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Abstract. Trastuzumab (T) has contributed to improving 
the prognosis of human epidermal growth factor receptor 2 
(HER2)-positive breast cancer. Although some patients have 
been unresponsive or resistant to T. Loss of phosphatase and 
tensin homolog (PTEN) deleted on chromosome 10, PIK3CA 
mutation and p95HER2 expression have been reported to 
potentially be responsible for the poor response to T. This is a 
small-scale pilot study to be followed by a large-scale inves-
tigation examining the association between the biomarkers 
and clinical response. Based on the response to T, patients 
were divided into 3 groups in terms of progression-free 
survival (PFS): PFS >8 months (group A, n=15), 3-8 months 
(group B, n=7) and PFS <3 months (group C, n=11). PTEN 
protein expression was detected by immunohistochemistry 
and PIK3CA mutation by direct sequencing. The median age 
was 61, 60 and 47 years in groups A, B and C, respectively, 
with statistically significant differences among the groups. 
No additional patient background factors differed between 
the groups. A decreased PTEN expression (H score, <100) 
was observed in 33.3 and 72.7% of patients in groups A 
and C, respectively. PTEN loss was slightly correlated with 
poor response to T. PIK3CA mutation frequency in exons 
9/20 was 33.3% in group A and 27.3% in group C, with no 
significant correlation between PIK3CA mutation and clinical 
response. In this small-scale pilot study, a weak correlation 

was demonstrated between PTEN loss and poor response to 
T. This potential correlation is likely to be confirmed in the 
planned large-scale study, while the association of PIK3CA 
mutation and p95HER2 expression with poor response to T 
also requires examination.

Introduction

The overexpression of the human epidermal growth factor 
receptor 2 (HER2) gene is observed in 20-30% of human breast 
cancer patients (1). Treatment for this type of breast cancer 
has markedly improved since the approval of the monoclonal 
antibody trastuzumab (T), and the combination of lapatinib 
with capecitabine, also available since June 2009 in Japan.

However, p95HER2 protein expression, loss of phospha-
tase and tensin homolog (PTEN) deleted on chromosome 10 
and PIK3CA gene mutation have demonstrated a resistance to 
T treatment (2,3). p95HER2 is the carboxyl terminal fragment 
(CTF) of HER2, while p95HER2 lacked the T binding site.  
Therefore, p95HER2 expression in HER2-positive breast 
cancer appeared to be involved in T resistance. p95HER2 
protein was co-expressed with wild-type HER2 in 14-60% 
of the HER2-positive breast cancer cases (4,5). In addi-
tion, PTEN is a cancer suppressor gene, known to undergo 
mutations in various types of cancer. It is located on chro-
mosome 10q23.3, coding for the protein created from the 
403 amino acid residue that acts as a phospholipid phospha-
tase. PTEN inhibits signal transmission of the phosphatidyl 
inositol (PI-3) kinase downstream. Due to mutation of the 
PTEN gene, decreased PTEN function activates the P13K 
downstream signal transmission system that subsequently 
affects cell functions, such as proliferation, apoptosis and 
cell infiltration. This PTEN protein loss was observed in 
20.5-76.3% of the HER2-positive breast cancer cases (6-10), 
demonstrating an existing correlation between the treatment 
effect of T and the level of PTEN protein expression (6,7). 
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PIK3CA mutation is observed in 10.3-37.5% of the HER2-
positive breast cancer cases (9-12). Exons 9 (E542K, E545K) 
and 20 (H1047R) are the hot spots for mutation (13,14), 
demonstrating that the effect of T treatment was affected by 
these mutations (10). However, the effect of lapatinib treat-
ment has been proven not to be correlated with the p95HER2 
expression levels or PTEN proteins, or the status of PIK3CA 
gene mutation (8,11,12,15). These biological features are 
worth examining in terms of their treatment response to T or 
lapatinib.

The Kyushu Breast Cancer Study Group (KBC-SG) is 
conducting a prospective clinical study to investigate the corre-
lation between the antitumor effect of lapatinib + capecitabine 
concomitant treatment and the following biomarkers: 
p95HER2 expression, PTEN loss and PIK3CA mutation in 
HER2-positive breast cancer patients pre-treated with T. Prior 
to conducting a prospective clinical study, the evaluation 
methods of these biomarkers needed to be established by using 
stored tumor tissue samples of HER2-positive breast cancer 
patients. The frequency of p95HER2 expression, PTEN loss 
and PIK3CA mutation in relation to T treatment are also of 
notable interest. The present study is a feasibility study aiming 
to validate the applicability of our technique in a prospective 
clinical study.

Despite the original plan, considering the results of a 
VeraTag™ assay (16) the use of immunohistochemistry for the 
p95HER2 protein test was deemed to be unnecessary in this 
preliminary study. 

Patients and methods

Patient characteristics. HER2-positive tumor samples were 
obtained from the Kumamoto City Hospital (Kumamoto, 
China), the Hakuaikai Sagara Hospital (Kagoshima, China) 
and the Kitakyushu Municipal Medical Center (Kitakyushu, 
China). The present study was approved by the corresponding 
Institutional Review Boards. The subjects were patients with 
HER2-positive breast cancer, with documented progression 
on at least one T-containing regimen in the metastatic setting, 
meeting the following criteria: i) females diagnosed with inva-
sive breast cancer by histological examination; ii) patients with 
overexpression of HER2, i.e. the staining score detected by 
immunohistochemistry (IHC) being 3+, or HER2 gene ampli-
fication being confirmed by fluorescence in situ hybridization 
(FISH); iii) patients with a T treatment history and obtainable 
detailed clinical data; iv) availability of formalin-fixed and 
paraffin-embedded tissues of primary tumors and v) patients 
willing to participate in this study.

Methods. To compare the biomarker results with response to 
T treatment, PTEN loss and PIK3CA mutation were studied 
in 3 groups, on the basis of treatment responses (17,18). The 
patients were divided as follows: i) group A, responders to 
T treatment [progression-free survival time (PFS) of at least 
8 months] ≥10 patients; ii) group B, worsening in the early 
phase of T treatment (PFS from 3 to 8 months of T treat-
ment), with the highest possible number of group B subjects 
being collected, 0-10 patients; iii) group C, non-responders to 
T treatment (PFS <3 months of T treatment or relapse during 
adjuvant T treatment), ≥10 patients.

The following indices were investigated in this study:  
i) methods to evaluate PTEN expression, ii) frequency of 
PTEN loss and PIK3CA mutation with regard to response to 
T treatment.

Evaluation methods of PTEN. The immunohistochemical 
staining for PTEN protein in tumor cells was evaluated using 
anti-human PTEN mouse monoclonal antibodies (clone 6H2.1, 
M3627; Dako, Copenhagen, Denmark), while the EnVision™ 
FLEX+ kit mouse linker (Dako) was used to detect the protein,  
due to the weak PTEN protein expression level in the stan-
dard expression system. Normal breast epithelium or vascular 
endothelium known to express normal PTEN was used as the 
positive control. The staining conditions, such as the dilution 
factor, as well as the pre-treatment conditions were exam-
ined according to the manufacturer's instructions. The three 
pathologists evaluated the PTEN expression independently. 
The H score was used to evaluate and score the expression 
levels (19). The staining intensity (0-3) was evaluated using 
the semantic anchors: negative (0), weak (1+), moderate (2+) 
and strong (3+). To obtain percentages the area occupying the 
positive cells over the cells was estimated.

Investigation of PIK3CA mutation. DNA was extracted from 
formalin-fixed and paraffin-embedded blocks. Analysis of 
the mutations of the PIK3CA gene was performed using the 
direct sequence method. As previously mentioned, the base 
sequences in exons 9 and 20, which are the hot-spots of the 
PIK3CA gene mutation (13), were decoded and evaluated.

Statistical analysis. Statistical comparisons between groups 
were conducted using the Chi-square and Fisher's exact tests. 
The Wilcoxon's (non-parametric) test was used to compare 
the mean values for age, and the signal ratio of HER2-FISH, 
disease-free survival (DFI) and PFS. A two-sided P<0.05 was 
considered to indicate a statistically significant difference.

Results

Background characteristics of patients. The number of patients 
was as follows: group A, 15; group B, 7 and group C, 11. The 
background characteristics of these patients are presented 
in Table I. The median age at registration was 60 years for 
groups A and B, and 47 years for group C, suggesting a signifi-
cant age difference. No difference was detected, however, in 
the 3 groups regarding tumor diameter, lymph-node metas-
tasis, stage, DFI, type of surgery, HER2 status by IHC, signal 
count by FISH and the T treatment period. Significant differ-
ences were detected between groups A and C and groups B 
and C regarding the PFS of the T treatment. In the ER, 81.8% 
of the patients in group C were negative, although there was no 
significant difference.

Evaluation of IHC for PTEN. Fig. 1 shows the immunostaining 
patterns of PTEN. The cases shown are 3+/2+, 1+ and nega-
tive. As shown in Fig. 2 and Table II, the immunostaining was 
evaluated as SI x PP using the H score. The H score was widely 
distributed ranging from 0 to 200. The median values were 
110, 90 and 50 in groups A, B and C, respectively. Two patients 
in group C had a score of 0. As shown in Table II, a decreased 
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Table I. Background patient characteristics.

Characteristics Group A Group B Group C P-value

No. of cases 15 7 11
Age at registration (years)
  Median 60.5 60.0 47.0 0.03
  Mean 58.3 60.1 49.7
Tumor size (primary tumor) (cm)
  ≤5.0 11 (73.3) 7 (100) 8 (72.7) 0.31
  >5.0 2 0 3
  Unknown 2 0 0
Nodal status (primary tumor)
  N0 4 (26.7) 1 (14.3) 2 (18.2) 0.79
  N1 6 5 6
  N2,3 2 1 3
  Unknown 3 0 0
Distant metastasis (at primary surgery)
  Without 11 7 9 0.32
  With 4 0 2
No. of involved nodes (primary surgery)
  0 4 (26.7) 1 (14.3) 2 (18.2) 0.35
  1-3 5 1 4
  ≥4 3 5 3
  Unknown 3 0 2
Stage classification (at primary surgery)
  I 2 0 0 0.52
  II 8 6 7
  III 1 1 2
  IV 3 0 2
  Unknown 1 0 0
Histological type
  Invasive ductal carcinoma 14 7 9 0.99
  Others 1 0 2
Estrogen receptor
  + 8 (53.3) 5 (71.4) 2 (18.2) 0.06
  - 7 2 9
Progesterone receptor
  + 5 (33.3) 1 (14.3) 2 (18.2) 0.53
  - 10 6 9
HER2
  1+,2+ 1 1 2 0.66
  3+ 14 6 9
HER2-FISH
  Median 5.2 8.6 4.6 0.34
  Mean 5.6 6.7 4.8
Progression-free survival (days)
  Median 657 178 60 <0.0001
  Mean 1151.8 174.4 103.3
Disease-free interval (days)
  Median 409 491 337 0.21
  Mean 580.9 757.4 327.7
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Table II. Immunohistochemistry for PTEN and the treatment 
efficacy of trastuzumab.

H score Group A Group B Group C P-value

≥100 10 (66.7) 3 (42.9) 3 (27.3) 0.13
<100 5 4 8

Cases with decreased expression (score <100): 17/33 (51.5%).

Table I. Continued.

Characteristics Group A Group B Group C P-value

Operation performed for primary tumor
  Yes 14 7 9 0.39
  No (advanced) 1 0 2
Dominant site of recurrence
  Lymph node 4 2 3 0.72
  Bone 4 2 1
  Lung 3 0 2
  Liver 1 1 3
  Chest wall 2 2 1
  Locally advanced 1 0 2
  Other 2 0 2
Timing of trastuzumab treatment
  Adjuvant setting 2 1 3 0.59
  1st or 2nd line after recurrence 12 6 7
  3rd line or later 1 1 1

HER2, human epidermal growth factor receptor 2; FISH, fluorescence in situ hybridization.

Figure 1. PTEN expression pattern in human breast cancers is shown. PTEN 
expression of the tumors was examined by immunohistochemistry (IHC) 
and evaluated using the H score. Representative tumor PTEN stainings and 
corresponding H&E stains (magnification, x40) are shown in A, B and C as 
2+/3+, 1+ and -, respectively.

Figure 2. H score of immunostaining for PTEN, according to the efficacy 
of T treatment is shown. The H score is widely distributed from 0 to 200. 
Median values are 110, 90 and 50 in groups A, B and C, respectively.

Table III. PIK3CA mutation and the treatment efficacy of 
trastuzumab.

PIK3CA
mutation Group A Group B Group C P-value

Exon 9 2 0 1 
Exon 20 3 0 2 
Total 5 (33.3%) 0 3 (27.3%) 0.23

Cases with PIK3CA mutation: 8/33 (24.2%).
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expression (score, <100) was observed in 17/33 (51.5%) of the 
cases, when the patients were divided into 2 groups based on 
a H score of 100. In group A, the percentage of patients with 
a score of ≥100 was 66.7%, while in group C it was as low 
as 27.3%. Although no statistically significant difference was 
detected, the number of patients with a decreased expression 
was high in group C. Consequently, PTEN immunostaining 
was assessed as described above, and was considered to have 
the potential to be used in the prospective study.

PIK3CA mutation. Table III shows the distribution of cases 
based on PIK3CA mutation. PIK3CA mutations were observed 
in 8/33 (24.2%), when mutations at exons 9 and 20 were 
combined. However, no clear correlation between the patient 
groups was observed in the distribution of patients based on 
the mutation.

Discussion

This retrospective study was conducted in preparation of a 
prospective study, aiming to investigate the correlation between 
the PFS of concomitant lapatinib/capecitabine therapy and the 
p95HER2 and PTEN protein expression levels, as well as the 
status of PIK3CA mutation in HER2-positive breast cancer 
patients.

To evaluate PTEN immunostaining, the H score was 
employed. According to available studies, evaluation of PTEN 
immunostaining by immunoreactive score (IRS) is common. 
Staining intensity (0-3) is evaluated on a 4-level scale. 
Percentage of positive cells (0-4) is evaluated on a 5-level scale 
of 0 (<1%), 1 (1-10%), 2 (11-50%), 3 (51-80%) and 4 (>80% posi-
tive cells), based on the percentages of the positive cells. The 
entities use multiplied values (from 0 to 12 points). However, 
there are differences in the cut-off points, ranging from 3 to 
8 points. The incidence of cases with decreased expressions 
also range from 19.1 to 51.8%, showing a notable gap. In this 
study, the percentage of cases with a decreased expression 
was 51.5%. However, the patients in this study were recruited 
according to the extent of response to T, therefore additional 
investigation, intended to be carried out in the prospective 
study, is required. 

With regard to P13KCA mutation, exon 9 or 20 mutation 
was found in 8/33 (24.2%). Hennessy et al (20) reported the 
correlation between the frequency and breast cancer subtypes, 
while the mutation frequency was 9/19 (47.4%) in metaplastic 
breast cancer patients, 232/880 (34.5%; P=0.32) in hormone 
receptor-positive patients, 17/75 (22.7%; P=0.04) in HER2-
positive patients, 20/240 (8.3%; P<0.0001) in basal-like 
patients and 0/14 (P=0.004) in claudin-low patients. According 
to the literature (9-12,20), there was a clear correlation between 
PIK3CA mutation and the efficacy of T treatment. It was also 
reported (21) that T resulted in tumor regression subsequent 
to apoptosis induction, while not showing a significant change 
in cell proliferation, as measured by Ki-67. However, with 
lapatinib, both Ki-67 and p-MAPK levels showed a signifi-
cant decrease during treatment. Thus, T seems to affect cell 
survival, while having a smaller effect on cell cycle kinetics, 
whereas lapatinib seems to affect cell cycle kinetics via 
RAS/MAPK, while having a smaller effect on cell survival 
(21). The present study, however, showed no clear correlation 

between this mutagenicity and the effects of T. Additional 
investigation in a prospective study is required regarding the 
correlation between this mutation and the anti-HER2 treat-
ment effect.

With regard to p95HER2, an assay method for HER2 has 
been developed (22). This method uses two types of anti-
bodies that bind to HER2. One of the antibodies binds by a 
fluorochrome linker, while the other is labeled by a chemical 
substance that generates a peroxidative enzyme when it is 
exposed to light and breaks the linker. When the two types 
of antibodies bind to HER2 on the cell surface, free fluo-
rochrome is measured by capillary electrophoresis enabling 
the assay of the receptors. This process is termed VeraTag™ 
assay. This assay was also applied to p95HER2 (16). This 
method is now used in our ongoing prospective study. There 
were studies on IHC for p95HER2 that were presented at 
the annual meeting of the American Society of Clinical 
Oncology held in 2011. Although p95HER2 was suggested 
to be a marker of resistance to T, in the neoadjuvant study by 
Loibl et al (23), there was a significantly higher rate of patho-
logical complete response (pCR) by T treatment in cases that 
expressed p95HER2. In this study, the 611CTF monoclonal 
antibody (bioMérieux, Inc.) was used. Furthermore, even in 
the CHER-LOB trial (24), there was no clear correlation with 
the T and lapatinib treatments.

Looking at the p95HER2-positive rates in these studies, 
the values were 74% in the GeparQuattro study (23), 30.7% in 
the CHER-LOB study (24) and 27.5% in the VeraTag™ assay 
(25). Although a difference was found between the early breast 
cancer and recurrent patients regarding the p95HER2 assess-
ment, there was no constant trend, and there are a number of 
questions that remain to be solved. From these findings, the 
VeraTag™ method was set to be used to assess p95HER2 in 
our prospective study.

The immunostaining and assessment methods for PTEN 
expression were validated by the present study, and there was 
some correlation with the efficacy of the T treatment. However, 
for the PIK3CA mutation, there was no correlation with the 
T treatment results. This potential correlation is likely to be 
confirmed in the planned large-scale study, while the associa-
tion of PIK3CA mutation and p95HER2 expression with poor 
response to T should also be examined.
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