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EGFR as paradoxical predictor of chemosensitivity
and outcome among triple-negative breast cancer
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Abstract. We retrospectively analyzed the expression of
epidermal growth factor receptor (EGFR) as a prognostic
marker to predict neoadjuvant chemotherapy response and
survival among breast cancer subtypes. We used immuno-
histochemical profiles to subtype the patients. EGFR
expression was determined using immunohistochemistry. All
patients received an anthracycline-based regimen pre-
operatively. Ninety-three patients also received docetaxel. Of
the 117 patients tested, 28 (24%) were triple-negative breast
cancer (TNBC) and 73 (62%) were hormone receptor-
positive (luminal) subtype. Among the TNBC patients, a
significantly higher incidence of EGFR expression (50%)
was observed (P=0.002), and EGFR expression was related
to a less favorable response to chemotherapy (P=0.03) and
poorer survival (P=0.17); in contrast, among the luminal sub-
type patients, positive EGFR expression was related to a
favorable clinical response (P=0.06) and better survival
(P=0.11). This retrospective analysis demonstrated that
EGFR expression may represent an adverse prognostic
marker in patients with TNBC and may provide a valuable
tool for selecting appropriate treatment regimens for patients
with TNBC.

Introduction

Triple-negative breast cancers (TNBC) are defined by a
lack of estrogen receptor (ER), progesterone receptor (PgR)
and human epidermal growth factor receptor 2 (HER2)
expression. Therefore, TNBC is unlikely to benefit from
anti-estrogen hormonal therapies or trastuzumab (1).

TNBC is reported to account for 10-15% of all sporadic
breast cancers (2-5) and 23-32% of relatively advanced
breast cancers treated with neoadjuvant chemotherapy (6,7).
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Histologically, they are poorly differentiated tumors, and
most fall into a basal-like subtype that is characterized by
staining for basal markers (i.e., cytokeratin 5/6, 14 and 17)
(1).

Three major subtypes (basal-like, HER2 overexpressing,
and luminal) had been identified using gene expression
analyses, and these subtypes have different prognoses (8,9).
Poorer outcomes are seen for the two hormone receptor-
negative types, compared with the luminal subtype.
However, not all members of the basal-like subtype defined
by gene array fulfill the ‘triple-negative’ immunohisto-
chemistry criteria and vice versa (1). Therefore, we have
tried to be consistent in using the term ‘triple-negative’.

Recent studies have shown that TNBC has a better
pathological complete response (pCR) rate than luminal
subtype or non-TNBC but a poorer survival because of
higher relapse rates among tumors that are not completely
eradicated by chemotherapy (6,7). Other studies have
reported that basal keratin and epidermal growth factor
receptor (EGFR) are biomarkers of a relatively poorer
prognosis among patients with TNBC (10,11). Nevertheless,
the prognostic role of EGFR among each subtype after
treatment with neoadjuvant chemotherapy remains unclear.

We retrospectively analyzed whether EGFR expression
predicts the response to neoadjuvant chemotherapy and is a
prognostic marker of survival.

Patients and methods

One hundred and seventeen Japanese women with stage II or
stage III breast cancer who received neoadjuvant chemo-
therapy between May 1985 and June 2006 were examined.
The chemotherapy regimens were as follows: 6 cycles of
doxorubicin (50 mg/m?), 5-fluorouracil (500 mg/m?), and
cyclophosphamide (500 mg/m?) in 24 patients (20%); 6 cycles
of the alternate administration of epirubicin (60 mg/m?), 5-
fluorouracil (500 mg/m?), and cyclophosphamide (500 mg/m?)
with docetaxel (75 mg/m?) in 13 patients (11%); 6 cycles of
the concurrent administration of doxorubicin (50 mg/m?) and
docetaxel (60 mg/m?) in 58 patients (49%); and 4 cycles of
epirubicin (100 mg/m?), 5-fluorouracil (500 mg/m?), and
cyclophosphamide (500 mg/m?) followed by 4 cycles of
docetaxel (100 mg/m?) in 21 patients (20%). Adjuvant
hormonal treatment for 5 years was allowed if the disease was
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Table I. Patients characteristics.
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All Triple Luminal
patients negative HER2*/ER- (ER%) P-value
N (%) 117 28 (24%) 16 (14%) 73 (62%)
Age (year)
Median 48.4 479 49.8 484 0.8
Range 27-70 34-68 30-58 34-65
Menopause
Pre 77 16 (57%) 8 (50%) 53 (73%) 0.12
Post 40 12 (43%) 8 (50%) 20 (27%)
Pretreatment
tumor size (cm)
<5 33 5 (18%) 3 (19%) 25 (34%) 0.17
>5 84 23 (82%) 13 (81%) 48 (66%)
Pretreatment
lymph node status
Negative 49 6 (21%) 3 (19%) 40 (55%) 0.001
Positive 68 22 (79%) 13 (81%) 33 (45%)

Figure 1. Immunostain for EGFR showing positive membrane and cyto-
plasmic staining of a tumor cell.

hormone receptor-positive. Systemic and breast examinations
were performed before neoadjuvant chemotherapy, before
surgery, and every 6 months postoperatively using computed
tomography of the chest, ultrasound (US) of the abdomen,
magnetic resonance imaging of the brain, and a bone scan,
with yearly mammograms and breast US.

Immunohistochemistry methods and definition of breast
cancer biological subtypes. Immunohistochemistry (IHC)
was performed according to standard procedures on 3-ym
sections of paraffin-embedded tissue using mouse
monoclonal antibody M7047 (Dako, Glostrup, Denmark)
for ER and mouse monoclonal antibody M3569 (Dako) for
PgR. Nuclear staining =10% was considered positive. The

expression of HER2 was determined using IHC with a
rabbit polyclonal antibody (Dako) on 4-pm sections of
paraffin-embedded tissue. A staining score of 3* according
to the HercepTest criteria was considered positive. A 2*
result was only positive if confirmed by fluorescence in situ
hybridization with an amplification ratio =2.0. The
expression of EGFR was determined using IHC with a
mouse monoclonal antibody (Novocastra, Wetzlar,
Germany) on 3-ym sections of paraffin-embedded tissue.
The EGFR stain was considered positive if any cytoplasmic
and/or membranous invasive carcinoma cell staining was
observed (Fig. 1).

We used immunohistochemical proxies for subtyping and
defined TNBC as ER-, PgR-, and HER2; HER2*/ER" as ER",
PgR- and HER2*; and luminal as ER* and/or PgR*, regardless
of the HER?2 status.

Statistics. We evaluated the response to chemotherapy
according to the Response Evaluation Criteria in Solid
Tumor (RECIST) guidelines (12). Overall survival (OS) was
measured in months from the date of diagnosis to the date of
death or last follow-up. Disease-free survival (DFS) was
measured in months from the date of diagnosis to the date of
recurrence or last follow-up.

The relations between each subtype and the patients'
clinical factors, response rate to adjuvant chemotherapy,
and EGFR expression were evaluated using the Fisher's
exact test. The Kaplan-Meier product limit method was
used to assess the OS and DFS rates. The log-rank test was
used to compare survival estimates between the subgroups.
Logistic regression analyses were carried out to evaluate the
association of EGFR expression with the response to
chemotherapy and survival among each subtype. The
statistical analyses were performed using StatView® software
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Total Triple-negative HER2*/ER- Luminal P-value
Number (%) 117 (100) 28 16 73
Clinical response
Complete response/partial response 102 (87) 25 (89) 11 (69) 66 (90) 0.06
Stable disease/progressive disease 15 (13) (11) 5(31) 7 (10)
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Figure 2. (A) Disease-free survival and (B) overall survival by breast cancer subtype. (C) Disease-free survival and (D) overall survival by pathological

complete response vs. residual disease with each subtype.

(version 5, 1998, SAS Institute, Inc., Cary, NC), and P<0.05
was considered statistically significant.

Results

Patient and tumor characteristics. The median age of the
patients was 48 years (range 27-70 years). TNBC accounted
for 24% of the overall breast cancers. Table I lists the
patient characteristics and the results of the Fisher's exact
tests among each subtype. The positive nodal status before
treatment was significantly different between patients with

TNBC or HER2+/ER- and those with the luminal subtype
(P=0.001), though age, menopausal status and tumor size
were similar among the three subtypes (Table I). All the patients
received an anthracycline-based regimen, and 93 (79%)
patients also received docetaxel. The regimens did not
differ according to subtype.

Response rate to neoadjuvant chemotherapy. One hundred
and seven patients (87%) had objective clinical responses.
Table II lists the clinical response to neoadjuvant chemo-
therapy and the pCR rates. The response rate did not differ
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Table III. The relationship between EGFR expression and clinical response rates.

Clinical response (complete response + partial response) rates to neoadjuvant chemotherapy

Total Triple-negative HER2+/ER- Luminal
EGFR
Positive 29/34 (85%) 10/13 (77%) 4/6 (67%) 15/15 (100%)
Negative 67/77 (87%) 3/13 (100%) 7/10 (70%) 47/54 (87%)
P-value 0.81 0.03 0.89 0.06

among the regimens. Twenty-five patients (89%) with
TNBC and 66 patients (90%) with luminal subtype showed
favorable clinical responses to neoadjuvant chemotherapy,
compared with eleven patients with HER2/ER- subtype
(69%) (P=0.06).

Fifteen patients (13%) achieved a pCR. The pathological
complete response rates did not differ significantly among
the subtypes, but the greatest difference was seen between
TNBC (18%) and the luminal subtype (11%).

Association of subtype with survival. The median follow-up
time was 63.4 months. Fig. 2 shows the significant differences
in disease-free survival and overall survival among the three
subtypes (P<0.0001). Seven patients (25%) with TNBC, 13
patients (18%) with luminal subtype and 6 patients (62%)
with HER2*/ER- subtype had distant metastases. Seven
patients (25%) in the triple-negative group, 5 patients (7%) in
the luminal group, and 6 patients (50%) in the HER2*/ER-
group died.

None of the patients who achieved a pathological complete
response relapsed. The difference between subtypes was
particularly apparent after an early follow-up period: all
recurrences and deaths among patients with the TNBC or
HER2/ER- subtypes occurred within 62 months of the date of
diagnosis.

EGFR expression and correlation with response to neo-
adjuvant chemotherapy among the subtypes. One hundred
and eleven tumors were available for the evaluation of EGFR
expression. Thirty-four (31%) of the 111 tumors, 13 (50%) of
the 26 TNBC tumors, 6 (38%) of the 16 HER2/ER" tumors,
and 15 (22%) of the 69 luminal subtype tumors expressed
EGFR. The incidence of EGFR expression differed
significantly among the groups (P=0.02).

Table III shows the relationship between EGFR expression
and the clinical response rates. Ten (77%) of the 13 EGFR-
positive TNBC tumors and 13 (100%) of the 13 EGFR-
negative TNBC tumors showed an objective clinical response
to neoadjuvant chemotherapy. EGFR-positive expression
was significantly associated with an unfavorable response
(P=0.03). Fifteen (100%) of the 15 EGFR-positive luminal
subtype tumors and 47 (87%) of the 54 EGFR-negative
luminal subtype tumors showed a clinical response. EGFR-
positive expression was associated with a favorable
response to chemotherapy among luminal subtype tumors
(P=0.06).
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Figure 3. (A) Overall survival by EGFR status with triple-negative breast
cancer, (B) HER2*/ER" subtype and (C) luminal subtype.

Fig. 3 shows the association between EGFR expression
and survival in each subtype. Five (38%) of the 13 patients
with EGFR-positive TNBC tumors and two (15%) of the
13 patients with EGFR-negative TNBC tumors died.
EGFR-positive expression was associated with a poor
survival (P=0.17) among patients with TNBC. The median
time-to-death after relapse in patients with EGFR-positive
TNBC was markedly shorter (10.8 months; range 7-23
months) than that in patients with EGFR-negative TNBC
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) spANDIDOSNths; range 12-62 months). None of the patients
P PUBLICATIONSIR _positive luminal subtype and 5 of the 54 (9%)

patients with EGFR-negative luminal subtype died. EGFR-
positive expression was associated with better survival
(P=0.11) among the luminal subtype.

Among the patients with HER2*/ER- tumors, the
expression of EGFR was not associated with the response to
chemotherapy or survival.

Discussion

Our retrospective data suggest that the role of EGFR as a
predictor of response to chemotherapy and survival was
paradoxical. Patients with EGFR-positive TNBC had a
significantly less favorable prognosis and a poorer response
to neoadjuvant chemotherapy than patients with EGFR-
negative TNBC. In contrast, patients with EGFR-positive
luminal subtype had a significantly more favorable prognosis
and a better response to chemotherapy than patients with
EGFR-negative luminal subtype.

EGFR (HER1) is a member of the EGFR family, which
includes HER2, HER3 and HER4. This family is important
for the proper regulation of many developmental, metabolic,
and physiological processes mediated by EGF, transforming
growth factor, and many other ligands. In numerous cancers,
including breast cancer, glioblastomas, and non-small cell
lung cancer, there is often a transforming deregulation of
EGFR family kinase activity. This deregulation can be
caused by activating mutations, amplification, or the over-
expression of EGFR or HER2, although EGFR and HER2
mutations are rare in breast cancer (12). The EGFR pathway
is a complex signaling network, and differences in the gene
expression levels of its various components can be observed
across breast cancer subtypes (13). In our study, the role of
EGFR as a predictor of survival and chemosensitivity was
contradictory between TNBC and the luminal subtype.

Our data confirmed that patients with TNBC had
increased pCR rates, compared with patients without TNBC,
and those who achieved a pCR had an excellent survival;
however, patients with residual disease after neoadjuvant
chemotherapy had a poorer survival than those with luminal
subtype, as previously reported (6,7,15). These findings
suggest that effort is needed to improve the poor outcome of
patients with TNBC and HER2*/ER- subtypes with residual
disease after chemotherapy by continuing appropriate treat-
ment. Trastuzumab is expected to shift the survival curve for
the HER2-overexpressing subtype upward, but targeted
therapies for TNBC remain unavailable.

EGFR signaling has been inhibited with clinical success,
either by using EGFR-directed antibodies (cetuximab) or
inhibitors of receptor phosphorylation (gefitinib and erlotinib)
(1,12). The activity of gefitinib might be present in subpopu-
lations selected for specific EGFR mutation. In breast cancer
patients, the response rate to single EGFR inhibitors has been
low; however, these trials were not performed on selected
patient populations. Nielsen and Cheang previously reported
that the presence of EGFR expression was significantly
associated with the expression of basal keratin and a poorer
prognosis among patients with TNBC (10,11). The in vitro
analyses of Hoadley e al showed that all the basal-like cell
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lines that were tested were more sensitive to gefitinib and
cetuximab, compared with luminal cell lines, and co-treatment
with cetuximab and carboplatin was antagonistically
synergistic at low-doses of each drug, suggesting a possible
good response to EGFR-targeted therapy (14). The activity of
cetuximab in the treatment of triple-negative breast cancer is
currently being investigated in a metastatic setting (16).

In conclusion, patients with EGFR-positive TNBC had a
less favorable response to neoadjuvant chemotherapy and a
poorer survival than patients with EGFR-negative TNBC.
Especially, all deaths in patients with EGFR-positive TNBC
occurred within 22 months of relapse. New thera-peutic
options, such as EGFR-targeting or other molecular
targeting drugs combined with cytotoxic agents, are urgently
needed.
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