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BACKGROUND (1)

The complex interactions between tumor-specific signaling
and radiation response provide a rationale for targeting
multiple-signaling pathways.
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This may be achieved by agents that have the
capacity to target multiple oncoproteins or through
the combination of multiple single-target agents.
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BACKGROUND (3)

The most straightforward approach is to target a specific molecule involved
in proliferation, tumor-cell survival, differentiation responses, resistance to
radiation and chemotherapy (EGFR, IGF-1R, Ras, PI3SK, AKT).
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BIOLOGICAL RESEARCH

Seminars i

RADIATION
ONCOLOGY

ELSEVIEI-{‘
Radiation and New Molecular

Agents Part I: Targeting ATM-ATR
Checkpoints, DNA Repair, and the Proteasome

Ananya Choudhury, MA, MRCP, FRCR, Andrew Cuddihy, PhD, and
Robert G. Bristow, MD, PhD, FRCPC

Serninars in

RADIATION
ONCOLOGY

ELSEVIER

Radiation and New Molecular Agents, Part Il:
Targeting HDAC, HSP90, IGF-1R, PI3K, and Ras

Prakash Chinnaiyan, MD, Gregory W. Allen, MD, PhD, and Paul M. Harari, MD

v" Although exciting in concept, clinical trial data for many of these
agents in combination with radiotherapy is still lacking.

v" The relative sensitization in vitro may not predict the sensitization
achieved in vivo because of microenvironmental factors or altered
pharmacodynamics.



ENDOCRINE DRUGS AND RADIATION

Optimal combination of radiotherapy and endocrine drugs in breast cancer
treatment

7). Zeng? J.H.Li® Y. Zhang®, S.T. Zhao®*

CancerfRadisthérapie 17 (2013) 208-214 3.1. Endocrine drugs enhance radiosensitiviry
3.2, Endocrine drugs contribute inhibition of cell viabilit

3.3, Endocrine drugs promote cell apoprosis

A tamaxifen A
110
— 100
£ -& HT - w
. i i =
E == lamaxifen+RT S ow .
‘g -+ RTsiamoxien -
g g
: z: :
£ = :
.E =
= @
= g w»
B g »
0,00 T T T ] mw
L1 3 4 § a -
radiation dose [Gy) con TAM RT TAM RT
+RT +TAM
B letrozole B
110
- 100 -
= - FHT =
= P
E - |elrozole+RT < ow .
E k- FT+Elozole 2w
= = a 4
2 = '
= = 0
: z -
- Ty g w
E 0
0,001 T T T 1 o
0 2 4 B 8 -
B con letrozole BT letrozole BT
radiation dose [G!,r' . +RT +letrozolg




TARGET THERAPY AND BREAST
CANCEF
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Pathways and molecular sites of targeted therapies
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TARGET THERAPY AND BREAST
CANCER
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TRASTUZUMAB AND RADIATION (1)

Trastuzumab blocks her2-
activated cell signalling
reducing cell proliferation
restoring ability to undergo
apoptosis by inhibiting the
phosphatidylinositol 3
kinase/Akt pathway

v

iIncreases cellular sensitivity to
chemotherapy and
radiotherapy

Tumor Cell




TRASTUZUMAB AND RADIATION (2)

TRASTUZUMAB AND CARDIAC TOXICITY:

1. the incidence of cardiac dysfunction in the
trastuzumab arm (HERA Trial) at a median follow-up
time of 1 year was 0.6% for severe CHF and 7.0% for
left ventricular (LV) dysfunction

2. approximately 10 % had a substantial decrease in the
left ventricular ejection fraction (LVEF)

3. the risk of cardiac dysfunction with trastuzumab
treatment increases with the use of anthracyclines.



TRASTUZUMAB AND RADIATION (3)

TRASTUZUMAB AND CARDIAC TOXICITY:

The ErbB2 receptor is expressed on cardiomyocytes, in

addition to tumor tissue, where it exerts a protective effect
on cardiac function:

®" maintenance of normal cardiac contractility
= dependence on HER2 for myocyte survival

. 4

Interference with ErbB2-signaling (Trastuzumab) may
block this protective effect

Procter M, JCO 2009
Perez EA, Clin Breast Cancer 2008
Doyen J. Cancer Radiother. 2010



TRASTUZUMAB AND RADIATION (4)

Radiation-associated cardiac
damage occurs by both
microvascular (fibrotic) and
macrovascular (coronary
atherosclerosis) damage
occurring after a longer latency

period.

Modern irradiation techniques
seem to be associated with a
limited risk of heart complication.

0.00(¢cm)




TRASTUZUMAB AND RADIATION (5

The acute skin and heart toxicity of a concurrent association
of trastuzumab and locoregional breast radiotherapy
including internal mammary chain: A single-institution study

Cardiac toxicity

Acute cardiot
internal mam

Richard Shaffer® Lucas Caussa °, Youlia M. Kirova °, Nathalie Gault b, Jean-Yves Pierga ¢,

' Alexia Savignoni °, Francois Campana °, Rémi Dendale °, Alain Fourquet °,
* Brirish Columbia Gancer Ag a,*
® British (ohonhia Cancer Ag Marc A. Bollet *
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e T SWEiRE a Department of Radiation Oncology, Institut Curie, 26, rue d'Ulm, 75248 Paris cedex 05, France
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Article histary:

Rﬁeiwd3ﬂwj.||:u|yzﬂ:5 ARTICLEINFO ABSTRACT

Recsived in revided form 2(

Accepted T September 2008 Article history: Background: To evaluate the skin and heart toxicity of a concurrent adjuvant trastuzumab-

Avzilible anline 29 Oerabai Received 13 April 2010 radiotherapy for breast cancer (BC), especially in the case of internal mammoary chain {IMC)
Received in revised form 26 July 2010 irradiation.

Keyweard s Accepted 16 August 2010 Materia! and methods: Prospective study of 106 patients treated between 06/2003 and 03/

Bore 551 Canoer Available online 16 September 2010 2007 by concurrent trastuzumab-radiotherapy for non-metastatic BC. Left ventricular ejec-

Tras ruzwmab tion fractions (LVEF) was assessed at baseline, before and after radiotherapy and then every

Cardistasxicity . Keywords: 4-6 months. All toxicities were evaluated using CTCAEV3.

mi':;‘l_le':::;”:“'-"' el e Results: Median age was 52 years (25-76). Chemotherapy with anthracycline was adminis-
Trastuzurmah tered in 52% of patients. All patients received trastuzumab every three weeks {8 mg'kg fol-
Radiotherapy lowred by & mgfkg) for a median duration of 12 months (3-20). The IMC was irradiated in 83%
Concomitant treatment of patients. There were: 87 grade 1, 14 grade 2 and 2 grade 3 skin reactions. There were 13

oesophagitis: 9 grade 1; 3 grade 2, and 1 grade 3. Qut of 101 patients with assessments after
& months, late telangiectasia grade 1 occurred in 5 patients, local pain grade 1 in 19 patients
and grade 2 in 3 patients, fibrosis grade 1 in 16 patients. A reversible grade =2 left ventric-
ular systolic dysfunction occurred in & patients.
Conclusion: In this prospective study of breast cancer patients treated with trastuzumab-
radiotherapy with, in most cases, anthracycline-based chemotherapy and IMC irradiation,
both the rate of abnormal LVEF after concurrent trastuzumab-radiotherapy and the skin
toxicity were deemed acceptable. Further follow-up is needed.

U0 Elsevier Ltd. All nghts reserved.




TRASTUZUMAB AND RADIATION
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ORIGINAL REPORT

Radiotherapy and Adjuvant Trastuzumab in Operable
Breast Cancer: Tolerability and Adverse Event Data From
the NCCTG Phase III Trial N9831

Michele Y. Halyard, Thomas M. Pisansky, Amylow C. Dueck, Vera Suman, Lori Pierce, Larry Solin,
Larry Marks, Nancy Davidson, Silvana Martino, Peter Kaufman, Leila Kutteh, Shaker R. Dakhil,
and Edith A. Perez

A B S TR A CT

Purpose
To assess whethar trastuzumab (H) with radiotherapy (RT) increases adverse events (AEs) after
breast-conserving surgery of mastectamy.

Patients and Methods

Patients with early-stage resected human epidermal growth factor receptor 2 (HER-2) —positive
breast cancer {BC) were randomly assigned to doxorubicin (4) and cyclophosphamide (C), followed
by weekly paclitaxel (T; AC-T-H or AC-TH-H). RT criteria iwith or without nodal RT) were
postlumpectomy breast or {optional) postmastectomy chest wall. RT of internal mammary nodes
was prohibited. RT commenced within 5 weeks after T, concurrently with H. Analysis includad
1,603 irradiated patients for RT-associated AEs across treatment arms. Rates of cardiac events
[CEs) with and without RT were compared within arms.

Results

Mo significant differances among arms were found in incidence of acute skin reaction, pnaumao-
nitis, dyspnea, cough, dysphagia, or neutropenia. A significant difference occurred in incidence of
leukopenia, with highear rates for AC-T-H versus AC-T (odds ratio = 1.89; 95% CI, 1.25 10 2.88). At
a median follow-up of 3.7 years (range, 0 to 6.5 years), RT with H did not increase relative
frequancy of CEs regardless of treatmant side. The cumulative incidence of CEs with AC-T-H was
2.7% with or without RT. With AC-TH-H, the cumulative incidence was 1.7% v 5.9% with or
without RT, respectively.

Conclusion

Concurrent adjuvant RT and H for early-stage BC was not associatad with increased acute AEs.
Further follow-up is reguired to assass late AEs.

J Clin Oncol 27:2638-2644. © 2008 by American Society of Clinical Oncology

No significant
differences among
arms were found in

iIncidence of acute
skin reaction,
pneumonitis,

dyspnea, cough,
dysphagia, or
neutropenia




Int. J. Radiation Oncology Biol. Phys., Vol 81, No. 3, pp. 631-636, 2011
Copyright © 2011 Elsevier Inc.
Printed in the USA. All rights reserved
0360-3016/%—see front matier

TRASTUZUMAB AND RADIATION (7)

ELSEVIER doi:10.1016/j.ijrobp.2010.06.057

CLINICAL INVESTIGATION Brain

PRELIMINARY RESULTS O¥%
CONCURRENT TRASTUZUMABTOUR TRT
BRAIN METASTASES IN BREAST CANCER PATIENTS

Cyrus CHARGARI, M.D.,* HinD Rianr Iprissi, M.D.,* JEAN-YVES PiErGA, M.D., PH.I).,Jr _
Marc A. BorLer, M.D.,* VERONIQUE DIERAS, J!'\«f[.I).,t Francors Campana, M.D.,* PauL Corru, M.D.,’
AvLa FourqQuer, M.D.,* anp YouLia M. Krova, M.D.*

Departments of *Radiation Oncology and "Medical Oncology, Institut Curie, Paris, France

* 31pz Promising results
« 74,2% radiologic response .
o i but further studied
« 87,1% clinical response
are needed
* No G2 or greater acute

toxicity



LAPATINIB AND RADIATION (1)

Lapatinib is an oral dual
tyrosine kinase inhibitor
that targets epidermal
growth factor receptor
(EGFR) and human
epidermal growth factor
receptor-2 (HER2)

Geyer et al N Engl J Med 2006



LAPATINIB AND RADIATION (2)

Radiation biology

Mechanism of lapatinib-mediated radiosensitization of breast cancer cells
is primarily by inhibition of the Raf > MEK > ERK mitogen-activated protein
kinase cascade and radiosensitization of lapatinib-resistant cells restored
by direct inhibition of MEK

Maria |. Sambade **, ]. Terese Camp**, Randall |. Kimple **, Carolyn I. Sartor **, Janiel M. Shields

ab.ce

¢ Breast tumor cell lines of the basal-

subtype, which express elevated levels Radiosensitization by
of EGFR and normal levels of HER2, are lapatinib is mediated
growth impaired and radiosensitized by largely through
treatment with lapatinib inhibition of MEK/ERK .

« EGFR expression correlates with Direct inhibition of this

radioresistance pathway may provide an
additional avenue of

o EGFR can signal to a variety of radiosensitization in

downstream signaling pathways EGFR+ or HER2+ breast

including MEK > ERK, PI3K > AKT,

cancers
STAT, p38 and JNK.




LAPATINIB AND RADIATION (3)

BIOLOGY COMTRIBUTIOMN

LAPATINIB IN COMBINATION WITH RADIATION DIMINISHES TUMOR
REGROWTH IN HER2Z+ AND BASAL-LIKE/EGFR+ BREAST
TUMOR XENOGRAFTS

Maria 1. Saveane, PrD.*! Raxpacs 1 Knaree, MDD, PruD.* I Terese Caver, B.S.,*
Eroox Peters, B.5..T CHab AL Livasy, M.L‘J..” CaroLyn L SarTor, M.D.*
AND JaNiEL M. SuELps, Pu.D* i

o Tumors from basal-like/EGFR+ cells were In mouse
insensitive to lapatinib monotherapy xenograft models
treatment but were radiosensitized when lapatinib can
lapatinib was combined with RT. radiosensitize

_ both HER2+ and
o Tumors from HER2+ cells were highly basal-like/EGFR+
sensitive to lapatinib monotherapy alone and breast cancer cell
showed an enhanced therapeutic response lines
when lapatinib was combined with RT.




LAPATINIB AND RADIATION (4)

O%f:ologist@

‘ Breast Cancer |

Phase I Study and Biomarker Analysis of Lapatinib and Concurrent
Radiation for L.ocally Advanced Breast Cancer

RANDALL J. KIMPLE,® JANET K. HORTON,” CHAD A. L1vAasy,”? JANIEL M. SHIELDS,"*
JuLia A. LAWRENCE,! WINGKEUNG M. CHIU,? ANASTASIA IVANOWVA,Y® DAvID W. OLLILA,Y?
LisAa A. CAREY,?! JAN S. HALLE,?® CAROLYN L. SARTOR,"® E. CLAIRE DEES?!

This phase | study assessed the
toxicity and safety of combining
daily lapatinib with RT.

Sequential tumor biopsies were
obtained to evaluate changes in
biomarkers, such as EGFR and

HERZ2 signaling pathways.

The combination of lapatinib and
RT was well tolerated. Overall
local response rates were
comparable to those reported in
other studies.

In biopsies inhibition of HER2 and
down-stream signaling pathways
was identified, although no strong
correlation with response was

seen.



EVEROLIMUS AND RADIATION (1)

Everolimus acts as a selective actor — e
inhibitor of mTOR, a QW
serine/threonine protein Ll R
kinase that regulates cell ROOERERRS Wi
growth, cell proliferation, cell ,PtK
motility, .ceII survival, pro’Fein : l—;”_ (ren
synthesis, and transcription. ()
"

 Concomitant Radiotherapy is | i

not recommended \*@
* Novartis suggests to walit at | ot

least 30 days A DO00C Genen,
+ Nothing from the literature | < ll ;E




EVEROLIMUS AND RADIATION (2)

Ann Oncol. 2011 Feb,22(2).485-8. doi: 10.1093/annonc/mdg741.

Total recall of radiotherapy with mTOR inhibitors: a novel and potentially frequent side-effect?
Bourgier C, Massard C, Moldovan C, Soria JC, Deutsch E.

« Sixteen weeks after the
initiation of everolimus, grade

+ Bone metastases > palliative RT 3 gastric hemorrhage and

to bone metastases (D12- L3) in grade 2 anemia occurred.
January 2008. « Comparison of endoscopic

+ In March 2008 Paclitaxel, findings and radiotherapy

trastuzumab, and everolimus (10 portals were consistent with
mg daily) combination was in-radiation-field’ mucosal

initiated for metastatic LG'atCtllon' aSI Wﬁ” aStQQS:[[_FITIS
orogression istological characteristics.

« 67-year-old woman with left
breast

Radiation Recall Syndrome (RRS): an inflammatory reaction within
a previously irradiated volume after chemotherapy administration




BEVACIZUMAB AND RADIATION (1)

Bevacizumab is a

humanized monoclonal \f- -
antibody that inhibits soscmns | B3 veotrapu?
vascular endothelial growth =3
factor A (VEGF-A), a y
chemica(l signal trzat %—':: \
stimulates angiogenesis e (Cras D
GE < >
On October 2011 the FDA — Sorafenib

announced that the agency is
revoking the approval of the
breast cancer indication for o v
bevacizumab after concluding Call Surwval  Prmeabilty cel :;ﬂ”fera“ﬂ”
that the drug has not been

shown to be safe and effective

T~
—
e

/

‘/

for that use



BEVACIZUMAB AND RADIATION (2)

CLINICAL INVESTIGATION Breast

EVALUATION OF ACUTE LOCOREGIONAL TOXICITY IN PATIENTS WITH BREAST
CANCER TREATED WITH ADJUVANT RADIOTHERAPY IN COMBINATION
WITH BEVACIZUMAB

SHARAD GoyaL, M.D., MaLAY S. Rao, Puarm.D., A1ir Kaan, M.D., Lien Huzzy, R.N.,
CamiLLE GREEN, M.D., anD Bruck G. Harrry, M.D.

Department of Radiation Oncology, The Cancer Institute of New Jersey, UMDNJ/Robert Wood Johnson Medical School, New

Brunswick, NJ

* 14 patients have received Concurrent bevacizumab and
bevacizumab plus RT RT did not increase acute

* no RT treatment breaks locoregional toxicity. The

* No Qrade 3 tO.X'C'tY addition of concurrent RT when

" no @ffereqce " fatigue, treating the intact breast, chest
radiation fibrosis, wall, and associated nodal
pneumonitis, or regions in breast cancer seems
lymphedema between the to be safe and well tolerated
two groups.




PERTUZUMAB AND RADIATION

. . reviews e e
Pertuzu mab IS a h u manlzed Publshed online 21 August 2012
monoclonal antibody that binds to Pertuzumab: new hope for patients with HER2-positive
the extracellular domain Il of breast cancer
M. Capelan'?, L. Pugliano' 3, E. De Azambuja'-2, |. Bozovic! 2, K. S. Saini'-3, C. Sotiriou-4,
HER2. _ o S. Lo & M. J. Piccart-Gebhart".3*
Its mechanism of action is e e o B e e e B

complementary to trastuzumab,

inhibiting ligand- dependent Efficacy and safety of neoadjuvant pertuzumab and

H ERZ__H E_R 3 d!me”,z a,tlon ana trastuzumab in women with locally advanced, inflammatory,
reducing signaling via intracellular or early HER2-positive breast cancer (NeoSphere):

pathways. Suph as _ a randomised multicentre, open-label, phase 2 trial
p h O S p h at I d yl I n O S Ito | 3 - kl n aS e Luca Gianni, Tadeusz Pienkowski, Young-Hyuck Im, Lasle Reman, Ling-Ming Tseng, Mei-Ching Liu, Ana Liuch, Elzbieta Staroslawska,

( P I 3 K / A kt) Juan de lo Haba-Rodriguez, Seack-Ah Im, Jose Luiz Pedrini, Brigitte Poirier, Paclo Morandi, Viadimir Semiglazov, Vichien Srimuninnimit, Giulia Bianchi,
- Tania Szado, Jayantha Ratnayake, Graham Ross, Pinuccia Valagussa

No data about pertuzumab AND
radiotherapy




NOVEL TARGETED THERAPIES AND BREAST CANCER

HER family receptors

TRASTUZUMAB-EMTANSINE: trastuzumab bound by a stable thioether linkage to a
derivative of maytansine, a microtubule-binding chemotherapeutic agent.

TANESPIMYCIN: is an inhibitor of heat shock protein 90 (HSP90), which is responsible for

conformational stabilization of HER2; inhibitio of HSP90 leads to proteasomal degradation of the
HER2 protein.

NERATINIB: is an oral irreversible small molecule tyrosine kinase inhibitor of HER1, HER2,

and HER4. .
No data about this novel agents AND
radiotherapy




CONCLUSIONS

» Promising new preclinical data show potential
therapeutic benefit for combining molecularly targeted
agents with radiation.

» The long-term outcome of trastuzumab-related heart
failure is unknown so it is important to spare the heart
volume during RT, but trastuzumab given postoperatively
Is well tolerated and produced optimal clinical results.

» The data on combining targeted therapies with radiation
In breast cancer are still scarce and do not allow for
meaningful conclusions.



