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Abstract

Background: HER-2 is a prognostic and predictive factor in patients suffering from breast cancer. Since 2006 we have tested
routinely the HER-2 status in patients with primary breast cancer at Vejle Hospital, Denmark, to evaluate the indication for treatment
with trastuzumab in the adjuvant setting. Although this treatment improves the prognosis in patients with HER-2 positive breast
tumours, it seems that some patients do not respond to the treatment. Various molecular genetic pathways may be responsible for
such resistance to trastuzumab therapy, e.g., mutations in the PIK3CA-gene. Mutation in the K-RAS-gene has critical impact in
selecting patients with colorectal cancer for targeted anti-EGFR treatment, but has only been sparsely investigated in patients with
breast cancer. It is the purpose of the present study to evaluate, whether such mutations may influence the response to trastuzumab
treatment.
Methods: Paraffin-embedded breast cancer tissue from 69 women, treated according to protocol with trastuzumab in an adjuvant
setting from 2006 through 2008, and 16 women, also treated with trastuzumab in an individualized setting from 2003 through 2005
were included, and analyzed for somatic mutation of the K-RAS, BRAF and PIK3CA genes in their breast tumours. The results were
compared with clinical behaviour, receptor status, tumour grade, size, and lymph node status.
Results: In the 2006-08 material, PIK3CA mutations were detected in 26% of the tumours, whereas no BRAF or K-RAS mutations
were found. In the 2003-05 material we documented PIK3CA mutations in 31%, BRAF in 6% (1 tumour), and K-RAS in none of
the tumours. All patients experiencing relapse (N=17) had metastatic disease. No statistically significant associations were detected
between PIK3CA mutation status and the clinico-pathological variables or the clinical outcome.
Conclusions: K-RAS and BRAF mutations are rare events in breast cancer, whereas PIK3CA-mutation is encountered in more than
one fourth of HER-2 positive breast cancers, but seems without predictive impact regarding treatment response to trastuzumab in the
investigated series of patients.
Keywords: Breast cancer, BRAF, HER-2, K-RAS, PIK3CA, treatment failure

Introduction

Breast cancer is the most frequent cancer type among Danish
women with almost 5000 new cases each year and 1200 deaths
[1]. In the last decades the prognosis has, however, improved.
Especially, this has been related to the introduction of Human
Epidermal Growth Factor Receptor-2 (HER-2) testing, for
evaluating the indication for Herceptin® (trastuzumab) treatment,
which has improved the course of disease for patients suffering
from breast cancer [2-5].
HER-2 is a routinely tested biomarker together with estrogen
receptor (ER) and in some settings Topoisomerase IIα (TOP2A).
In the population of patients with breast cancer HER-2 is overexpressed or amplified in approximately 12-15% of the cases [6].
As a prognostic marker, HER-2 over-expression/amplification
indicates a worse prognosis, but it also serves as a predictive

marker, indicating response to the targeted therapy with the
humanized, monoclonal antibody trastuzumab [4]. Treatment
with trastuzumab improves the prognosis for patients with
HER-2 positive tumours [2-5], but unfortunately, some of these
patients do not respond to the treatment [7,8], and hence do
not obtain a significant improvement in disease control. The
reasons for such treatment failure may be due to trastuzumab
resistance, which may be caused by alterations in one or more
of the several molecular pathways regulating the functional
effects of HER-2.
Attempts to classify breast cancers by gene expression
profiling have emerged [9-12]. This extensive research has
identified a variety of genes, in which oncogenic driver
mutations may develop, but at the same time disclosed a
substantial genetic diversity associated with the development
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and progression of breast cancer [13]. In this context, the
genetic alterations in high risk, so-called triple-negative breast
cancer have been investigated in detail. Somatic mutation
in the catalytic subunit of the phosphatidylinositol 3-kinase
(PIK3CA) in the PIK3 pathway [14,15-17] is well-documented
in such tumours. The occurrence of mutations in the K-RAS
gene [14,17-19] in the EGFR stimulation pathway, and the
BRAF gene [17,19] in the MAPK/ERK signalling pathway,
are more controversial in this context. Being in control of
cellular proliferation and differentiation, these genes may
be of crucial importance. Thus, a functional variant of the
KRAS oncogene has been suggested as a genetic marker for
the development of triple-negative breast cancer [20], and a
specific K-RAS mutation has been ascribed prognostic value
in patients receiving neoadjuvant chemotherapy for their
breast tumours [21].
The molecular fingerprint of a breast carcinoma seems
pivotal for our understanding of tumour behaviour and
the clinical response to various treatments. Especially, this
knowledge may be rewarding in the clinical management of
patients with aggressive breast cancers, like triple-negative
tumours. The molecular genetic approach may, however, also
be advisable in patients with HER-2 positive breast tumours,
in that the molecular constitution in such tumours may be of
predictive value regarding the efficacy of targeted therapy
with trastuzumab. The PI3K signalling pathway has been
suggested as one main actor in this regard [22,23] being in
control of features like apoptosis and proliferation. Moreover,
mutation in the PIK3CA gene has been detected in 20-40% of
primary breast cancers [16,24]. Accordingly, PIK3CA mutation
may be an oncogenic candidate for altering the effectiveness
of trastuzumab by eliminating the HER-2 inhibition.
The EGFR stimulation pathway involves the K-RAS and
BRAF genes and may also be of interest, when addressing
treatment failure of trastuzumab, in that mutations in these
genes are important when offering targeted treatment to
patients with other kinds of cancers, e.g., colorectal cancer
and malignant melanoma [25].
The impact of these genes in the development and
progression of breast cancer has been investigated by in vitro
studies [14] and in a clinical setting [15,16,18,19,21,23,26]. Most
of these studies have had preference for studying patients
with triple-negative breast tumours, but whether mutations
in PIK3CA, KRAS and/or BRAF may influence the efficiency of
trastuzumab therapy in patients with HER-2 positive breast
cancer awaits further elucidation. The purpose of the present
investigation was to evaluate the frequencies of mutations
in the PIK3CA, KRAS and BRAF genes in HER-2 positive breast
cancer, and whether such mutations may be critical regarding
treatment response to trastuzumab.

Materials and methods
Patients

The files of the Departments of Surgery, Oncology and Clinical
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Pathology, Vejle Hospital, Lillebaelt Hospital, Denmark, were
searched for patients, who had undergone intended curative
surgical treatment for breast cancer and fulfilling the following
inclusion criteria: trastuzumab therapy intended for one year
(17 series, 3 weeks apart), administered in an adjuvant setting
together with chemotherapy, and in case of lumpectomy,
radiation therapy, according to recommendations by Danish
Breast Cancer Cooperative Group (DBCG). Tissue should be
available for research. Two periods were screened for such
patients: From January 2006 through December 2008, 110
consecutive patients were retrieved. These patients had been
treated according to the DBCG protocols no. DBCG05H and
DBCG07. In the period from 2003 through 2005, another 20
patients were recruited. These patients had basically been
treated according to the HERA protocol, and were typically
defined by young age and/or at high risk of recurrence, or
were selected for adjuvant treatment based on a clinical
evaluation. All patients were women.
Reasons for exclusion were: metastatic/disseminated
disease at the time of diagnosis (N=14), recurrent disease
(N=7), bilateral breast cancer with different HER2 status
(N=3), no tissue available or too small cellular tumour fraction
(<75%, N=19), and in 2 cases the molecular analyses were
not evaluable.
Tumour size, malignancy grade, estrogen receptor status,
and lymph node status were registered. The clinical courses of
the patients were retrieved from the clinical records obtained
with regular intervals, when the patients were seen in the
Oncologic Outward Clinic, Vejle Hospital, or by retrieval of
data from the clinical files of the local hospital taking care
of the patients.
The project was approved by the local Committee for Health
Research Ethics of Southern Denmark (ID.no. S-20080119) and
the Danish Data Protection Agency (ID.no. 2008-41-2691).

Histopathology

Tissue sections (4 μm thick) were cut from the routinely
processed, formalin fixed and paraffin embedded (FFPE) tissue
blocks (trimmed to optimize content of invasive tumour) from
the surgical specimen, except in the cases of women receiving
neoadjuvant therapy, where only the pre-operative, diagnostic
biopsies were available. The tumours were graded according to
the modified Bloom-Richardson classification, recommended
by DBCG [27], except 2 cases of medullary and one case of
metaplastic carcinoma. Apart from haematoxylin and eosin
stains, the tissue sections had all, at the time for primary
diagnosis, been tested for HER-2 expression, according to the
national guidelines [28], and accepted positive with a result of
the HerceptestTM (DAKO, Glostrup, Denmark) of 3+, indicating
over-expression (N=73). In cases with HerceptestTM score of 2+
(N=12), in situ hybridisation (ISH) had been carried out (HER-2
FISH pharmDxt KitTM, Code K5331, DAKO, Glostrup, Denmark),
according to the manufacturer’s protocol, and a score of ≥2
indicated HER-2 amplification. Finally, immunohistochemical

2

Jylling et al. Journal of Cancer Therapeutics & Research 2014,
http://www.hoajonline.com/journals/pdf/2049-7962-3-3.pdf

staining for estrogen receptor (ER) had been performed (clone
SP1, LabVision, USA), and, in the period 2003 through 2008,
registered as positive, when more than 10% of the tumour
cell nuclei were positive [29].

Molecular pathology
Tissue specimens

Three, 15 μm thick tissue sections were cut in serial, using
RNAse free environment with extensive cleaning of the
microtome and mounting of a new knife between the
processing of each case, and using the same tissue blocks as
used for immunohistochemical staining at the time of diagnosis.
In addition, one, 4 μm section was cut from the top and from
the bottom of each stack of serial sections, respectively, to
check the fraction of invasive tumour in the sections to be
used for molecular studies. The fraction of invasive tumour
was semi-quantitatively estimated, and should constitute
≥75% of the cellular population in the tissue sections to be
included in the study.

DNA purification and PIK3CA, BRAF, and K-RAS
mutation detection

doi: 10.7243/2049-7962-3-3
[30]. In brief, the analysis consisted of two different PCRs:
one control reaction, called BRAF wt, to verify presence of
sufficient amplifiable DNA and one reaction, called BRAF
c.1799T>A, to probe for the mutation. Both reactions were
carried out in duplicates. Primers, probes and blocker used
in the two reactions were BRAF F, 5’-AAA TAG GTG ATT TTG
GTC TAG CTA CAG (modified from [30]); BRAF F Mut, 5’-AGG
TGA TTT TGG TCT AGC TAC AGA [30]; BRAF R-18.5; 5’-CCA
CAA AAT GGA TCC AGA CAA CTG; BRAF P-21.5, FAM-CAA
ACT GAT GGG ACC CAC TCC ATC G-BHQ-1; BRAF wt blocker
A*+G+C+T+A+C+A+G+T+G+A/3Phos/ (modified from [31]);
*phosphorothioate bond, +: LNA, 3Phos: 3’ Phosphorylation).
The 25 µl BRAF wt reaction contained 1X Universal PCR Master
Mix (Life Technologies), 2 µl purified DNA, BRAF F (900 nM),
BRAF R-18.5 (900 nM), BRAF P-21.5 (300 nM). The 25 µl BRAF
c.1799T>A reaction contained 1X Universal PCR Master Mix
(Life Technologies), 2 µl purified DNA, BRAF F Mut (900 nM),
BRAF R-18.5 (900 nM), BRAF P-21.5 (300 nM), and BRAF wt
blocker (3 µM). Cycling steps were as follows: 50°C for 2 min;
95°C for 10 min; 50 cycles of 95°C for 15 sec, 63°C for 1 min.
KRAS (RefSeq NM_033360.2) mutation status was assessed
using the KRAS Mutation Detection Kit (Cat. GP05-C2, TrimGen
Corporation) according to the manufacturers recommendations
with minor modifications: QIAGEN Multiplex PCR Master Mix
(QIAGEN) was used for the PCR reaction; Hi-Di formamide
and GS500 ROX size standard (Life Tecnologies) were used for
capillary electrophoresis. This assay detects and differentiates
between 12 mutations: c.34G>A, (p.G12S); c.34G>C, (p.G12A);
c.34G>T, (p.G12C); c.35G>A, (p.G12D); c.35G>C, (p.G12A);
c.35G>T, (p.G12V); c.37G>A, (p.G13S); c.37G>C, (p.G13A);
c.37G>T, (p.G13V); c.38G>A, (p.G13D); c.38G>C, (p.G13A);
and c.38G>T, (p.G13V).

DNA extraction from the FFPE tissue sections was carried
out, using QIAamp DNA Mini Kit (QIAGEN), according to the
manufacturer’s instruction.
PIK3CA (RefSeq gene NG_012113.1; RefSeq mRNA
NM_006218.2) exon 9 and 20 were amplified in a duplex
PCR, using the primers PI3K 9F, 5’-AAA TTT ATT GAA AAT GTA
TTT GCT TTT TC; PI3K 9R, 5’-TCC ATT TTA GCA CTT ACC TGT
GA; PI3K 20F, 5’-ATG ATG CTT GGC TCT GGA AT; and PI3K 20R,
GGT CTT TGC CTG CTG AGA GT. Approximately 20ng of DNA
was used in a 10μl PCR containing 1X QIAGEN Multiplex PCR
Master Mix (QIAGEN) and 0.2 μM of each primer. Thermocycling
steps were as follows: 95°C for 15 min; 45 cycles of 94°C for Statistical analysis
30 sec, 60°C for 90 sec and 72°C for 90 sec; followed by 72°C For each series of patients the clinico-pathological
for 10 min. After cycling, the presence of appropriate PCR characteristics were tabulated according to the inclusion
products was confirmed by agarose gel electrophoresis. period and all together. Using chi-square or Fischer exact
PCR products were cleaned by exo-SAP-IT (GE Healthcare) tests the associations between mutation status and these
treatment, as described by manufacturer. PCR products were variables were tested. For each of the two patient cohorts
sequenced in both directions with nested primers (PI3K 9Fseq, and all together, the recurrence-free survival (RFS) was
5›-CTG TGA ATC CAG AGG GGA AA; PI3K 9Rseq_ext, 5›-ttt estimated by the Kaplan-Meier method, and reported by
att tat tta ttt att tat tta ttt att taT CCA TTT TAG CAC series of the inclusion periods and by mutation hazard. The
TTA CCT GTG A; PI3K 20F, 5’-ATG ATG CTT GGC TCT GGA AT; level of significance for tests was p < 0.05, and all statistical
PI3K 20Rseq, GGA ATC CAG AGT GAG CTT TCA), using BigDye analysis were carried out using STATA 11.2 (Stata Corp. College
Terminator v1.1 Cycle Sequencing Kit (Life Technologies) Station, TX).
and BigDye Xterminator (Life Technologies) followed by
capillary electrophoresis on an ABI 3130 Genetic Analyzer (Life Results
Technologies). Mutations were identified by visual inspection Clinico-pathological parameters of the two patient cohorts are
of DNA sequence electropherograms generated by Sequence shown in Table 1. There were no K-RAS mutations among the
Analysis Software v5.2 (Life Technologies).
evaluated tumours and only one patient with BRAF mutated
BRAF (RefSeq mRNA RefSeq NM_004333.4), c.1799T>A, tumour was detected in the 2003-05 cohort. The frequency
(p.V600E) mutation status was analysed by allele-specific of PIK3CA mutations in the 2006-08 and 2003-05 series of
real-time PCR using ABI 7900 HT Sequence Detection System patients was 26% and 31%, with 4% and 6% in exon 9 and 22%
(Life Technologies), essentially as previously described and 25% in exon 20, respectively. None of the investigated
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tumours showed mutation in both exons.
All patients experiencing relapse had metastatic disease
(Table 1). The RFS was quite different in the two groups of
patients (Figure 1). No statistically significant associations
were, however, detected between the PIK3CA mutation
status and the clinico-pathological variables or the clinical
outcome (Table 2).

Discussion

Targeted therapy is revolutionizing the contemporary basis
for oncologic treatment. To find the right therapy for the
right patient at the right time is clinically challenging, and
has stimulated the search for molecular, predictive and
prognostic markers to provide information as to whether or
not a patient is likely to benefit from a specific onco-medical
therapy. Moreover, such treatments have put a large burden
on the health economy, and may be associated with serious
side effects. Thus, the need for molecular, predictive markers
is mandatory to increase drug efficiency and decrease toxicity
[32].
This also applies to patients with breast cancer. Molecular
genetic alterations have been documented in a number of

studies, using advanced gene-profiling techniques [9-12], and
the translational process into a clinical context has especially
been applied to high risk patient populations, like the triplenegative breast cancer cohort [15-20]. Such studies often are
based on a high-tech analytic infrastructure, stigmatising
the molecular genetic approach as both rather complex and
incomprehensive. However, insight into the diverse molecular
genetic alteration occurring in the cancer cell genome is
mandatory for the development and clinical applicability of
new targeted onco-medical therapies. Moreover, the efficacy
of already implemented targeted anti-cancer therapies, like
e.g., trastuzumab, should also be addressed in this context, to
evaluate the cost-benefit aspects of these often rather toxic
and expensive treatments. Indeed, such studies may provide
a quality control of the targeted, therapeutic approach, and
may even improve our clinical ability to implement the right
treatment for the right patient at the right time. This prompted
us to carry out the present study, evaluating whether the
molecular constitution in HER-2 positive tumours may be of
predictive value regarding the efficacy of targeted therapy
with trastuzumab.
The clinical administration of trastuzumab started out more

Table 1. Patient and tumor characteristics, classified according to PIK3CA mutational status.
Inclusion year

2006-08 (N=69)

2003-05 (N=16)

Total (N=85)

Mutation

Wild type

Mutation

Wild type

Mutation

Wild type

18 (26)

51 (74)

5 (31)

11 (69)

23 (27)

62 (73)

0-20 mm

6 (33)

24 (47)

0 (0)

4 (36)

6 (26)

28 (45)

21-50 mm

11 (61)

22 (43)

3 (60)

5 (45)

14 (61)

27 (44)

>50 mm

1 (6)

5 (10)

2 (40)

2 (18)

3 (13)

7 (11)

Number of patients, (% of N)
Tumor size

Malignancy grade*

(N=49)

(N=10)

(N=59)

Grade I

0 (0)

4 (8)

0 (0)

1 (10)

0 (0)

5 (8)

Grade II

6 (33)

17 (35)

1 (20)

6 (60)

7 (30)

23 (39)

Grade III

12 (67)

28 (57)

4 (80)

3 (30)

16 (70)

31 (53)

Positive

9 (50)

30 (59)

3 (60)

3 (27)

11 (48)

29 (47)

Negative

9 (50)

21 (41)

2 (40)

8 (73)

12 (52)

33 (53)

Positive

8 (44)

28 (55)

4 (80)

7 (64)

12 (52)

35 (56)

Negative

10 (56)

23 (45)

1 (20)

4 (40)

11 (48)

27 (44)

Trastuzumab adjuvant

13 (72)

40 (78)

4 (80)

11 (100)

15 (65)

43 (69)

Trastuzumab neo-adjuvant + adjuvant

5 (28)

11 (22)

1 (20)

0 (0)

8 (35)

19 (31)

No signs of relapse

18 (100)

44 (86)

0 (0)

6 (55)

18 (78)

50 (81)

Locoregional disease

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Metastatic disease

0 (0)

7 (14)

5 (100)

5 (45)

5 (22)

12 (19)

ER status

Lymph node status

HER-2 treatment

Clinical Course

*some tumor types not graded.
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Figure 1. Recurrence free survival function for each of the two
investigated patient cohorts, included in the periods 2003-5
(black line) and 2006-8 (red line), respectively.
Table 2. Statistical analysis regarding recurrence-free survival
(RFS) with associated confidence intervals (CI).
Inclusion year

2006-08

2003-05

5 yr RFS
fraction

95% CI

5 yr RFS fraction

95% CI

Mutation

1.00

NA*

NA**

NA**

Wild type

0.84

0.71 - 0.92

0.73

0.37 - 0.90

All

0.88

0.78 - 0.94

0.50

0.25 - 0.71

(NA* = Not applicable, NA**=There are no observations in this
subgroup past 4.25 years, thus 5 yr RFS could not be estimated. At 4
years the numbers were RFS=0.20 with 95% CI=[0.01–0.58]).

than a decade ago, and proved effective in patients with
metastatic breast cancer [2]. Later on, trastuzumab has been
offered to patients with breast cancer in an adjuvant setting
[3,4]. There is no doubt that a large group of patients with HER2 positive breast cancer benefits from trastuzumab therapy,
but treatment failure occurs both in the advanced, metastatic
setting [2,33,34] and in patients receiving trastuzumab as
adjuvant therapy for their non-metastatic, early breast cancer
[35,36].
The mechanisms underlying resistance to trastuzumab
treatment, either primary or acquired, have been linked to
various somatic mutations taking place in the genetically
deranged, malignant neoplasms. Among these molecular
events, mutation in the K-RAS, BRAF and PIK3CA genes have
been addressed, in that these genes play key roles in the cellular
homeostasis, including participation in the regulation of cellular
growth, proliferation, survival, apoptosis and differentiation.
Especially, alterations in the Phosphatidylinositol-3-Kinase
(PIK3)–Protein kinase B (Akt) signalling pathway may interfere
with HER-2 inhibition [37-40].
None of the tumours investigated harboured K-RAS mutation.

It may be that K-RAS mutations, as opposed to colorectal cancer
[32], do not play a role regarding the molecular genetic
derangement occurring in HER-2 positive breast cancers.
The same may apply to BRAF mutations, as only one patient
showed this mutation in her tumour. These findings corroborate
the results from an earlier in vitro investigation [14], and
investigations of triple-negative tumours, stating KRAS and
BRAF mutations as rather rare events in breast cancer [19,26].
These latter studies were based on sample sizes between 35
and 105 patients, and the findings have rather recently been
reproduced in of series of 107 patients with triple-negative
breast tumours [17]. One study, from 2013 with a sample size
of 116 breast cancer patients, was identified, reporting a KRAS
mutation frequency of 8% [21].
In contrast, we detected mutations in PIK3CA in about one
quarter to one third of the patients in the two patient cohorts,
respectively. These data agrees with the findings in earlier
studies. Somatic PIK3CA mutations have thus been documented
with an overall frequency of about 25% [22,24]. Wide variations
in the frequency of PIK3CA mutations have, however, been
reported [41-43], and mutation rates of 40% have been
disclosed [44], and even as high as 46% in lobular breast
carcinomas [45]. The patient cohort treated in the period
2003-5 had a higher incidence of PIK3CA mutation, which may
reflect the selective, clinical basis on which these patients
were recruited. However, this series of patients is rather small,
and may not be generally comparable to larger studies. The
frequency of PIK3CA mutation in the larger patient cohort,
treated in the period 2006-8, corresponds to the general
mutation rate reported in the literature.
We were unable to detect any significant association between
the occurrence of PIK3CA mutation and the clinico-pathological
variables investigated, which is in agreement with a recent study
of 240 patients with HER-2 positive, early stage breast cancer
receiving adjuvant trastuzumab treatment [24]. Moreover,
there seems to exist quite some discrepancies in the literature
regarding the possible association of PIK3CA mutation as a
biomarker to well known pathological parameters of prognostic
significance in patients with breast cancer. Thus, PIK3CA
mutations have been reported correlated with both lymph
node negativity [41] and positivity [46] in breast cancer patients,
and moreover, significant associations have been documented
with both larger [47] and smaller [48] breast tumour diameters.
The present study did not disclose any association between
PIK3CA mutation and patient outcome, measured as RFS,
although 17 patients out of 85 experienced metastatic recurrence
of their breast cancer. The rather few events prevented
investigation into possible impact on overall survival. For
the same reason we could not reliably evaluate wheter there
might be a different prognostic impact between exon 9 and
exon 20 in PIK3CA. The overall relapse rate was about 20%,
irrespective being tumours with wild type or mutated PIK3CA,
and comparable to another recent study [24]. The 2003-5
patient cohort showed a higher fraction of recurring tumours,
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which may reflect the individualized, clinical selection of
these high risk patient for adjuvant trastuzumab treatment.
Our patient series may be too small to detect any impact of
PIK3CA mutation with regard to prognosis. There is, however,
conflicting results in the literature on the possible predictive
and prognostic value of PIK3CA mutation, which may question
the validity of this molecular alteration, when being proposed
as a biomarker in patients with HER-2 positive breast cancer.
Some studies have shown adverse prognostic impact of
PIK3CA mutations [24,49-51]. In contrast, other studies have
suggested PIK3CA mutation as a favourable prognostic factor
[42,52], including one investigation based on a rather large
series of patients (N=590) [41]. Furthermore, one study has
reported PIK3CA mutation, involving exon 20, associated with
a favourable prognosis [42], whereas another investigation
concludes the opposite [51].
In the setting of HER-2 positive cancer, one might assume
that uncontrolled downstream pathway activation would
impair the efficacy of trastuzumab. This may suggest other
members of the PI3K pathway to be important in relation to
failure of HER-2 inhibition. In silico and preclinical observations
also point in this direction [53], in that PI3K pathway activation,
defined as Phosphatase and Tensin Homolog (PTEN) loss and/
or PIK3CA mutation, seems associated with a poor response to
trastuzumab. Indeed, data from more studies have suggested a
combined approach, where PIK3CA mutation and/or PTEN loss
may improve predictive power as to the efficacy of tratuzumab
treatment and with regard to patient prognosis [22-24,40].
Thus, a more holistic view on the molecular alterations, using
an integrated genomic and proteomic approach [54], may in
the future improve our ability to predict treatment outcome
and prognosis, and, moreover, design multi-axial, targeted
treatment regimens that hopefully will improve patient
outcome.
In the approach for solving the pathogenesis of trastuzumab
treatment failure in patients with HER-2 positive breast
cancer, one should, however, not only look for abnormal
molecular events taking place in the various pathways of
relevance. The bio-availability and–affinity of trastuzumab to
the cancer cells are of outmost importance. Tumour-related
issues like angiogenesis, high intra-tumoural pressure, stroma,
inflammatory response and other variables inherent to the
tumour cell microenvironment are crucial. This may also
influence our approach to diagnose HER-2 over-expression
and thus predict the outcome of trastuzumab treatment.
Some attempts have already been carried out in this regard,
showing biotinylated Herceptin® being superior to HerceptestTM
in predicting the clinical response to trastuzumab [55,56].
In conclusion, the present study documents an approximate
30% frequency of PIK3CA mutation in HER-2 positive tumours
from patients with breast cancer, treated in an adjuvant setting,
whereas K-RAS and BRAF mutations were non-existing or
rare, respectively. The mutational status was, however, not
related to any clinico-pathological variables or recurrence-
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free survival. The size of the studied cohort is limited, but the
results obtained from the descriptive study, corroborates the
controversies stated in the literature regarding the clinical
impact of PIK3CA mutation in patients with breast cancer.
Future studies should focus on an integrated approach, taking
into account more members of the PI3K pathway, focusing
on their interplay, in the attempt to elucidate trastuzumab
treatment failure in patients with HER-2 positive breast cancer.
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