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High-throughput technologies such as DNA-microarrays, RT-PCR and proteomics can
improve the prognostic and predictive information acquired from classical parameters.
Unlike information gathered by classical methods, high-throughput technologies can accu-
rately inform clinicians on patient response to adjuvant therapy or those who will resist the
effect of that therapy. Studies performed in breast cancer with high-throughput techniques
have focused on tumour biology, prognosis, prediction of response to a few agents and,
more recently, early diagnosis. However, further refinement is needed before these tech-
niques become part of clinical routine. In the meantime, they will be used in clinical inves-
tigation, particularly in the areas of hormonal therapy and adjuvant chemotherapy, where

PCR modest improvements in the capacity of prediction can benefit many women. Close coop-
Treatment outcome eration among clinicians, pathologists and basic investigators is essential to take high-
Prognosis throughput techniques to daily practice. New diagnostic tools will be complex but they will
Proteomics provide valuable patient information.

Review © 2005 Elsevier Ltd. All rights reserved.
1. Introduction techniques and what they should offer before being incorpo-

rated to daily clinical practice. Our objective is to offer a global

The outcome of patients with breast cancer has improved in
the last 20 years due to early diagnosis and the widespread
use of adjuvant therapies. This outcome can be predicted
with the help of clinical and pathological parameters, the
so-called prognostic factors. However, currently available
prognostic factors are far from accurate and they must be im-
proved. New high-throughput technologies are now being
used in an attempt to enhance our prognostic and predictive
capacities, which could help in determining the best adjuvant
treatment for every patient.

In this review, we shall deal with the limitations of classi-
cal prognostic factors, the main features of high-throughput
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perspective that is useful for the physician and basic
investigator.

2. Prognostic factors and adjuvant treatment
of breast cancer

2.1.  Early-stage disease

Women with localized tumours usually undergo a conserva-
tive surgical procedure, followed by radiotherapy and
adjuvant systemic treatment. The latter consists of chemo-
therapy, hormonal therapy or both, and is given with the
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aim of decreasing the chance of relapse and death. The like-
lihood that a patient will benefit from adjuvant therapy de-
pends on several classical prognostic factors: number of
affected lymph nodes, size of the tumour, grade of differenti-
ation and expression of hormonal receptors and ERBB2.'®
Table 1 shows disease-free survival values according to the

Table 1 - Disease-free survival for breast cancer

depending on the size of the tumour and the lymph-node
status™

Size (cm) Disease-free survival (%)

Negative lymph nodes

lymph node status and the size of the tumour, the two main Up to 2 80-90
prognostic factors. 2-5 70
Nowadays, most patients receive some kind of adjuvant Over 5 60
chemotherapy. Although chemotherapy improves the long- Positive lymph nodes
term outcome of women with breast cancer, it induces alope- Up to 2 63-50
cia, nausea, vomiting and fatigue, among other side-effects. 2 50-35
Over 5 35-21

On the other hand, patients whose tumours express hor-
monal receptors are treated with hormones for at least five

No. of positive lymph nodes
years. Hormones may produce hot flushes, loss of libido, vag-

Disease-free survival (%)

inal discharge, muscular or joint pain and accelerated loss of 1-3 55
bone density. Noteworthy, toxicity derived from chemother- 49 3
10 and over 15

apy or hormonal therapy appears in all women, not only in
those obtaining a benefit.

The main limitation of both chemotherapy and hormonal
therapy is that the absolute gain in survival is small in many
instances, even with very active schemes’ (Fig. 1). This means
that most patients receiving systemic therapy will not benefit

For any given size of the primary tumour, the presence of axillary
lymph nodes decreases the likelihood of disease-free survival.
Lymph node status is the most powerful clinical prognostic factor.
Regardless of the size of the tumour, the number of affected lymph
nodes is directly related to the outcome. Patients with four or more
lymph nodes are considered to have locally-advanced disease.

Shared Decision Making

Name: (Breast Cancer)

Age: 55

General Health: Excellent

Estrogen Receptor Status: Positive  Histologic Grade: 2
Tumor Size: 1.1-2.0cm  Nodes Involved: 0

Chemotherapy Regimen: Anthra, >4 cycles, >2 agents

Decision: No Additional Therapy

I 72 out of 100 women are alive and without cancer in 10 years.
Hl 25 out of 100 women relapse.
[ 3 out of 100 women die of other causes.

Decision: Hormonal Therapy

—_

12 out of 100 women are alive and without cancer because of therapy.

Decision: Chemotherapy

[ 7 out of 100 women are alive and without cancer because of therapy.

Decision: Combined Therapy

[
A

16 out of 100 women are alive and without cancer because of therapy.

Shared Decision Making

Name:
Age: 40 General Health: Excellent

(Breast Cancer)

Estrogen Receptor Status: Positive ~ Histologic Grade: 3
Tumor Size: 2.1 -3.0cm  Nodes Involved: 1 -3
Chemotherapy Regimen: CA *4 + T * 4

Decision: No Additional Therapy

I 31 out of 100 women are alive and without cancer in 10 years.
Hl 68 out of 100 women relapse.
=

1 out of 100 women die of other causes.

Decision: Hormonal Therapy

[J 28 out of 100 women are alive and without cancer because of therapy.

Decision: Chemotherapy

1 22 out of 100 women are alive and without cancer because of therapy.

Decision: Combined Therapy

1 44 out of 100 women are alive and without cancer because of therapy.

Fig. 1 - Estimation of disease-free survival and gain with adjuvant therapy in two patients by using Adjuvant™ Software’
(with permission). (A) A 55-year-old patient with a good prognosis. Adjuvant therapy consists of fluorouracil-doxorubicin-
cyclophosphamide followed by anastrozole. Anastrozole alone provides a 12% reduction in the rate of relapse, whereas
chemotherapy alone contributes with 7%. If both therapies are combined, the relapse rate decreases by 16%: this is less than
the sum of those separately (the effect is not additive), indicating that, if the patient is going to receive hormones - benefit
12% -, chemotherapy will add only an absolute benefit of 4%. (B) A 40-year-old woman with a poor prognosis tumour.
Adjuvant therapy consists of doxorubicin—cyclophosphamide + paclitaxel followed by anastrozole. The absolute gain (white
area) is greater for the second patient whatever the combination of adjuvant therapy, but even so only one out of six patients
will benefit from chemotherapy if they are also treated with hormones. The first situation is far more common than the
second, so the absolute gain with adjuvant therapy is moderate for the average patient.
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from it, either because they will be cured just with local treat-
ments or because they will relapse anyway. Currently avail-
able prognostic factors are not good enough to predict
outcome accurately, hence the difficulty in selecting patients
who will benefit most from adjuvant systemic therapy.

2.2. Locally-advanced disease

Women with tumours greater than 5 cm or with >4 or palpa-
ble axillary lymph nodes have locally-advanced disease. They
may undergo either a mastectomy or preoperative chemo-
therapy followed, if the response is good, by conservative
surgery and radiotherapy. Preoperative (neoadjuvant) chemo-
therapy has two main objectives: to allow a conservative
surgical procedure and to improve survival. Of note, survival
improvement is greater in patients achieving a pathological
complete response, approximately 10-20% of those with
locally-advanced disease.2°

Obviously, tumours with primary resistance to chemother-
apy will not shrink with neoadjuvant therapy. Drug resistance
may depend on many factors, but we have limited information
in this regard.’ So far, there is no way to identify who will
have a complete response, nor is it possible to predict lack of
response to chemotherapy, a situation where delaying surgical
therapy might be deleterious. It follows that, in locally-
advanced disease, prognostic factors, i.e., those related to sur-
vival, are less important than predictive factors, i.e., those
indicating the likelihood to respond to a given therapy.

2.3. Disseminated disease

Metastatic breast cancer is an incurable disease. Although few
women survive for five years or longer, most of them have a
life expectancy of two to three years from the diagnosis of
the metastasis.’®'® Many patients experience some kind of
benefit from first or second line therapies (either hormones
or chemotherapy), but the chances of responding decrease
thereafter with every new line of treatment. As in the cases
of early-stage and locally-advanced disease, however, we can-
not identify who will respond to a particular treatment (with
the obvious exception of lack of response to hormones in cases
with negative hormonal receptors). Something similar applies
to trastuzumab, a monoclonal antibody directed against
ERBB2: positive FISH or immunohistochemistry staining is
required to begin therapy with the antibody, but responses
appear only in one third of these selected patients.***

As a summary, clinical and pathological factors do not
accurately indicate which patients will require adjuvant ther-
apy or which tumours will be resistant to anticancer drugs.
New factors are obviously needed to optimize cancer therapy
and high-throughput techniques could be of help in this
regard.

3. A brief explanation of high-throughput
techniques

3.1. Genomics

DNA microarrays and quantitative reverse-transcription
polymerase chain reaction (qRT-PCR) have been used to per-

form gene profiling in breast cancer. Profiles from different
samples can be compared to each other: for instance, nor-
mal versus tumoural tissues; or samples coming from pa-
tients with poor versus good outcome; or those who
responded versus those who did not respond to a given ther-
apy. A microarray is a solid support containing thousands of
different gene fragments called probes. Probes consist of
complementary DNA or oligonucleotides. The device is put
in contact with a mixture of complementary RNA or comple-
mentary DNA derived from the study sample. If the sample
contains a gene that is present in the microarray, hybridiza-
tion will take place. The signal present in each probe is auto-
matically detected, quantified and integrated with
specialized hardware and software, which yields the gene
expression profile for that sample. Data can be used to im-
prove either our understanding of oncogenesis (discovering
key genes or characterization of pathways) or the manage-
ment of patients, as we shall discuss later. Arrays for
gene expression profiling can now accommodate the whole
genome. 58

On the other hand, gRT-PCR capitalizes on the fact that
there is a quantitative relationship between the amount of
starting target sample and the amount of PCR product at
any given PCR cycle number. The concept of ‘real-time’ PCR
consists of the detection of PCR products as they accumu-
late.>?° Current qRT-PCR systems are based on a set of prim-
ers and fluorogenic probes, which accounts for the high
specificity of the technique. The amount of fluorescence pro-
duced from these fluorogenic probes is measured at each
amplification cycle, providing a look at the “real-time”
changes in the amplification product as the PCR process
develops. Identification of the PCR cycle when the exponen-
tial growth phase is first detectable provides extremely accu-
rate quantitation of gene expression in the starting samples.
This cycle number is called the threshold cycle and is inver-
sely proportional to the starting amount of target genetic
material.

From a clinical point of view, qRT-PCR has some advanta-
ges over DNA-microarrays: it requires smaller quantities of
valuable tumour tissue and provides accurate, easily repro-
ducible and quantitative results with less manipulation of
the sample.?>** Unlike microarrays, many pathologists are
familiar with this technique. Moreover, recent reports suggest
the possibility of using paraffin-embedded tumour tissue with
gRT-PCR.*?* Quantitative-PCR devices analyse a limited
number of genes simultaneously, so that they are not ideal
for a first approach, but once screening has been performed
with microarrays, they have the advantage of being easier
to manufacture and standardize. For these reasons, if a profile
containing a limited number of genes would be accepted for
use in the clinic, qRT-PCR or a similar technique would be a
practical choice.??

Other techniques have also been used to study breast
tumours. Comparative genomic hybridization (CGH) is a
method to detect chromosomal copy number by comparing
hybridization intensity of a tumour and a normal control
DNA sample.”® Array-based CGH makes it possible to scan
the whole genome for copy number alterations with high res-
olution by hybridizing genomic representative DNA to arrayed
oligonucleotides, BAC (bacterial artificial chromosome) or
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cDNA clones that correspond to multiple regions of the
genome.?*28

Finally, single nucleotide polymorphism (SNP) arrays have
also been developed.?® SNPs are single-letter variations in
DNA base sequence and represent the most common source
of genetic variation in the human genome (about one in 300
bases). SNP analysis is useful for a variety of applications,
such as copy number® or linkage analysis to identify dis-
ease-related genes. 32

3.2. Proteomics

Protein-microarrays rely on the same principle as their DNA
counterparts, thus allowing the simultaneous assessment of
hundreds to thousands of proteins. The results can offer
information about the functional state of the encoded pro-
teins, as well as information about protein to protein interac-
tions.* For this reason, protein-microarrays are becoming
more relevant in this field. A new type of protein array, re-
verse-phase protein array, has been successfully used with
small amounts of tissues.**

Tissue microarrays are means of combining tens to hun-
dreds of specimens from paraffin-embedded tissue and, less
commonly, from frozen tissue. A tissue microarray slide can
be processed like an ordinary tissue section, and used for his-
tochemical, immunohistochemical staining or in situ hybrid-
ization.®®> Whereas gene arrays can examine thousands of
genes per sample, tissue microarrays generally study only a
single gene product in tens to hundreds of samples. Thus,
the technologies are in some respects opposed, although
highly complementary. The system may allow the fast valida-
tion of multiple biomarkers, a process that would take weeks
if performed by classical immunohistochemistry.®*® A com-
mon criticism is that assessment of an entire tissue section
is more accurate than a small spot of tissue on an array, but
some groups have shown excellent concordance between tis-
sue microarray spots and whole sections in immunohisto-
chemistry.>”-3®

The detection of the whole set of proteins can be accom-
plished with mass spectrometry.*®> A mass spectrometer
separates proteins (and other analytes) according to their
mass-to-charge (m/z) ratio. Mass spectrometers generally cou-
ple three devices: an ionization device, a mass analyzer, and a
detector. The molecule is ionized by one of several techniques,
and the ion is propelled into a mass analyzer by an electric
field that resolves each ion according to its m/z ratio. The
detector passes the information to the computer for analysis.
The most common ionization techniques used in biology are
matrix-assisted laser desorption ionization (MALDI), its deriv-
ative surface enhanced laser desorption/ionization (SELDI)
and electrospray ionization (ESI). Mass spectrometry technol-
ogy is fast and requires small amounts of the protein sample.
Samples can consist of any fresh or frozen tissue samples,
including blood or tumour specimens. Promising evaluations
of diagnostic proteomic profiles have been reported from ser-
um samples in patients with tumours of the ovary and pros-
tate.*>*! SELDI-TOF MS ProteinChip technology has recently
been used for the diagnosis of breast carcinoma.* In spite of
that, experts agree that mass spectrometry needs further val-
idation before it is adopted in clinical practice.>*

3.3. Limitations

The requirement of frozen samples to process the genetic
material with high-throughput techniques limits their wide-
spread use. This outlines the importance of tumour banks,
although some investigators have successfully used paraf-
fin-embedded tumour tissue to circumvent the problem.*?
Another important limitation is the overwhelming volume
of data generated in these studies. Specialized software has
been developed, but there is still much room for improve-
ment and an experienced statistician must analyse the data.
Finally, high-throughput techniques are very expensive com-
pared to those traditionally used for the pathological work-
up. These difficulties explain why new technologies will
not gain access to daily clinical practice until they prove their
superiority with regard to classical factors. This will require
close cooperation among clinicians, basic investigators and
statisticians.

4, Studies in breast cancer

High-throughput techniques have been used in normal breast
tissue and tumours with different clinical or pathological fea-
tures. Studies most interesting for clinicians relate to progno-
sis and response prediction. The main results with clinical
implications can be summarized as follows.

4.1.  Breast cancer biology

1. The expression profiles of distinct pathological stages of
breast cancer, i.e., early versus advanced disease have
remarkable similarities.***® In contrast, benign tissue
shows quite a different expression of genes. This suggests
that the capacity to metastasize appears soon in the natu-
ral history of breast cancer, so that the gene expression
profile of early-stage disease reflects the metastatic poten-
tial of the lesion. The hypothesis has been confirmed in
further studies that demonstrate a correlation between
the profile of the primary tumour and the prognosis.***’
From a clinical point of view, it is well known that even
small primaries may produce metastases.

2. Some sets of genes correlate with the presence of oestro-
gen receptors.*®*° This includes not only genes related to
the hormonal pathway, but also genes encoding proteins
that synergise with oestrogens. It follows that the hor-
monal status does not only define the adjuvant treatment,
but also divides tumours into genetically different catego-
ries. It has long been recognized that tumours with expres-
sion of hormonal receptors produce less relapses and have
a more indolent course.

3. Microarrays can identify at least five types of tumour sub-
classes in ductal carcinomas: normal breast-like, basal-
like, ERBB2 and luminal types A and B.*° The basal-like
and ERBB2 subclasses are associated with shortest survival
times, as opposite to the luminal A type. Tumours in carri-
ers of BRCA-1 mutations usually correspond to the basal-
like subclass.”® This is one of the first proposals for a
genetic classification of breast cancer. Our current classifi-
cation relies on pathological description, where most
tumours are ductal, followed by the lobular type, but this
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division does not provide much information about the
clinical outcome. A genetic taxonomy supports the obser-
vation that the clinical evolution of breast cancer is extre-
mely heterogeneous. So far, clinicians can only speculate
that there are different diseases with a similar pathologi-
cal appearance. A new classification also opens the possi-
bility to explore the pathogenesis of the disease and to
develop targeted therapies in the future. Specific profiling
of BRCA tumours has also been performed,®*>* confirming
that BRCA tumours are genetically different from other
varieties of breast cancer.

4.2.  Prognosis and adjuvant treatment

A 70-gene expression profile predicts outcome in premeno-
pausal women with early-stage breast cancer even better
than the lymph node status.*” We have reproduced these re-
sults with qRT-PCR.>* Besides, a 21-gene profile predicts the
likelihood of distant recurrence in tamoxifen-treated patients
with node-negative breast cancer.?* This profile identifies up
to 50% of patients whose prognosis with hormonal therapy
is so good that chemotherapy could be avoided.>**® Finally,
a 76-gene signature does so in women with node-negative
disease and no adjuvant therapy.>® For the first time, physi-
cians may use genetic factors that rival node status in the
capacity to predict outcome, but unlike the situation of the
lymph nodes, genetic tests may also provide information to
customise adjuvant treatment, as we shall discuss later.

Some protein profiling studies have also been performed
with tissue microarrays. A French group identified a set of
21 proteins which correlated with metastasis-free survival.””
A British group used a large panel of markers to delineate five
groups with distinct patterns of expression.®® In both cases,
correlation was found with the five subclasses previously
determined by DNA-microarray technology.

4.3.  Response prediction and advanced disease

Some studies have found gene expression profiles predicting
response to taxanes®®? or tamoxifen.?*®2%3 A study of cDNA
microarrays in poor-prognosis tumours treated with anthra-
cycline-based adjuvant chemotherapy found a 23-gene set
that was associated with different survival.®* On the other
hand, single-nucleotide polymorphisms can contribute to
individual drug response.®*%® This is an area of paramount
importance. Current therapeutic strategies are planned with
no information about the susceptibility of the tumour to anti-
cancer drugs in a given patient, so that this patient has to face
side-effects with no guarantee of success. Particularly in ad-
vanced disease, time is everything and if one line of treat-
ment fails, the prognosis worsens dramatically. We must
also consider the huge economic cost of ineffective drugs.
Unfortunately, results in this area of investigation are still
far from the clinic and a lot more studies will be required in
the near future.

4.4.  Early diagnosis

Proteomic techniques have been used more recently to focus
on the analysis of blood samples to develop a rapid diagnostic

67,68 69,70
t,

tes early detection of relapse in nipple aspiration,
the characterization of ductal carcinoma in situ’* and the re-
sponse to neoadjuvant chemotherapy.’? Data from these
studies are however, too preliminary.

5. Criteria to be met by molecular profiling
technologies before introduction to the clinic

The aforementioned results could lead the reader to think
that high-throughput techniques can already become part
of routine pathological workup, particularly in early-stage
disease, but some requirements still need to be fulfilled.
Firstly, most centres do not have these techniques available
and their staff lacks appropriate training to use them. Only
when this is accomplished will results become available fast
enough for clinicians and their patients. Most oncologist
agree that effective adjuvant chemotherapy should begin
within one month after surgery, a concept based on some
classical studies.”>’* Also, neoadjuvant chemotherapy is
usually begun a few days after the initial biopsy. Even in
the absence of definitive data about the ideal timing of che-
motherapy, women prefer to know as soon as possible
whether they will need it, as well as what kind of chemo-
therapy. If a high-throughput technique was to be used in
the clinic, gqRT-PCR would have advantages over microarrays
in terms of simplicity and reproducibility, although one can
imagine a future ready-to-use DNA chip that is also simple.
As we said before, procedures should be refined so that par-
affin-embedded or even cytology material could be used in-
stead of frozen samples. The need for reproducible and
easily available methods has been previously emphasized.”®

Secondly, different platforms and profiles have been vali-
dated. To date, we have no data to favour one over the other.
As none of them has 100% accuracy, they will need further
refinement and, after that, universal profiles should be
agreed. Ideally, these new markers should not only inform
about prognosis but also about the probability of response
to different therapies (predictive value). In the same way that
pathologists routinely report on size, lymph nodes, grade of
differentiation, hormonal status and ERBB2 expression, fu-
ture platforms and profiles should provide standard informa-
tion, so that results are comparable among studies and
institutions.

Finally, methodological problems may create pitfalls in the
interpretation of results. Previous studies included limited
numbers of patients, which is not enough to change clinical
standards based on solid trials that have recruited thousands
of patients in the past. A recent analysis demonstrated that
molecular signatures strongly depend on the selection of pa-
tients in the training sets, so that validation studies should be
performed with all candidate profiles.”® Besides cohort selec-
tion and validation of results, other methodological issues
that should be carefully addressed are the statistical analysis
and the reporting of raw data.””

In spite of their associated problems, these new technolo-
gies are here to stay and will certainly be used to improve our
knowledge of prognosis. An open question is what kind of
studies should be performed to reliably validate new molecu-
lar markers that complement classical prognostic and predic-
tive markers.
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6. Design of clinical trials using gene profiles

Molecular markers hold great promise for refining our ability
to establish early diagnosis and prognosis, and to predict re-
sponse to therapy. The fact that techniques and profiles
should be improved does not mean that we cannot begin
using them in clinical trials. High-throughput techniques will
have to undergo a thorough process of validation in the same
way as any other new diagnostic or therapeutic tool. So, what
kind of gene profile trials could have the greatest clinical
impact?

6.1. Early diagnosis and follow-up

Proteomics has shown promising results in the early detec-
tion of disease, but this is the least developed area. Women
at high risk of having breast cancer could be screened by
radiological methods as well as proteomic technologies from
blood samples to assess the predictive power of the new tech-
nique. Patient sample profiling could even help in selecting
patients for chemoprevention trials. In the short or medium
term, similar trials could also be performed in women with
aggressive tumours, to detect early relapses. However, impor-
tant concerns have been raised about the validity of serum
proteomic pattern analysis by mass spectrometry for early
cancer diagnosis.”®

6.2. Trials with hormonal therapy

Approximately 60% of patients with early-stage disease have
tumours with positive hormonal receptors and they all re-
ceive hormones, even when only a fraction will benefit
(Fig. 1). In the case of advanced disease, first-line hormonal
therapy obtains an objective response or stabilization in
approximately 60% of the patients. Although less serious than
those of chemotherapy, these drugs also produce side-effects.
Economical savings could be another reason to encourage
studies in this regard. As a consequence, the identification
of patients who do not benefit from hormones should become
a priority in the next decade.

Recent reports have identified gene profiles that can pre-
dict either response to tamoxifen in metastatic breast cancer®?
or resistance in the adjuvant setting.?* Similar studies should
be performed with aromatase inhibitors. These trials will take
time, particularly in the adjuvant setting, as patients treated
with hormones usually have low-risk disease, which means
low risk of relapse and death.

6.3.  Trials with chemotherapy in node-negative disease

The EORTC (European Organisation for the Research and
Treatment of Cancer) will shortly begin a trial to validate a
70-gene profile in women with node-negative breast cancer.
Patients’ risk will be defined with either the St. Gallen prog-
nostic index (based on classical factors) or the gene profile:
women having a low risk of relapse as defined with either
method will not receive adjuvant chemotherapy, whereas
the remaining patients will receive chemotherapy (thor-
mones). The purpose of the trial is to compare the outcome
of patients in both low-risk groups. Twenty percent of women

with negative nodes have low risk of relapse according to St.
Gallen’s index, as compared to 40% with the gene profile. If
disease-free survival is comparable, 20% of women could be
spared adjuvant chemotherapy in the future by using the
molecular method. A 20% looks modest considering the
sophistication of the information provided by high-through-
put techniques, but it could include thousands of women
across Europe and the United States every year. To demon-
strate the hypothesis, the trial will recruit 5000 patients”®.

On the other hand, in the United States, the Intergroup will
initiate another clinical trial using the 21-gene profile, as part
of the Program for Assessment of Clinical Cancer Tests
(PACCT). Women with intermediate-risk recurrence score will
be randomized to receive adjuvant hormonal therapy with or
without chemotherapy. This study will also include about
5000 patients. It follows that for the moment, trials using
gene profiles will not include fewer patients than similar tri-
als validating classical prognostic factors.

Even if these gene profiles are validated in the aforemen-
tioned trials, further improvements will be needed. In the
EORTC trial for instance, 60% of women with an unfavourable
gene signature would receive adjuvant chemotherapy based
on this profile, whereas the proportion with greatest benefit
is lower in node-negative disease (Fig. 1a). On the other hand,
there are clinical differences in the behaviour of tumours
depending on the hormonal status and histology, but we do
not yet understand the genetic background that explains such
differences. For instance, negative-receptor tumours usually
behave more aggressively than positive tumours, and lobular
carcinomas have a particular pattern of relapse. When new
and supposedly better profiles are discovered in the future,
they should also undergo clinical evaluation under similar
conditions. Data bases and samples from big multi-institu-
tional trials could be used to validate these improved profiles.

6.4.  Trials with chemotherapy in high-risk disease

The next question could be if we can spare useless chemo-
therapy in patients defined as having high risk of relapse
according to classical prognostic factors. This is more diffi-
cult. Fig. 1 shows that the risk of relapse and the benefit ob-
tained with adjuvant chemotherapy grow in parallel, so a
trial with the EORTC design for low-risk women would be
unacceptable in the high-risk situation. For high-risk patients,
checking chemo-resistance would be of more interest. Wo-
men with tumours that are very unlikely to respond to stan-
dard chemotherapy could be offered entering clinical trials
with new agents or even no chemotherapy at all. However,
this kind of trial is now difficult to implement for two main
reasons: first, we have few data regarding gene profiles that
predict resistance to chemotherapy; and second, trials of
adjuvant therapy require many patients and take a long time
(it is not possible to get conclusions until a significant propor-
tion of the patients have relapsed).

For this purpose, the neoadjuvant setting, therapy before
surgery, offers the possibility to assess the clinical response
in a more simple way. Biopsies can be obtained at diagnosis
for the molecular study, whereas the final response to chemo-
therapy is known after surgery. For example, the SPORE trial
will try to identify genes that exhibit differences between
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responding and non-responding tumours before treatment
with neoadjuvant paclitaxel (www.cancer.gov).

However, target response groups are slightly different in
neoadjuvant and adjuvant settings. In the first case, it is
important to identify patients who will have a pathological re-
sponse, because they experience a survival advantage. In the
second case, identifying chemo-resistance would be more
appropriate, and this could include a different set of genes.
A profile predicting lack of response to neoadjuvant chemo-
therapy should then be checked in the adjuvant setting.
Fig. 2 illustrates this issue.

6.5. Trials in metastatic disease

Many genetic factors are involved in response to anti-tu-
mour drugs.'’ Physicians treating patients with advanced
breast cancer do not know in advance whether a given tu-
mour will respond to chemotherapy or hormones. Unlike
the neoadjuvant and adjuvant settings, single agent therapy
plays an important role in advanced disease, so that trials
could assess resistance to individual drugs rather than to
combination regimens. In first or second lines, knowing
about drug sensitivity would allow to select the most active
options for a particular patient. In third or subsequent lines,
where the chances of response are usually low, this informa-
tion could be used to give advice and share therapeutic deci-
sions with the patient.

6.6. Other issues

New investigations are also considering host factors. The ge-
netic background on which the tumour grows influences its

Stable or
progression

Pathological Partial response

complete resp.

Response to
Neoadjuvant ‘ ‘
chemotherapy

«—>
Most useful for
neoadjuvant
chemotherapy

Chemosensitive

Potentially useful for
adjuvant chemotherapy

Chemoresistant

>
Fig. 2 - Areas of interest for neoadjuvant and adjuvant
chemotherapy. In the case of neoadjuvant chemotherapy,
the ideal gene profile should identify patients who obtain a
pathological complete response (grey area), because these
women achieve longer survival. This profile cannot be used
in the adjuvant setting, as it would exclude too many
people: a useful adjuvant profile should identify only
patients with resistant disease (black area) i.e., women who
are very unlikely to benefit from adjuvant chemotherapy.
The difference in concept must be considered when
designing clinical trials.

ability to metastasize. For instance, differences of the target
stroma to support angiogenic conversion in response to tu-
mour-secreted growth factors may influence in this regard.
Whenever laser microdissection is not used, samples contain
cells from both the normal stroma and the tumour, so that
high-throughput techniques are evaluating also host factors.
In the same way, subtle variations in the ability to mount
an immune response could partially explain the patient’s
outcome.®

Drug metabolism, hence drug activity or toxicity, depends
on drug-metabolizing enzymes, which could be assessed
either by RT-PCR or microarrays.®? The activity of some of
these enzymes is modulated by polymorphisms present in
some individuals,®®®? so that routine detection of some
polymorphisms can be of interest.

Finally, epigenetic changes affecting gene expression can
be related to prognosis, as demonstrated by recent investiga-
tions.#*#* This issue could also be considered in the future to
assess prognosis.

7. Future directions

High-throughput techniques are not likely to replace current
pathological workup, but will rather be complementary.
These new techniques should be used by pathologists, so they
will have to incorporate them into their training and practice.
But the most successful and efficient research about clinically
useful molecular markers will require effective interdisciplin-
ary communication and collaboration integrating the knowl-
edge of clinicians, biochemists, and statisticians.

Consensus on platforms and profiles will be certainly
needed in the future, so that we can use this information in
the same way we work with standard pathological reports.
As this technology is evolving very fast at the moment, it will
take time to reach such a consensus. In every profile de-
scribed so far, a lot of genes being apparently independent
might be in an overlapping network. Before an ideal profile
is accepted, functional pathways must be fully characterized.
Making raw data available on the internet may help other sci-
entists in validating profiles, so that profile accuracy is im-
proved as data on more and more patients are incorporated.
Obviously, only profiles supported by good clinical trials will
have a chance of being widely accepted. Fig. 3 shows a repre-
sentation of what could be an “ideal” profile for the future.
Such a profile could be tailored according to the centre proto-
cols or the clinical setting (neoadjuvant, adjuvant, advanced
disease).

Gene profiling will not only be used to get prognostic and
predictive data, but also to identify potential therapeutic tar-
gets. This step is required to synthesize new drugs that broad-
en our armamentarium against breast cancer and other
tumours. It follows that a number of different profiles will
be used in the future depending on the objectives pursued,
either clinical or investigational, and obtained with DNA-
microarrays, RT-PCR or tissue-microarrays.

Gene expression and genotyping do not provide all the
information about tumoural biology: protein detection could
also play a role. Standard operating procedures must be
established for sample handling and processing before pro-
teomics is broadly adopted. At this moment, it is not possible
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WHOLE GENOME

General prognosis

Brain met
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to drug 1
Bone met
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to drug 3 to drug 2

Fig. 3 - Representation of an “ideal” gene-profile providing both prognostic and predictive information. Clinical data from
new trials can be incorporated into a computer-based model to improve its accuracy, adding or deleting genes from the
original profile. The clinician could ask the model for specific information. The profile could be tailored to provide specific
predictive information for the therapeutic protocols in a given centre.

to know whether this technique will substitute for gene pro-
filing or if they will be complementary.

With all this in mind, we can predict that genetic tools in
the future will include a mixture of tumour and host features.
Considering the heterogeneity of breast cancer and the num-
ber of factors to be included, general prognosis, resistance to
different drugs, these tools will certainly be complex, but they
will provide valuable information to improve the outcome of
our patients.
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