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BACKGROUND (1)

The complex interactions between tumor-specific signaling 

and radiation response provide a rationale for targeting 

multiple-signaling pathways.

This may be achieved by agents that have the

capacity to target multiple oncoproteins or through

the combination of multiple single-target agents.



1. BIOLOGICAL RESEARCH

2. PRE-CLINICAL RESEARCH

3. ROUTINE AND CLINICAL RESEARCH

BACKGROUND (2)



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, PI3K, AKT).

IGF-1R (Insulin-like growth factor-1 
Receptor)

EGFR (Epidermal Growth Factor 
Receptor)

PI3K (fosfoinositide 3-
chinasi)

AKT (Protein Kinase B)

RAS (Rat Sarcoma protein)

BACKGROUND (3)



BIOLOGICAL RESEARCH

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

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



ENDOCRINE DRUGS AND RADIATION



Pathways and molecular sites of targeted therapies

Chinnaiyan et al. Sem Rad Oncol 2005

TARGET THERAPY AND BREAST 

CANCER



TARGET THERAPY AND BREAST 
CANCER

• Trastuzumab

• Lapatinib

• Everolimus

• Bevacizumab

• Pertuzumab

• Novel targeted therapies



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

increases cellular sensitivity to 

chemotherapy and 

radiotherapy



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 (2)

TRASTUZUMAB AND CARDIAC TOXICITY:



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

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 



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. 

TRASTUZUMAB AND RADIATION (4)



TRASTUZUMAB AND RADIATION (5)



TRASTUZUMAB AND RADIATION (6)

No significant
differences among

arms were found in 

incidence of acute 

skin reaction, 

pneumonitis, 

dyspnea, cough, 

dysphagia, or 

neutropenia



TRASTUZUMAB AND RADIATION (7)

• 31 pz

• 74,2% radiologic response

• 87,1% clinical response

• No G2 or greater acute 

toxicity 

Promising results

but further studied

are needed



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)

Radiosensitization by 
lapatinib is mediated 

largely through 
inhibition of MEK/ERK .

Direct inhibition of this 

pathway may provide an 
additional avenue of 
radiosensitization in 

EGFR+ or HER2+ breast 

cancers

• Breast tumor cell lines of the basal-

subtype, which express elevated levels
of EGFR and normal levels of HER2, are 
growth impaired and radiosensitized by 
treatment with lapatinib

• EGFR expression correlates with 
radioresistance

• EGFR can signal to a variety of 
downstream signaling pathways
including MEK > ERK, PI3K > AKT, 

STAT, p38 and JNK.



LAPATINIB AND RADIATION (3)

In mouse 
xenograft models 

lapatinib can 
radiosensitize 

both HER2+ and 

basal-like/EGFR+
breast cancer cell 

lines

• Tumors from basal-like/EGFR+ cells were

insensitive to lapatinib monotherapy
treatment but were radiosensitized when
lapatinib was combined with RT.

• Tumors from HER2+ cells were highly
sensitive to lapatinib monotherapy alone and 

showed an enhanced therapeutic response

when lapatinib was combined with RT.



LAPATINIB AND RADIATION (4)

This phase I 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 

HER2 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 

inhibitor of mTOR, a 

serine/threonine protein 

kinase that regulates cell 

growth, cell proliferation, cell 

motility, cell survival, protein 

synthesis, and transcription.

• Concomitant Radiotherapy is 

not recommended

• Novartis suggests to wait at 

least 30 days

• Nothing from the literature  



EVEROLIMUS AND RADIATION (2)

• 67-year-old woman with left 
breast 

• Bone metastases � palliative RT 
to bone metastases (D12- L3) in 
January 2008. 

• In March 2008 Paclitaxel, 
trastuzumab, and everolimus (10 
mg daily) combination was 
initiated for metastatic 
progression

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

• Sixteen weeks after the 
initiation of everolimus, grade 
3 gastric hemorrhage and 
grade 2 anemia occurred. 

• Comparison of endoscopic
findings and radiotherapy
portals were consistent with 
‘in-radiation-field’ mucosal
reaction as well as gastritis
histological characteristics.



BEVACIZUMAB AND RADIATION (1)

On October 2011 the FDA 
announced that the agency is 
revoking the approval of the 
breast cancer indication for 
bevacizumab after concluding 
that the drug has not been 
shown to be safe and effective 
for that use

Bevacizumab is a 
humanized monoclonal 
antibody that inhibits 
vascular endothelial growth 
factor A (VEGF-A), a 
chemical signal that 
stimulates angiogenesis



BEVACIZUMAB AND RADIATION (2)

• 14 patients have received
bevacizumab plus RT

• no RT treatment breaks 
• No Grade 3 toxicity
• no difference in fatigue, 

radiation fibrosis, 
pneumonitis, or 
lymphedema between the 
two groups.

Concurrent bevacizumab and 
RT did not increase acute 
locoregional toxicity. The 

addition of concurrent RT when 
treating the intact breast, chest 

wall, and associated nodal 
regions in breast cancer seems 

to be safe and well tolerated



PERTUZUMAB AND RADIATION 

Pertuzumab is a humanized 

monoclonal antibody that binds to 

the extracellular domain II of 

HER2. 

Its mechanism of action is 

complementary to trastuzumab, 

inhibiting ligand- dependent 

HER2–HER3 dimerization and 

reducing signaling via intracellular 

pathways such as 

phosphatidylinositol 3-kinase 

(PI3K/Akt).

No data about pertuzumab AND 

radiotherapy



NOVEL TARGETED THERAPIES AND BREAST CANCER

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



� 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.

CONCLUSIONS


