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g;‘%‘, ‘ Radiation

effect

------ o Early onset complications---

Acute pericarditis

during or soon after RT

------ --- Late complications------------
Chronic constrictive pericarditis 1-2 years

Myocarditis

follows chronic pericarditis

Coronary disease/atherosclerosis > 5 years

Valvulopathy
Conduction deficits
Cardiomyopathy

> 5 years
> 5 years

> 5 years

3 & o 3 o
%‘%‘;‘ Radiation-induced

heart disease

Clinial mandfestations of radiation-mduced heart disease

1 Radiation-induced pericarditis may occur if a large proportion of the heart

(>30%) receives a dose of >50 Gy, The mean latency is
1 year

2 Radiation-induced myocardial damage may be diagnosed at lower mean

doses to the heart. The mean latency is >5 years

approximately

B <3
serial model

3 The risk of radiation-induced cardiovascular disease begins to increase

10 years after irradiation and is progressive with time.

increase of risk

A significant

of cardsovascular disease has been observed after mean heart doses lower

than 10% of the generally accepted tolerance dose to the heart of

40-50 Gy fractionated exposure

QUANTEC

Breast cancer V25<10%

HD+ chemotherapy | Whole heart doses
>=15Gy

Pericarditis Mean PD<26Gy
V30<46%

Andratschke N, Radiother Oncol 2011; 100: 160-166

Gagliardi G, IJROBP 2010; 76: S77-S85

Rgre
corohary
stay

Increased risk: by 7.4% per Gray MHD

Darby SC,N Engl J Med 2013;368:987-98




%‘ Mechanism of damage

VASCULAR
INJURY

—>| ISCHEMIA |—>| FIBROSIS

e

DIASTOLIC AND SYSTOLIC
DYSFUNCTION

HEART FAILURE

Andratschke N, Radiother Oncol 2011; 100: 160-6

é;’%‘;‘ Mechanism of damage

VASCULAR
INJURY

Macrovascular injury accelerates
age-related atherosclerosis,
leading to coronary artery disease
(years/decades post-RT)

v

Reduced Mow o a
“termitory”™ of myocardium

e

—>| ISCHEMIA |—>| FIBROSIS

Microvascular injury
reduces capillary density
(within months of RT)

\

Reduced collateral
Now/vascular reserve
(often subclinical)

/

Combine 1o cause

myocardial ischemia

Darby SC, IJROBP 2010; 76: 656-65
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é.;‘?,‘ Mechanism of damage

VASCULAR
INJURY

ISCHEMIA | —>| FIBROSIS

VASCULAR
INJURY

1M beta-adrenoceptors
by 50%

in the irradiated heart

already 2 months after IR

ISCHEMIA | —>| FIBROSIS

e

DIASTOLIC AND SYSTOLIC
DYSFUNCTION

Schultz-Hector S, Radiat Res 1992; 129: 281-9

HEART FAILURE

Andratschke N, Radiother Oncol 2011; 100: 160-6




: } I Main actors in response to radiati

on

Transforming growth factor

Renin-angiotensin system

Mast cells

Cardiac sensory nervous system

Endothelin system

éf?} I Chemotherapy: cardiac effects

5 categories

1. direct cytotoxic effects (cardiac systolic dysfunction)

5-FU
2. cardiac ischemia Topoisomerase inhibitors

Antitumor antibiotics

Anthracyclines
moAbs

TKls

Alkylating agents
IFNa

3. arrhythmias (++ torsade de pointes -QTprolonging drugs)

Cyclophosphamide

Anthracyclines
Targeted therapies

4. pericarditis | Cytarabine
Bleomycin

5. repolarisation abnormalities| Anthracyclines

Berardi R. Critical Reviews in Oncology/Hematology 88 (2013) 75-86




Anthracyclines

Cardiac myocyte injury
e Oxidative stress
* Anthracyclines compounds intercalate into nucleic acid
* Interaction with topisomerase

* Mitochondrial dysfunction—> alteration ATP—> contractile
dysfunction

* Degradation of myofilaments, desmin and titin (disruption of
sarcomeres )

* Impair calcium handling
e Alter drug efflux pumps
* Reduce cardiac progenitor cells

Geisberg C, Curr Heart Fail Rep 2012; 9: 211-218

ErbB2-targeted therapies

Inhibit prosurvival intracellular signaling

Augment anthracycline-induced myofilament
disarray

Impairmenty of contractility

Inhibit ErbB-regulated angiogenesis

Produce antibody-directed cellular cytotoxicity
(moAb ErbB2-targeted therapies)

Geisberg C, Curr Heart Fail Rep 2012; 9: 211-218




é%‘; ‘ Angiogenesis inhibitors

Hypertension: (| NO syntesis

VEGF-targeted therapies: Inhibit cardiovascular repair
and vascular growth

Therapies that inhibit PDGFR: Impair response to
pressure overload

Inhibition of 5" adenosine monophosphate-activated
protein kinase (AMPK): Disrupt metabolic response to

ischemic injury

Geisberg C, Curr Heart Fail Rep 2012; 9: 211-218
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PULMONARY
TOXICITY

3 . . . .
1 ‘ Radiation-induced lung disease

Radiation pneumonitis 4-12 weeks

Radiation-induced fibrosis 6 months to 2 years

irradiated/ T I \
volume absorbed  number of

dose fractions chemotherapy pre-existing

lung disease

QUANTEC dose per  dose

fraction rate i
V20 30-35% To limit the risk of genetic factors
RP<=20-23 Gy

MLD <=20-23 Gy Ding NH. Current Drug Targets 2013; 14: 1347-56




9
A

Cytokines

Physiological
effects

Hypoxia

Increase o diation effects

ROS/ANS

Mechanisms of damage

Signaling
maolecules

Cytokines

growth factors
chemokines

VEGF
Infiltrating cells
| Physiclogical
effects Lung injury
Hypoxia Fibrosis

‘ DNA damage Lung Density Lung Density Breathing
P Apoptosis Edema Edema difficulty
:-g. LT ----rli ----- 3ad -.-'-[-d---é """" 6-BW mmmcemana % ------%4“!'35.'!3

y capillary congest!on edemia fibrosis
Physiological Physiclogical
effects effects 6 months
Decrease . -w &

Graves PR. Semin Radiat Oncol 2010; 20:201-207
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Cytokines
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%
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N
Increase Physiclog

\éli:iadiatiﬂn eftects

Hypoxi

DMA damage
Apoptosis

damage to DNA, lipids, and proteins

|

1apoptosis of type | and Il pneumocytes
" loss of epithelial or endothelial cells

effects

Lung Density
Edema

Mechanisms of damage

Signaling
molecules

Cytokines

growth factors
chemokines
VEGF

Infiltrating cells
Physiclogical
effects
Hypoxia

Lung Density
Edema

P R— //

ical .
Lung injury

Fibrosis

Breathing
difficulty

a

semeea2d wqu,s
fibrosis

i;b'ﬁ/e'dér%' """" g

inflammation tissue remodelling

hypoxia

Graves PR. Semin Radiat Oncol 2010; 20:201-207




Transforming growth factor 3

ECM: vimentin, a-SMA, E-cadherin,
Snail MMPs, TIMPs
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NF-kB network: TNFa, IkB, INK

M-CSF and MCP-1

Th1 and Th2 cytokines

ROS

Additional signaling
pathways

Cr :
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s, TGFB/Smad MEK/ERK
Rho kinase ..~ ® l (emra
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Ding NH. Current Drug Targets 2013; 14: 1347-56




: l Chemotherapy-induced pulmonary injury

pulmonary edema-diffuse alveolar damage- interstitial pneumonia-pulmonary haemorrage- fibrosis

Table 1. Selected mechanisms of chamotherapy-induced injury and pathologic Nindings

Cytoton » ports
Blecmyon

WMoeryon
Akyatng agents
Cytlophospharmede

Busulphan

Actrrtaboblon
Motateaatn

Cytomrm anabincsde
NErosowroas

Carmustine
Macslaneos

Procarbaree

Vinca alkaloncts

Data from MciGbten [14

Pathology

Encdotelal tlebbing, mivesitial sdoma, type | prmsumocyto necross with metapisss of
yeo U calls

'\\Y‘(",mef‘ffl\ nifiraton, fSroblast peobderaton

Eos NP waltnaton (oocassonal

Simndar 10 blboenyon

Endomolal sweling. dysplasa of pneumoCytes

Lyrmphocytic and hatiocytic niltrate

Monatal %oross

Prsumocyte dysplass with fype | cell atygecal Myperplasa snd atypecal Broncheal cells
Monoruciear ntibrate

Lymphocyte, cosmophd, and plasma ool milaton; noncasnating grandomata; rase
Rrosn
lerstital ardd slvodlar edoma without nlarmeruation

p!nir"cu!n' rioesitial 1eos, compare 10 Blocryen

NMononuchedr ool rtration with SCanend eosnophile 100
Dysplasia of shveciar kming colls, intoesttial and sfweoly flarmatory ool nfcx, fbross

Abid SH. Curr Opin

Proposed mechanems

Dwect andatwe ofVocts,
oyt efux, relodde of
profnasm

Increased CoRaon syrihoss

Dvect andatwe effocts

Reactve owdatve mostos
Direct tonc effect

Myporuarataty or Crect
fooc effects
Unknown

Ouclast offects

Hypersoradnty
Urknown
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l Chemotherapy-induced pulmonary injury

pulmonary edema-diffuse alveolar damage- interstitial pneumonia-pulmonary haemorrage- fibrosis

Table 1. Selected mechanisms of chemotherapy-induced injury and pathologic Nindings

Cytotonx: agents
B«)"r_ »

Maoeryon
Akyatng agents
Cytiophospharmde

Busulpihen

Actrrotaboblon
Met~oteaatn

Cytomrm arabincasdie
Nerosowroas

Carmustine
Mecslaneos

Procartariee

Vinca alkalocs

Data from McoiGbten [1+]

Pathology

Endothelal tlebbing, mivesitial sdoma, type | prmumocyto necross with metapisss of
oo  oals

Polymophoneutophll niltiraton, fbroblast peolderaton

Eosncphin: wAltrann (0

Semdar 10 blisderyon

Encomelal sweling. dysplasea of poeumoCytes

Lymphocytic and hatiocytic nitrate

et al orces

Preumocyte Sysplasa with fypw Il cell ahypacal Myperplasa and atypecal Broncheal cells
Monoruciear niirate

Lymghocyte, scsmophid, and plaema ool pifraton; noncasnating grandiomada; rame
rosn
lerstital andd sivodlar edoma without nlamemuaton

anr‘tu!n' riorsitial Ieoss, compare 10 Blocryen

Mononuchedr 0ol fRLAN0N Wil SCATMOS 00SNOphig 100
Dysplass of abveciar kg colia, irdersitaal and swooly mflammatory ool i, fbross

Proposed mechanems

Dwect ancdatwe efocts,
N ocyto Biux, rolodse of
profnasoy

Increased CORaon syTYhoss

Urect coditve efecis

Reactve owdatve mostos

Direct taxc effect

Myporsarmtaty or crect
fone effects

Unknown
Ouclast offects

Hypersoradnty
Urknown

Abid SH. Curr Opin Oncol 2001, 13:242




% I Chemotherapy associated lung injury

Cellular and apoptotic dysfunction

Impaired cell and tissue repair

(EGF signaling and angiogenesis)

Charpidou AG. Anticancer Research 2009; 29: 631-640
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é’.;?}l tyrosine kinase inhibitors

interstitial lung disease
* Chronic inflammation

* |nappropriate regeneration of the injured
epithelium

* Apoptosis of type | and |l pneumocytes
* Impaired repair (EGFR)

Min JH, Cancer Chemother Pharmacol (2011) 68:1099-1109
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é’%‘, ‘ Specific care plan for each patient

:

.

JAMA, March 17, 2010—Vol 303, No. 11




