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Discussion on the use of taxanes for treatment of breast cancers 
in BRCA1 mutations carriers

PPaavveell  EEllssaakkoovv

VViillnniiuuss  UUnniivveerrssiittyy,,  IInnssttiittuuttee  ooff  OOnnccoollooggyy,,  LLiitthhuuaanniiaa

BRCA1-associated cancers differ from non-here-
ditary cancers for many factors, including somatic
mutation. It can be a subject of discussion that 
the natural history and response to treatment also
may differ between the hereditary and sporadic
subgroups. Three frequent BRCA1 mutations
(5382insC, 4153delA, C61G) in the Baltic countries
(Lithuania, Latvia, Byelorussia and Poland) open 
a way for the chip test to select a subgroup from
women with breast cancer. These women with BRCA1
breast cancer have a chance to get adequate
treatment, including neo-adjuvant chemotherapy. So
far many retrospective studies of survival, that used
the same gold standard treatment for women with
BRCA1 breast cancer and for women without 
a mutation, have not found a difference between
these groups. Some studies show a worse survival
result in women with a BRCA1 mutation than women
without the mutation.

Byrski et al. in the article Response to neo-
adjuvant chemotherapy in women with BRCA1
positive breast cancer confirm that use of taxane in
neo-adjuvant chemotherapy is not effective for
treatment in women with positive BRCA1 breast
cancer.

Independently, on a small number of studied
patients, the results and conclusions of the study
make it possible to form the opinion that it is really
necessary to change the view on combination of
chemotherapy (including neo-adjuvant) with other
treatment methods of women with BRCA1 positive
breast cancer. Another conclusion: there is no
difference in response between negative oestrogen
receptor (ER) and positive ER to taxane neo-adjuvant
chemotherapy. So we need to develop a strategy of
hereditary cancer identification by BRCA1 mutation
testing only after that to consider using taxane in
neo-adjuvant chemotherapy.

LLeennkkaa  FFoorreettoovvaa

DDeeppaarrttmmeenntt  ooff  CCaanncceerr  EEppiiddeemmiioollooggyy  aanndd  GGeenneettiiccss,,  MMaassaarryykk
MMeemmoorriiaall  CCaanncceerr  IInnssttiittuuttee,,  BBrrnnoo,,  CCzzeecchh  RReeppuubblliicc

These results are very interesting and important. In
the Czech Republic (CR), we have a large series of
women with breast cancer tested for BRCA1 and
BRCA2 mutations. The situation with genetic testing is
more complicated in the CR since the germline
mutations are scattered through the whole BRCA1 or
BRCA2 gene and complete testing of both genes is
required. We have not done any analysis of
retrospective data on neo-adjuvant chemotherapy in
BRCA1 carriers with breast cancer in our cohort of
tested patients yet, and thus we cannot discuss your
results. But my suggestion is to get together a large
retrospective study of all BRCA1 positive breast cancer
patients within Europe (or elsewhere) and have really
very conclusive results. The data are available in each
centre and a large multinational study should not be
a big problem.

Your suggestion of having all breast cancer
patients tested for BRCA1 mutations before
chemotherapy is unrealistic in the Czech Republic.
The testing requires rather complicated analysis of
the whole gene and the insurance would not pay for
it. So far we have tested women with breast cancer
if they fulfil our testing criteria, sporadic breast cancer
diagnosed below 35, bilateral sporadic breast cancer
diagnosed below 50 and familial forms of
breast/ovarian cancer. The time needed for the
testing is quite long so women do not have the results
before chemotherapy is started.

The most frequently used chemotherapy regimen
for breast cancer in Masaryk Memorial Cancer Institute
in Brno, Czech Republic, is based on anthracyclines.
In some high-risk cases taxanes are used in
combination with anthracyclines. Taxanes are mostly
used for relapses when BRCA1 results are already
available in indicated cases.
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For the differentiation of the chemotherapy
according to the BRCA1 status we suggest replicating
your results in a large multicentre case/control study.
We are ready to join it.

PPeettrr  GGooeettzz

IInnssttiittuuttee  ooff  BBiioollooggyy  aanndd  MMeeddiiccaall  GGeenneettiiccss  ooff  22nndd MMeeddiiccaall  SScchhooooll
aanndd  ooff  UUnniivveerrssiittyy  HHoossppiittaall  MMoottooll,,  CChhaarrlleess  UUnniivveerrssiittyy  PPrraagguuee,,
CCzzeecchh  RReeppuubblliicc,,  ee--mmaaiill::  ppeettrr..ggooeettzz@@llffmmoottooll..ccuunnii..cczz

OOppiinniioonn  ooff  eeddiittoorriiaall  bbooaarrdd  mmeemmbbeerr

The data presented in Bryski et al.’s paper Response
to neo-adjuvant chemotherapy in women with 
BRCA1-positive breast cancer seem to be interesting
and probably promising for effective breast cancer
therapy. The authors concluded that BRCA1 carriers of
three BRCA1 founder mutations in Poland are less
sensitive to docetaxel in neoadjuvant therapy in
comparison with BRCA1 normal controls. Presented
data match previous results on cell lines. A few clinical
studies are not quite unequivocal. In the study tumour
size was determined in all patients, also by
mammography, which is questionable in BRCA1
mutation carriers having in mind the role of BRCA1
protein in repair processes.

The course of various types of breast cancers and
the sensitivity to the different therapeutic procedures
depends on individually heterogeneous number of
expressed genes, which complicates such type of studies.
Anyway, the presented results of the Polish population
should motivate an international multicentric study to get
more reliable, possibly population-dependent results.

Clinical impact and authors’ recommendation of
BRCA1 testing in each woman with a newly diagnosed
breast cancer and modification of neo-adjuvant
chemotherapy associated with that is appropriate for 
a well organized system of breast cancer management
as it is in Poland. It will also represent the continuation of
the study and getting more numerous samples of patients.

JJoohhaannnneess  WW..BB..  ddee  GGrroooott11,,  
WWiinneettttee  TT..AA..  vvaann  ddeerr  GGrraaaaff22

11DDeeppaarrttmmeenntt  ooff  IInntteerrnnaall  MMeeddiicciinnee,,  IIssaallaa  KKlliinniieekkeenn  ZZwwoollllee,,  
tthhee  NNeetthheerrllaannddss,,  ee--mmaaiill::  jj..ww..bb..ddee..ggrroooott@@iissaallaa..nnll

22DDeeppaarrttmmeenntt  ooff  MMeeddiiccaall  OOnnccoollooggyy,,  RRaaddbboouudd  UUnniivveerrssiittyy
NNiijjmmeeggeenn  MMeeddiiccaall  CCeennttrree,,  NNiijjmmeeggeenn,,  tthhee  NNeetthheerrllaannddss

BBRRCCAA11 aanndd  ttrreeaattmmeenntt  ddeecciissiioonnss  iinn  bbrreeaasstt  ccaanncceerr

The focus of attention after surgical resection of
breast cancer is to establish which patients will gain

benefit from adjuvant therapies such as chemotherapy,
hormonal treatment, targeted therapy and radiotherapy.
Presently, treatment decisions are made based on the
age and menopausal status of the patient and
histopathological features of the tumour. Molecular
markers currently used to predict treatment response
include oestrogen receptor (ER)-α, progesterone
receptor (PgR), and the epidermal growth factor
receptor HER2/neu. The current strategy aimed at
improving the outcome of breast cancer patients is
mainly based on the identification of additional
biomarkers that could help in the prediction of response
to specific systemic anti-tumour therapy.

There is no clear agreement on the importance of
individual molecular markers or their clinically relevant
levels. Recent studies demonstrated that the genetic
makeup or gene-expression profile of a tumour is a strong
determinant of its susceptibility to develop distant
metastases [1, 2]. Classification of patients into high-risk
and low-risk subgroups on the basis of a gene-expression
profile may be a useful means of guiding adjuvant
therapy in patients with breast cancer. Several prospective,
randomised studies such as the MINDACT (MMicroarray
IIn NNode negative DDisease may AAvoid CChemoTTherapy)
trial (EORTC Protocol 10041-BIG 3-04) that compare
such gene-expression signatures with a common clinical-
pathological prognostic tool in selecting patients for
adjuvant chemotherapy are underway.

In addition, the tumour suppressor gene BRCA1
might be promising as a predictive biomarker. However,
the question remains whether there are sufficient
compelling data to add routine BRCA1 testing into
clinical practice to tailor current chemotherapy
regimens in such a way that maximum benefit is gained
with minimal exposure to unnecessary drugs.

To answer this question, it is necessary to establish
whether the presence of a germline BRCA1 mutation or
reduced BRCA1 expression levels actually affects the
prognosis of patients with breast cancer. It is estimated
that 5-10% of all breast cancer cases are hereditary,
and BRCA1 and BRCA2 have been identified as being
accountable for 21-40% of these cases [3, 4]. Somatic
BRCA1 mutations are hardly ever observed in sporadic
breast tumours; however, up to 30% of cases have
abridged expression of BRCA1 mRNA and protein due
to epigenetic silencing of the BRCA1 gene [5-7].

Breast cancers in patients with BRCA1 mutations
mostly occur in younger women, and such tumours are
often poorly differentiated, have a basal-like phenotype
characterised by the expression of basal epithelial
markers such as CK5 and CK14, and lack ER, PgR and
HER2/neu receptors. Furthermore, TP53 mutations
occur frequently in BRCA1-mutated tumours [8]. These
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features may suggest that hereditary breast cancer has
an unfavourable outcome. However, a randomised or
prospective study between patients with sporadic breast
cancer and BRCA1 mutation carriers with breast cancer
to investigate the prognostic value of BRCA1 is yet to
be performed. In addition, the studies that have
addressed the prognostic impact of germline BRCA1
mutations [reviewed in reference 9] vary with respect
to different confounding factors such as numbers of
patients, selecting and testing of cases and control
groups, applied therapy, ethnic background or specific
mutations. Consequently, no definitive conclusions can
be drawn about the prognosis of breast cancer patients
with germline BRCA1 mutations in relation to sporadic
breast cancers with or without epigenetic silencing of
BRCA1. Until now, except for increased risk of
contralateral breast cancer, the presence of a BRCA1
mutation does not seem to offer supplementary
prognostic information to ER, PgR, and HER2/neu [9,
10]. Furthermore, it is unclear as to whether sporadic
tumours with reduced expression of BRCA1 behave just
as BRCA1-mutant tumours.

Although the prognostic value of BRCA1 remains
to be determined, BRCA1 status may influence the
response to chemotherapy. It is evident that BRCA1 can
regulate differential sensitivity to diverse classes of
cytostatic agents in vitro. The absence of BRCA1 may
result in increased sensitivity to DNA damage-based
chemotherapy, whereas the presence of BRCA1
endorses an increase in sensitivity to antimicrotubule
agents [11]. Initial indications that BRCA1 may predict
response to chemotherapy were obtained from several
small retrospective studies that evaluated response to
neoadjuvant anthracycline-based regimens. These
studies suggested that BRCA1-mutant tumours were
highly sensitive to anthracycline-based chemotherapy
and that patients with BRCA1-related breast cancer
gained more benefit from chemotherapy than patients
that were non-carriers [12, 13]. However, a recent,
fairly large, Israeli study with comparatively
homogeneous treatment regimens that were chosen
without knowledge of mutational status found that
influence of a BRCA1 mutation on the outcome of DNA
damage-based chemotherapy was not statistically
significant [10]. Therefore, the clinical evidence to date
suggests that the additional benefit from DNA damage-
based chemotherapy for patients with BRCA1 germline
mutations compared to non-carriers is, at best, limited.

In sporadic breast cancer cases, there is conflicting
evidence as to whether tumours with epigenetic
inactivation of BRCA1 will gain benefit to DNA damage-
based chemotherapy. To date, studies examining reduced
BRCA1 mRNA levels in sporadic breast cancer and its

role in chemotherapy response have shown results that
contradict preclinical data [11]. In one specific study,
only 32% of tumours with low BRCA1 mRNA levels were
found to respond to DNA damage-based chemotherapy
compared with a 65% response rate in tumours with high
levels of BRCA1 mRNA [14].

There have been only a small number of studies
examining BRCA1 in response to taxane-based
chemotherapy in breast cancer. A recent multi-centre
study from Poland evaluated response to neo-adjuvant
chemotherapy in 44 women with BRCA1-positive invasive
breast cancer matched to 41 BRCA1-negative controls.
BRCA1 carriers were less likely to respond to neoadjuvant
docetaxel in combination with doxorubicin than 
non-carriers [15]. In contrast, a study in 25 Japanese
women with advanced breast cancer reported that low
levels of BRCA1 tended toward increased sensitivity to
neoadjuvant docetaxel, but this did not reach statistical
significance [16]. However, both studies involved relatively
few patients and neoadjuvant non-standardised treatment
protocols. Furthermore, to predict response to docetaxel,
various other biological parameters related to: 
(1) efflux (p-glycoprotein) and metabolism (CYP3A4); 
(2) beta-tubulin (somatic mutation of beta-tubulin and
changes in levels of beta-tubulin isotypes); (3) cell cycle
(HER2 and Aurora-A); and (4) apoptosis (TP53, BCL2
and thioredoxin) have to be taken into account [17].

It is also important to bear in mind that known
susceptibility genes account for less than 25% of the
familial risk of breast cancer, and the residual genetic
variance is likely to be due to variants conferring more
moderate risks [18]. In all likelihood, BRCA1 is not the
only breast cancer susceptibility gene. Recently five
novel breast cancer susceptibility loci were identified,
and this study demonstrated conclusively that some of
the variation in breast cancer risk is due to common
alleles [19]. Especially due to the infrequent occurrence
of BRCA1 mutations, it would not seem reasonable or
economically feasible to test every woman with breast
cancer for either mutations in BRCA1 or expression of
the protein in the tumour.

In conclusion, there is currently no place for routinely
testing every new breast cancer for germline mutations
in BRCA1 or BRCA1 expression in the tumour.
Furthermore, until results of prospectively executed studies
appear that underscore the importance of BRCA1
status, the present data are insufficient to support 
a BRCA1-based policy when assigning adjuvant treatment.
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GGuullnnuurr  GGuulleerr11,,  KKaayy  HHuueebbnneerr22

11DDeeppaarrttmmeenntt  ooff  PPaatthhoollooggyy,,  HHaacceetttteeppee  UUnniivveerrssiittyy,,  AAnnkkaarraa,,
TTuurrkkeeyy,,  ee--mmaaiill::  gguullnnuurrgguulleerr@@yyaahhoooo..ccoomm

22DDeeppaarrttmmeenntt  ooff  MMoolleeccuullaarr  VViirroollooggyy,,  IImmmmuunnoollooggyy  aanndd  
MMeeddiiccaall  GGeenneettiiccss,,  OOhhiioo  SSttaattee  UUnniivveerrssiittyy,,  CCoolluummbbuuss,,  OOhh,,  UUSSAA  
ee--mmaaiill::  kkaayy..hhuueebbnneerr@@oossuummcc..eedd

This observational study provides important clues
about treatment options of BRCA1 carriers and
sporadic basal-like breast cancers. There is an urgent
need to search for treatment alternatives for patients
who have ’’triple negative’’ breast tumours, as currently
this group of patients is without the advantages of
traditional or recently developed targeted therapies.
The majority of ‘‘triple negative’’ breast tumours are
basal-like cancers that have inactivated BRCA1
function, and chemotherapy is usually the only
treatment option for them. So, it is important and
practical first to test the sensitivity of available agents
while trying to develop new drugs that are especially
effective for basal-like cancers.

As mentioned in the report by Byrski et al. (Br Can
Res Treat 2007), one more problem is whether there are
different subgroups with different treatment responses in
basal-like cancer, such as cases with BRCA1 mutation or
cases with both basaloid and myoepithelial differentiation.
Another problem is to develop testing methods to select
patients who are sensitive to different therapies. The
simplest widely available method is immunohisto-
chemistry. There are some recently published studies
showing that immunohistochemical panels are useful to
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determine basaloid differentiation of breast tumours. It
is also important to find out whether there is a difference
in response to the treatments between patients with
inactivated BRCA1 function without or with BRCA1
mutation. The study of Byrski et al. shows that taxane-
based neoadjuvant treatment is ineffective for BRCA1
carriers. Interestingly, the specific BRCA1 mutation did
not seem to be the determining factor in response to
docetaxel neo-adjuvant therapy, since individual patients
with the same mutation could be responders or 
non-responders. It will be important to extend this study
to a large group of sporadic basaloid breast tumours to
understand whether they also have similar features.

NNeevvaa  EE..  HHaaiitteess

TThhee  UUnniivveerrssiittyy  CCoouurrtt  ooff  tthhee  UUnniivveerrssiittyy  ooff  AAbbeerrddeeeenn,,
DDeeppaarrttmmeenntt  ooff  MMeeddiicciinnee,,  FFoorreesstteerrhhiillll,,  UUnniitteedd  KKiinnggddoomm,,  
ee--mmaaiill::  nn..hhaaiitteess@@aabbddnn..aacc..uukk  

Many thanks for letting me see this paper. It looks
very interesting and potentially important. Perhaps you
now need to have a prospective trial to further clarify
the importance of the differences in outcome.

I think it would also be important to have the opinion
of a Clinical Oncologist in this area.

UUttee  HHaammaannnn

DDeeuuttsscchheess  KKrreebbssffoorrsscchhuunnggsszzeennttrruumm  MMoolleeccuullaarr  GGeenneettiiccss  
ooff  BBrreeaasstt  CCaanncceerr,,  GGeerrmmaannyy,,  ee--mmaaiill::  uu..hhaammaannnn@@ddkkffzz--
hheeiiddeellbbeerrgg..ddee

Neoadjuvant therapy is a valid option both for
advanced breast cancer and operable breast cancer.
In addition, it improves surgical treatment by increasing
the rate of breast conservation surgery, which minimises
psychological distress for patients fearing mastectomy.

In a recent observational trial conducted among
Polish breast cancer patients the response to different
neoadjuvant chemotherapy regimens was evaluated in
BRCA1 mutation carriers and non-carrier controls.
Interestingly, among women treated with doxetaxel in
combination with doxorubicin the number of responders
was lower in those carrying a BRCA1 mutation than in
those without: six of 15 BRCA1 carriers responded to
treatment compared to 12 of 12 non-carriers. No
difference in the proportion of non-responders in carriers
and non-carriers was found among women who only
received DNA-damaging chemotherapies. Thus, these
data suggest that BRCA1 mutation status is helpful in
selecting patients who may benefit from neoadjuvant
doxetacel and doxorubicin chemotherapy.

The results of the present study are promising
because they provide the first evidence that
neoadjuvant treatment with doxetacel in combination
with doxorubicin may not be an efficient treatment for
BRCA1-associated breast cancer, implying that
alternative neoadjuvant treatments should be offered
to these women. They also support the notion that
expression of normal BRCA1 protein appears to be
required for clinical response to the mitotic spindle
poison docetaxel. However, due to the small size of
this study, the results have to be considered as
preliminary. When being confirmed in other larger
studies, BRCA1 mutation status may be useful as 
a predictive marker for chemosensitivity/resistance to
neoadjuvant treatment with doxetacel and doxorubicin.
A better understanding of the pharmacogenetics in
BRCA1 carriers will allow physicians to individualize
neoadjuvant treatment in these women.

JJuuddyy  HHoo

HHeerreeddiittaarryy  GGaassttrrooiinntteessttiinnaall  CCaanncceerr  RReeggiissttrryy,,  HHoonngg  KKoonngg  
aanndd  DDeeppaarrttmmeenntt  ooff  SSuurrggeerryy,,  UUnniivveerrssiittyy  ooff  HHoonngg  KKoonngg  MMeeddiiccaall
CCeennttrree,,  QQuueeeenn  MMaarryy  HHoossppiittaall,,  HHoonngg  KKoonngg

The article by Byrski et al. is a case-control study
(44 cases matched with 41 controls) conducted in 
18 different hospitals throughout Poland during the
study period. Subjects (both cases and controls) were
unselected, early-onset incident breast cancer patients
undergoing neoadjuvant chemotherapy using a wide
range of chemotherapeutic regimes according to
current local practice. These subjects were stratified
according to their BRCA1 mutation status. Mutational
analysis was carried out on three common founder
mutations in the BRCA1 gene in Poland.

The outcome indicator of chemotherapeutic response
used in this study was the difference in tumour size and
lymph node status (pretreatment vs. post-treatment) which
served as a surrogate indicator of survival rates (on the
assumption that rates of complete response correlate well
with survival rates). In this study, the authors found that
BRCA1 mutation carriers had an inferior response to
docetaxel-containing neoadjuvant chemotherapy
compared with non-carriers.

Although the findings of this current study
corroborate previous results on cell lines, the study
methodology (uncontrolled observational study), the
small sample size and the uncontrolled chemo-
therapeutic regimes used limited the power of this
study. Moreover, as quoted by the authors, various
uncontrolled clinical studies (by Chappius et al.,
Delaloge et al. and Rouzier et al.) on similar topics
yielded results contradictory with the current study.
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Therefore, further clinical studies, preferably using
controlled data (for example, patients enrolled in 
a randomized controlled trial of breast cancer
chemotherapy or neoadjuvant chemotherapy), to
compare the response to chemotherapeutic agents as
stratified by BRCA1 mutation status, are required to
validate the findings of this study. Otherwise, it is
premature to make any firm recommendation regarding
the routine use of BRCA1 mutation status as a predictor
of the response to and as a guide to the choice of
chemotherapeutic agents in breast cancer.

EEvvggeennyy  NN..  IImmyyaanniittoovv

NN..NN..  PPeettrroovv  IInnssttiittuuttee  ooff  OOnnccoollooggyy,,  SStt..  PPeetteerrssbbuurrgg,,  RRuussssiiaa,,  
ee--mmaaiill::  eevvggeennyy@@iimmyyaanniittoovv..ssppbb..rruu

CChhooiiccee  ooff  cchheemmootthheerraappyy  ffoorr  bbrreeaasstt  ccaanncceerr
ttrreeaattmmeenntt::  wwiillll  BBRRCCAA  tteessttiinngg  hheellpp??

Breast cancer (BC) remains the only cancer type
for which molecular characterization of the tumour is
an absolute prerequisite for consideration of
therapeutic options. However, the use of appropriate
tests is limited to the planning of targeted therapies,
and includes determination of hormone receptor status
for anti-oestrogenic interventions as well as analysis
of HER2 activation for administration of Herceptin. So
far, there is no approved laboratory procedure helping
to select the best regimen for chemotherapy; therefore
the choice of cytotoxic compounds is based mainly on
statistical probability of tumour response. Several
promising observations have been reported in this field,
for example an apparently reproducible association
between amplification and/or overexpression of the
topoisomerase II-alpha (TOP2A) gene and BC
sensitivity to anthracyclines [1]. Nevertheless, the
progress in identification of molecular predictors of BC
response to cytotoxic drugs is surprisingly slow when
compared to some other tumour types, e.g. colon
cancer. Perhaps relatively high response rates of newly
diagnosed breast cancers to any of the standard
treatment schemes (CMF, AC, FAC, AT, etc.) decrease
the motivation to individualize BC chemotherapy.

Byrski et al. [2] have recently reported fascinating
results on the lack of sensitivity of BRCA1-related breast
carcinomas to the best available cytotoxic combination,
namely AT (anthracyclines/taxanes). In their study as many
as 9 out of 15 BRCA1 mutation carriers failed to respond
to neoadjuvant therapy by docetaxel and doxorubicin,
while all 12 non-carriers demonstrated partial response.
Non-taxane combination therapies led to a 100%
response rate in 29 BRCA1-associated cases, although

treatment of non-carriers was also outstandingly
successful (27 responses in 29 patients, 93%). The results
of this study are in perfect agreement with in vitro data
which show resistance of BRCA1-deficient breast cancer
cell lines to taxanes [3].

While distinct aspects of biology and clinical
behaviour of BRCA1-related tumours are the subject of
intensive research, the report of Byrski et al. [2] is only
the second article devoted to comparative analysis of
responses to chemotherapy in carriers vs. non-carriers.
Previously, Chappuis et al. [4] studied the effect of
anthracycline-based therapy and observed exceptionally
high rates of clinical and pathological complete
responses in patients with either BRCA1 or BRCA2
mutation. In addition, Warner et al. [5] published a case
report on the unusually rapid complete clinical and
pathological response of BRCA1-related BC after only
2 cycles of epirubicin-containing scheme.

If replicated in independent studies, the observation
of Byrski et al. [2] may have broad practical
implications. Possibly, all breast cancer patients for
whom neoadjuvant, adjuvant or first-line taxane-
containing therapy is considered as an option have to
be screened against BRCA1 mutation, and the
mutation carriers should be offered an alternative
cytotoxic scheme. While BC cases from communities
with a strong founder effect (Poland, Russia, Ashkenazi
Jews, etc.) require only a limited number of non-
expensive PCR tests, full sequence analysis of the
BRCA1 gene has to be performed in most of the world
[6]. Although the latter option does not look realistic
at present, it may eventually prove to be cost-efficient
by optimizing the spending of highly expensive taxanes
and improving the overall results of BC treatment.

Of course, caution must be taken when interpreting
the data of Byrski et al. [2]. The main difficulty is related
to the low sample size. It is beyond doubt that
evaluation of the predictive role of BRCA genes
requires multicentre research efforts. Given the
relatively high proportion of BRCA1 carriers among
BC cases, frequent use of both taxane-containing and
non-taxane drug combinations, as well as significant
number of yet chemonaive BC patients starting either
neoadjuvant therapy or first-line therapy against
metastatic disease, an appropriate validation study
may be performed within several months.
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At first we would like to recognize the authors for 
a very interesting and well structured study, which
essentially contributes to attempts of more individualized
and effective breast cancer therapy.

Preparing the opinion, we were able to track the
chemotherapy regimens for 23 of our BRCA1 positive
breast cancer cases from Daugavpils regional oncology
hospital. Only in 3 cases was taxane treatment used, in
all cases in an adjuvant setting, when disease progression
(distant metastasis) was detected. In 2 cases disease
progressed in spite of taxane treatment (death and new
distant metastasis respectively). In the last case taxanes
were followed by anthracycline treatment and remission
of the disease was achieved. However, the effectiveness
of taxanes in this case is difficult to evaluate.

5/19 presently published clinical trails on the role
of adjuvant taxane treatment in breast cancer compare
their effect with anthracyclines [1] and there is no clear
evidence that taxanes are more effective than
anthracycline regimens in adjuvant breast cancer
treatment. Therefore in many centres taxanes are not
used as a 1st line treatment and their role still has to
be defined more accurately.

From 1998 to 2000, 26 breast cancer cases in Latvia
underwent neoadjuvant treatment with AT (taxol instead
of docetaxel) regimen and partial or complete
radiological response was observed in 28%. Pathological
response was detected only in 1 case. BRCA1 was not
tested at that time.

Presently there is no clear evidence for the
superiority of neoadjuvant chemotherapy of any
regimen for survival of breast cancer patients and its
main objective is reduction of tumour size to perform
breast conserving treatment. Thus it is clear that the
finding of the authors potentially could affect much
more women deciding on their adjuvant therapy than
neoadjuvant treatment.

The study of Byrski et al. probably also brings the
message that taxanes should not be used as a 2nd line
adjuvant therapy for BRCA1 positive breast cancers 
(in case of disease progression) if further evidence from
other centres is achieved.

Reviewing available preclinical and clinical data on
docetaxel effectiveness in BRCA1 positive breast cancer
cases, many issues are still uncertain and require further
evaluation.

It would be interesting to compare survival data in
different chemotherapy regimen subgroups, in order to
evaluate the ultimate outcome of therapy. It would also
be interesting to extend the study comparing docetaxel
effect in BRCA1 carriers/noncarriers in an adjuvant setting.

The possibility of a multicentre clinical trial comparing
docetaxel vs. other chemotherapy regimens should be
evaluated in populations where BRCA1 testing is
straightforward and economically effective. As taxane
use in breast cancer is still rather centre dependent, 
in our opinion it would be possible to collect enough
cases in both arms.

Summarizing our opinion, we consider it is time to
offer each woman with newly diagnosed breast cancer
the option of BRCA1 testing before the decision about
multimodal therapy, where it is financially (in
populations with a founder effect like Poland, Norway,
Latvia etc.) or medically (criteria of hereditary breast
cancer) justified. This is further supported by other
features specific to the treatment of BRCA1 positive
breast cancers such as the decision about breast
conservative therapy vs. mastectomy, surgical
(salpingoophorectomy) vs. medical therapy (GnRH) in
receptor positive cases of fertile age, and others. At the
same time there is no level I or A evidence-based
confirmation for such clinical practice and this makes
the introduction of routine BRCA1 testing in national
guidelines still rather problematic. Accordingly,
financing of pre-therapy BRCA1 testing from the state
budget would be difficult to justify.
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We also share the opinion that it is time to differentiate
neoadjuvant as well as adjuvant chemotherapy
depending on the presence or absence of a mutation 
in BRCA1 as there are alternative evidence-based
comparably effective chemotherapy regimens available.
Preferably it should be done under clinical trials (or at
least very careful data recording and analysis) in order
to obtain conclusive evidence on the issue as soon 
as possible.
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The recently published paper by Byrski et al. [1]
addressed a major question regarding the response to
chemotherapy of breast tumours occurring in women
carrying a germline BRCA1 mutation. Forty-four carriers
who received neoadjuvant chemotherapy were selected
through screening for three founding BRCA1 Polish
mutations in a series of 3484 women affected with breast
cancer. Only 41 age and hospital matched controls were
selected among the same set of patients. In this
retrospective study, cases and controls experienced
different protocols of chemotherapy. The authors reported
a worse response rate in BRCA1 carriers as compared
to non-carriers (80 vs. 95%, p=0.05) that they attributed
to a lack of sensitivity to docetaxel in carriers.

These results are surprising because of a couple of
facts published in the literature.

Since the BRCA1 protein is involved in the repair of
DNA damage, including double-strand breaks induced
by radiotherapy and chemotherapy, advanced breast

cancers too large to be treated upfront with breast-
conserving surgery could be more chemo- or
radiosensitive in mutation carriers than in non-carriers
[2]. Higher proliferation in BRCA1 mut+tumours, and
their related patterns such as high grade and lack of
oestrogen receptor expression, represents one mechanism
by which BRCA1 mut+tumours are more sensitive to
treatment. Another mechanism might be related to the
loss of bcl-2 expression in BRCA1 mut+tumours, thus
increasing apoptosis in response to treatment [3]. A gene-
expression profile study suggests that BRCA1
mut+tumours display increased expression of genes
associated with inducing apoptosis, and decreased
expression of genes associated with suppressing apoptosis
[4]. In clinical practice, Delaloge et al. [5] showed in 
a small study very high response rates to anthracycline
and cyclophosphamide chemotherapy in BRCA1 carriers.
Chappuis et al. [6] reported that BRCA1/2 carriers
showed a better clinical response rate to neoadjuvant
chemotherapy than non-carriers. The sensitivity to
chemotherapy was confirmed by others studies [7-9].
Indeed, Robson et al. showed that the adjuvant treatment
could modify the prognosis of these patients [10]. The
authors confirmed with this study that the poor prognosis
of BRCA1 mut+tumours described in numerous series
[11-14] is mitigated by adjuvant chemotherapy [10].

In addition, the impact of adjuvant radiotherapy
was shown in 2 studies; with a median 9 and 10-year
follow-up after breast cancer treatment, the rate of
breast recurrence was not higher in BRCA1 and BRCA2
mutation carriers than in patients without family history,
despite more aggressive tumour features and a higher
risk of contralateral breast cancer [15, 16].

As mentioned by Byrski et al. [1] and other studies,
a good sensitivity to chemotherapy and radiotherapy
was expected in BRCA1 mut+tumours according to
the role of BRCA1 in DNA repair [2]. In addition, good
BRCA1 mut+tumour sensitivity to taxanes, mitotic
spindle poisons, might also be expected since a recent
role of BRCA1 has been reported in mitotic spindle
assembly [17].

The study by Byrski et al. [1] is interesting but its
conclusions must be confirmed by larger retrospective
studies or ideally by large prospective multicentre
studies. Indeed, the question is of major interest due
to its clinical importance: early diagnosis by MRI, 
a multidisciplinary approach, and chemo- and
radiotherapy may remain a strong alternative to the
prophylactic mastectomy option.
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LLiiddiiaa  LLaarriizzzzaa

MMeeddiiccaall  GGeenneettiiccss,,  UUnniivveerrssiittyy  ooff  MMiillaann,,  IIttaallyy

The study by Byrski et al. (Breast Cancer Res Treat
2007 May 10 (Epub)) raises interest for both clinical
oncologists and base science investigators as it provides
novel information on the response to neo-adjuvant
chemotherapy of breast cancer women carrying a BRCA1
germ-line mutation. Several studies have reported on
different regimens of chemotherapy in women with breast
cancer, but the response to therapeutic options has not
yet been compared between the sporadic and the
hereditary subgroups.

The report by the Polish Hereditary Breast Cancer
consortium shows that taxane combined with doxorubicin
determines in BRCA1-positive patients a decreased
response as compared to other DNA-damaging
therapies. An increasing number of investigations [for
review see 1] have looked at the major role of BRCA1 as
a modulator of chemotherapy-induced DNA damage.
In particular preclinical studies have pointed out the
interference of damaged BRCA1 in the response to mitotic
spindle poisons. Within these studies it has emerged that
intact BRCA1 protein is required for induction of apoptosis
[2], while downregulation of BRCA1 renders MCF7 cells
insensitive to paclitaxel through inactivation of the spindle
checkpoint [3]. A variety of experimental models
consolidated this evidence [4, 5] and clinical studies
investigating the role of BRCA1 in the response to
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chemotherapy were recommended. One investigation
showed that loss of BRCA1 expression may predict shorter
time to progression in metastatic breast cancers treated
with taxanes; however, no relationship with the clinical
tumour response was observed and no genotyping of
the BRCA1 status was performed [6].

The study by Byrski et al. definitely transfers into the
clinical set the findings achieved in preclinical systems,
offering a provocative turning point which deserves
further studies. As the authors underline, caution should
be exercised in drawing definite conclusions, which
should await a detailed investigation of larger cohorts
of patients. The study compares two small sample sets:
44 Polish women carrying a BRCA1 founder mutation
versus 41 age-and hospital-matched breast cancer
patients (controls).

However, the two patient panels have been sorted
out stepwise from a larger pool of 4316 incident cases
of invasive breast cancer which were identified from
1997 at 18 different Polish hospitals. First 3479 patients
(80.7%) accepted the invitation to participate in the study,
allowing the locally reviewed medical records to be
forwarded to the same centre and evaluated for a set
of fixed parameters. Pathology reviews and mutation
analysis were conducted independently on 3136 and
3472 patients, respectively, and data were then
matched. Yet, according to the study design, the received
neo-adjuvant chemotherapy was the main factor
determining the reduction in the sample and sorting 
820 women out.

Of the 3472 patients 198 (5.7%) were found to carry
a BRCA1 mutation and 44 (29.8%) were treated with
neo-adjuvant chemotherapy, compared with 23.2% 
of the mutation-negative patients. For each BRCA1-positive
case a matched control was selected among those with
available clinical information [41] and the two subgroups
were compared. The statistical significance of group
differences was assessed using the Fisher exact test.
Overall, 35 of the 44 BRCA1 carriers achieved 
a complete or partial response (80%) compared to 
39 of 41 non-carriers (95%; p=005). Focus on users of
taxane-based regimens showed that six of the 15 BRCA1
carriers who were given docetaxel had a response,
compared to 12 of 12 non-carriers (p=0.001).

The authors conclude that the expression of the
wild-type BRCA1 protein is necessary for cancer cells
to respond to spindle poisons such as docetaxel. Their
result that taxanes may not be useful for the treatment
of breast cancer in a significant fraction of BRCA1
carriers is a suggestion which should be validated by
independent studies and should be reconciled with
studies with different indications. Indeed, contrary to
the results of Byrski et al., a small clinical study reported

on the effectiveness of neo-adjuvant chemotherapy in
BRCA1/2 related breast cancer [7], without however
providing enough details on the study design.

Benefits deriving from this study regard the prediction
of scarce sensitivity to taxane of BRCA1-positive patients
in order to avoid unnecessary treatment. Although
BRCA1 carriers represent a small subset of breast cancer
patients, related family members can easily be identified
and appropriate therapy regimens designed also for
those with tumours other than breast cancer. The
advantages stemming from this study could however be
limited if heterogeneity of response exists within BRCA1
mutation carriers due to polymorphisms in genes
involved in taxane transport, oxidative metabolism and
the drug target. Ideally the predictive power of BRCA1
status should be linked to targeted pharmacogenetic
screening, so as to enable the best-tolerated and most
effective treatment strategies. However, inconsistencies
between a few functional polymorphisms and taxane
clearance, outcome and toxicity [8] make currently
unrealistic pre-treatment genotyping of BRCA1 patients
for such pharmacogenetic markers.

Furthermore, recent data on molecular profiling of
docetaxel cytotoxicity in breast cancer cells showing
differences according to drug concentration [9] may have
clinical implications. These, in turn, would provide 
a rational approach to lower the therapeutic
concentrations of docetaxel-based chemotherapy. Insights
from these studies may contribute to optimizing the design
of future prospective clinical studies on BRCA1 carriers
for the development of tailored therapeutic approaches.
The study by Byrski et al. represents an important
achievement in this direction.
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CCoorrnneelliiss  JJ..MM..  LLiippss

DDeeppaarrttmmeenntt  ooff  EEnnddooccrriinnoollooggyy,,  UUnniivveerrssiittyy  MMeeddiiccaall  CCeenntteerr,,
UUttrreecchhtt,,  tthhee  NNeetthheerrllaannddss

I believe your conclusion of unresponsiveness to
neo-adjuvant therapy in women with BRCA1-positive
breast cancer is most interesting for oncologists and
colleagues attending families with this type of cancer.

In my opinion, it demonstrates that cancer
development and multistep carcinogenesis are dependent
on specific pathways in molecular pathogenesis.

In addition, it is possible that normal BRCA1 is
required for clinical response to mitotic spindle poisons.

Unfortunately, I am an endocrinologist and have
seen many patients with MEN 1, MEN 2, VHL etc., but
not families with familial breast cancer. So my opinion
in this field is limited.

NNiikkllaass  LLoommaann,,  ÅÅkkee  BBoorrgg

DDeeppaarrttmmeenntt  ooff  OOnnccoollooggyy,,  LLuunndd  UUnniivveerrssiittyy,,  SSEE--2222118855  LLuunndd,,
SSwweeddeenn,,  ee--mmaaiill::  nniikkllaass..lloommaann@@mmeedd..lluu..ssee

Genetic counselling and BRCA testing in breast and
breast-ovarian cancer families has become state-of-the
art in clinical medicine in large parts of the world during
the last decade. The purpose is risk assessment and
identification of high-risk individuals in order to decrease
the morbidity and mortality associated with the increased
risk of breast, ovarian and possibly other cancers in
mutation carriers. In the treatment of women with breast
cancer, the individual BRCA status may have implications
for the choice of different surgical options such as
mastectomy instead of breast conserving surgery followed
by postoperative radiotherapy, or in performance of
prophylactic contralateral mastectomy and oopho-
rectomy. Furthermore, emerging data suggest that BRCA
status may also have implications for tumour
development, genomics and biology, factors that should
be considered when selecting the appropriate medical
treatment in cases of breast or ovarian cancer.

While displaying different phenotypes, BRCA1 and
BRCA2-associated cancer seem to develop through
pathways that have important features in common. The
typical BRCA1-associated breast cancer is a hormone
receptor negative, non-HER2-amplified, high-grade
ductal carcinoma [1] with an identifiable gene-expression
profile [2] and a cytokeratin profile indicating an origin
in the basal/myoepithelial layer [3]. The phenotype of
BRCA2-associated breast cancer is probably less specific
[4], but also distinguishable from BRCA1-associated and
sporadic breast cancer based on the gene expression
patterns [2]. In addition, a subgroup of sporadic breast
cancer displays similar features as tumours in BRCA1
mutation carriers [5], indicating that lessons learned from
the treatment of BRCA1-associated breast cancer may
also be appropriate for this group of basal-like breast
cancers. Basal-like breast cancers have been shown to
respond well to neo-adjuvant chemotherapy including
paclitaxel, doxorubicin, 5-FU and cyclophosphamide
[6]. However, few clinical studies have been published
to describe the sensitivity of BRCA1-associated cancers
to specific therapeutic measures and possible differences
to other cancers, but experimental data as well as some
retrospective studies suggest that BRCA1-associated
breast and ovarian cancer may have an increased
sensitivity to DNA-interacting chemotherapy compared
with tumours in non-mutation carriers [7-9].

Recently, further data on sensitivity to taxanes in
BRCA1-associated breast cancer were presented in 
a retrospective survey of breast cancer cases [10]. Byrski
and coworkers studied a set of 44 primary BRCA1-positive
breast cancer cases that had all been subject to 
neo-adjuvant chemotherapy. The 44 cases were
compared with 41 age-matched controls that were
negative for three of the founder mutations that are
prevalent in the Polish population (BRCA1 5382insC,
C61G and 4153delA). No difference in the rate of
pathological complete response (pCR) was observed
between the two groups, but a clinical response was more
frequent in controls than in cases. The inferior response
rate among cases seemed to be restricted to the subgroup
of patients receiving docetaxel.

As pointed out by the authors, the retrospective study
design and small size of the study inevitably lead to
difficulties in the interpretation of the data. Nevertheless,
the findings are interesting and should encourage design
of new studies aiming at exploring this important aspect
of breast cancer treatment. Prospective phase-2 studies
are ongoing, both in BRCA1/BRCA2-associated breast
cancer and in “triple negative” breast cancer (correlating
with the basal-like phenotype), comparing taxane with
carboplatin therapy in the metastatic setting. More clinical
evidence is awaited through gene expression profiling of
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tumours in large prospective adjuvant and neo-adjuvant
phase-3 trials where response has been prospectively
assessed. In addition, retrospective BRCA testing should
be attempted in studies of similar design. The results of
these ethically and practically challenging tasks should
be evaluated before considering applying BRCA status
as a predictive factor in the (neo-) adjuvant treatment of
early breast cancer.
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PPrreeooppeerraattiivvee  BBRRCCAA tteessttiinngg  iinn  bbrreeaasstt  ccaanncceerr

Testing for BRCA mutations is about to become part
of the diagnostic procedures to select treatment for
breast cancer patients.

In a recent report, Byrski et al. [1] concluded that
neo-adjuvant chemotherapy with docetaxel had no
effect in BRCA1 mutation carrying women with breast
cancer. This is important, because the prognosis of
BRCA1 induced breast cancer is poor with today’s
treatment [2], and it is of obvious interest to determine
which treatment regimens work and which do not.
Docetaxel is probably not effective to treat BRCA1
breast cancer. Having that knowledge, patients could
be subjected to other treatment regimens which may
be beneficial, the cost of trying docetaxel could be
avoided, and the patients could be relieved from the
side effects of docetaxel. Instead of doing a neo-
adjuvant trial in each patient, the patients may be
tested for BRCA1 mutations. This is an argument to
include BRCA mutation testing in the pre-treatment
diagnostic procedures to select adjuvant chemotherapy.

An argument for pre-operative BRCA testing of breast
cancer patients is to determine the surgical procedure.
Patients with small tumours are today offered to choose
breast conserving treatment, which includes postoperative
radiation therapy. BRCA mutation carriers have, however,
high risk for a contralateral tumour, and may be
candidates for contralateral prophylactic mastectomy with
reconstruction. If so, radiation treatment of the ipsilateral
side should be avoided – surgical treatment should be
ablatio with the option of bilateral reconstruction. That
is, BRCA testing should be completed before selecting
surgical treatment. Such rapid testing will – for practical
purposes – only be available for locally frequent founder
mutations. It is no coincidence that Byrski et al.’s report
emerges from a population with established rapid tests
for founder mutations. In Norway, all professional
groups treating breast and ovarian cancer have
suggested to the authorities to institute rapid testing for
founder BRCA mutations for all incident breast or
ovarian cancers [3, 4]. In that population, the test panel
will identify about 70% of all mutation carriers. It is
doable to streamline the test procedure to have the test
results within two weeks.

Also, there is an argument to identify BRCA1
mutation carriers among breast cancer patients, so as
to improve the prognosis by oophorectomy [2].
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HHaakkaann  OOllssssoonn

DDeeppaarrttmmeenntt  ooff  OOnnccoollooggyy  LLuunndd  UUnniivveerrssiittyy  HHoossppiittaall,,  
TThhee  JJuubbiilleeuumm  IInnssttiittuuttee,,  LLuunndd,,  SSwweeddeenn

TTaaiilloorriinngg  tthheerraappyy  iinn  bbrreeaasstt  ccaanncceerr  iinn  rreellaattiioonn  
ttoo  aaeettiioollooggiiccaall  ffaaccttoorrss

Evidence is accumulating that the biology of breast
cancer at least partly is related to aetiological factors
and the state/origin of the epithelial cell at time of
initiation. This has been postulated before in relation
to hormonal and genetic risk factors in breast cancer
[1-3] and supported by results from gene expression
analysis [4-7] and breast cancer stem cell research 
[8-10]. The alternative hypothesis would suggest that
cancer development is a random process affecting 
a common breast stem cell and that the biology would
depend on crucial genes mutated in a random fashion.
The age of a tumour would in this setting be more
important as tumour progression would increase by the
inherent genetic instability and make therapy less
successful late in the disease course. The first hypothesis
would make tumours more stable during disease
course (more dependent on the origin of the tumour
cell than the progression) and it would therefore both
in the neoadjuvant and in the advanced stage be
possible to give a tailored treatment affecting crucial
growth factor pathways.

The results by Byrski et al. 2007 [11] looking at
neoadjuvant chemotherapy in BRCA1 carriers in Poland
is still another study suggesting the value of tailored
therapy in hereditary breast cancer and favouring the
first hypothesis, as they found that taxane chemotherapy
was less effective as neoadjuvant therapy than other
therapy combinations.

In patients with BRCA1 and BRCA2 mutations studies
are already underway to assess if tailored therapy in the

form of platinol or mitomycin containing chemotherapy
or use of PARP inhibitors improve metastatic therapy 
[12-14]. Case stories and animal models support this
approach.

Two questions are pertinent in relation to the recent
results: should all breast and ovarian cancer patients
be offered BRCA1/2 testing before therapy is initiated,
and in the clinic, should neoadjuvant therapy already
be differentiated depending on BRCA1 mutations?

Except for some populations having very strong
BRCA1/2 founder mutations, so far data indicate that
most BRCA1/2 carriers with breast cancer are identified
through family history. In unselected breast cancer
populations regardless of age they would account for
not more than 1-2% of cases. For ovarian cancer this
would be higher, 10-15%, but again most of the
patients would be identified through a family history.
Therefore it is questionable to test all patients with
breast cancer except for situations were family histories
would not be present or reliable or if the patient
originates from a geographic/ethnic area with very
strong founder mutations. However, patients with 
a strong family history should be offered testing now
for two reasons: first to assess the risk for the individual
and later the family; secondly a positive mutation test
may indeed affect primary therapy and patient
recruitment into randomised trials.

Is there a case for offering BRCA1 patients in the
clinic differentiated neoadjuvant therapy? So far studies
are retrospective and nonrandomised. The undertaking
of a randomised prospective pan-European or
worldwide study would be optimal to support clinical
care. Unfortunately it might be difficult to achieve
enough power within a reasonable time to answer the
research question. Outside the scope of such a trial,
data indicate for clinicians that regimens containing
platinol and mitomycin should be favoured in therapy
of BRCA1 associated breast and ovarian cancer, while
taxanes are not a first choice.

Is there an even wider scope of this reasoning? How
about tumours similar in phenotype to BRCA1 tumours
(e.g. triple negative breast cancer)? Would these tumours
benefit from the same regimens that turn out to be
effective in BRCA1 [15, 16]? Again there is a need for
randomised studies to assess this. The timeframe for
studying these basal like tumours may be easier as this
would constitute a larger group of breast cancer than
only BRCA1 mutation carriers.

However, recent data suggest that the tumour
phenotype defined by expression analysis does not
consistently predict tumour response in locally advanced
tumours [15], again corroborating the fact that there is
a need to bring tumour biological data together with
aetiological risk factor data such as Byrski et al. has done
to find out if therapy prediction could be improved.
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JJaaee--GGaahhbb  PPaarrkk

DDeeppaarrttmmeenntt  ooff  SSuurrggeerryy,,  SSeeoouull  NNaattiioonnaall  UUnniivveerrssiittyy  HHoossppiittaall,,
SSeeoouull,,  KKoorreeaa

I do agree with Jan and Rodney that because we
have good in vitro and matched observational studies
which suggest inborn resistance to taxane in the
mutational group, I am also with you that we could
suggest the idea that in the mutation carrier group in
breast cancer taxane should be avoided and appropriate
choice of chemotherapy would be very important.

Second, for the screening of BRCA1 in general
patients, it might be considerable, but because the
incidence will be too low and some cost and benefit
issues should be considered as well, my opinion is that
we have to select, for example, in addition to those
familial candidates, younger patients with little response
to taxane, or triple negative cases, etc.

SSiinniissaa  RRaadduulloovviiææ,,  MMiirraa  BBrraannkkoovviiææ--MMaaggiiææ

IInnssttiittuuttee  ffoorr  OOnnccoollooggyy  aanndd  RRaaddiioollooggyy  ooff  SSeerrbbiiaa,,  BBeellggrraaddee,,
SSeerrbbiiaa  aanndd  MMoonntteenneeggrroo

IIss  tthhee  BBRRCCAA11 ggeennee  aa  uusseeffuull  pprreeddiiccttiivvee  mmaarrkkeerr  ffoorr
((nneeoo--aaddjjuuvvaanntt))  cchheemmootthheerraappyy  cchhooiiccee  iinn  bbrreeaasstt
ccaanncceerr??

In the recent issue of Breast Cancer Research and
Treatment Journal members of the Polish Hereditary
Breast Cancer Consortium published an interesting
article concerning the response to neoadjuvant
chemotherapy in BRCA1 germ-line mutation carriers
[1]. They identified 44 Polish women with a BRCA1
mutation who had been treated with neo-adjuvant
chemotherapy. Response rate (by their criteria, i.e.
complete disappearance or any decrease in size of the
tumour) was found to be lower in BRCA1 mutation
carriers (80%) in comparison to the response rate of
matched mutation-negative breast cancer controls
(95%). Interestingly, only 6 out of 15 BRCA1 carriers
obtained responses to a chemotherapy regimen
containing docetaxel compared to a 100% response
rate in 20 BRCA1 carriers receiving chemotherapy
without docetaxel. Nine women with BRCA1 mutations
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did not achieve tumour response to docetaxel-
containing chemotherapy.

The majority of non-carriers responded to neo-
adjuvant chemotherapy, 12 out of 12 to docetaxel-
containing and 27 out of 29 to non-docetaxel
regimens. The authors concluded that BRCA1 mutation
carriers frequently lack sensitivity to docetaxel in the
neo-adjuvant setting and that functional BRCA1 is
required for the tumour shrinkage to spindle poisons.

Neo-adjuvant chemotherapy is increasingly being
used for treatment of early-stage and locally advanced
breast cancer. The theory behind this is to decrease the
size of the tumour, allowing breast conserving surgery,
to look in-vivo at the drug sensitivity, and to use active
systemic treatment of micrometastasis, achieving longer
disease-free and overall survival. Clearly, neo-adjuvant
chemotherapy increases the frequency of breast
conserving surgery but does not prolong overall survival
compared with adjuvant chemotherapy. However,
patients achieving pathologic complete response have
significantly prolonged disease-free and overall survival
after neo-adjuvant chemotherapy [2]. Today, pathologic
complete response is considered to be a surrogate
marker for favourable prognosis of neo-adjuvant
chemotherapy, but it is achieved only in 3-30% of
patients [3]. Pathologic complete response has recently
been defined as no invasive or noninvasive tumours in
the breast and axillary tissue removed at the time of
surgery [4]. In the article by Byrski and colleagues
pathologic complete responses were achieved in 4 of
44 (9.1%) BRCA1 mutation carriers and in 2 of 41
(4.9%) non-carriers. They stated that residual tumours
were not identified in the breast tissue but the status of
the axillary nodes was not mentioned. Interestingly, no
single patient, regardless of BRCA1 mutation status,
achieved (pathologic) complete response to docetaxel
(total number of 27 patients), i.e. all 6 complete
responders received FAC (5 patients) or AC regimen
(1 patient). This is in contrast to NSABP B-27 results,
where pathologic response was 19% in the
combinational chemotherapy plus docetaxel compared
with 9% in the combinational (AC) therapy arm alone
[5]. However, increased pathologic complete response
with more effective drugs, such as docetaxel, has not
led to consistent improvement in survival.

So, what are the factors that might affect sensitivity
to neo-adjuvant chemotherapy? There are some
identified predictive factors associated with pathologic
complete response such as hormone receptor status
(response significantly higher in hormone receptor-
negative tumours), pathologic characteristics (invasive
lobular carcinoma are less likely to achieve response
compared to invasive ductal carcinoma, and poor
differentiation, high nuclear grade and high

proliferation index are predictors for the response to
chemotherapy) and, finally, status (amplification) of
HER2 could predict response to chemotherapy plus
trastuzumab. In the article by Byrski and colleagues,
lobular carcinoma was diagnosed in 2.3% and 14.6%
of patients with and without BRCA1 mutations,
respectively. Oestrogen receptor negativity was twice
as frequent in the BRCA1 carrier group (90.9%)
compared with the non-carrier group (43.9%). The
situation is similar for progesterone receptor negativity.
Higher incidence of HER2 positive tumours in the
control group (26.8%) than in BRCA1 carriers (18.2%)
was observed. All of these parameters should be taken
into consideration when analysing the results of the
Polish Hereditary Breast Cancer Consortium data.

Finally, many studies have been done by using DNA
microarrays and expression of large numbers of genes
in order to find groups of genes that might be
associated with drug sensitivity in neo-adjuvant
chemotherapy. None of them, although most of these
studies are on an insufficient number of patients, was
able to identify any gene(s) as a predictive factor for
drug sensitivity. Is BRCA1 one of them, at least in
relation to docetaxel chemotherapy?

The role of BRCA1 in the cellular response to
chemotherapy has been reviewed [6]. The major role
for BRCA1 is to respond to DNA damage by
participating in cellular pathways for DNA repair, mRNA
transcription, cell cycle regulation, and protein
ubiquitination. Although the BRCA1 gene is a DNA
damage response gene, it also appears to play a role
in the regulation of mitotic process and, in such way,
BRCA1 is involved in the response to docetaxel and
paclitaxel. Binding of BRCA1 to γ-tubulin is involved in
the correct segregation of chromosomes during mitosis
[7]. Mutation of exon 11 of BRCA1 leads to
chromosomal instability, i.e. intact BRCA1 participates
in the defection of abnormal mitosis and in the
induction of apoptosis to prevent the replication of
aneuploid cells [8]. An additional mechanism by which
BRCA1 participates in sensitivity to spindle poisons may
involve the c-jun N-terminal kinase (JNK) pathway,
which is specifically activated after treatment with
paclitaxel. The loss of BRCA1 expression results in
decreased JNK activation after paclitaxel treatment [9].

Preclinical studies indicated that BRCA1 is required
for paclitaxel sensitivity in breast cancer cell lines. Two
groups [10, 11] reported significant increase to spindle
poison (paclitaxel and vinorelbin) when functional
BRCA1 was reconstituted into the HCC1937 cells.
However, decreased paclitaxel sensitivity was reported
when BRCA1 was expressed in the BRCA1-mutant 
SNU-251 human ovarian cell line [12]. Overall, BRCA1
is required for the induction of apoptosis in response to
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spindle poison (just to mention here that paclitaxel and
docetaxel have not exactly the same mechanism of
action), particularly in breast cancer cells.

The role of the BRCA1 gene in response to ssppiinnddllee
poisons in clinical studies has been less characterised.
Some findings are in a disagreement with preclinical
studies. Egawa et al. [13] demonstrated that lower
expression of BRCA1 mRNA is associated with
increased sensitivity to docetaxel. What is clear from
the clinical data, BRCA1 inactivation through mutation
confers sensitivity to DNA-damaging drugs. In the
article by Byrski et al. mutation carriers not responding
to docetaxel also received doxorubicin, which is 
a DNA-damaging agent. Is it possible that docetaxel
“protects” tumour cells from cytotoxic action of
doxorubicin? Obviously, the use of a single agent
would allow much better understanding of BRCA1
mutation and response to a particular drug.

The obtained data indicate that patients who need
neoadjuvant treatment with docetaxel regimens have to
be tested for the presence of BRCA1 mutation. BRCA1
mutation presence is a rare event in sporadic breast
cancer and the “gold standard” for BRCA1 testing still
implies sequencing of the entire coding region of the
gene. It seems that BRCA1 testing for neoadjuvant
chemotherapy may be necessary, but in practice cannot
be performed in all countries, especially in countries
where “founder” mutations have not been detected or
their proportion is small.

As the authors pointed out, their study is observational
and not conclusive, but the work is interesting and
intriguing enough to facilitate further clinical prospective
studies investigating the role of BRCA1 mutations in the
response to chemotherapy.
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TThhaannggaarraajjaann  RRaajjkkuummaarr

DDeeppaarrttmmeenntt  ooff  MMoolleeccuullaarr  OOnnccoollooggyy  CCaanncceerr  IInnssttiittuuttee  ((WWIIAA)),,
AAddyyaarr,,  IInnddiiaa

I have gone through the paper and feel it is valid
to offer BRCA1 testing if the patient is planned for
taxanes. In our own group of patients, which at present
is small, we have not yet had use of taxanes as neo-
adjuvant therapy. In our Institution, we plan for
concurrent chemo and radiotherapy, either with CMF
or FAC, for locally advanced breast cancers.

EEvvaannggeelliiaa  RRaazziiss11,,  DDrraakkoouulliiss  YYaannnnoouukkaakkooss22

11DDiiaaggnnoossttiicc  aanndd  TThheerraappeeuuttiicc  CCeennttrree  ooff  AAtthheennss  HHYYGGEEIIAA,,  AAtthheennss,,
GGrreeeeccee

22MMoolleeccuullaarr  DDiiaaggnnoossttiiccss  LLaabboorraattoorryy,,  IIRRRRPP,,  NNaattiioonnaall  CCeennttrree  
ffoorr  SScciieennttiiffiicc  RReesseeaarrcchh  ““DDeemmookkrriittooss””,,  AAtthheennss,,  GGrreeeeccee

DDoocceettaaxxeell  ((iinn))sseennssiittiivviittyy  iinn  BBRRCCAA11--ppoossiittiivvee  bbrreeaasstt
ccaanncceerrss??

In a recent article in the New England Journal of
Medicine [1], it was shown that, despite what was
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previously believed, BRCA1 gene mutation carriers do
not carry a worse prognosis than other breast cancer
patients. However, there is a mounting body of evidence
indicating that BRCA1 mutations may affect sensitivity to
specific chemotherapy agents.

The BRCA1 gene is mutated in approximately 5% of
breast cancers but is also under-expressed in several
sporadic cancers. The BRCA1 gene, located on
chromosome 17, encodes a 220-kDa protein that is
responsible for DNA damage repair, cell cycle regulation,
mRNA transcription and protein ubiquitination [2].
BRCA1 is phosphorylated by the ataxia-telangiectasia
mutated (ATM) protein in response to DNA damage.
Many chemotherapeutic agents act by causing direct
DNA damage via interstrand cross-links (alkylators,
anthracyclines), DNA adducts (platinum agents) and
double strand breaks (bleomycin). BRCA1 activation is
part of the DNA repair process. In sporadic cancers with
low levels of BRCA1 expression, there is little proof of
differential sensitivity to chemotherapy agents [3].
However, in BRCA1 loss, both preclinical and clinical
studies have shown that response to DNA damaging
agents is increased [4, 5].

Another class of antineoplastic agents is the
microtubule poisons. Those act by either blocking or
promoting the depolymerization of the microtubules in
the mitotic spindle, leading to apoptosis. Spindle-poison-
induced apoptosis is regulated by the c-jun N-terminal
kinase (JNK) pathway [6]. BRCA1 is also involved in the
regulation of mitosis through the JNK pathway and its
increased expression has been shown to induce
apoptosis caused by microtubule poisons. Thus BRCA1
mutation carriers are bound to be less sensitive to
taxanes, the latter being microtubule poisons.

In the study by Byrski el al. [7] the response 
of 44 BRCA1 mutation carriers with breast cancer to
neoadjuvant therapy was compared to that of 41 age-
and hospital-matched controls. The response of non-
carriers was higher than that of carriers, and within the
hereditary group, docetaxel treated patients did
significantly worse than those that did not receive
docetaxel. Within the non-carrier group there was no
difference in response according to the use of
docetaxel. Non-taxane based regimens included FAC,
AC, CMF and CMFP, whereas docetaxel was given
always in combination with doxorubicin. It is thus
impossible to “tease out” the effect of BRCA1 on
doxorubicin sensitivity from that on docetaxel sensitivity.
Furthermore, the numbers of patients in each subgroup
are too small to yield strong results.

Other authors have attempted to look at the effect
of BRCA1 on taxane efficacy. On cell lines this has
been tested repeatedly, always yielding the same result:
namely, that the loss of BRCA1 function leads to taxane

resistance [8, 9]. In the clinic, a Japanese study showed
that time to disease progression after treatment with
taxanes was shorter for BRCA1 mutation carriers than
for non-carriers [10]. Egawa el al. on the other hand
found that increased BRCA1 mRNA expression led to
increased response to docetaxel [3].

More evidence is provided by studies regarding the
chemosensitivity of triple negative or basal-like cancers.
BRCA1 related cancers are frequently triple negative.
Triple negative cancers responded particularly well to
neoadjuvant paclitaxel-FAC in a study by Rouzier et al.
[11]. However, as noted in the study by Byrski et al.,
not all triple negative cancers are BRCA1 mutant.
Additionally, at this point BRCA1 patients’ sensitivity to
taxanes appears to be more related to the absence of
the BRCA1 promoting effect on the microtubule
checkpoint than to the absence of hormone receptors.

Though the results of the study by Byrski et al. are
consistent with the theoretical models, preclinical and
clinical studies, they have to be approached with
caution because the study is not prospective and the
number of patients is small. Finally, the confounding
variable of several different regimens and different
agents (with variable efficacy in BRCA1 patients) may
cloud the issue further. However, there is at this point
so much corroborative evidence regarding the effect
of BRCA1 on chemotherapy efficacy that the need for
prospective studies in this field is imperative.

RReeffeerreenncceess

1. Rennert G, Bisland-Naggan S, Barnett-Griness O, Bar-Joseph
N, Zhang S, Rennert HS, Narod SA. Clinical outcomes of breast
cancer in carriers of BRCA1 and BRCA2 mutations. N Engl J
Med 2007; 357: 115-123.

2. Kennedy RD, Quinn JE, Mullan PB, Johnston PG, Harkin DP. The
role of BRCA1 in the cellular response to chemotherapy. J Natl
Cancer Inst 2004; 96: 1659-1668.

3. Egawa C, Motomura K, Miyoshi Y, Takamura Y, Taguchi T,
Tamaki Y, Inaji H, Koyama H, Noguchi S. Increased expression
of BRCA1 mRNA predicts favorable response to anthracycline-
containing chemotherapy in breast cancers. Breast Cancer Res
Treat 2003; 78: 45-50.

4. Chappuis PO, Goffin J, Wong N, Perret C, Ghadirian P, Tonin
PN, Foulkes WD. A significant response to neoadjuvant
chemotherapy in BRCA1/2 related breast cancer. J Med Genet
2002; 39: 608-610.

5. Quinn JE, Kennedy RD, Mullan PB, Gilmore PM, Carty M,
Johnston PG, Harkin DP. BRCA1 functions as a differential
modulator of chemotherapy-induced apoptosis. Cancer Res
2003; 63: 6221-6228.

6. Lafarge S, Sylvain V, Ferrara M, Bignon YJ. Inhibition of BRCA1
leads to increased chemoresistance to microtubule-interfering
agents, an effect that involves the JNK pathway. Oncogene
2001; 20: 6597-6606.

7. Byrski T, Gronwald J, Huzarski T, Grzybowska E, Budryk M,
Stawicka M, Mierzwa T, Szwiec M, Wisniowski R, Siolek M, Narod
SA, Lubinski J; the Polish Hereditary Breast Cancer Consortium.



HHeerreeddiittaarryy  CCaanncceerr  iinn  CClliinniiccaall  PPrraaccttiiccee 2007; 5(3)136

Response to neo-adjuvant chemotherapy in women with BRCA1-
positive breast cancers. Breast Cancer Res Treat. 2007; May 10
[Epub ahead of print].

8. Noguchi S. Predictive factors for response to docetaxel in human
breast cancers. Cancer Sci 2006; 97: 813-820.

9. Tassone P, Tagliaferri P, Perricelli A, Blotta S, Quaresima B, Martelli
ML, Goel A, Barbieri V, Costanzo F, Boland CR, Venuta S. BRCA1
expression modulates chemosensitivity of BRCA1-defective
HCC1937 human breast cancer cells. Br J Cancer 2003; 
88: 1285-1291.

10. Kurebayashi J, Yamamoto Y, Kurosumi M, Okubo S, Nomura
T, Tanaka K, Sonoo H. Loss of BRCA1 expression may predict
shorter time-to-progression in metastatic breast cancer patients
treated with taxanes. Anticancer Res 2006; 26: 695-701.

11. Rouzier R, Perou CM, Symmans WF, Ibrahim N, Cristofanilli M,
Anderson K, Hess KR, Stec J, Ayers M, Wagner P, Morandi P, Fan
C, Rabiul I, Ross JS, Hortobagyi GN, Pusztai L. Breast cancer
molecular subtypes respond differently to preoperative
chemotherapy. Clin Cancer Res 2005; 11: 5678-5685.

FFeerrnnaannddoo  SScchhmmiitttt

MMeeddiiccaall  FFaaccuullttyy  ooff  PPoorrttoo  UUnniivveerrssiittyy  aanndd  IInnssttiittuuttee  ooff  MMoolleeccuullaarr
PPaatthhoollooggyy  aanndd  IImmmmuunnoollooggyy  ooff  PPoorrttoo  UUnniivveerrssiittyy  ((IIPPAATTIIMMUUPP)),,
PPoorrttoo,,  PPoorrttuuggaall

IIss  BBRRCCAA11 aa  ppoossssiibbllee  pprreeddiiccttoorr  ooff  rreessppoonnssee  ttoo  
nneeoo--aaddjjuuvvaanntt  cchheemmootthheerraappyy??

BRCA1 is an important gene of breast cancer
susceptibility [1]. Germinal mutations in this gene are
responsible for 5% of all breast cancer cases and the
tumours that arise in this setting share some special
histological characteristics such as high grade, pushing
margins, ER and HER2 negativity, frequently P53
mutations and basal phenotype. The normal BRCA1
functions are related to DNA repair and cell cycle control
and recently it was demonstrated that the BRCA1 status
can predict response to chemotherapy [2]. Recently, Byrski
et al. [3] showed that cases of breast cancer in BRCA1
mutation carriers had a lower response to docetaxel when
compared with non-carriers (80 vs. 95%) and these
authors conclude that breast cancers among BRCA1
carriers frequently do not exhibit sensitivity to taxanes
(docetaxel) in the neoadjuvant setting. BRCA1 may
increase cell sensitivity to spindle poisons by signalling 
a pro-apoptotic pathway in response to spindle damage.
In the absence of functional BRCA1, the mitotic spindle
checkpoint is not activated and apoptosis is not induced.
However, as recognized by the authors this study is an
observational study, with a small number of patients 
and without a standard protocol. Patients also received
other different drugs, such as doxorubicin, which is 
a DNA-damaging drug, and in this case a lack of
functional BRCA1 and P53 (frequently mutated in these
patients) genes leads to better response to treatment. So,
to clarify the role of taxanes in BRCA1 mutated patients

still requires a large, randomized and prospective study.
However, two important questions should be

highlighted concerning BRCA1 and chemotherapy.
First, there is no doubt that there is much evidence
showing that BRCA1 can be a good predictor of
response to chemotherapy, not only resistance but also
sensitivity. Rosell et al. [4] showed that low levels of
BRCA1 mRNA significantly increased survival in
gemcitabine/cisplatin-treated patients. Recently, a high
clinical response to anthracyclines in BRCA1 carriers
with breast cancer was demonstrated [5]. This drug
inhibits topoisomerase 2a, leading to interruption of
DNA replication and damage to the double helix that
cannot be repaired in BRCA1 deficient cells. There is
also evidence that medullary breast carcinomas are
chemosensitive for some drugs and we know that MBC
are frequent in BRCA1 carriers [6].

Is it time to offer each woman with a newly diagnosed
breast cancer the option of BRCA1 testing? I am not sure.
First, there are established clinical and pathological
criteria to raise the suspicion of hereditary breast cancer
and of course these cases should be investigated.
Second, there is evidence that BRCA1 can be deficient
in some non-hereditary cancers by mechanisms other
than mutations. In basal-like breast carcinomas (high
grade breast carcinomas, ER and HER2 negative and
positive for a basal marker) [7] BRCA1 inactivation by
methylation or by over-expression of inhibitors like ID4
[8] was demonstrated. Probably theses cases also have
benefits using specific chemotherapy and the analysis of
mutations will be negative. However, it is important to
stress that not only for BRCA1 but also for other genes,
like P53, chemotherapy in breast cancer will be guided
according to specific gene alterations. In fact, recently
Rottenberg et al. [9] studying the responses of
spontaneous BRCA1 and P53-deficient mammary
tumours arising in conditional mouse mutations to
doxorubicin, docetaxel and cisplatin showed that the
response of individual cases varies, but eventually all
become resistant to the maximum tolerable dose of
doxorubicin or docetaxel but still respond well to cisplatin
even after multiple treatments in recurrences.
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RRiittaa  SScchhmmuuttzzlleerr

SSttiiffttuunnggsspprrooffeessssoorriinn  ddeerr  DDeeuuttsscchheenn  KKrreebbsshhiillffee,,  AAbbtt..  MMoolleekkuullaarree
GGyynnääkkoo--OOnnkkoollooggiiee  UUnniivveerrssiittäättss--FFrraauueennkklliinniikk  zzuu  KKööllnn,,  
ee--mmaaiill::  rriittaa..sscchhmmuuttzzlleerr@@uunnii--kkooeellnn..ddee  

Thank you very much for calling my attention to
your interesting article that provides the basis for the
initiation of RCTs to compare taxane-based versus
platin-based neo-adjuvant regimens.

Although we do not have data on neo-adjuvant
therapy we have seen a very dramatic response
(complete remission!) of an extensive local relapse
(chest wall recurrence with multiple axillary lymph nodes
combined with a severe oedema of the whole arm) in
a BRCA1 mutation carrier when administering
carboplatin second line after taxane mono first line was
terminated because of progressive disease.

PPeetteerr  DD..  SSiimmmmoonnddss11,,  DDiiaannaa  EEcccclleess22

11CCoonnssuullttaanntt  iinn  MMeeddiiccaall  OOnnccoollooggyy,,  SSoouutthhaammppttoonn  UUnniivveerrssiittyy
HHoossppiittaallss  NNHHSS  TTrruusstt,,  SSoouutthhaammppttoonn,,  HHaammppsshhiirree,,  UUnniitteedd
KKiinnggddoomm

22WWeesssseexx  CClliinniiccaall  GGeenneettiiccss  SSeerrvviiccee,,  SSoouutthhaammppttoonn  UUnniivveerrssiittyy
HHoossppiittaallss  NNHHSS  TTrruusstt,,  SSoouutthhaammppttoonn,,  HHaammppsshhiirree,,  UUnniitteedd
KKiinnggddoomm

We read with interest the paper of Byrski et al.
outlining their observations of differential responses to
neoadjuvant taxane containing chemotherapy in breast
cancer cases arising in BRCA1 gene carriers and non-
carriers. The question of how BRCA1 and BRCA2
mutation status might influence the response to treatment
is of great interest clinically and the findings presented
are in line with what might be expected from the

published data from in vitro experiments in BRCA1 and
BRCA2 null cell lines. However, although interesting, the
data presented are not sufficiently robust to alter current
clinical management in BRCA1 gene carriers.

Breast cancer cases were all in younger women and
gene carrier ages were matched with non-carrier ages.
Only the Polish founder mutations have been identified;
presumably cases did not have full BRCA1 and BRCA2
mutation testing so that there are plausibly a number
of gene carriers represented within the “non-carriers”.
This is particularly true as 41.5% of the “non-carriers”
had a family history (presumably of breast cancer) and
36.5% of these same “non-carriers” had missing family
history data.

The response to neoadjuvant chemotherapy was
obtained from chart review (it is not clear whether 
the genetic status of the patients was known to the
clinician extracting the information from the case notes)
and pathology assessment. Comparison between clinical
assessment of tumour size at presentation and patho-
logical assessment of size at completion of chemotherapy
is problematic. Using two different methods of assessment
has inherent inaccuracies.

Imaging assessment generally includes invasive and
non-invasive components of the tumour. It is unclear
what is included in the pathological assessment of
tumour size but if it is invasive tumour only, tumours
that have a significant component of non-invasive
tumour will appear to shrink less than those which are
predominantly invasive tumour (perhaps more likely in
BRCA1 associated tumours). Clinical assessment of
axillary lymph node involvement is unreliable. It is not
clear that all patients that were classified as node
positive preoperatively had cytological confirmation.

The vast majority of breast cancers in both carriers
and non-carriers seem to have had a partial response
to any neoadjuvant chemotherapy and all patients who
received docetaxel also received doxorubicin, which
would be anticipated to be effective in BRCA1 mutation
carriers. Patients were only matched for centre, age at
diagnosis and year of birth. There was no attempt to
match for other important determinants of prognosis
such as tumour size, grade (no information has been
given about tumour grade), ER status, Her2 status, or
nodal status. There are important imbalances in some
of these prognostic factors between the groups.

Finally, since no significant difference in mortality was
observed between the groups, it would be premature to
use these data to recommend a change in treatment.
However, a well designed prospective randomised trial
comparing two neoadjuvant treatment regimens with
and without docetaxel would be an option to explore
this observation further. A population with well recognised
founder mutations in BRCA1 would be ideal as early and
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rapid genetic testing can be offered in such a population
at the time of diagnosis, and cases matched for all major
prognostic tumour factors but highly unlikely to be gene
carriers (founder mutations excluded and no significant
family history) would allow a better assessment of the
role of BRCA1 mutation status in independently
influencing the outcome of treatment.

JJaaccoobb  SSmmeellttzzeerr,,  PPeetteerr  TT..  SSiillbbeerrsstteeiinn11,,
HHeennrryy  LLyynncchh22

11CCrreeiigghhttoonn  UUnniivveerrssiittyy  DDiivviissiioonn  ooff  HHeemmaattoollooggyy//OOnnccoollooggyy,,
OOmmaahhaa,,  UUSSAA

22DDeeppaarrttmmeenntt  ooff  PPrreevveennttiivvee  MMeeddiicciinnee  aanndd  PPuubblliicc  HHeeaalltthh,,
CCrreeiigghhttoonn  UUnniivveerrssiittyy,,  OOmmaahhaa,,  UUSSAA

PPeerrssoonnaalliizzeedd  cchheemmootthheerraappyy  ffoorr  BBRRCCAA11 mmuuttaattiioonn--
ppoossiittiivvee  ppaattiieennttss

Why should we treat all hereditary breast cancer
(HBC) syndrome affected patients as if they were
clinically, genetically, and pathogenically the same
disease? Byrski et al. [1], in recognizing the etiologic,
pathologic, and clinical variability of selected breast
cancer cases, provide preliminary evidence that BRCA1
patients are less responsive to taxane-based therapy
when compared with their BRCA2 and sporadic breast
cancer counterparts. This is a reasonable supposition
in that there is voluminous evidence supporting the
hypothesis that breast cancer shows marked differences
in sporadic and in the several hereditary varieties of
this disease. Hence, it should not be surprising that
hereditary cases may differ in response to therapy. For
example, BRCA1 HBC frequently harbors a distinctive
pathology phenotype, consisting of an increased
number of aneuploid cancers, more medullary
carcinomas, and high proliferation rates as measured
by DNA flow cytometry and mitotic grade, with less
ductal carcinoma in situ (DCIS) than in non-familial
cases [2-4]. The high S-phase fraction has been
attributed to a BRCA1-linked subset, which is in accord
with the suggestion that the BRCA1 mutation is
predisposed to enhanced cellular proliferation [5].

This model for the BRCA1 phenotype considers the
tumors to be in an advanced state of genetic evolution
[2]. In contrast, the “other” HBCs with BRCA2 mutations
with 15q linkage appear to lack the high-grade,
aneuploidy, and high proliferation of BRCA1 HBCs; in
addition, they are not deficient in in situ carcinoma 
[2, 3]. This “other” group also has more invasive, lobular,
tubular-lobular, and cribriform histologies, and when
pathologically aggregated they fit mutation-confirmed
BRCA2 HBC cases and appear more like breast cancer
occurrence in the general population [4]. Yet to be

explored are the histopathology and clinical features in
a litany of other HBC-prone syndromes such as breast
cancer patients with Li-Fraumeni syndrome (p53 germline
mutation), Peutz-Jeghers syndrome (STK11 mutation),
and the CHEK2 mutation, which is believed to be the
most common breast-cancer predisposing mutation to
have been discovered since the BRCA mutations’
identification in the mid-1990s [6, 7].

BRCA1 is a key tumor suppressor gene, and
mutations in it markedly increase the risk of breast and
ovarian cancer. Functionally, this gene is an integral
component in recognizing and repairing double-
stranded DNA damage, upregulates p53, and
mediates nucleotide excision repair [8]. It also has a
significant role in cellular microtubule damage.
Understanding the molecular function of BRCA1 will
help to predict response to different chemotherapies
that are modulated by BRCA1 interaction with the
drug’s mechanism of action.

As BRCA1 is key to repairing double-stranded breaks
in an error-free fashion, hereditary deficiency in BRCA1
leaves cells particularly vulnerable to DNA damage.
Alkylating agents, platinum agents, anthracyclines 
and topoisomerase inhibitors, which are drugs that
facilitate double-stranded breaks, are more potent 
in BRCA1 deficient cells than wild-type cells by taking
advantage of the cells’ increased vulnerability. [8]. 
Cancer cells that are resistant to cisplatin have been
shown to be overexpressing BRCA1 and have increased
BRCA1-dependent DNA repair [9]. Furthermore, inhibition
of BRCA1 by antisense RNA leads to a corresponding
increase in cisplatin sensitivity [10].

Understanding BRCA1 function can help us
understand which chemotherapies will be effective in
killing cancer cells as well as those to which the cancer
cells will most likely have resistance. BRCA1 has a role
in sensing microtubule damage and, through the Jun 
N-terminal kinase (JNK) pathway, facilitating cell cycle
arrest. Unlike its role with DNA-damaging chemothe-
rapies, BRCA1 deficiency leads to resistance to
microtubule chemotherapies [8]. Complementing this
knowledge, cell lines resistant to the taxane drug paclitaxel,
which acts on the microtubules, have then been
reconstituted to wild-type BRCA1 and had a 1000-fold
increase in sensitivity [11].

The limited retrospective neoadjuvant chemotherapy
studies show that BRCA1 mutation carriers have greater
clinical response and are more chemosensitive than wild
types. In the Chappius study, 10/11 BRCA1/2 mutation
carriers vs. 2/11 noncarriers had complete clinical
response to neoadjuvant therapy for breast cancer [12].
Delaloge found a 100% clinical response in BRCA1
patients, an 80% response in BRCA2 patients, and 
63% in noncarriers in the neoadjuvant setting, as well
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as a significantly higher rate of pathological complete
response in BRCA1 patients [13]. Both studies used 
DNA double-strand-damaging anthracycline-based
chemotherapies and found greater clinical sensitivity 
in BRCA1 patients.

Ovarian cancer patients with BRCA1 mutations
show increased sensitivity to the platinum DNA
damaging agents similar to that exhibited by breast
cancer BRCA1 cells [8]. Husain showed that antisense
inhibition of BRCA1 restored cisplatin chemosensitivity
in ovarian cancer cell lines that were previously resistant
to cisplatin [9]. Cass compared the survival rate of
Jewish ovarian cancer patients who had BRCA1
mutations, BRCA2 mutations, and no mutations. The
median survival of the BRCA patients was higher than
those without mutations. Eighty-six percent of the BRCA
heterozygotes responded to chemotherapy while only
41% of the sporadic patients responded (p=0.01). All
patients were treated with carboplatin, and the majority
received that drug in combination with paclitaxel [14].

Rennert recently showed that the prognosis may be
similar for BRCA1 patients and sporadic breast cancer
patients [15]. However, in previous studies BRCA1 status
was a negative predictor of prognosis. Specifically, in the
subset of patients not receiving adjuvant chemotherapy,
BRCA1 patients had worse overall survival than non-
carriers [16]. In Rennert’s study, BRCA1 patients receiving
chemotherapy had improved overall survival compared
to non-BRCA1 breast cancer patients [15]. The use of
chemotherapy appears to be of particular importance to
the survival of BRCA1 patients.

Can we learn about a differential response to
chemotherapy by studying other hereditary cancer-
prone disorders, such as the Lynch syndrome? Boland
[17] has recently reviewed the relationship between 
5-fluorouracil (5-FU) and its response to microsatellite
instability positivity (MSI+). Even the long-known fact
that a DNA mismatch repair (MMR) system is involved
“...in signaling a cell death response after sufficiently
toxic DNA damage, and that DNA MMR-deficient cells
are relatively tolerant to DNA damage [18, 19]. It was
subsequently found that this is also true for CRC cells,
and that restoration of the MMR system would restore
sensitivity to several compounds that damage DNA
[20, 21], including chemotherapeutic agents such as
fluorouracil (FU) [22]. Thus, the prediction was made
that patients with MSI CRCs would be relatively resistant
to the beneficial effects of FU-based regimens.” [17].

Lynch et al. [23], in evaluating the role of chemotherapy,
particularly FU, noted that it is important to make the
distinction between those CRC affecteds with MSI+ vs. those
that are microsatellite stable (MSS). Ribic, in a large,
prospective, randomized study of chemotherapy,
demonstrated that 5-FU was a benefit to patients with CRCs

that were MSS, but a modest 2-fold hazard ratio for death
was found among those patients who received 5-FU if their
tumor was MSI+ [24]. In reviewing this subject, Lynch et al.
suggest that“ The issue of survival will confound studies
that are not prospectively randomized and stratified for MSI
status. Nonetheless, a failure to demonstrate survival
benefits after adjuvant chemotherapy in patients with MSI+

tumors or with Lynch syndrome has been demonstrated by
most subsequent investigators [25-28]” [23].

Fallik et al. [29] showed that MSI+ tumors with
metastatic colorectal cancer had a better response to
the topoisomerase I inhibitor, irinotecan. Based on this
study, Lynch et al. have stated that “...it is reasonable
to consider the planning of future clinical trials in which
non-5FU-based chemotherapy will be used in the
adjuvant setting for patients with Lynch syndrome, as
well as for other patients with advanced MSI+ cancers.
Also, as there are important biological differences
between Lynch syndrome tumors and sporadic MSI+

tumors (which are caused by epigenetic silencing of
MLH1 and other tumor suppressor genes), these groups
may need to be considered separately” [23].

The recent article by Byrski et al. [1] clinically correlates
well with the understanding of BRCA1 functionality in
breast cancer patients undergoing neoadjuvant
chemotherapy. While the numbers are small, BRCA1
patients demonstrated particular resistance to the
microtubule chemotherapy, docetaxel. Only 6/15 BRCA1
patients were responsive to docetaxel vs. 12/12
noncarriers, highlighting the specific resistance of BRCA1
patients to docetaxel. Regardless of ER/PR or Her-2 Neu
status, BRCA1 status appears to be an independent
negative predictor of response to taxane chemotherapy
[1]. Given the success of taxane chemotherapies in breast
cancer, this knowledge of resistance to taxane in breast
cancer patients carrying BRCA1 mutations is particularly
important. BRCA1 patients responded better to
Adriamycin than non-BRCA1 patients and the BRCA1
patients had a greater complete response (4/19 vs. 2/18)
and fewer non-responses (0/19 vs. 2/18) than the 
non-BRCA1 patients [1]. Though not analyzed in the
paper for significance, this appears to fit with the
previously suggested role of BRCA1 as a marker for
sensitivity to DNA damaging chemotherapies.

Boyd analyzed the Sloan-Kettering’s and
Gynecological Oncology Group’s ovarian cancer
patients and found that patients with BRCA mutations
lived longer than non-hereditary patients. The BRCA
patients did not have a higher response rate to
chemotherapy but had a longer disease-free survival
than the non-hereditary patients [30]. They evaluated
patients in the GOG Trial #111 who were given
cisplatinum in addition to either cyclophosphamide or
paclitaxel. They did not report on the differential response
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to paclitaxel/cyclophosphamide in patients with BRCA1.
The preclinical data and Byrski’s report would suggest
that the BRCA1 patients might respond poorly to
paclitaxel. This might be an area of future investigation.

Given that BRCA1 acts by repairing double-stranded
DNA damage, preclinical as well as in vivo reports such
as the recent report by Byrski suggest that BRCA1 patients
should respond well to anthracyclines, platinums,
alkylating agents, and less well to taxanes. Simon recently
has shown that response to gemcitabine may be related
to the level of ribonucleotide reductase subunit 1 (RRM1),
and excision repair cross-complementing group 1 gene
(ERCC1) may predict response to platinum in patients
with lung cancer [31]. A BRCA1 mutation may similarly
predict response to different chemotherapy agents.
BRCA1 importance may be beyond its well-established
role with hereditary cancer. Given our understanding of
its functional role and clinical experience, BRCA1 status
potentially could be considered in the future as a marker
to help target effective chemotherapy.
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WWaalltteerr  WWeebbeerr

MMeeddiiccaall  OOnnccoollooggyy,,  HHeeuubbeerrgg  1166,,  CCHH  ––  44005511  BBaasseell,,  SSwwiittzzeerrllaanndd,,
ee--mmaaiill::  ccaanncceerr@@bblluueewwiinn..cchh

BBRRCCAA11 aanndd  ttaaxxaanneess

Neo-adjuvant chemotherapy means the use of
chemotherapy initially in patients with localized solid
tumours with the intent of increasing the potential for local
control by surgery and radiotherapy and delivering the
earliest possible treatment to micrometastatic disease [1].
This modality provides a unique opportunity to identify
molecular predictors of response to treatment in breast
cancer. Inclusion of taxanes in preoperative chemotherapy
improves pathologic response rates [2]. This may not be
the case in breast cancer patients with BRCA1 germline
mutations [3]. Therefore BRCA1 testing should be
considered for neo-adjuvant breast cancer chemotherapy
trials incorporating taxanes. Pilot studies could be started
in populations with founder mutations, e.g. Poland, where
BRCA1 testing can be done rapidly at a low price [4].
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PPaaxx  HH..BB..  WWiilllleemmssee11,,  RRoollff  HH..  SSiijjmmoonnss22

11DDeeppaarrttmmeenntt  ooff  MMeeddiiccaall  OOnnccoollooggyy,,  UUnniivveerrssiittyy  MMeeddiiccaall
CCeennttrree  GGrroonniinnggeenn,,  GGrroonniinnggeenn,,  tthhee  NNeetthheerrllaannddss

22DDeeppaarrttmmeenntt  ooff  GGeenneettiiccss,,  UUnniivveerrssiittyy  MMeeddiiccaall  CCeennttrree
GGrroonniinnggeenn,,  GGrroonniinnggeenn,,  tthhee  NNeetthheerrllaannddss

Testing breast cancer patients for BRCA1 mutations
is not necessarily a good step and various aspects
(medical, psychological, socio-legal) may make patients
decide for or against testing. If, however, knowing the
BRCA1 mutation status were important in choosing the
type of treatment, then a strong argument in favour of
testing would need to be discussed with these patients,
or, depending on the resources available, with only the
subset that have a significant chance of carrying a BRCA1
mutation.

Although in vitro studies of BRCA1-associated breast
cancers have demonstrated increased sensitivity to DNA-
damaging agents like mitomycin C and platinum, and
resistance to mitotic-spindle poisons, such as taxanes,
there is a paucity of clinical studies to support these
findings [reviewed in 1]. Byrski et al. have now reported
the response to neo-adjuvant chemotherapy of breast
cancer in a small retrospective study of BRCA1 mutation
carriers and matched controls. They observed a lower
response to taxane in the BRCA1 group compared with
controls. Together, these in vitro and clinical observations
suggest that the BRCA1 mutation carrier status could
be relevant to the choice of chemotherapeutic agents
in the treatment of breast cancer. However, larger and
prospective clinical studies are needed to explore this
issue more fully. At this time, outside research settings,
we would therefore not recommend BRCA1 mutation
analysis in breast cancer patients for the purpose of
choosing between the different chemotherapeutic agents
available.
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PPiioottrr  JJ..  WWyyssoocckkii

UUnniivveerrssiittyy  SScchhooooll  ooff  MMeeddiiccaall  SScciieenncceess  aanndd  GGrreeaatt  PPoollaanndd
CCaanncceerr  CCeennttrree,,  DDeeppaarrttmmeenntt  ooff  CCaanncceerr  IImmmmuunnoollooggyy,,  PPoozznnaann,,
PPoollaanndd

Taxane-based treatment of breast cancer patients in
neoadjuvant or adjuvant setting is still rare in Poland. 
The National Health Fund permits administration of
taxane-containing chemotherapy regimens in locally-
advanced breast cancer without providing additional
funds. In the Great Poland Cancer Centre in Poznan,
Poland, which is a main oncology centre in western Poland
(~1100 new breast cancer cases diagnosed each year),
taxane-based adjuvant regimens are not routinely
administrated. The standard chemotherapy regimens in
locally advanced breast cancer administered in our centre
are anthracycline-containing regimens – AC or FAC.

In the forthcoming months in the Great Poland
Cancer Centre we plan to introduce a routine evaluation
of BRCA1 gene status in all newly diagnosed breast
cancer patients prior to initiation of systemic treatment.

For a few years the National Health Fund has been
providing separate funds for treatment of metastatic
breast cancer patients with taxane-based chemotherapy.
Since there are significant numbers of patients receiving
such a systemic therapy, a routine evaluation of BRCA1
gene status prior to initiation of this treatment should be
considered. This procedure may identify patients who
would not benefit from the taxane-based chemotherapy
and for whom other cytotoxic drugs in a first-line treatment
would be potentially more effective.

Your proposal mainly focuses on patients with
locally-advanced breast cancer prior to initiation of 
a neoadjuvant systemic treatment. Despite the lack of
studies evaluating the influence of BRCA1 gene
mutations on the efficacy of adjuvant taxane-based
chemotherapy I think in the case of patients with 
a defective BRCA1 gene, administration of taxanes
following surgery should be restricted.

During the last decade several clinical trials
evaluating the efficacy of adjuvant taxanes in breast
cancer patients have been conducted. In many of the
trials Polish oncology centres were actively involved.
Patients enrolled in such studies must have a complete
pathological and clinical background and are very
tightly controlled during the treatment period and in
the follow-up. Therefore I think it may be worth
obtaining clinical data of breast cancer patients treated

in Poland with adjuvant taxanes in clinical studies and
make an effort to obtain patients’ biological samples
that will allow analysis of BRCA1 gene status. Based
on such information a reliable, retrospective clinical
analysis would be feasible.

VVllaaddiimmiirr  ZZaajjaacc

CCaanncceerr  RReesseeaarrcchh  IInnssttiittuuttee,,  SSlloovvaakk  AAccaaddeemmyy  ooff  SScciieenncceess,,
LLaabboorraattoorryy  ooff  CCaanncceerr  GGeenneettiiccss,,  BBrraattiissllaavvaa,,  SSlloovvaakk  RReeppuubblliicc

OOppiinniioonn  oonn  aarrttiiccllee  ooff  tthhee  aauutthhoorrss  BByyrrsskkii  eett  aall..::
RReessppoonnssee  ttoo  nneeoo--aaddjjuuvvaanntt  cchheemmootthheerraappyy  iinn  wwoommeenn
wwiitthh  BBRRCCAA11--ppoossiittiivvee  bbrreeaasstt  ccaanncceerr

The article is very interesting and the results are
important. There are not many clinical data about the
effect of chemotherapy of patients with hereditary form
of breast and ovarian cancer induced by mutations in
the BRCA1 gene. The results of the study are in
agreement with pre-clinical data, which show that
chemotherapy based on taxanes has no importance
for breast cancers in BRCA1 mutation carriers.

LLiimmiittaattiioonnss::
• retrospective study, patient selection, possibility of

retroaction of the aims of the study on the basis of
results,

• case-control study with relatively low number of
patients (but in this diagnosis it is rather sizable),

• the search effect is debilitated by the many different
schemes of therapy,

• because of combination of anthracycline and taxane
it is not possible to expressly consider effect of taxanes.

CCoonncclluussiioonn::
I evaluate the presented study as positive and the

results achieved are the basis for realization of 
a prospective study.

ZZhheenngg  SShhuu

CCaanncceerr  IInnssttiittuuttee,,  SSeeccoonndd  AAffffiilliiaatteedd  HHoossppiittaall,,  ZZhheejjiiaanngg
UUnniivveerrssiittyy,,  HHaannggzzhhoouu,,  CChhiinnaa

Breast cancer is the main cancer of women
worldwide. Chemotherapy is one kind of the main
combination treatment. How to reasonably select 
a suitable high response regimen is an important issue
for the clinic. Neo-adjuvant chemotherapy may differ in
efficiency between hereditary BRCA1 mutation carriers
and a sporadic subgroup (non-carriers). Preclinical studies
have indicated that intact BRCA1 protein is required for
the desired cell response to taxol in cell lines.

Discussion on the use of taxanes for treatment of breast cancers in BRCA1 mutations carriers
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From this point of view, the authors speculated that
breast tumours that lack BRCA1 protein may be resistant
to taxane-based chemotherapies. They designed the
retrospective study with Poland registration data. A total
of 3,136 patients with patho-clinical record and blood
samples were collected. The blood was analyzed for
founder mutations in BRCA1. The 44 BRCA1 mutation
carrier cases received neo-adjuvant chemotherapy, and
there were 41 matched mutation-negative breast cancer
as control cases. The authors compared the different
regimens’ (CMF, CMFP, AC, FAC, and AATT) response
between the BRCA1 mutation carriers and non-carriers,
comparing also between the two subgroups’ response
to the taxane-based regimen. The results are very
interesting and impressive as follows:
• the 15 BRCA1 mutation carriers were given docetaxel,

only 6 of 15 had a response (CR or PR); for comparison
12 of 12 non-carriers had complete or partial
response;

• all the remaining 29 BRCA1 mutation carries had a CR
or PR with other treatment regimens; they did not show
chemotherapy resistance during the neo-adjuvant
period.

In this study even though the number of the cases
is small, it really remained the clinician to design 
a further prospective study. Before the operation get
the blood to analyse the BRCA1 status and ER status
with core aspiration biopsy.
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