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ABSTRACT

Radiotherapy (RT) is of critical importance in the locoregional management of early breast
cancer. Over 50% of patients receive RT at some time during the treatment of their disease,
equating to over 500 000 patients worldwide receiving RT each year. Unfortunately, not all
patients derive therapeutic benefit and some breast cancers are resistant to treatment, as
evidenced by distant metastatic spread and local recurrence. Prediction of individual responses
to RT may allow a stratified approach to this treatment permitting those patients with
radioresistant tumours to receive higher doses of RT (total and/or tumour cavity boost doses)
and/or radiosensitising agents to optimise treatment. Also, for those patients unlikely to respond
at all, it would prevent harmful side effects occurring for no therapeutic gain. More selective
targeting would better direct National Health Service resources, ease the burden on heavily used
treatment RT machines and reduce the economic cost of cancer treatment. Unfortunately, there
are no robust and validated biomarkers for predicting RT outcome. We review the available
literature to determine whether classification of breast cancers according to their molecular
profile may be used to predict successful response to, or increased morbidity from, RT. Class-
specific biomarkers for targeting by radiosensitising agents are also discussed.

Breast cancer is the most common cancer in disease represents one of the most serious and costly
females with just over 1 million new diagnoses health issues. Locoregional treatment of breast
and some 400 000 deaths recorded worldwide each cancer has evolved over the last two decades not

year (World Health Organization). As such, this only in the surgical techniques used but also in
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the use and delivery of radiotherapy (RT). Surgical
management has moved towards breast conserving
surgery (BCS) and axillary sentinel lymph node biopsy
wherever possible. Surgery aims to remove any disease
that has been detected in the breast and regional lymph
nodes. Surgery does not, however, remove undetected
occult deposits of cancer that may remain within the
breast, scar, chest wall or remaining lymph nodes. It is
these undetected deposits that may lead to locoregional
recurrence (LR) and furthermore to distant metastases.
RT has therefore become a well-established adjuvant
treatment modality to optimise local control following
most BCS [1] and following mastectomy in those
patients at high risk of recurrence [2]. According to
a recently published National Health Service Breast
Screening Programme audit of 17 013 screen-detected
breast cancers collected from April 2009 to March
2010, 10425 (61%) females received adjuvant RT. This
includes those diagnosed with both invasive (9223,
88.5%) and non-invasive (1202, 11.5%) breast cancers.
Of the 8739 patients who underwent BCS for invasive
breast cancer, 8201 (94%) received RT. These data did
not include females who presented to symptomatic
breast clinics and indicate the considerable volume of
patients requiring and receiving adjuvant RT each year
in the UK alone. It is no surprise that there have been
capacity issues leading to wide variations in the time-
lines of availability of RT from country to country, and
even within the same country. RT achieves high cure
rates where metastatic spread has not occurred [3-5]
and offers improvements in overall survival (OS) and
disease-free survival (DFS) in patients presenting with
distant metastases at diagnosis [6]. A reduction in LR
has tumour-related gains and also quality of life bene-
fits, such as a reduction in the physical morbidity and
psychological consequences of LR. However, as with all
adjuvant therapies, there are recognised short-term
(those which happen within ~3 months of completing
treatment) and long-term side effects.

RADIOTHERAPY SIDE EFFECTS

By far, the most common short-term side effects sub-
sequent to RT are those of skin erythema and fatigue,
which can occur in up to 100% of patients [3, 7].
Following this, late side effects include telangectasia
(31.4%) and impaired cosmesis with fibrosis (6.7%)
[3, 7-9]. Arm lymphoedema and shoulder stiffness are
other long-term side effects that can impact on patients’
everyday activities [3, 8]. Post-operative breast RT can

also damage the underlying chest organs, namely the
lungs and heart. Pulmonary effects include radiation-
induced pneumonitis and fibrosis [10]. Radiation pneu-
monitis is an acute exudative inflammatory process,
typically occurring within 1-4 months after RT, which
follows the initial damage of cells in the alveolar space
(pneumocytes, fibroblasts, endothelial cells and mac-
rophages; [11]). Pulmonary fibrosis is a late injury due
to interstitial damage involving the parenchyma and
pleura [12]. Radiation damage can also cause endo-
thelial cell damage and atherosclerosis [13], myocardial
ischemia and fibrosis [14]. Complications, such as
acute pericarditis, pericardial effusion and arrhythmias,
can also develop in patients and, in some cases, can
occur up to 20 years post treatment. Over the last few
decades, there has been an increased recognition of
the late side effects of RT. Thus, the introduction of
modern techniques (including image-based planning
and directed therapies) has reduced irradiation doses
to the heart and lungs. However, since some of the more
severe late side effects of RT can occur many years fol-
lowing exposure, the full potential benefits of these
changes is uncertain, and other possible significant ad-
verse effects have yet to be reported in the literature.

CRITERIA FOR SELECTING PATIENTS

FOR RADIOTHERAPY

Although RT is used routinely following BCS, many
patients could be effectively treated with breast surgery
alone without RT. Despite this, there is currently in-
sufficient knowledge to enable the selection of patients
who do not need RT. Studies have been unsuccessful in
attempting to identify a low-risk group with a <5%
chance of local relapse in whom RT can be reasonably
omitted [15]. At the present time, it is therefore rec-
ommended that RT should be considered for all patients
undergoing BCS, even those with low-grade node-
negative disease. Likewise, not all patients derive
therapeutic benefit since some breast cancers are re-
fractory to this treatment, as evidenced by distant
metastatic spread and LR. At present, decisions re-
garding who receives RT are based on clinical factors,
stages, morphology-based pathological indicators and
type of surgery rather than molecular profiles pre-
dictive of likely RT sensitivity. As a result, all breast cancer
patients are currently treated with the same RT regimen,
irrespective of whether their tumours are likely to respond
or not. A more informed approach to identify individual
responses would allow a stratified approach, allowing
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those patients unlikely to respond to receive higher doses
of RT (total dose and/or tumour cavity boost dose) and/
or radiosensitising agents to increase the efficacy of their
treatment. Those patients unlikely to respond at all could
be spared from the associated iatrogenesis. This could have
a positive impact on breast cancer mortality rates world-
wide, ease burden on heavily used treatment machines and
reduce the economic cost of cancer treatment.

BIOMARKERS FOR PREDICTING RESPONSE
TO RADIOTHERAPY

Oncological therapies continue to be developed and
are increasingly more specific and targeted towards
cancer biomarkers. Prognostic and predictive bio-
markers are the two major types of cancer biomarkers,
and it is important to recognise that there is a clear
distinction between these terms. Prognostic biomarkers
are intrinsic factors that provide information about a
patient’s overall cancer outcome regardless of therapy.
Such biomarkers may be used by physicians to select
those high-risk patients who may benefit from more
aggressive treatment. However, such biomarkers are
unable to highlight those patients that will derive a
clinical benefit from a given therapy. On the other
hand, predictive biomarkers provide information re-
garding the probability of therapeutic benefit from a
specific treatment [16]. Well-known examples of these
include the oestrogen receptor (ER) and human epi-
dermal growth factor receptor 2 (HER2), which are
used to predict response to endocrine therapy and
trastuzumab, respectively. However, it is also possible
that biomarkers can be both prognostic and predictive.

Several potential predictive biomarkers that may cor-
relate with RT response have been identified [17-19]. In
breast cancers, expression levels of Holliday junction
recognition protein (HJURP) mRNA can predict pa-
tient survival after RT [17] and high cytoplasmic ex-
pression of peroxiredoxin-I correlated with increased
LRs after RT [18]. However, in most cases, predictive
and prognostic information from potential biomarkers
has not been separated. Unpublished work from our
group has shown that high proteasome (prosome,
macropain) 26S subunit, non-ATPase, 9 (PSMD9)
expression is significantly associated with an increased
incidence of LR in a cohort of breast cancer patients
receiving adjuvant RT (log rank p=0.02) but not in
those treated without RT, indicating that this protein
might represent a predictive biomarker for RT response.

However, none of these biomarkers is currently used to
guide treatment decisions within the clinic owing to a
lack of large-scale randomised control trials in this area.

BREAST CANCER SUBTYPES AND
RESPONSE TO RADIOTHERAPY

It is well known that breast cancer is not a single disease
but rather a collection of diseases with diverse histo-
pathologies and gene expression profiles. Gene expres-
sion profiles have enabled the classification of breast
cancers into subtypes that were not apparent using
more traditional histopathological criteria [19]. Corre-
lating gene expression patterns in the different breast
cancer subtypes to clinical, pathological and outcome
data has supported the idea that breast cancer subtypes
have strong differences in cell biology and tumour
behaviour and can be treated as separate diseases.
Although gene expression profiling remains the gold
standard for classification, this is not currently feasible
for large-scale clinical applications, and so, within the
clinic, the system of defining subtypes still relies on the
more traditional histopathological methods to assess
expression of three common molecular markers; ER,
progesterone receptor (PR) and HER2 [20-23]. The
luminal subtypes (luminal A and luminal B) encompass
the hormone receptor (ER and PR) positive breast
cancers [22]. The HER2 subtype consists of those breast
cancers expressing low levels of hormone receptors but
overexpressing HER2. The basal-like subtype is typically
categorised by routine immunohistochemistry as triple
negative breast cancer owing to very low or negligible
expression levels of ER, PR and HER2 [20-23]. Im-
portantly, we acknowledge that, although most basal-
like breast cancers have a triple negative phenotype and
the vast majority of triple negative cancers comprise
basal-like breast cancers, these are not synonymous
[24]. However, in the absence of a more suitable marker
for the classification of basal-like breast cancers for the
purpose of this review, we will define this subtype in
accordance with Schneider et al [25] by referring to
basal-like breast cancers when gene expression profiling or
more sophisticated immunophenotypes were used for
identification and triple negative breast cancer when
analyses were limited to clinical assays.

It is clear that the heterogeneous nature of breast
cancer accounts for different outcomes among women
diagnosed with this disease. For example, luminal sub-
types are associated with a more favourable prognosis,
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whereas HER2 and basal-like subtypes are associated
with significantly worse recurrence rates and diminished
OS [21-23, 26]. This was confirmed by Wang et al
(2011) [27], who conducted a retrospective analysis of
2118 primary operable breast cancer patients and found
that molecular subtype could robustly identify the risk
of recurrence with luminal A tumours having the lowest
rate of relapse (12.7%, p<<0.001), whereas luminal B,
HER2 and basal-like subtypes were associated with
higher rates of relapse (15.7%, 19.1%, 20.1%). It is also
clear that such heterogeneity accounts for variations in
response to therapy. However, the question remains as
to whether these breast cancer subtypes may be used
to predict response to RT or whether specific subtypes
may benefit from radiosensitising agents to enhance the
efficacy of this treatment. Data from our in vitro studies
have shown that breast cancer cell lines representing the
different subtypes exhibit differential inherent sensitivities
to ionising radiation [28], which suggests that this may
certainly be feasible. A clear advantage of being able to
exploit these markers for selecting patients for RT is that
their expression is already routinely analysed within the
clinic for diagnostic and prognostic purposes and also for
selecting patients for other breast cancer therapies.

LUMINAL SUBTYPES

In 2008, Nguyen et al [29] studied 793 consecutive
patients with invasive breast cancer who received BCS
followed by RT and reported LR incidences of 0.8% for
luminal A, 1.5% for luminal B, 8.4% for HER2 and
7.1% for triple-negative cancers. Kyndi et al [30] also
found a significantly improved OS rate after post-
mastectomy RT (PMRT) only among patients charac-
terised by good prognostic markers (ER/PR positivity
and HER2 negativity), whereas no significant OS im-
provements after PMRT were found among ER/PR-
negative and HER2-positive patients. Furthermore, a
significantly improved survival rate was reported for
patients with hormone-receptor-positive and HER2-
negative tumours (resembling tumours of the luminal
A subtype), who received PMRT when compared with
those who received no RT [30]. This suggests that RT
is particularly effective for breast cancers of the lu-
minal phenotype, especially that of luminal A. This
was confirmed by Wang et al [27] who found that, for
breast tumours of the luminal A subtype, adjuvant
RT reduces the risk of relapse (p=0.005). It has been
proposed that these tumours may be particularly sensitive
to RT as a result of their dependence on oestrogen [30].

Oestrogen acts to accelerate G1 to S phase transition of
the cell cycle which, hypothetically, could leave tumour
cells with less time to repair DNA damage caused by RT,
thereby inducing apoptosis [30].

HER2 SUBTYPE

The association between HER2 receptor status and
patient response to RT remains unclear. Several groups
have reported an increased risk of LR for breast tu-
mours overexpressing HER2 following RT [29, 31]. In
contrast, HER2 status alone failed to predict any sig-
nificant survival benefits after PMRT in a cohort of
1000 breast cancer patients randomly assigned to re-
ceive this treatment [30]. However, when HER2 posi-
tivity was combined with ER/PR negativity, there was
an increased probability of LR (p=0.01) and distant
metastasis (p=0.02) after PMRT, indicating possible
radioresistance associated with the HER2 positive sub-
type [30]. A functional role for HER2 in mediating
response to RT has been shown in several in vitro
studies. In 1993, Pirollo et al [32] transfected NIH 3T3
cells with genomic HER2 DNA isolated from an oeso-
phageal cancer, which were insensitive to RT. Trans-
fected NIH 3T3 cells exhibited a marked increase
in their level of radioresistance, demonstrating that
HER?2 expression can influence response to RT. Likewise,
a recombinant humanised monoclonal antibody raised
against HER2 (4D5) was found to reverse the
radioresistant phenotypes of HER2 overexpressing breast
cancer cell lines by modulating the repair of radiation-
induced DNA damage [33].

In vivo studies using HER2 overexpressing human
breast cancer xenografts also demonstrated marked en-
hancement of radiation efficacy when given with this
anti-HER?2 receptor antibody. Mice treated with radia-
tion or the anti-HER2 antibody alone showed no re-
duction in tumour size or remission. However, when
combining radiation and anti-HER2 antibody thera-
pies, there were marked reductions in tumour growth,
and all animals receiving both treatments showed com-
plete tumour remission [33]. Use of adjuvant trastuzu-
mab for the treatment of HER2+ early breast cancers
has been evaluated in several large multicentre, rando-
mised clinical trials, including the HERceptin Adjuvant
(HERA) study. Data show that adjuvant trastuzumab
significantly extends both OS and DEFS, and these
patients are now routinely treated with adjuvant trastu-
zumab. Many of the published studies related to breast
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cancer subtypes and response to RT did not include
patients who received this treatment. This means that, in
the future, we may see an even smaller number of LRs
and distant disease events in this subtype. Nevertheless,
the data above implicate the activation of this signal
transduction pathway with radioresistance highlighting
additional downstream targets which, when inhibited in
combination with HER2, may further increase the effi-
cacy of RT for this subtype.

The HER?2 receptor is composed of an extracellular li-
gand binding domain, a single transmembrane domain
and an intracellular domain with tyrosine kinase activity.
Trastuzumab selectively binds to the ligand-binding do-
main, thereby suppressing HER2 activity. Inhibition of
the tyrosine kinase domain represents another thera-
peutic strategy for suppression of HER2 activity, and
several orally bio-available, low-molecular weight ty-
rosine kinase inhibitors (TKIs) are now also in clinical
use. Examples include gefitinib, erlotinib and lapatinib.
These TKIs show potent radiosensitising activity and are
currently being studied in Phase I/II clinical trials in
various primary solid tumours [34-36]. TKIs have also
been shown to act synergistically with trastuzumab, en-
hancing cell death in response to treatment [37]. Thus,
combining these agents may further increase the effi-
cacy of RT for breast cancers of the HER2 subtype.
Targeting additional downstream players within this
signalling pathway may also act to increase RT efficacy
for these breast cancers. Examples include the in-
hibition of Ras, Raf and/or MEK, and several molecules
are currently in clinical trials as potential radiosensitisers
[38-40].

The enzyme farnesyltransferase is involved in the ini-
tial post-translational modification of Ras that allows
it to become associated with the plasma membrane
and become active in signal transduction. Farnesyl-
transferase inhibition represents a promising strategy
for radiosensitisation and was effective in Phase I
studies in non-small cell lung cancer and cancers of
the head and neck [38]. These agents may serve to fur-
ther increase the efficacy of RT when used in combi-
nation with trastuzumab for the treatment of HER2
overexpressing breast cancers.

TRIPLE-NEGATIVE BREAST CANCER
A triple-negative phenotype is significantly associated
with an increased risk of LR, distant metastasis and

increased overall mortality in patients treated with RT
[29, 30]. This is quite surprising given that this is the
type of breast cancer that BRCA-1 and -2 mutation
carriers generally develop [26, 41]. Approximately 19.5%
of triple-negative patients carry BRCA mutations [42].
BRCA mutation carriers are defective in DNA repair;
therefore, it would be expected that these tumours
might exhibit extreme sensitivity rather than insen-
sitivity to RT. One possible explanation for this un-
expected response to RT is that these tumours might
possess compensatory DNA repair mechanisms that are
more effective at dealing with radiation-induced DNA
damage.

Triple-negative breast cancers represent the most prob-
lematic subtype with regard to effective management
as, unlike luminal and HER2 positive breast cancers,
there are no effective treatment targets. Since the ma-
jority of triple-negative cancers comprise basal-like
breast cancers, then the identification of a basal-like
specific marker would be invaluable both in terms of
classification and identifying potential radiosensitising
agents. Analyses performed by Nielsen et al [43] on
tumours previously used in gene expression profiling
studies [22] revealed that basal-like breast cancers ex-
press high levels of cytokeratin 5/6, epidermal growth
factor receptor (EGFR) and c-kit. These results were
found to correlate well with immunohistochemical
patterns. It was therefore suggested that basal-like
breast cancers might be better identified within the
clinic by selecting cases that are ER negative, HER2
negative/low and cytokeratin 5/6 positive and/or EGFR
positive [43].

The positive expression of these additional markers
within this subtype also highlights potential therapeutic
targets for the radiosensitisation of these breast cancers.
In particular, EGFR is a member of the HER family of
receptors, along with HER2. In combination with RT,
basal-like breast cancers may therefore benefit from the
concurrent administration of TKIs and/or the signal
transduction inhibitors described previously. Further-
more, EGFR can also be selectively inhibited using
monoclonal antibody therapy. Cetuximab is a monoclonal
antibody that binds to the EGFR with high specificity and
with a higher affinity than epidermal growth factors,
thus blocking ligand-induced phosphorylation and
activation of EGFR [44]. The radiosensitising prop-
erties of cetuximab have been well demonstrated in
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solid tumours, and it appears to sensitise tumour cells
to ionising radiation, either through increasing the
proportion of cells in the radiosensitive G1 phase of
the cell cycle while decreasing the proportion in the
radioresistant S phase [45] or through restoration of
apoptosis [46] or even anti-angiogenic mechanisms
[47]. Bonner et al [48] found that the median duration
of OS was 49.0 months among patients with
locoregionally advanced head and neck cancers treated
with RT plus cetuximab and 29.3 months among those
treated with RT alone (hazard ratio 0.73, 95% CI
0.56-0.95; p=0.018). The 5-year OS rate was 45.6% in
the combined treatment group and 36.4% in the RT
alone group. This agent has therefore recently been ap-
proved for use in combination with RT for the treat-
ment of locally advanced squamous cell carcinoma of
the head and neck. Although cetuximab is not rou-
tinely considered for the treatment of breast cancer
patients, it may well prove effective in the management
of basal-like breast tumours.

The inhibition of poly[adenosine diphosphate (ADP)-
polymerase (PARP) is a further
radiosensitising strategy, which may increase the effi-
cacy of RT in patients with triple-negative breast can-
cers. As previously mentioned, these cancers are more
commonly found in individuals who have deleterious
mutations in the BRCA gene [25, 41]. BRCA mutation
carriers who lose the remaining wild-type allele exhibit

ribose] novel

inefficient homologous recombination DNA repair
causing an accumulation of genetic aberrations, which
drive carcinogenesis. The PARP enzymes play a key
role in the repair of DNA single-strand breaks (SSBs)
through the repair of base excisions, which are normally
repaired by error-free homologous recombination [49].
In cells deficient in this repair mechanism, inhibition
of PARP enzymes results in the generation of irrepa-
rable DNA SSBs that cause the accumulation of DNA
double-strand breaks (DSBs), which trigger apoptosis
[50]. There are at least five PARP inhibitors that are in
clinical trials, and two of these agents, BSI-201 (BiPar
Pharmaceuticals) and olaparib (Astra Zeneca), have
been evaluated in Phase II trials in women with
BRCAI mutations who have metastatic breast cancer
[51]. Furthermore, niraparib (MK-4827; Merck) has
been shown to radiosensitise a variety of human tumour
xenografts with differing p53 status, including the triple-
negative MDA-MB-231 human breast carcinoma [52].
Thus, combining these agents with RT appears

promising, but clinical trials to test the efficacy and
toxicity of this combination are warranted.

POTENTIAL CAVEATS FOR CONSIDERATION
Studies aimed at determining patient response to RT
and identifying factors influencing response suffer from
the complexity of establishing the appropriate cohorts
of breast tumours for analysis. This is owing to the
heterogeneous nature of the disease and the many dif-
ferent treatment modalities available for its effective
management. Single modality adjuvant RT in the ab-
sence of systemic therapy for the treatment of breast
cancer is uncommon and is only administered to low-
risk patients where the risk of LR is low. Large patient
numbers are therefore needed in prospective clinical
trials. This becomes even more of an issue when
separating these patients further into individual sub-
types. As such, many of the published studies include
those patients receiving additional treatments along-
side RT. For example, in the study conducted by
Nguyen et al [29], 90% of the patient cohort also re-
ceived adjuvant systemic therapy as well as RT. Under
these circumstances, it becomes difficult to dissect
whether LRs are the direct result of radioresistance or
resistance to the other treatment modalities given.
Furthermore, LR after BCS and RT is low in all sub-
types and was found to be <10% in the study con-
ducted by Nguyen et al [29], again highlighting the
need for large patient numbers for accurate data
interpretation.

The question also remains as to whether certain sub-
types are just more biologically “aggressive”. HER2 and
triple-negative phenotypes are not only associated with
a higher risk of LR following RT but are also associated
with higher grade, larger size, nodal positivity, younger
age at presentation and a higher rate of distant metas-
tases—all of which influence prognosis. Likewise, it
remains unknown whether LRs are simply the result of
a lack of alternative therapies available for some sub-
types, e.g. triple-negative breast cancers. It is also possible
that ER/PR negativity defines radioresistance rather
than any intrinsic characteristics associated with the
HER2 and triple-negative breast cancers. If this is true,
the discovery of new radiosensitising strategies will
be problematic, as it is more difficult to target a lack
of expression than it is to target specific biomarkers
known to influence response. For these reasons, there
will continue to be limited treatment options for the
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ER/PR-negative breast cancer patients for the foreseeable
future.

Specific subtypes are also subject to more difficult
classification based on the expression of only ER, PR
and HER2. As described previously, the triple-negative
phenotype is often used as a proxy for the basal-like
breast cancers owing to the absence of a basal-like
specific biomarker. Although the triple negative phe-
notype greatly enriches for basal-like breast cancers,
a recent study has shown that, using this proxy, some
basal-like breast tumours are missed and some non-
basal-like cancers are included compared with classi-
fications based on gene expression profiles [53]. Thus,
some patients may not be offered the most optimal
treatments using the triple-negative phenotype to pre-
dict response to a particular agent. At present, it is also
difficult to say that some radiosensitising agents will
only be efficient for the treatment of specific subtypes of
breast cancers. For example, an overexpression of
EGEFR is not only associated with the basal-like phe-
notype but is also inversely related to the expression of
ER [54]. Therefore, some of the EGFR-specific thera-
pies (e.g cetuximab) may also be effective for the
radiosensitisation of those breast cancers lacking ER
expression. This not only includes the basal-like breast
cancers but also those breast cancers of the HER2 sub-
type. Likewise, HER2+ luminal B breast cancers may
also benefit from the radiosensitising effects of tras-
tuzumab and/or EGFR inhibitors. Since breast cancer
is not a single disease, and with the recent discovery of
further subtypes [55], treating tumours individually
may ultimately prove more beneficial, owing to their
unique genotypes, but is not yet feasible and presents
profound biostatistical challenges.

Furthermore, classification based on receptor expres-
sion can only approximate the underlying genotype.
This may have profound ramifications when using these

classifications to predict whether or not breast tumours
may benefit from certain radiosensitising agents. Agents
targeting HER2 and/or EGFR would not be effective for
the treatment of those breast tumours exhibiting
mutations in key downstream players of these pathways.
For example, mutations in the K-Ras gene have been
implicated with resistance to EGFR-TKIs in non-small
cell lung cancer [56]. Unfortunately, this information
cannot be inferred by the immunohistochemical pat-
tern of these receptors.

CONCLUSION

RT remains an important treatment for the local con-
trol of breast cancers, yet there are currently no valid
predictive factors that reliably identify patients who
would derive greater than average benefit from this
treatment and treatment decisions are still made on
the basis of stage and standard histopathological crite-
ria. We have entered into an era in which molecular
markers, gene expression profiling and other molecular
prognostic indicators are being investigated as a means
of individualising adjuvant systemic therapies, and this
same approach should be applied to RT. The challenge
now will be to apply identified biomarkers to the dif-
ferent breast cancer subtypes to predict RT outcome
using techniques already utilised within the clinic. In-
deed, the evidence suggests that subtypes do exhibit
differential responses to RT, with HER2 and triple-
negative breast cancers responding less well compared
with luminal cancers. There may also be certain char-
acteristics associated with specific subgroups that may
be targeted by radiosensitising agents to increase the
efficacy of RT, which can only benefit patients in the
future.
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