropace B YT AR

< Back All Adult Pediatric Patient Graphics

Showing results for pediatric hypertension

Hypertension in children and adolescents: Evaluation

..children with HTN will be reviewed here. The epidemioclogy, etiolegy, diagnosis, and treatment of childhood HTN are discussed separately. In addition, the evaluation for
hypertensive emergency is presented ...

Goals

Definition

Summary and recommendations

2017 AAP updated definitions for pediatric BP

Primary and secondary pediatric HTN distinguishing features



Utilizing UpToDate for pediatric BPs apgprngcticut

. o wu L i e s 1
3 UpToDate” ( diatric hypert - :

) UploDate pediatric hypertens e 2 of 11 e FlI Export to Powerpoint [5) Print =<3 Share [ Bookmark Rate ¥ % % % % [ F
¢ Back Blood pressure levels for males by age and height percentile
Topic  Graphics (11) Systolic BP (mmHg) Diastolic BP (mmHg)
—mr BP

(percentile) Height percentile or measured height Height percentile or measured height

* Mormal BP males

3% 10%  25% | 50% | 75% | 90% | 95% 5% 10% | 25% | 50% | 75% | 90% @ 95%

* Mormal BP females

: L 1year
* Primary and secondary pediatric HTM
distinguishing features Height(in) | 304 | 30.8 316 | 324 333 | 341 | 346 | 304  30.8  31.6 324 | 333 | 341 346
* Causes of HTN in children Height 77.2 | 783 | 80.2 | 824 | 846 | 867 879 | 77.2 | 783 | 80.2 | 824 @ 846 | 867 879
L . (cm)
* Pediatric CVD risk factors
50th 85 85 86 86 87 88 88 40 40 40 41 41 42 42
Elevated HTN 9¢ 99 93 | 100 100 101 101 | 52 | S2  53 | 53 | 54 54 54
Stage 1 HTN 95" 102 | 102 | 103 = 103 | 104 105 105 54 54 55 55 56 57 57

Stage 2 HTN 14 114 | 115 115 | 116 | 117 | 117 | 66 66 | 67 @ 67 68 | 69 | 69
0 mmHg




Cardiorespiratory Fitness (CRF): Performed within the last 2 years

C  Good-Superior CRF based on relative VO: max for age & sex 0
(= B0% of predicted value or = 8 METs)
- - g 1 . O  Fair-Very Poor CRF based on relative V0: max for age 8 sex 1
Appendix B: Risk Stratification Tool (60 - < 80% of oredictod or 5.7 METe]
O  Less than Very Poor CRF is categorized as functional disability based on 2
relative VO: max for age & sex (<60% of predicted or <5 METs)

Pediatric Cardiorespiratory Fitness (<20 years old) is s
based off of peak VO2 % predicted
* In Epic, Stress Test results are found under “Procedures”

« If you click Maximum Voluntary Ventilation once, you'll \

see the Peak VO, located in the Summary of Findings

Maximum Voluntary

Spirometry

Simple Cardio Stress
"CIAB®E i

ot J

during recovery.
10. Symptoms: Patient reported fatigue at peak

ertion
11. Peak VO2= 22.0 mL/kg/min; 67% predicted. ] Reminder: The Cardio-oncology dept is
12. Evidence of obstructive/restrictive lung disez responsible for risk scoring. This is for
The results of this test are questionable due vour knowledge.

natiant's akilitv tAa narfarm tha manalnvares Aae
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ppendix B: Ris ratification Tool

« Cardiopulmonary Stress Test yields
a peak VO,/VO, max value

« This indicates a patient’s
cardiorespiratory fitness and is the
most important predictor of morbidity
and mortality

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity

Primary and Secondary Prevention Strategies
Primary Prevention Strategies

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

List of Cardiotoxic Agents and Effects)

< Inclusion Criteria: Any pediatric cancer patient who receives cardiotoxic therapy (Appendix A: >

Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic therapy
T

v

v

“Indications for Cardiac MRI:
s Unreliable assessment of EF by
echo (poor acoustic windows)

Assessment for ALL Patients:
«  Baseline echocardiogram per COG protocol
o Baseline cardiac MRI if indicated®

Interventions for ALL Patients:

Optimize physical activity by encouraging participation

with exercise regimens including those prescribed or

«  Baseline labs (ordered by C: High sensitivity
troponin T (hsTnT), N-terminal pro-BNP, vitamin D,
lipid panel (includes triglycerides), fructosamine,
HbAIC, ferritin (do NOT obtain NT-proBNP and ferritin
at initial cancer diagnosis)

o Assess physical fitness and consult PT as needed.

e Nutrition evaluation as needed

by Pediatric Oncology
Exercise Manual)

Optimize heart healthy diet as per Nutrition evaluation

Continue psychosocial support and intervention as
provided by the Hematology Oncology psychosocial
team

If ferritin is >1,0001g/L and not downward- trending,

e Changein systolic
performance® during treatment
(Appendix A: List of
Cardiotoxic Agents and Effects)

o Baseline cardiac dysfunction

o Previous history of congenital
and/or acquired cardiac
disease

. Suspicion for myocarditis/
pericarditis/new valve

e Psychosocial assessment as provided by Hematology consider obtaining cardiac and hepatic T2* MRI dysfunction
Oncology department (Social Determinants of Health Consultation with specialists to promote cardiac health ®  Tumors with cardiac
via PAT 3.1 General Version, PROMIS Pediatric-37 (i.e. endocrinology) as needed hemodynamic effect
Profile v2.¢— - - gy (Pati = . ol or high risk
etc) . P . e e

i e Cardiac Monitoring: Cardiac Monitoring:

iorepositd

biomarker | @

Cardiac Monitoring

[ .
4

. Echocardiograms and ECG per

Algorithm)

Echocardiograms and ECG per o
cancer treatment protocol
(Appendix C: Echocardiogram

B points

|

Diagng End of Treatme|
cancer trfeatment proto.col e Cardiac MRI at time of .
(Appendix C: Echocardiogram | . . .
Algorithm) | diagnosis and maximal

) [fixice to e ddi anthracycline therapy,
. Cardiopulmonary Stress Test | ereathish et ; .
following EOT =4 otherwise follow (Appendix
v/ D: MRI Algorithm) ¥
Low R High Ris!

following EOT

. Cardiopulmonary Stress Test

[rdiac Monitoring:

Echocardiograms and ECG per
cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

Cardiac MRI at time of
diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix
D: MRI Algorithm)
Cardiopulmonary Stress Test
following EQT

(Appendix C: Echocardiogram
Algorithm)

cancer treatment protocol

diagnosis and maximal
anthracycline therapy,

8|
cancer treatment protocol

Cardiac Monitoring: - = & o
e on S (Appendix C: Echocardiogram (Appendix C: Echocardiogram
Echocardiograms and ECG per " -
o Algorithm) Algorithm)
cancer treatment protocol e Cardiac MRI at time of e Cardiac MRI at time of

diagnosis and maximal
anthracycline therapy,

*Definition of Cancer Therapeutic
Related Cardiac Dysfunction
(CTRCD):

Left Ventricular Ejection
Fraction(LVEF) AND/OR Global

Cardiopulmonary Stress Test
following EOT

otherwise follow (Appendix
D: MRI Algorithm)

o Cardiopulmonary Stress Test
following EOT VES

otherwise follow (Appendix
D: MRI Algorithm)
Cardiopulmonary Stress Test
following EOT

Longitudinal Strain (GLS) less than
normal for age AND/OR Z score less
than -2 OR a decrease in EF of more

than 10 EF units from baseline

J

Change in systolic
performance’ identified?

Treatment:
Continue Primary Prevention

B — NO——y
Treatment: Treatment:
Continue Primary Prevention e Continue Primary Prevention
strategies as above strategies as above
Administer Dexrazoxane prior e Administer Dexrazoxane prior .

to bolus anthracycline dose
(Appendix E: Dexrazoxane

Prescribing) Prescribing)

. Follow up with Cardio- .
Oncology as needed

to bolus anthracycline dose
(Appendix E: Dexrazoxane

strategies as above

Administer Dexrazoxane prior

If at any point, a change in systolic
? is identified, proceed to

to bolus iine dose
(Appendix E: Dexrazoxane
Administration)

Follow up with Cardio-
Oncology as needed

page 2, otherwise, after therapy
completion, continue to follow up based
on cancer treatment protocol

ILANA WAYNIK, MD

LAST UPDATED: 05.1

©2019 Connecticut Children's Medical Center. All rights reserved.
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Appendix B: Risk Stratification Tool

Pediatric
Cardiorespiratory
Fithess (<20
years old) is
based off of peak
VO, % predicted

* Please use the
“WYO2 Max/Pred
(%)” As seen
highlighted in
red in the PDF
report

Exercise

Time (min)

Ex Time (min)

weee WORK ----

Speed (MPH)

Grade (%)

=== VENTILATION ----
VtBTPS (L)

RR (br/min)

VE BTPS (L/min)

BR (%)

SpO2 (%)

wee= 02 CONSUMPTION ----
VO2 (mL/kg/min)

VO2 (L/min)

VCO2 (L/min)

Rest
9-40)

0.90
14
12.3
89.4
93

4.1
0.42
0.35

e o

Reminder: Cardio-oncology is responsible for

risk scoring. This is for your knowledge

AT VO2 Max
15:53 16:29
6:09 6:45
34 25
14.0
1.55 1.84
48 46
743 83.9
35.7 274
94 93
19.6 22.0
1.99 22

2.24

2.76

£

116.0

329
3.34
4.04

AT /Pred (%) VO2Max/Pred (%)
64 72
0
60 .
56 68




Reminder: Cardio-oncology is responsible for
risk scoring. This is for your knowledge

Appendix B: Risk Stratification Tool

SUMMARY OF FINDING
1. Exercise protocol: Bruce Protocol

2. This was a maximal stress test. Respiratory exchange ratio (RER) = 1.37.
3. Exercise time was 07 minutes and 08 seconds. Maximum work load was 9.2 METS. One way to see the MET information
4_Underlying rhythm was sinus rhythm.

5 Heart rate response was normal. Peak heart rate= 170 BPM; 86% of the maximum age predicted

heart rate.
fal Film o ood ommim oo mowmm Eme
Rest AT  VO2 Max Pred AT /Pred (%) VO2 Max/Pred (%)
Time (min) 9:52  14:00 17:02
Ex Time (min) 4:07 T:09
- WORK ----
Speed (MPH) 25 1.7
Grade (%) 10.0 12.0
=== VENTILATION ----
Vi BTPS (L) 0.57 1.36 1.57
RR (br/min) 24 37 57
VE BTPS (L/min) 13.9 498 80.2 130.0 38 (]
BR (%) 89.3 61.7 314
Sp02 (%) 100 100 100
== 02 CONSUMPTION ----
V02 (mL/kg/min) 4.5 2008 23.8 31.3 a7 76
V02 (L/min) 0.38 1.76 2.01 2.64 66 76
VCO2 (L/min) 0.35 1.70 2.75 3.20 53 86

RER 0.93 0.97 1.37
METS 1.3 6.0 6.8 67 76

Another way to see the MET information
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Appendix B: Risk Stratification Tool

Risk Stratification Tool for Patients Receiving Cancer Treatment
o Connecl'icUl' Step 1: Score your patient’s cardiovascular and cancer related risk categories
.I.Children’s Step 2: Total the cardiovascular and cancer related risk categories
Step 3: Determine if patient is at low, moderate, or high risk for developing cardiac toxicity

Reminder: Cardio-
I Adult V02 max (2 20 yearS) Male Table oncology is

Body Mass Index (BMI) kg/m?2: BMI information within the last year

y Age at Cancer Diagnosis
Use percentiles for patients 0-20 years of age

responsible for risk o s erenticor o s 0 e :
TABLE 3.8 » Treadmill-Based Cardiorespiratory Fitness Classifications Scoring This is for e o 2 > e 2
(Vo 2max) by Age a nd S ex - (] 3130% of 95" % percentile OR BMI >35, whichever is lower based on age 1.5 oK fS'g::HI:t I o
= P, ipid Panel: Performed within 3 years 0 Female &
VO.zmax (ML O; - kg™ - min™) your knOWIedge | Lp; ’ Nolrr:alrILDL-cillt)hm:/ZLANDtriglycerides<150 me/dL) 0 Radiation: to heart region only
| [ Low-Moderate Risk (LDL-c 110-129 mg/dL OR triglycerides 150-199 mg/dL) = 0.5 0 None 0
MEN | [ High Risk (LDL-c 2130 mg/dL OR triglycerides 2200 mg/dL) 1 B <5 Gy 0.5
re-Diab /Di erformed within 1 year 5-15 G 1
Age Group (yr) § ] Normalglucose/ilc(HbAlc::5.7‘£,;-hr0GW: <140 mg/dL, or Fasting: 0 a >15'30y‘5V 3
<100 mg/d 0 >30G 5
Percentile 20-29 30-39 40-49 50-59 60-69 [u} P::;abi/tel;)(HbAlc: 5.7-6.4%, 2hr OGTT: 140-199 mg/dL, or Fasting: 100- | 0.5 Vinca alkaloidsx
95 Superior 663 59.8 556 50.7 430 . s — =
5 = = = e e Cardiorespiratory Fitness (CRF): PerFurrnE:'.:I within the last 2 years
85 Excellent 59.3 5472 493 43.2 382 I Good-Superior CRF based on relative VO: max for age & sex
80 571 51.6 46.7 4.2 36.1 (= BO%% of predicted value or = 8 METs)
773 22?; jg'é f’é'g 22; 33;'3 I Fair-Wery Poor CRF based on relative VO max for age & sex
65 2o 521 46,6 421 36.3 316 (60 - < 80% of predicted or 5-7 METs)
60 50.2 452 40.3 351 20.5 Less than Very Poor CRF is categorized as functional disability based on
55 49.0 43.8 8.9 33.8 291
50 : 48.0 42.4 37.8 32.6 282 — -
Falr U evated/Pre-HTN a0 patient score would be 2)
4 465 4], 36.7 31.6 27.2 - E "o 0
40 449 396 357 307 266 Changei?ltasiitilit:re- : During or after cancer therapy i g Autolog‘ous !
[ Allogenic 2
555 435 38 15 34 6 295 257 ‘ EI g:s } :5 A Only when given in combination with AC
30 S 41.9 374 525 28.4 24.6
25 40.1 259 31.9 27 257
20 381 34.1 30.5 2611 22.4 *ChTgiel:ts\}/es:::Iicc:lea:'flE)jremc:iz(r:leF?aezlt?:rllo(rlxlEF) less than normal for age AND/OR
15 354 32 = 7 290 244 212 2. Global Longitudinal Strain (GLS) less than normal for age AND/OR
10 Very DO or 321 302 268 22 8 198 i isdc:crreelae::;h:g; 22re than 10 percentage points from baseline
5 ZENHE 272 242 20.9 174
T Risk probability for developing cardiac toxicity

Low Risk Moderate Risk High Risk
0-<6 | 6-<11 \ >11

Use the V02 maX Obtalned, |Ocate thelr age, determlne WhICh Patient is ically High Risk if they have a change in systolic performance*
Category the fa” under_ Example: 35 year Old male With a V02 Created by: Olga H.Toro-Salazar wp, Tiffany Berthod wsw, rw, cpn, ccre, Andrea Orsey v, wisce, Eileen Gillan wip, Shailendra Upadhyay wp, Karen Rubin vp
max of 39% would fall under the poor category and score a 1 (<] () )

On the r|Sk Score . CONTACTS: OLGA H TORO SALAZAR, MD | TIFFANY BERTHOD MSN, RN, CPN, CCRC | ANDREA ORSEY, MD, MSCE

@ Con O
@ hildrons
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Appendix B: Risk Stratification Tool

Risk Stratification Tool for Patients Receiving Cancer Treatment
o Connecl'icUl' Step 1: Score your patient’s cardiovascular and cancer related risk categories
...Children’s Step 2: Total the cardiovascular and cancer related risk categories
Step 3: Determine if patient is at low, moderate, or high risk for developing cardiac toxicity

Reminder; Cardio-

| bl
1 1 dy Mass Index (BMI) kg/m2: BMI information within the last year 5 B
o n CO O I S reS O n S I e Z‘:e ! § ‘ Age at Cancer Diagnosis
percentiles for patients 0-20 years of age
Adult VO, max (= 20 years) Female Table 109y IS reSponSIDI€ |emmastrmienasy T :
for r|Sk SCO r|ng . Th IS IS 85%-<95™ percentile or BMI 25 - 29.9 05 0 a yiar 2

o
[ 295" percentile or BMI 30 — 34.9 " o
0 Sex: Assigned at birth

1
fo r yo u r k n Owl e d g e >120% of 95 % percentile OR BMI >35, whichever is lower based on age 15 ‘ 0 Male o
WO M E N and sex
Lipid Panel: Performed within 3 years _D_ Female : 1
Age Group (yr) [ Normal (LDL-c <110 mg/dL AND triglycerides <150 mg/dL) o | Radiation: to heart region only
[l Low-Moderate Risk (LDL-c 110-129 mg/dL OR triglycerides 150-199 mg/dL) | 0.5 [ None 0

Percentile 20-29 30-39 40-49 50-59 60-69 orolLHigh ik (11 2930 . ORtrgyoertdes 2200 mge) b &
95 Supenor 560 458 4]7 359 294 7 0 L!;)(;Bnrar:gg/l::;)se/Alc (HbA1c: <5.7%, 2-hr OGTT: <140 mg/dL, or Fasting: 0 ‘ E :Z'zs Gy :
90 513 414 384 320 270 0 Predees (HbA1c: 5.7-6.4%, 2hr OGTT: 140-199 mg/dL, or Fasting: 100- 0.5 Vlncalkl|dsl\ _
sg Excellent 423 39.3 328 22(23 gig Cardiorespiratory Fitness (CRF): Performed within the last 2 years
46.5 S 34, ; : . .
75 447 261 204 276 228 I Good-Superior CRF based on relative VO: max for age & sex
70 — 432 4.6 211 26.8 221 (# B0% of predicted value or 2 8 METs)
65 416 335 300 26.0 220 I Fair-Wery Poor CRF based on relative VO max for age & sex
60 40.6 LU 287 252 212 (60 - < 80% of predicted or 57 METs)
55 38.9 31.2 277 24.4 205 . - . . or-
== Less than Very Poor CRF is categorized as functional disability based on
50 - 376 30.2 267 23.4 200 v go ty
45 359 293 259 27 19.6 & sex [<60% of
40 346 282 249 2]8 189 st:;: i Pre-HTN ' ‘ paner;scor’:woud be2) .
35 336 274 24] 2]2 184 Cha:ge i?lta;:tilic Per *: During or after cancer therapy . ‘ g Autolog‘ous !
30 320 26.4 AL 20.6 179 0 No ‘ °o_| o5 Iu hA""g.E"". oination wi 2
POOI’ 0 Yes 15 ‘ nly when given in combination with AC
25 8.5 253 22 19.9 17.2
20 286 241 213 191 16.5
*Change in Systolic Performance definition:
]5 262 225 200 183 156 1. Left Ventricfllar'Ejedion. Fraction (LVEF) less than normal for age AND/OR
10 Very poor 239 20.9 18.8 17.3 14.6 3 Dseoalentan 2On et omal o8 AD/OR
5 217 ]90 170 160 134 4. Adecrease in EF of more than 10 percentage points from baseline
(n = 410) (n = 608) (n = 843) (n = 805) (n = 408) Risk probability for developing cardiac toxicity
Low Risk Moderate Risk High Risk
Percentiles from cardiopulmonary exercise testing on a treadmill with measured Pati:r-l:ii ira‘lly High Ris?(_i:tlhley haveac‘han eins tolizcllelformance*

maximal volume of oxygen consumed per unit time (VOomax) (ML O - kg™ - min™.
Data obtained from the Fitness Registry and the Importance of Exercise National

Created by: Olga H.Toro-Salazar wp, Tiffany Berthod msw, r, cen, ccre, Andrea Orsey wo, msce, Eileen Gillan wo, Shailendra Upadhyay wo, Karen Rubin wo

Database (FRIEND) Registry for men and women who were considered free from o o
known cardiovascular disease.
Adapted Wlth permission from (124) CONTACTS: ﬁ(LGA H TORO SALAZAR, MD | TIFFANY BERTHOD MSN, RN, CPN, CCRC | ANDREA ORSEY, MD, MSCE [ ] Conneclicur
“=®Childrens
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Primary and Secondary Prevention Strategies AND DOES NOT
REPLACE CLINICAL

Appendix B: Risk Stratification Tool JUDGMENT

Risk Stratification Tool for Patients Receiving Cancer Treatment
o Connecl'icuf Step 1: Score your patient’s cardiovascular and cancer related risk categories
.I.Children’s Step 2: Total the cardiovascular and cancer related risk categories
Step 3: Determine if patient is at low, moderate, or high risk for developing cardiac toxicity

Cardiovascular Related Risk Categories Cancer Related Risk Categories

Body Mass Index (BMI) kg/m?: BMI information within the last year Age at Cancer Diagnosis

Appendix B: Risk Stratification Tool

Use percentiles for patients 0-20 years of age O »5years 0
[J <85t percentile or BMI <25 0 O 1-4years 1
[ 85*-<95% percentile or BMI 25 — 29.9 0.5 0 <iyear B
[ 295%™ percentile or BMI 30 — 34.9 1 Sex: Assigned at birth
[ >120% of 95 % percentile OR BMI >35, whichever is lower based on age 145 -
and sex 0 Male 0
| Lipid Panel: Performed within 3 years _D_ Female - 1
[ Normal (LDL-c <110 mg/dL AND triglycerides <150 mg/dL) Ellgacalsticn:loheaticsicnnly
- 0
Previous Heart Disease at Diagnosis IS
1
| HE

NO 0 b
| Yes 2 o

I L S1,UUU pg/L [ U NO
|0 >1,000 ug/L 1] 0 Yes 15
Cardiorespiratory Fitness (CRF): Performed within the last 2 years Anthracycline (AC) Cumulative Dose
[l Good-Superior CRF based on relative VO, max for age & sex o 0 <101 mg/m? 0
g iz 8036 of :rediétRedevalu: or >8|7::_0 M\fgs) - - : 0 101-200 mg/m? 05
air-ve 'oor ased on relative max Tor age & sex
Th f I | 1 t't t 1 h rt d 1 t d 1 e (60-<Q(’)% of predicted or 5-7 METs) ’ ¢ 0 AT el L
e O OWI n g CO n S I u e a S p rev I O u S ea I Sea S e a I a g n OS I S Ll [J  Less than Very Poor CRF is categorized as functional disability based on 2 U >250-300 mg/m? 2
relative VO, max for age & sex (<60% of predicted or <5 METs) 0 >300 mg/m? 3
Previous Heart Disease at Di i Dexrazoxane Given: applicable only if patient received
0 No 0 > g/m? of AC
0 Yes 2 g No 3

Hypertension (HTN): per AHA (2 13 years old) & AAP guidelines (<13 years old) 0 Yes o

« Baseline change in systolic performance (also known as i R e —

patient has undergone (if patient has a tandem transplants
U Elevated/Pre-HTN 05 patient score would be 2)

myocardial dysfunction or CTRCD) previously explained on slide 11 | e 0 e :
o P e ri Ca rd i a I effu S i O n EI y:s (1).5 A Onlfwh::oggijzl\cin combination with AC ’
¢ P e ri Ca rd i a I ta m po n a d e *Change in Systolic Performance definition:

 Previous histo ry of con gen ital and/or a cqu ired heart disease 2 Gt oot St o1 e ot for oAy

« Tumor with cardiac hemodynamic effects (i.e. tumor compression on

4. Adecrease in EF of more than 10 percentage points from baseline

Risk probability for developing cardiac toxicity

the heart or blood vessels — reported at the top of echo reports) R i —

Patient is ically High Risk if they have a change in systolic performance*

e
» Myocarditis
Created by: Olga H.Toro-Salazar wpo, Tiffany Berthod ws, rn, con, ccre, Andrea Orsey wo, msce, Eileen Gillan wp, Shailendra Upadhyay wmo, Karen Rubin o
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View Heart Failure Risk Details on Problem List

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity

Primary and Secondary Prevention Strategies
Primary Prevention Strategies

Inclusion Criteria: Any pediatric cancer patient who receives cardiotoxic therapy (Appendix A:
List of Cardiotoxic Agents and Effects)
Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic therapy
T

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

v v
Assessment for ALL Patients: Interventions for ALL Patients:
e Baseline echocardiogram per COG protocol «  Optimize physical activity by encouraging participation
.

. Baseline cardiac MRI if indicated’

with exercise regimens including those prescribed or

o Baseline labs (ordered by C: High sensitivity
troponin T (hsTnT), N-terminal pro-BNP, vitamin D,

Under the the team will place a Cardiovascular and
Mediastinum diagnosis for cardio-oncology patients.

14 items

&= Problem List &

@ Problems from outside sources need reconciliation. &

Cardiovascular and Mediastinum

IACC;‘AHA stage B heart failure

on the next slide.

An Epic user can click on the problem “ACC/AHA heart failure stage,”
and details of this conditions can be seen. An example of this is seen

lipid panel (includes triglycerides), fructosamine, .
HbALC, ferritin (do NOT obtain NT-proBNP and ferritin | |e
at initial cancer diagnosis)

o Assess physical fitness and consult PT as needed.

e Nutrition evaluation as needed .
o Psychosocial assessment as provided by Hematology
Oncology department (Social Determinants of Health .

via PAT 3.1 General Version, PROMIS Pediatric-37
Profile v2.0 and PROMIS Parent Proxy-37 Profile v2.0, | |o
etc.)

o Patient will be offered enrollment to the existing
biorepository of biologic sample(s) for future
biomarker and genetic research

T

v
Repeat assessment above and risk 55

*If diagnosis is APML, please place Cardioloy
consult and refer to COG protocol if Arsenic
Trioxide to be administered, as these patients
are at high risk for cardiac complications
(see page 3)

by Pediatric Oncology
Exercise Manual)
Optimize heart healthy diet as per Nutrition evaluation
Continue psychosocial support and intervention as
provided by the Hematology Oncology psychosocial
team
If ferritin is >1,000pg/L and not downward- trending,
consider obtaining cardiac and hepatic T2* MRI
Consultation with specialists to promote cardiac health
(i.e. endocrinology) as needed
Review cardio-oncology education (Patient and

v v

‘ LowRisk |

Moderate Risk

v v

“Indications for Cardiac MRI:

s Unreliable assessment of EF by
echo (poor acoustic windows)

©  Changein systolic
performance® during treatment
(Appendix A: List of
Cardiotoxic Agents and Effects)

e« Baseline cardiac dysfunction

«  Previous history of congenital
and/or acquired cardiac
disease

. Suspicion for myocarditis/
pericarditis/new valve
dysfunction

o Tumors with cardiac
hemodynamic effect

s Moderate or high risk
stratification (Appendix B)

Appendix D: MRI Algorithm

Monitoring:

e Echocardiograms and ECG per
cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

*  Cardiopulmonary Stress Test
following EOT

Algorithm)

D: MRI Algorithm)

following EOT

cancer treatment protocol
(Appendix C: Echocardiogram

. Cardiac MRI at time of .
diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix

e Cardiopulmonary Stress Test .

Cardiac Monitoring: Cardiac Monitoring:
e Echocardiograms and ECG per s Echocardiograms and ECG per

cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

Cardiac MRI at time of
diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix
D: MRI Algorithm)
Cardiopulmonary Stress Test
YES following EOT

2patients will require
evaluation of cardiac risk
factors by a cardiologist and
oncologist at time of diagnosis
Qinform primary, secondary,
gtiary prevention
gies. Throughout therapy,
dAtients may require continual
re-evaluation of risk factors.

Other time points when

patients would require

additional risk stratification:

e Echocardiogram obtained

o Relapse, refractory or
new cancer dx

o Radiation therapy

Bone marrow transplant

*Definition of Cancer Therapeutic
Related Cardiac Dysfunction
(CTRCD):

Left Ventricular Ejection
Fraction(LVEF) AND/OR Global
Longitudinal Strain (GLS) less than
normal for age AND/OR Z score less
than -2 OR a decrease in EF of more
than 10 EF units from baseline

Change in systolic
performance’ identified?

P — NO—
Treatment: Treatment: Treatment:
«  Continue Primary Prevention e Continue Primary Prevention *  Continue Primary Prevention
strategies as above strategies as above strategies as above
«  Administer Dexrazoxane prior e Administer Dexrazoxane prior *  Administer Dexrazoxane prior
to bolus anthracycline dose to bolus iine dose

to bolus anthracycline dose
(Appendix E: Dexrazoxane

Prescribing) Prescribing)

. Follow up with Cardio- .
Oncology as needed

(Appendix E: Dexrazoxane

If at any point, a change in systolic
? is identified, proceed to

(Appendix E: Dexrazoxane
Administration)

Follow up with Cardio-
Oncology as needed

page 2, otherwise, after therapy
completion, continue to follow up based
on cancer treatment protocol

ILANA WAYNIK, MD

LAST UPDATED: 05.

©2019 Connecticut Children's Medical Center. All rights reserved.
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View Heart Failure Risk Details on Problem List

Problem Detail
Noted: 1/29/2019

Ovewiewl&ddendummBUQUB 11:22 AM by Tiffany L Ruiz, RN | T|me Stamp W|” ShOW |ast t|me |t was updated

Cardio-oncology history

1. Cancer Diagnosis: B-lymphoblastic lymphoma
2. Age at Diagnosis: 15 years
3. Cancer Protocol: AALL0932
4 Anthracyclines received: Please see life time dosing section below
5. Radiation Therapy: No
6. Previous heart disease at diagnosis: Congenital anomaly of heart
7. Transplant: No
8. Other chemotherapies given: Vincristine, Cyclophosphamide, Cytarabine, Methotrexate, Etoposide, BMP, 6T, steroids
9. Risk factors for CTRCD: Low risk

10. Cardiovascular History: None during cancer therapy.

11. Heart failure medications: None indicated

Lifetime Dose Tracking
+ doxorubicin: 76.366 mg/m2 (126 mg) = 16.97 % of the maximum lifetime dose of 450 mg/m2
+ cyclophosphamide: 1,050.955 mg/m2 (1,650 mg) = 14.01 % of the maximum lifetime dose of 7,500
mg/m2
+ Total Anthracycline: 76366 mg/m2 (126 mg) = 16.97 % of the maximum lifetime dose of 450 mg/m2

Previously conducted echos:

60 41 95 Mild aortic valve insufficiency
2
634 1. 95 Poor acoustic window. Buckling of the mitral valve
9 leaflets to the plane of the annulus without prolapse.
Trivial mitral valve insufficiency
57 29 111
58 - 3 Limited acoustic windows, limited imaging.

Previously conducted cardiac MRI (CMR): None previously performed

Previously conducted stress tests (CPET): None previously performed




Risk Stratification Tool Use

Of note, risk scoring also takes place
at other time periods during the
patients cancer treatment, not just at
diagnosis, max anthracycline therapy,
and therapy completion

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity

Primary and Secondary Prevention Strategies

Primary Prevention Strategies

List of Cardiotoxic Agents and Effects)

< Inclusion Criteria: Any pediatric cancer patient who receives cardiotoxic therapy (Appendix A: >

Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic therapy
T

v

v

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT

REPLACE CLINICAL
JUDGMENT.

Assessment for ALL Patients:
«  Baseline echocardiogram per COG protocol
o Baseline cardiac MRI if indicated®

Interventions for ALL Patients:
e Optimize physical activity by encouraging participation
with exercise regimens including those prescribed or

e Baseline labs (ordered by C: High

troponin T (hsTnT), N-terminal pro-BNP, vitamin D,
lipid panel (includes triglycerides), fructosamine, .
HbAIC, ferritin (do NOT obtain NT-proBNP and ferritin .

v by Pediatric Oncology
Exercise Manual)

Optimize heart healthy diet as per Nutrition evaluation
Continue psychosocial support and intervention as

at initial cancer diagnosis)
o Assess physical fitness and consult PT as needed. team
o Nutrition ion as needed .

If ferritin is >1,000ue/L and not.

provided by the Hematology Oncology psychosocial

trending,

*Patients will require
evaluation of cardiac risk
factors by a cardiologist and
oncologist at time of diagnosis
to inform primary, secondary,
and tertiary prevention
strategies. Throughout therapy,
patients may require continual
re-evaluation of risk factors.

Other time points when
patients would require
additional risk stratification:
. Echocardiogram obtained
° Relapse, refractory or
new cancer dx
Radiation therapy
Bone marrow transplant

epatic T2* MRI
b promote cardiac health

Aication (Patient and

“Indications for Cardiac MRI:
Unreliable assessment of EF by
echo (poor acoustic windows)
Change in systolic
performance® during treatment
(Appendix A: List of
Cardiotoxic Agents and Effects)
Baseline cardiac dysfunction
Previous history of congenital
and/or acquired cardiac
disease
Suspicion for myocarditis/
pericarditis/new valve
dysfunction
Tumors with cardiac
hemodynamic effect
Moderate or high risk
stratification (Appendix B)

Appendix D: MRI Algorithm

Cardiac Monitoring:
. E iograms and ECG per

2patients will require
evaluation of cardiac risk
factors by a cardiologist and
oncologist at time of diagnosis
to inform primary, secondary,
and tertiary prevention
strategies. Throughout therapy,
patients may require continual
re-evaluation of risk factors.

Other time points when
patients would require
additional risk stratification:
«  Echocardiogram obtained
o Relapse, refractory or
new cancer dx
Radiation therapy
Bone marrow transplant

cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

o Cardiac MRI at time of
diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix
D: MRI Algorithm)

*  Cardiopulmonary Stress Test
following EOT

*Definition of Cancer Therapeutic
Related Cardiac Dysfunction
(CTRCD):

Left Ventricular Ejection
Fraction(LVEF) AND/OR Global
Longitudinal Strain (GLS) less than
normal for age AND/OR Z score less
than -2 OR a decrease in EF of more
than 10 EF units from baseline

Treatment:
ntinue Primary Prevention
itegies as above

inister Dexrazoxane prior

If at any point, a change in systolic
? is identified, proceed to

lu: line dose

ndix E: Dexrazoxane
\stration)

O Follow up with Cardio-
Oncology as needed

< Follow up with Cardio-
Oncology as needed

completion, continue to follow up based

page 2, otherwise, after therapy

on cancer treatment protocol
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Page 1: Primary Prevention
Other Tips on Management

Please note that
“Interventions for ALL
Patients” serves as a
guide for clinicians

A box on the right lists the
indications for obtaining a
cardiac MRI (CMR)

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity U

. . . SERVES ASAGUIDE
Primary and Secondary Prevention Strategies AND DOES NOT

A a n REPLACE CLINICAL
Primary Prevention Strategies JUDGMENT

Inclusion Criteria: Any pediatric cancer patient who receives cardiotoxic therapy (Appendix A:
List of Cardiotoxic Agents and Effects) ndications for Cardiac MRI:
Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic therapy . Unreliable assessment of EF by
v ! v echo (poor acoustic windows)
Assessment for ALL Patients: Interventions for ALL Patients: ¢ Changein systolic
Baseline echocardiogram per COG protocol o Optimize physical activity by encouraging participation performance” during treatment
Baseline cardiac MRI if indicated” with exercise regimens including those prescribed or (Appendix A: List of
Baseline labs (ordered by C: High sensitivity by Pediatric Oncology Cardiotoxic Agents and Effects)
troponin T (hsTnT), N-terminal pro-BNP, vitamin D, Exercise Manual) . Baseline cardiac dysfunction
lipid panel (includes triglycerides), fructosamine, +__ Optimize heart healthy diet as per Nutrition evaluation | | |*  Previous history of congenital
|BNP and ferritin
Interventions for ALL Patients:
. bs needed.

Optimize physical activity by e
with exercise regimens includi
recommended by (Reference
Exercise Manual)

Optimize heart healthy diet as per Nutrition evaluation [oemeriksmive
Continue psychosocial support and intervention as v
provided by the Hematology Oncology psychosocial \

team

If ferritin is >1,000ug/L and not downward- trending,
consider obtaining cardiac and hepatic T2* MRI ¥
Consultation with specialists to promote cardiac health

(i.e. endocrinology) as needed

Review cardio-oncology education (Patient and cancer reatmen

Guardian Handouts)

: Pediatric Oncology B e  Change in systolic

- L !Indications for Cardiac MRI:
ncouraging participation  prensoes

X s Hes e Unreliable assessment of EF by
ng those prescribed or |55, echo (poor acoustic windows)

future

performance’ during treatment
(Appendix A: List of 7
Cardiotoxic Agents and Effects)
Baseline cardiac dysfunction
Previous history of congenital
b | and/or acquired cardiac
disease
Moderate| | @ Suspicion for myocarditis/ X

v

Maximal Anthracyc|

pericarditis/new valve

ICardiac Monitoring:

Echocardiogram dysfunction
(Popeniu GES] | @ Tumors with cardiac
Cordis MEIEH hemodynamic effect

anthracycline the

otherwise follow] | @ Moderate or high risk

D: MRI Algorithn|

Cardiopuimonary stratification (Appendix B)

following EOT

@ Appendix D: MRI Algorithm

— NO—
Treatment: Treatment: Treatment:
Continue Primary Prevention Continue Primary Prevention «  Continue Primary Prevention
strategies as above strategies as above strategies as above
Administer Dexrazoxane prior Administer Dexrazoxane prior «  Administer Dexrazoxane prior ey el s e sl
to bolus anthracycline dose to bolus anthracycline dose to bolus line dose isidentified, proceed to
(Appendix E: Dexrazoxane (Appendix E: Dexrazoxane (Appendix E: Dexrazoxane page 2, otherwise, after therapy
Prescribing) Prescribing) Administration) completion, continue to follow up based

Follow up with Cardio- . Follow up with Cardio- on cancer treatment protocol

Oncology as needed Oncology as needed 'y
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Page 1: Primary Prevention

Treatment (EOT) = from the time
the patient completes their cancer
therapy up until 2 years post

completion

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity U

Primary and Secondary Prevention Strategies
Primary Prevention Strategies

SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

Inclusion Criteria: Any pediatric cancer patient who receives cardiotoxic therapy (Appendi

List of Cardiotoxic Agents and Effects)

Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic therapy
T

v

v

Assessment for ALL Patients:
Baseline echocardiogram per COG protocol
Baseline cardiac MRI if indicated

Interventions for ALL Patients:
Optimize physical activity by encouraging participation
with exercise regimens including those prescribed or

Baseline labs (ordered by C High sensitivity
troponin T (hsTnT), N-terminal pro-BNP, vitamin D,
lipid panel (includes triglycerides), fructosamine,
HbALC, ferritin (do NOT obtain NT-proBNP and ferritin
at initial cancer diagnosis)

Assess physical fitness and consult PT as needed.
Nutrition evaluation as needed

Psychosocial assessment as provided by Hematology
Oncology department (Social Determinants of Health
via PAT 3.1 General Version, PROMIS Pediatric-37
Profile v2.0 and PROMIS Parent Proxy-37 Profile v2.0,
etc.)

Patient will be offered enrollment to the existing
biorepository of biologic sample(s) for future
biomarker and genetic research

by Pediatric Oncology
Exercise Manual)

Optimize heart healthy diet as per Nutrition evaluation
Continue psychosocial support and intervention as
provided by the Hematology Oncology psychosocial
team
If ferritin is >1,000pg/L and not downward- trending,
consider obtaining cardiac and hepatic T2* MRI
Consultation with specialists to promote cardiac health
(i.e. endocrinology) as needed

Review cardio-oncology education (Patient and
Guardian Handouts)

“Indications for Cardiac MRI:

s Unreliable assessment of EF by
echo (poor acoustic windows)

©  Changein systolic
performance® during treatment
(Appendix A: List of
Cardiotoxic Agents and Effects)

e« Baseline cardiac dysfunction

s Previous history of congenital
and/or acquired cardiac
disease

. Suspicion for myocarditis/
pericarditis/new valve
dysfunction

o Tumors with cardiac
hemodynamic effect

s Moderate or high risk
stratification (Appendix B)

Appendix D: MRI Algorithm

v

[ Repeat assessment above and risk stratify patients at the following time points® |

[

v

v

v

Diagnosis

2patients will require
evaluation of cardiac risk
factors by a cardiologist and

Maximal Anthracycline Therapy | |

End of Treatment (EOT)

at time of diagnosis
to inform primary, secondary,

Treatment (EOT)

vention
bughout therapy,
Equire continual
pf risk factors.

ints when
require
Jstratification:
iogram obtained
fefractory or
fer dx
therapy

Cardiac Monitoring:

Echocardiograms and ECG per
cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

Cardiopulmonary Stress Test
following EOT

Cardiac Mo

oring:
Echocardiograms and ECG per .
cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

Cardiac MRI at time of .
diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix
D: MRI Algorithm)
Cardiopulmonary Stress Test .
following EOT YES

Cardiac Monitoring:

E iograms and ECG per

krow

cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

Cardiac MRI at time of
diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix
D: MRI Algorithm)
Cardiopulmonary Stress Test
following EOT

*Definition of Cancer Therapeutic
Related Cardiac Dysfunction
(CTRCD):

Left Ventricular Ejection
Fraction(LVEF) AND/OR Global
Longitudinal Strain (GLS) less than
normal for age AND/OR Z score less
than -2 OR a decrease in EF of more
than 10 EF units from baseline

J

Change in systolic
performance’ identified?

B — NO——y
Treatment: Treatment:
Continue Primary Prevention e Continue Primary Prevention .
strategies as above strategies as above
Administer Dexrazoxane prior e Administer Dexrazoxane prior .

to bolus anthracycline dose
(Appendix E: Dexrazoxane
Prescribing)

to bolus anthracycline dose

(Appendix E: Dexrazoxane

Prescribing)

Follow up with Cardio- .
Oncology as needed

Treatment:
Continue Primary Prevention
strategies as above
Administer Dexrazoxane prior

If at any point, a change in systolic
? is identified, proceed to

to bolus iine dose
(Appendix E: Dexrazoxane
Administration)

Follow up with Cardio-
Oncology as needed

page 2, otherwise, after therapy
completion, continue to follow up based
on cancer treatment protocol

ILANA WAYNIK, MD

LAST UPDATED: 05.1

©2019 Connecticut Children's Medical Center. All rights reserved.
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Page 1: Primary Prevention

Inclusion Criteria: Any pediatric cancer patient who receives cardiotoxic therapy (Appendix A:
List of Cardiotoxic Agents and Effects) e dications for Cardiac MRE:
. . . Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic therapy Unreliable assessment of EF by
« Achange in systolic performance, also known as CTRCD, is . ‘ ,
) ’ Assessment for ALL Patients: Interventions for ALL Patients: Change in svsztﬂlic
H H o Baseline echocardiogram per COG protocol e Optimize physical activity by encouraging participation performance” during treatment
d efl n ed a S th e fo I I OWI n " e Baseline cardiac MRI if indicated® with exercise regimens including those prescribed or (Appendix A: List of
" o Baseline labs (ordered by C gy): High sensitivity by Pediatric Oncology Cardiotoxic Agents and Effects)
troponin T (hsTnT), N-terminal pro-BNP, vitamin D, Exercise Manual) Baseline cardiac dysfunction
< 0 lipid panel (includes triglycerides), fructosamine, e Optimize heart healthy diet as per Nutrition evaluation Previous history of congenital
O (o] HbALC, ferritin (do NOT obtain NT-proBNP and ferritin e Continue psychosocial support and intervention as and/or acquired cardiac

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity

Primary and Secondary Prevention Strategies
Primary Prevention Strategies

THIS PATHWAY
SERVES AS A GUIDE
AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

at initial cancer diagnosis)

provided by the Hematology Oncology psychosocial

disease
Suspicion for myocarditis/

biomarker and genetic research

0 o Assess physical fitness and consult PT as needed. team picion f
O S F < 2 9 /0 e Nutrition evaluation as needed e Ifferritin is >1,000pg/L and not downward- trending, pericarditis/new valve
e Psychosocial assessment as provided by Hematology consider obtaining cardiac and hepatic T2* MRI dysfunction
. . . N Oncology department (Social Determinants of Health e Consultation with specialists to promote cardiac health Tumors with cardiac
< 0 m via PAT 3.1 General Version, PROMIS Pediatric-37 (i.e. endocrinology) as needed hemodynamic effect
O = (0] O re n eg a I Ve I S g 00 eS S n e g a I Ve I S a Profile v2.0 and PROMIS Parent Proxy-37 Profile v2.0, e Review cardio-oncology education (Patient and Moderate or high risk
’ etc.) Guardian Handouts) stratification (Appendix B)
. . . o Patient will be offered enrollment to the existing
o Z-scores are located in the table within an echo re po rt biorepostory of bclogi samplels fo futare Appendix0: MRI Algorthm
.

L T
A 2

Repeat assessment above and risk stratify patients at the following time points® |

[

2patients will require
evaluation of cardiac risk
factors by a cardiologist and
ist at time of diagnosis
to inform primary, secondary,
and tertiary prevention
Tt theran:

*Definition of Change in Systolic
Performance:

Risk Stratification

. [ I ]
baseline
« Example patient had a EF of 66% at one point. Then
T ] Sdachontorng (LVEF) AND/OR Global Longitudinal
is, it will be noted at the top part of the echo report under ottt gl | Strain (GLS) less than normal for age
s AND/OR Z score less than -2 OR a

Outliers are marked in red |
o Adecrease in EF of more than 10 percentage points from R L= I e cerm
had a repeat echo which showed an EF of 56%. o | [ e , o _
o Global longitudinal strain (GLS) is not always reported. If it ' ' Left Ventricular Ejection Fraction
decreasein EF of morethan 10
percentage points frombaseline

A

Interpretation Summa
. Algorithm)

anthracycline therapy,

otherwise follow (Appendi
D: MRI Algorithm)

*  Cardiopulmonary Stress Te:
following EOT

«  Cardiopulmonary Stress Test
following EOT

Change in systolic
erformance’ identified?

Interpretation Summary

1) Normal left ventricular size, well preserved global Yft ventricular systolic function estimated ejection fraction 58% by area

length, 65.2% by 3D, shortening fraction 34%

2) Normal myocardial deformation parameters, GLS -19.9%, GCS -33.1%

3) Normal diastolic function, medial peak E velocity of 12.2 cm/s, lateral peak E velocity 18.2 cm/s
4) Thickness dimension ratio: 0.24

5) Normal end systolic wall stress estimated at 39.5 g/em?

Treatment:

e Continue Primary Prevention
strategies as above

e Administer Dexrazoxane prior
to bolus anthracycline dose
(Appendix E: Dexrazoxane
Prescribing)

e Follow up with Cardio-
Oncology as needed

Treatment:
«  Continue Primary Preven
strategies as above
«  Administer Dexrazoxane prior
to bolus anthracycline dose
(Appendix E: Dexrazoxane

Prescribing)

Treatment:

*  Continue Primary Prevention
strategies as above

*  Administer Dexrazoxane prior
to bolus iine dose
(Appendix E: Dexrazoxane
Administration)

*  Follow up with Cardio-
Oncology as needed 2

If at any point, a change in systolic
? is identified, proceed to
page 2, otherwise, after therapy

completion, continue to follow up based
on cancer treatment protocol
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CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity VRS AS AGUIDE

Primary and Secondary Prevention Strategies AND DOES NOT
REPLACE CLINICAL

Arsenic Trioxide Protocol JUDGMENT.

Page 3: Arsenic Trioxide Protocol

/ Inclusion Criteria: Diagnosis of Acute Promyelocytic Leukemia (APML) and treated with Arsenic Patients treated with Arsenic
(

Trioxide therapy

. L y . o Trioxide are at high risk for
\ Exclusion criteria: Other cancer diagnoses or not treated with Arsenic Trioxide cardiac complications,
i including prolonged QTc,
heart failure, pericardial
Follow cancer treatment protocol for administration of Arsenic Trioxide infusion effusion, dysrhythmias, and
‘ (includes monitoring of electrolytes and ECG) rarely, torsades de pointe

NO

QTc 2 0.49 sec in absence of
ventricular ectopy
OR
QTc prolongation 2 10% of baseline
OR
Any prolonged QTc (male: > 0.44 sec, female: > 0.46 sec)
with presence of ventricular ectopy?

« Page 3 of the clinical pathway

« Patients diagnosed with APML require
arsenic trioxide for their cancer treatment and
should be followed accordingly

Arsenic Trioxide Management:
« Daily ECGs
«  Discontinue Arsenic Trioxide until QTc normal (<0.44 sec males and <0.46 sec in
females) or QTc prolongation < 10% of baseline
*  Arsenic Trioxide Titration:

* For additional guidance from cardiology, 4 I en e 105 o e dosof 013 il

o Increase dose every 48 hours
- - - o Ifthere is no significant prolongation of the QTc (upper acceptable limit
p I ease O rd e r a Ca rd Io I Ogy CO n S u It I n E p I C around 0.49 with no to minimal ectopy), increase dose until reaches 100% of
the recommended dose (goal dose 0.15 mg/kg)
o  Continue to monitor for 5 days of goal dose
*  Consider treatment with nadolol (1-2 mg/kg/day PO divided BID) if evidence of
ventricular ectopy in consultation with the cardiologist
+  Continued avoidance of other QTc prolonging medications

» At this time the cardio-oncology department by e )
does not have an inpatient component.

e Serum magnesium should be repleted to minimum target levels of 1.8 mg/dL

RETURN TO
THE BEGINNING
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How to place an ambulatory
referral to Cardio-Oncology

§ Ambulatory referral to Cardiclogy " ficcept | M Cancel
Class: internal Ref [
i @Referral fodept  cARDMTFD 0 CARDDANE CABDDKH _CARDES CARD SHEL
| CARD WESTPORT
To dept spec: Cardiology
i To provider: | . | Q
Redson Specialty Services - [EuaClyRtRUEIRELINNE  Second Opinicn | Patient/Parent Preference
Pricrity | @  O| routine urgent Elective
Type Consultation
f @ Resson for Consult?
Is ths an adult ¥es No
congenital patient?
o Comments: £% b I-:EI &2+ - . B =248
£
;
a
1 Referral; Locaton/POs: J From: 1 q
To: | Ple # of Visite: |1

Expiration Date:

Show Additional Order Details %

X Cancel

® C ticut
€ PChildrenss

Please make sure to select
the Cardio Onc radio button
under the department
section, so the correct
cardiologist receives the
consult.



CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity VRS AS ABUIDE

Primary and Secondary Prevention Strategies AND DOES NOT
REPLACE CLINICAL

Appendix C: Echocardiogram Algorithm JUDGMENT.

Inclusion Criteria: Any pediatric cancer patient who receives cardiotoxic therapy (Appendix A: List of
Cardiotoxic Agents and Effects) and/or changein systolic perfz:nrmam:el related to a cancer diagnosis
Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic therapy or no myocardial dysfunction
related to a cancer diagnosis

v

Initial Evaluation: 2 patients will require evaluation of

e Baseline echocardiogramat time of cancer diagnosis per cardiac risk factors by a cardiologist and
cancer treatment protocol (all patients at this stage of oncologist at time of diagnosis to inform
treatment are considered to have stage A Heart Failure— primary, secondary, and tertiary
Appendix G: Stages of Heart Failure) prevention strategies. Throughout

. Consider integrated approach combining therapy, patients may require continual
echocardiography and biomarkers: High sensitivity re-evaluation of risk factors.
troponin T (hsTnT), N-terminal pro-BNP (NT-proBNP) (Appendix B: Risk Stratification Tool)

o Perform risk stratification >

* Page 1 of pathway indicates at which

Follow-up Evaluations During Cancer Therapy:
. Follow-up echocardiograms are typically based upon
cancer treatment protocol OR if indicated by clinical

times to perform echocardiogram and B
links to this appendix

Consider integrated approach combining
echocardiography and biomarkers: hsTnT, NT-proBNP
o Perform risk stratification >

Allpatients should have echocardiograms at maximal
anthracycline therapy

Follow-up Evaluations After Cancer Therapy Completion:

e Allpatients will have an echocardiogram at completion of |
cancer therapy

. Subsequent echocardiograms will be performed based
upon cancer treatment protocol, previously noted
myocardial dysfunction, or changing clinical status to
inform heart failure therapy

e Consider integrated approach combining

Recalculate risk score stratification at

time of every echocardiogram S -
evaluation, which will include the trends TR
of systolic performance (also referred to

as CTRCD

'Definition of Changein Systolic Performance:

Left Ventricular Ejection Fraction (LVEF) AND/OR Global Longitudinal Strain (GLS) less than normal for age AND/
OR Zscore less than -2 OR a decrease in EF of more than 10 percentage points from baseline*

*A decrease in LVEF >10 percentage points from baseline echocardiograms in serial follow-up OR an LVEF
<55%, is considered clinically significant. A new LVEF <55% should be confirmed by a second
echocardiography within 1-2 weeks, or initiate further i igations as clinically indicated.
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THE BEGINNING
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Appendix D: Cardiac MRI (CMR) Algorithm

« CMR indicated in certain clinical scenarios
that are outlined on page 1 of the clinical

pathway

For patients for whom CMR is indicated,
appendix D outlines our CMR protocol,
Including how to obtain and when to repeat
Imaging

Note: At this time CMRs are only scheduled
on Wednesdays and Fridays

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity

Primary and Secondary Prevention Strategies
Primary Prevention Strategies

C

Inclusion Criteria: Any pediatric cancer patient who receives cardiotoxic therap:
List of Cardiotoxic Agents and Effects)
Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic th
T

v
Assessment for ALL Patients: Interventiony
Baseline echocardiogram per COG protocol «  Optimize physical actiy|
v

Baseline cardiac MRI if indicated
Baseline labs (ordered by C: High sensitivity
troponin T (hsTnT), N-terminal pro-BNP, vitamin D,
lipid panel (includes triglycerides), fructosamine, .
HbAIC, ferritin (do NOT obtain NT-proBNP and ferritin | |e
at initial cancer diagnosis)
Assess physical fitness and consult PT as needed.
Nutrition evaluation as needed .
Psychosocial assessment as provided by Hematology
Oncology department (Social Determinants of Health .
via PAT 3.1 General Version, PROMIS Pediatric-37
Profile v2.0 and PROMIS Parent Proxy-37 Profile v2.0, | |o
etc.)
Patient will be offered enrollment to the existing
biorepository of biologic sample(s) for future
biomarker and genetic research

T

with exercise regimens|
by (Ref|
Exercise Manual)
Optimize heart health,
Continue psychosocial
provided by the Hemat
team

If ferritin is >1,000pg/L|
consider obtaining car
Consultation with spec|
(i.e. endocrinology) as.
Review cardio-oncolog|
Guardian Handouts)

v
[ Repeat assessment above and risk stratify patients at the following time

]

v v

‘ Maximal Anthracycline Therapy ‘

‘ Diagnosis |

*If diagnosis is APML, please place Cardiology
consult and refer to COG protocol if Arsenic
Trioxide to be administered, as these patients

are at high risk for cardiac complications

THIS PATHWAY
SERVES AS A GUIDE

sy
'Indications for Cardiac MRI:

. Unreliable assessment of EF by
echo (poor acoustic windows)

e  Change in systolic
performance® during treatment
(Appendix A: List of
Cardiotoxic Agents and Effects)

. Baseline cardiac dysfunction

. Previous history of congenital
and/or acquired cardiac
disease

e Suspicion for myocarditis/
pericarditis/new valve
dysfunction

. Tumors with cardiac
hemodynamic effect

. Moderate or high risk
stratification (Appendix B)

Appendix D: Cardiac MRI Algorithm

(see page 3)

Risk Stratification
Tool (Appendix B)

paTETTS WouTTTEqTTE
additional risk stratification:
. Echocardiogram obtained

1 r

v v —‘

1 L
Echocardiograms and ECG per

cancer treatment protocol

(Appendix C: Echocardiogram

Moderate Risk

.
Cardiac Monitoring:
. i and ECper

Cardiac Monitoring: f' |

. Echocardiograms and ECG per [*"*
cancer treatment protocol |
(Appendix C: Echocardiogram
Algorithm)

. Cardiac MRI at time of
diagnosis and maximal |
anthracycline therapy, ertion
otherwise follow (Appendix  preerer
D: MRI Algorithm) "

. Cardiopulmonary Stress Test
following EQOT

e Relan:

Cardiac|

High Risk

iog and ECG per I

cancer treatment protocol
(Appendix C: Echocardiogram

'De*lun of Cancer Therapeutic ‘
ReWated Cardiac

Al

Ca
dig

off
D:
Cai
foll

¢4 _Cardiac Monitoring:
. Echocardiograms and ECG per

° Cardiac MRI at time of

cancer treatment protocol
(Appendix C: Echocardiogram
Algorithm)

diagnosis and maximal
anthracycline therapy,
otherwise follow (Appendix
D: MRI Algorithm)
Cardiopulmonary Stress Test
following EOT
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CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity EeUie As A GUIDE

Primary and Secondary Prevention Strategies AND DOES NOT
REPLACE CLINICAL

Appendix E: Dexrazoxane Dosing JUDGMENT.

Appendix E: Dexrazoxane Dosing

Appendix E: Dexrazoxane Administration

Dexrazoxane used only with bolus dosing of anthracycline (NOT continuous infusion)

Dosing:
e Dexrazoxane dose is 5 times the DAUNOTrubicin dose

e Dexrazoxane dose is 10 times the DOXOrubicin

e Dexrazoxane dose is 6.7 times the epiRUBicin dose

ThE I'EI.]JE I.lt i": Pﬂtential e Dexrazoxane dose is 50 times the IDArubicin dose

SEC # EHPGE“IE La.tE EffECtS e Dexrazoxane dose is 40 times the mitoXANtrone dose

Anthracycline Antibiotics Cardiac toxicity Administration:
Daunorubicin l:ardumwpa . Administerimmediately Priorto fanthracycline.(A.C) . .
Dﬂ!ﬂimlcin helinical left ventr + . AdminisserIyzzz:)i:r:?r::t?;(;mlnutesofbeglnnlngtheACmfuswn
hnbei « Dexrazoxane dose is a 10:1
Mitoxantrone ratio per the doxorubicin

Dose Conversion isotoxic equivalents

Use the following formulag : :

o convert 1o doxorubici m/toX,:\_Ntr?eﬂcjc_)se ;s the

isotoxic equivalents prio exception to this rule (see

calculating total cumulz P - ( Dexrazoxane is a cardioprotectant drug that
anthracycline dose. Appendlx E) c c . p e g

Connecticut Children’s administers prior to every

To estimate cumulative
anthracyding dose in doxorubicin
isotoxic equivalents

bolus anthracycline dose.

Per the current COG Long-Term Follow-Up
Guidelines version 6, the Doxorubicin conversions
are indicated here.




* For patients that have a change in

systolic performance pathway users will
be directed to page 2 of the clinical
pathway

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity SERVES AS AGUIDE

Primary and Secondary Prevention Strategies AND DOES NOT
REPLACE CLINICAL

Secondary Prevention Strategies JUDGMENT.

Inclusion Criteria: Any pediatric cancer patient who develops change in systolic performance’ during or after “Definition of Changein Systolic
termination of cardiotoxic therapy Performance:
Exclusion criteria: No change in systolic performance during or after termination of cardiotoxic therapy

Left Ventricular Ejection Fraction (LVEF)
AND/OR Global Longitudinal Strain

Assessment: (GLS) less than normal for age AND/OR

*  Obtain labs (Cardiology to obtain): High sensitivity troponin T (hsTnT), N- Zscore less than -2 OR a decrease in EF
terminal pro-BNP (NT-proBNP), lipid panel, fructosamine, HbA1C, ferritin, of more than 10 percentage points
vitamin D 25-hydroxy, chem 7, CBC from baseline

«  Obtain follow up cardiac MRI if patient stable for procedure (Appendix D:
Cardiac MRI Algorithm)

Treatment
IfACE inhibitors are contraindicated, consider carvedilol as first line agent

o Enalapril or Lisinopril (ACE inhibitors)
o 0-5years of age: Enalapril 0.1 mg/kg/day PO divided twice daily; titrate
upward gradually over a week to a max of 0.3mg/kg/day
o >5years: Enalapril 2.5 mg PO twice daily; titrate gradually over aweek to a
max dose of 5 mg PO twice daily
© 212 years: Lisinopril 2.5mg PO once daily; titrate gradually over 1-2 week
to amax dose of 10 mg PO once daily as tolerated
*  Once ACEinhibitor dose is maximized, add Carvedilol (Appendix F: Carvedilol
Administration)
o Consider and angiotensin receptor blocker (losartan) as an alternative to an ACE
inhibitor when appropriate
e Continue with primary prevention strategies (page 1)

RETURN TO
THE BEGINNING
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CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity VRS AS AGUIDE

Primary and Secondary Prevention Strategies AND DOES NOT
REPLACE CLINICAL

Pag e 2 : Seco n d a ry P reve nti o n Secondary Prevention Strategies JUDGMENT.
Strategies

Assessment;
PY I I I 1 Obtain labs (Cardiology to obtain): High sensitivity troponin T (hsTnT), N-
SO me patl ents Wlth CTRC D WI I I q u a I Ify terminal pro-BNP (NT-proBNP), lipid panel, fructosamine, HbA1C, ferritin,
vitamin D 25-hydroxy, chem 7, CBC

for heart failure treatment With an ACE Obtain follow up cardiac MRI if patient stable for procedure (Appendix D:
. g s 5 . Cardiac MRI Algorithm)
inhibitor to restore their heart function -

Treatment
IfACE inhibitors are contraindicated, consider carvedilol as first line agent

Enalapril or Lisinopril (ACE inhibitors)
0-5 years of age: Enalapril 0.1 mg/kg/day PO divided twice daily; titrate
upward gradually over a week to a max of 0.3mg/kg/day
>5 years: Enalapril 2.5 mg PO twice daily; titrate gradually over a week to a
max dose of 5 mg PO twice daily
> 12 years: Lisinopril 2.5mg PO once daily; titrate gradually over 1-2 week
to amax dose of 10mg PO once daily as tolerated
Once ACE inhibitor dose is maximized, add Carvedilol (Appendix F: Carvedilol
Administration)
Consider and angiotensin receptor blocker (losartan) as an alternative to an ACE
inhibitor when appropriate
Continue with primary prevention strategies (page 1)

Once ACE inhibitor dose is maximized
add carvedilol (on next slide, we'll review
carvedilol administration appendix)

CMR is recommended for patients on this
page of the pathway o o

CONTACTS: OLGA H TORO SALAZAR, MD | TIFFANY BERTHOD MSN, RN, CPN, CCRC | ANDREA ORSEY, MD, MSCE @ Connecticut

ILANA WAYNIK, MD o) ",
— “<®Childrens




CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity e A

SERVES AS AGUIDE

Primary and Secondary Prevention Strategies AND DOES NOT
REPLACE CLINICAL

Appendix F: Carvedilol Administration JUDGMENT.

Appendix F: Carvedilol Administration

Appendix F: Carvedilol Administration

Dosing for Secondary and Tertiary Prevention

s Evidence for Use:

o Beta-blockers are used extensively to treat Heart Failure (HF) because of their ability to
block the neurohormonal cascade that progresses to heart disease.

B a C kg ro u n d fo r th e o A 2015 study of 30 mice found that LVEF was significantly lower in those receiving

= doxorubicin without carvedilol than in those receiving doxorubicin with carvedilol*.
N o Considerations for patients in active therapy:
u S e Of Ca rve d I | O | = Carvedilol administration for primary prevention of cardiotoxicity is not yet
established as standard of care.
= There is a known Risk X category warning (PGP interaction) for simultaneous use
of carvedilol and doxorubicin which may increase the concentration of

doxorubicin and may increase associated adverse effects. However, after
thorough investigation, it is deemed appropriate to continue carvedilol while
receiving doxorubicin for secondary and tertiary prevention of cardiotoxic
effects.

1

s Titration of Dosing*:
o Age< 6yearsold:
. - = |nitial: 0.05 mg/kg/dose (max 3.125 mg/dose) twice a day (BID)
DOSI ng aSSIStance = Titrate up in 4 weeks to 0.1 mg/kg/dose
= Titrate up in 4 weeks to 0.2 mg/kg/dose
= Titrate up in 4 weeks to 0.35 mg/kg/dose {max 6.25 mg/dose)
o Agez 6years old:

= |Initial: 3.125 mg BID
e — ) g
= Then titrate as follows every 4 weeks :

Note: Carvedilol can be administered on 2" mai

2. 6.25 mg BID {Max dose <12 years of age)
. . . . . 3. 9.375mgBID
days when Doxorubicin is administered < 125 g
5. 18.75mgBID
6. 25 mgBID (Max dose over 18 years)
— *1f systolic performance is back to baseline no need to further titrate carvedilol.

s Assessment recommendations for the outpatient setting
o Initiation/dose titration of carvedilol to be conducted in the outpatient setting.
o For titration, patients will be instructed to take their daily carvedilol dose the evening

prior to their clinic visit, and to refrain from taking the medication the morning of their
visit.

Initiation and titration monitoring - Moo srmanistons Sl it s e e g
| | L ]
.carvedilol SmartPhrase is

min).

available for all to utilize o o
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Appendix H: Endocrinology Algorithm

As part of primary prevention, endocrine
labs are obtained throughout treatment as

Indicated on page 1

The algorithm on appendix H outlines the
actions that need to take place based upon
these lab results

Green = Endocrinology labs within normal range
Yellow = Endocrinology labs slightly elevated -
suggested diet modification and monitoring

Red = Endocrinology labs very elevated - refer
to endocrinology

CLINICAL PATHWAY: Pediatric Cardio-Oncology Acute Cardiotoxicity Ua oL

SERVES AS A GUIDE

Primary and Secondary Prevention Strategies Qgg&%EESCmTICAL
Appendix H: Endocrinology Lab Algorithm JUDGMENT.

List of Cardiotoxic Agents and Effects)

Inclusion Criteria: Any pediatric cancer patient who receives a cardiotoxic chemotherapeutic drug (Appendix A:
Exclusion criteria: Pediatric cancer patients not receiving cardiotoxic chemotherapeutic drugs

Obtain ine labs at Dic is, Maximal ine Therapy, and Cancer Therapy Completion AND at time intervals
indicated in algorthim below
e Endocrine labs: fasting lipid panel [includes triglycerides (TG), and LDL-C (low-density lipoprotein cholesterol)], fasting blood
glucose (FBG), fructosamine ,HbA1C

Follow management
recommendations based upon lab
results

e TG 200-400 mg/dL
e LDL-C 130-160 mg/dL
OR
e HbA1c5.7-6.4%
e FBG 100-125 mg/dL
e Fructosamine 240-280 pmol/L*

v

Presence of any of the following risk

factors: Presence of any of the following risk
o BMI85™97" percentile factors: B
e Pulmonary hypertension e Stem cell recipient

Severe obesity (BMI > 97" %tile)
Chest radiation

Confirmed hypertension
Expected continuous/high dose
anthracycline > 250 mg/m*

v I
Preventative care:
e Maintain optimal healthy
lifestyle
*  Refer to Nutrition
Monitoring:
®  Repeatlabsin 6 months

' '

o Chronic inflammatory conditions
(JIA, SLE, IBD, HIV)

All of the following ? Any of the following?

e TG <200 mg/dL * TG 2200 mg/dL

e LDL-C <130 mg/dL e LDL-C>130 mg/dL

*  HbAlc<6% e HbAlc26%

e  FBG <100 mg/dL e FBG2>100 mg/dL

*  Fructosamine < 280 umol/L* e Fructosamine > 280 pmol/L*

Monitoring: Monitoring:
e  Repeatlabsql2 ® Repeatlabsq6
months months

y
ive care: ive care:
e Maintain optimal e Maintain optimal Refer to Endocrinology
healthy lifestyle healthy lifestyle

*Clinical guidelines for use of fructosamine are not as well established. To utilize, patient must have normal albumin levels
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Zachariah, J. P., & Zaidi, A. N. (2019). Cardiovascular Risk Reduction in High-Risk Pediatric Patients: A Scientific Statement From the American Heart Association.
Circulation, 139(13), e603-e634. https://doi.org/10.1161/CIR.0000000000000618

e Selvin, E., Rawlings, A. M., Grams, M., Klein, R., Sharrett, A. R, Steffes, M., & Coresh, J. (2014). Fructosamine and glycated albumin for risk stratification and
prediction of incident diabetes and mi icati a prospective cohort analysis of the Atherosclerosis Risk in Communities (ARIC) study. The lancet.

Diabetes & i 2(4), 279-288. h /doi.org/10.1016/52213-8587(13)70199-2
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Use of Order Panel

®_ Connecti
P Childrens

1D Procedures A
Mame Frequency Type Px Code Pref List
° Th |S IS o CARDIO ONC LAB PANEL Proc Panel 02105623600 CCAME CARD LABS
. . t simple Cardio Stress Test PFT PFT47 CCAMB CARD STRESS TESTS
I nte n d ed fo r O rd e rl n g o Ambulatory Referral to Cardiclogy-External Referral REF12 CCAMB CARD REFERRALS
th e Ca rd | O_O n CO I Ogy t Ambulatory referral to Cardiovascular Surgery {aka CARDIOLOGY) Referral REF14 CCAME CARD REFERRALS
t PT Multidisciplinary Clinic - PT Eval and Treat {Cardic Onc) PT PT&0 CCAMB CARD REFERRALS
labs
» Avallable in Epic and
can be accessed by
Cardiology and Cardio-
Oncology only in
ambulatory settings N
I Cardiomyopathy Date Primary Dx
cardio &= == ADD DX (4)




Use of Smart Set eoe gt

Ef SmartSets #

Th|S |S |ntended fOI’ Search for new SmartSet o Add I
cardiology provider use when \ Where you search

] . _ Suggestions
managing a patient during an CJAdut Fontan
office visit ["] Ambulatory Suspected COVID-19
[ |CAR Electrocardiogram
This can be accessed by LICAR Generic Visit
ECamm Onc

Cardiology and Cardio-

OnCOIOgy by se Ieclt":‘ the i DCardinIng;r Cardiac Catheterization Pre-op
or searc h N fO r It [|cardiclogy Dobutamine Stress Echo Post-procedure

Eaunritac

|:| Cardiology Cardiac Catheterization Post-procedure

Includes templates
for provider notes, orders,
visit diagnoses, NYHA
symptoms, commonly
prescribed medications, etc.



Quality Metrics G

» Percentage of eligible patients managed appropriately per pathway

* Percentage of patients that have labs ordered as indicated per pathway
o If abnormal endocrine labs, percentage of patients with endocrine referral

* Percentage of patients that have physical therapy assessments performed

» Percentage of patients that have nutrition assessments performed

* Percentage of patients that have psychosocial assessment performed

» Percentage of patients with new cancer diagnosis that receive transitional education
» Percentage of patients that have risk scores performed as indicated per pathway

» Percentage of patients that have CTRCD identified via echo or CMR within a week of
time indicated per pathway

o If abnormal heart function:
— Percentage of patients with CTRCD initiated on heart failure treatment
— Average time to initiation of heart failure treatment




Pathway Contacts e

e Tiffany Berthod, MSN, RN, CPN, CCRC
o Cardio-Oncology

 Olga Salazar, MD, EMBA
o Cardiology

* Andrea Orsey, MD, MSCE
o Hematology/Oncology

* llana Waynik, MD
o Pediatric Hospital Medicine
o Clinical Effectiveness
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» Lauren Ayr-Volta, Hematology/Oncology

* Cem Demirci, Endocrinology

» Karina Engelke, Hematology/Oncology

* Michael Isakoff, Hematology/Oncology

* Mary Keller, Hematology/Oncology

« Raymond Lorenzoni, Cardiology

» Andrea Orsey, Hematology/Oncology

 Victoria Pohl, Hematology/Oncology

« Karen Rubin, Chief Clinical Transformation Officer
 Tiffany Berthod, Cardio-Oncology

* Olga Salazar, Cardiology

« Sunitha Sura, Endocrinology

» Shailendra Upadhyay, Cardiology

* Irfan Warsy, Cardiology

* llana Waynik, Director Clinical Effectiveness

We couldn’t have done this without you all!
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About Connecticut Children’s Pathways Program

Clinical pathways guide the management of patients to optimize consistent use of evidence-based
practice. Clinical pathways have been shown to improve guideline adherence and quality outcomes, while
decreasing length of stay and cost. Here at Connecticut Children’s, our Clinical Pathways Program aims to
deliver evidence-based, high value care to the greatest number of children in a diversity of patient settings.

These pathways serve as a guide for providers and do not replace clinical judgment.
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