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PIK3CA mutations are a predictor of docetaxel plus epirubicin neoadjuvant
chemotherapy clinical eﬃcacy in breast cancer
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This study proposed to investigate the relationship of PIK3CA somatic mutations, the most common activating mutations
in human breast cancer (BC), and the eﬃcacy of neoadjuvant chemotherapy (NCT).Using a novel liquidchip technology,
PIK3CA DNA somat ic mutations and HER2, PTEN, EGFR mRNA expression proﬁles were analyzed in formalin ﬁxed
paraﬃn embedded samples of 93 BC patients treated with epirubicin plus docetaxel NCT.PIK3CA mutations were found
in 30 patients (32.3%), in which the point mutations of E542K, E545K, H1047L and H1047R were 4.3, 9.7, 4.3 and 14.0%
respectively. The PIK3CA mutations were signiﬁcantly associated with patients’ clinical response; 27 of 30 PIK3CA mutated
patients had either a partial or complete response (p=0.002). Multivariate analysis further conﬁrmed that, after adjustments
for age, disease stages and NCT cycles, PIK3CA was associated with clinical response (Odds Ration 0.126, 95% CI [0.029,
0.691]). However, there was no signiﬁcant diﬀerence between PIK3CA mutations in pathological complete response (pCR,
7/92) and non-pCR group. Furthermore, no EGFR, KRAS and BRAF mutations were detected in any of the 93 samples.Our
data for the ﬁrst time suggested that PIK3CA mutation status may be a predictor for better understanding clinical response
to the combination of epirubicin and docetaxel NCT in patients with BC.
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Neoadjuvant chemotherapy (NCT) has become the standard
treatment for locally advanced breast cancer. Reducing tumor
volume promotes higher breast -conserving surgery rates [1].
In patients with objective clinical response (complete response
and partial responses combined) and especially pathological
clinical response (pCR), an increase in disease-free and overall
survival rates has been reported [2]. However, only 3–30%
patients achieved a pCR after cytotoxic drug treatment and
about 20% did not response to NCT at all [3]. Distinguishing
whether a patient would response to NCT could avoid ineffectual treatment and provide a better quality of life.
Docetaxel and epirubicin are the most common chemotherapy regimens in adjuvant and neoadjuvant treatments for
breast cancer. The combination of epirubicin and docetaxel
was reported as one of the most active and well-tolerated
treatments for locally advanced breast cancer [4]. In our
previous studies, we treated patients with locally advanced

breast cancer with the docetaxel plus epirubicin regimen. The
objective response (OR) rates were 60.7% and 90% after 2 or
4 cycles of NCT, respectively. After 2 to 6 cycles of NCT, the
complete response (CR) rate and pCR rate were 13.4% and
9.8%, respectively [5,6].
HER2 has been associated with the outcome of patients
treated with epirubicin -based adjuvant chemotherapy [7, 8].
Yao et al. found that HER2 negative breast tumors were more
responsive to anthracycline-based neoadjuvant chemotherapy
than HER2 positive tumors [9]. It is not clear whether downstream genes of HER2 have a correlation with the eﬀect of
docetaxel plus epirubicin regimen.
EGFR, KRAS and BRAF oncogenes, which are frequently
observed in many cancers, are rarely reported in breast cancer
in Caucasian patients [10]; however, the prevalence of these
genes in Chinese patients was unknown. PIK3CA is the
most frequently mutated gene in human breast cancers [11],
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and the mutation is observed in 20-40% of tumors [12]. The
PIK3CA mutation hotspots are exons 9 and 20, corresponding
to the helical (E542K and E545K) and kinase (H1047R and
H1047L) domains, respectively [13]. PTEN is a suppressor
of phosphatidylinositol 3-kinase (PI3K) and loss of PTEN
expression is one cause of PI3K pathway activation. PIK3CA
mutations and PTEN loss have been associated with pathological and clinical characteristics such as ER status, HER2
status, metastasis and disease prognosis [14]. PI3K pathway
activation (PTEN low expression and/or PIK3CA mutation)
is a major marker of drug resistance to trastuzumab [15].
Other studies reported that patients with PIK3CA mutations
or increased PI3K pathway activity had a signiﬁcantly poorer
survival rate despite treatment with adjuvant CEF chemotherapy (cyclophosphamide 600 mg/m2, epirubicin 60 mg/m2
and ﬂuorouracil 600 mg/m2) and trastuzumab [16].

Table 1. Patient characteristics (n=93)
Characteristic
Age
Median (range), years
NAT treatment
Median (range), cycles
Stage
I
II
III
IV
Missing
Tumor size
<2cm (T1)
2-5cm (T2)
>5cm (T3)
T4
Clinical nodal status
Negative
Positive
Missing
Metastasis
Negative
Positive
Histologic Grade (SBR)
G1
G2
G3
Missing
Tumor phenotype
Triple negative
Luminal A
Luminal B
Only HER2 positive
Missing

No.

%

47 (25-71)
3 (1-6)
3
60
28
1
1

3%
65%
30%
1%
1%

4
65
19
5

4%
70%
20%
5%

29
63
1

31%
68%
1%

92
1

99%
1%

1
44
25
23

1%
47%
27%
25%

13
33
9
15
23

14%
35%
10%
16%
25%

In this work, we sought to evaluate PIK3CA, as well as
EGFR, KRAS and BRAF hotspot somatic mutations, and
HER2, PTEN and EGFR mRNA expression proﬁles in patients with breast cancer and to correlate these results with
NCT outcomes.
Materials and methods
Patients and neoadjuvant treatment. 93 women with
histological diagnosis of invasive breast cancer of any clinical
tumor stage who were scheduled for neoadjuvant therapy were
enrolled (Table 1). A diagnosis of carcinoma was established
through core needle biopsy of the primary tumor and palpable
lymph nodes. The tumor phenotypes were determined according to clinicopathologic criteria recommended by the St
Gallen panelists [17].
Patients with a primary inﬂammatory carcinoma or metastatic diseases were excluded. All patients had docetaxel plus
epirubicin NCT and surgery in the General Hospital of Chinese People’s Liberat ion Army between June 2005 and May
2010. Patients received treatment with docetaxel (75 mg/m2)
and epirubicin (75 mg/m2) on once every 3 weeks after core
needle biopsy. The median cycle of chemotherapy was 4 cycles
(range, 2-6). All procedures were carried out with the prior
informed consent of the patients according to the Chinese
FDA. And the same period, we collected 31 specimens from
the people who received the biopsy. These people were conﬁrmed have no breast cancer after histological examination.
(http://www.sda.gov.cn/WS01/CL0053/24473.html).
Assessment of response to neoadjuvant chemotherapy.
Both the pathological and clinical assessment of response to
NCT was taken. The clinical response was evaluated at the end
of NCT and prior to deﬁnitive surgery on day 21 following the
last cycle of chemotherapy. Clinical response was determined
by the tumor diameter and the axillary node status and was
classiﬁed as a complete response (CR), partial response (PR),
stable disease (SD) or progressive disease (PD) according to
standard International Union Against Cancer (UICC) criteria
[18]. CR and PR were classiﬁed as the objective response group
(OR), while SD and PD were classiﬁed as the no response group
(NR). Pathological response was evaluated by residual invasive
cancer cells in the surgical specimen as compared to the core
needle biopsy before NCT. Pathological complete response
(pCR) was estimated according to Kuerer et al. [19].
Specimen collection and gene assays. Tumor tissues collected by needle biopsy before NCT, which were formalin
ﬁxed and paraﬃn embedded (FFPE) were used for gene assays. Tumor genomic DNA from each formalin ﬁxed tissue
was extracted by the Maxwell system (Promega, GA, USA)
and the concentration determined using the Nanodrop 1000
spectrophotometer (Thermo Scientiﬁc, USA). The mutation
status of exons 18 to 21 of EGFR, exons 2 and 3 of KRAS, exon
15 of BRAF and exons 9 and 20 of PIK3CA were analyzed
simultaneously by xTAG liquidchip technology (SurExam,
Guangzhou, China) [20].
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Figure 1. Scatter Plot of EGFR, HER2 and PTEN mRNA levels in 93 breast cancer specimens and 31 breast tissue specimens from normal people.
Each dot represents a measurement of each patient. Long vertical bars represent median values and shorter vertical represent standard errors. The gene
messenger RNA (mRNA) level was determined by branched DNA assay. The signal was normalized to reference genes. The horizontal was hundredfold
and logarithmic (base 2).

Gene mRNA expression levels were analyzed simultaneously by multiplex branched DNA liquidchip (MBL) technology
(SurExam, Guangzhou, China), a sandwich nucleic acid hybridization plat form in which targets are captured through
cooperative hybridization of multiple probes in conjunction with
a ﬂuorescence signal ampliﬁcation system, which has previously
been shown to be a suﬃcient mRNA detection technology for
FFPE specimens [21]. These specimens were analyzed for EGFR,
HER2 and PTEN mRNA expression levels. For all samples,
background signals were established as the blank control and
subtracted from signals obtained in the presence of RNA samples.
Signals of target genes were normalized against the geometric
mean of ﬁve reference genes (ACTB, GAPDH, GUS, RPLP0 and
TFRC). All data were represented as median ﬂuorescence intensity (MFI). The normalized value of target mRNAs was evaluated
by a formula, deﬁned as the MFI of target mRNAs divided the
geometric mean of the MFI of three housekeeping genes.
Statistical analysis. SAS 9.1.3 software (SAS Institute Inc,
NC, USA) was used to evaluate the correlation between gene
status and response to epirubicin plus docetaxel NCT. Comparisons between qualitative variables were analyzed using
Mann-Whitney U test, Spearman rank correlation test and
Fisher’s exact test. Binary multivariate logistic regression was
used to assess adjusted odds ratio (adjusted by age, stage and
NCT cycles) with clinical response and pathological response.
All p values were two-sided, and a p value of less than 0.05 was
considered statistically signiﬁcant.

termined in all 93 samples. The median levels of expression
of EGFR, HER2 and PTEN were 0.0262, 0.6426 and 0.3001
respectively in patients. And the median levels of expression
of EGFR, HER2 and PTEN were 0.1732, 0.1536 and 0.3480
respectively in normal people. Mann Whitney U test show
there was signiﬁcant diﬀerence between patients and normal
people in levels of expression of 3 genes (Table 2). The mRNA
levels of EGFR and HER2 were extraordinarily high in some
samples. In contrast, PTEN showed a very compact expression
pattern: most were in the range of 0.1–0.6 (Figure 1).
EGFR, KRAS, BRAF and PIK3CA mutation status. EGFR,
KRAS, BRAF and PIK3CA mutations were analyzed in all 93
tumor samples. No mutations were detected in EGFR, KRAS
or BRAF. The mutation rate of PIK3CA was 32.3% (30/93).
Mutation rates of E542K, E545K, H1047L and H1047R were
4.3, 9.7, 4.3 and 14.0% respectively. The PIK3CA mutation
status in 31 normal people were also tested, Mutation rates
of E542K, E545K, H1047L and H1047R were 0.0, 3.2, 3.2 and
3.2% respectively. The mutation rates of PI3KCA in normal
people seemed like lower than patients, but had not reach
the signiﬁcance. (Table 3). No simultaneous mutation was
detected. More PIK3CA mutations were found in lymph node
Table 2. EGFR, HER2 and PTEN expression in 93 Chinese patients with
breast cancer and 31 Chinese Normal people
Gene

Results
EGFR, HER2 and PTEN mRNA expression patterns.
EGFR, HER2 and PTEN mRNA expression levels were de-

mRNA Expression

[median(Q25-Q75)]

Patients

Normal people

P value
(Mann-Whitney U)

0.1732(0.1244-0.1924)
0.1536(0.0665-0.2947)
0.3480(0.2741-0.5251)

<0.001
<0.001
0.009

EGFR 0.0262(0.0144-0.0476)
HER2 0.6426(0.3627-1.2088)
PTEN 0.3001(0.2183-0.3816)
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Table 3. PIK3CA mutation status in 93 Chinese patients with breast cancer and 31 Chinese Normal people
Gene
PIK3CA exon 9
E542K
E545K
PIK3CA exon 20
H1047L
H1047R

Patients (N=93)

Normal people (N=31)

No. of mutation

Percentage (%)

No. of mutation

Percentage (%)

P value
(Fisher’s exact test)

13
4
9
17
4
13

14
4.3
9.7
18.3
4.3
14

1
0
1
2
1
1

3.2
0
3.2
6.5
3.2
3.2

0.186
0.571
0.449
0.153
1.000
0.186

negative (p=0.0339) and low histological grade (p=0.0498)
breast cancer (Table 4).
Neoadjuvant treatment response. Both the pathological
and clinical assessment of response to NCT was taken successfully on 92 patients. For 1 of 93 patients, no response data
were available. The OR was observed in 63 patients (68.5%)
treated with NCT. The CR rate was 28.3% (26/92) and the
pCR rate was 7.6% (7/92). Progressive disease was observed
in six patients (6.5%).
Clinical and gene characteristics and their relationship with NCT response. We evaluated the association
between NCT response, patient characteristics, histology
and gene patterns (HER2, EGFR, PTEN mRNA expression
and PIK3CA mutation). The results of univariate analysis
showed patient’s age, clinica l T status, nodal status, stage,
chemotherapy cycles and PIK3CA mutation were associated
with clinical response to NCT (Table 5). Clinical response
was more likely in younger patients, small tumors, nodal
negative, early stage ones and patients with PIK3CA mutation. PIK3CA exon 9 and exon 20 mutations had a tendency
to be associated with clinical response to NCT respectively
(p=0.056 and 0.052) (Table 6). However, only patient’s age
and chemotherapy cycles were correlated with pathological
response. Multivariate analyses for clinical and pathological
response were done using the mutation status of PIK3CA,
expression levels of HER2, EGFR, and PTEN, and age, stage,
and number of NCT cycles as covariates. The signiﬁcant
association between outcome and PIK3CA mutations was

Table 4. Correlation between PIK3CA mutation and patient characteristics
Patient characteristics
Age
NCT treatment
Stage
Tumor size
Clinical nodal status
Metastasis
Histologic Grade
Tumor phenotype
r, Spearman rank correlation coeﬃcient

r

p value

0.04131
-0.09195
-0.19852
-0.14733
-0.22266
-0.07292
-0.23710
-0.00919

0.7040
0.3860
0.0592
0.1611
0.0339
0.4897
0.0498
0.9403

conﬁrmed in multivariate analyses (Table 7). Compared with
wild types, PIK3CA mutations were signiﬁcantly associated
with higher clinical response, whereas no signiﬁcant diﬀerence in pathological response was seen.
Table 5. Univariate analysis of predictive factor of NCT response
clinical response

Characteristics

r

pathological response

p value

r

p value

-0.29853
0.0047
0.25644
0.0193
Age
0.22014
0.0360
0.25251
0.0378
Chemotherapy cycles
Clinical T status
-0.31302
0.0024
0.1904
0.0756
Clinical nodal status
-0.25728
0.0138
0.07486
0.4908
-0.35378
0.0006
0.10699
0.3240
Stage
Histologic Grade (SBR) -0.27171
0.0047
-0.08164
0.5179
Tumor phenotype
0.17841
0.1425
-0.06611
0.6448
0.09809
0.3577
0.00914
0.9388
HER2 exp
EGFR exp
-0.19635
0.0636
0.10524
0.3378
PTEN exp
-0.17764
0.0921
0.15061
0.1663
PIK3CA mut
0.27931
0.0073
0.12453
0.2505
r, Spearman rank correlation index; exp, expression; mut, mutation status.

Table 6. Fisher’s exact test of predictive factor of NCT response
Characteristics

clinical response
OR

Tumor phenotype
triple negative
8
non- triple negative 33
PIK3CA exon 9
Mutation
12
non-mutation
51
PIK3CA exon 20
Mutation
15
non-mutation
48
PIK3CA
27
Mutation
non-mutation
36
OR, objective response; NR,
response.

NR

p value

pathological response
pCR non-pCR p value

0.913
5
18

0.186
1
0

12
57

0
7

13
73

1
6

16
70

0.056
1
28

0.081

0.052
2
27

0.330

0.002
0.422
3
1
29
26
6
57
no response; pCR, pathological complete
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Table 7. Multivariate logistic regression analysis of factors predictive of NCT response
Characteristics
PIK3CA mut
HER2 exp
PTEN exp
EGFR exp
OR, odds ratio

Clinical response
OR
0.126
0.708
0.944
1.618

95%CI
(0.029,0.691)
(0.194,2.581)
(0.259,3.439)
(0.454,5.773)

Pathological reponse
p value
0.0170
0.6007
0.9302
0.4584

Discussion
In this study, the prevalence of EGFR, KRAS, BRAF and
PIK3CA somatic mutations in tumors of 93 Chinese breast
cancer patients was assayed and analyzed. No activating
mutation was detected on EGFR, KRAS and BRAF in this
study. This is consistent with the low mutation rate reported
in Caucasian cancer patients [10]. Teng et al. found 11.4%
(8/70) triple negative (i.e., negative for estrogen receptor,
progesterone receptor and Her2/neu) breast cancer patients
in Singapore carried EGFR mutations [22]. The somatic mutations of EGFR, KRAS and BRAF might more frequent in
triple negative breast cancer in East Asia patients. However,
there were only 12 t riple negative breast cancer tumors in
this study. Moreover, the mutation rate of PIK3CA (35.1%)
was similar to that in Caucasian cancer patients (26–47.4%)
and more PIK3CA mutations were detected in node negative
tumors [23].
Simultaneous KRAS/BRAF mutations and PIK3CA mutations were found in gynecological neoplasms (ovarian cancer
and endometrial cancer) [24], which were not detected in
breast cancer in this study. A novel branch DNA technology
was used to detect the mRNA level of the genes. The quantitative and normalized results reﬂected a diﬀerent expression pat
tern between EGFR, HER2 and PTEN genes.
EGFR and HER2 gene expression had greater variability,
which might be the results of large varieties of their molecular
subtypes in these samples. Seventeen (18.3%) samples with
particularly high HER2 expression (normalized value >2)
could be indicative of HER2 gene ampliﬁcat ion (10–20%) [25].
In this study we did not test the consistency of the branch NDA
technology with ﬂuorescent in situ hybridization (FISH).
We evaluated the response to NCT in 92 breast cancer patients. The OR rate was 68.5%, with a complete pathological
response in 7.6% of patients. The OR was slightly lower than
previously reported by Brazilian researchers using a similar
chemotherapy scheme, while the pCR rate was higher in our
study [26]. However, the pCR was still much lower than 15%,
which was reported recently in a pooled analysis [27]. This
discordant result might be attributed to the diﬀerences of
patient characteristics.
Previous researchers found that PIK3CA mutation was
a major predictor of improved prognosis and drug resistance
to trastuzumab [14, 15]. PIK3CA mutation was considered

OR
1.156
0.830
2.278
1.050

95%CI
(0.370,3.616)
(0.284,2.422)
(0.750,6.918)
(0.347,3.180)

p value
0.8029
0.7328
0.1465
0.9306

to be an important gene variation in breast cancer due to its
high mutation rate. We found a correlation between PIK3CA
mutation and the clinical response to epirubicin plus docetaxel
NCT. Breast cancer is a complex group with multiple molecular
subtypes [28], and patients with distinct breast cancer subtypes
respond to NCT diﬀerently [27]. PIK3CA mutation may serve
as a predictor of a breast cancer subtype which is sensitive to
epirubicin plus docetaxel.
Results in this study also showed that both exon 9 and exon
20 tended to be associated with clinical response, although this
did not reach statistical signiﬁcance. It’s controversial whether
the prognostic value of PIK3CA exon 9 and exon 20 mutations
are equivalent [14, 29]. However, PIK3CA mutations were
often considered together in clinical research. Some studies
reported the same predictive value of trastuzumab resistance
between PIK3CA exon 9 and exon 20 mutations [30]. We found
no diﬀerence between PIK3CA exon 9 and exon 20 mutations
as predictors of NCT response.
We did not ﬁnd any correlation between the genes studied and pCR in this study. A recent report showed that pCR
was a suitable surrogate end point for patients with luminal
B/HER2-negative, HER2-positive (nonluminal), and triple
-negative disease, but not for those with luminal B/HER2positive or luminal A tumors [27]. On the other hand, gene
status may be distinct in these subtypes. Consequently,
predictive biomarker research design should take patient
subtypes into account, and the pCR end point should be
analyzed with subtypes for which pCR is shown to have
prognostic value.
In conclusion, this study conﬁrms the high prevalence of
PIK3CA mutations in Chinese breast cancer. The PIK3CA
mutation is a potential predictive marker for clinical response
of epirubicin plus docetaxel neoadjuvant chemotherapy. The
independent predictive value of PIK3CA mutation status in
breast cancer patients treated with epirubicin plus docetaxel
neoadjuvant chemotherapy should be conﬁrmed in larger
randomized prospective clinical trials.
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