EGFR in triple negative breast carcinoma:
significance of protein expression
and high gene copy number
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SUMMARY
Background: As up to 60 % of triple negative breast carcinomas are reported to express EGFR, the receptor is a potential target for biological therapy. The
exact role EGFR plays in triple negative breast carcinoma (TNBC) biology, however, remains uncertain. We aimed to discover associations between EGFR protein
expression as well as gene copy number changes and clinico-pathologic TNBC characteristics.
Methods: We performed an immunohistochemical and dual in situ hybridization study on a set of 52 archive cases of pre-treatment TNBC in order to detect
EGFR protein expression and EGFR gene copy number changes. Clinico-pathologic and follow up data were compared with EGFR status for determining possible links between EGFR and tumor characteristics and/or behavior.
Results: 88.5 % of our cases showed EGFR expression. We found no significant links between EGFR expression and tumor grade (p = 0.204), lymph node status (p = 0.514) or p53 status (p = 0.078). Though EGFR gene amplification (EGFR gene:chromosome 7 ratio ≥ 2) was rare (1.9 % of all cases), a high gene copy
number (≥ 4 copies per cell) was observed in 15.4 % of all cases. High EGFR gene copy number appeared to be more common in non-ductal, ‘special-type’
carcinomas than in ductal carcinomas. Neither EGFR expression nor EGFR gene copy number was associated with event-free survival.
Conclusion: EGFR changes do not appear to be associated with markers of aggressive behavior in TNBC. Further studies with much larger sample sizes are
essential in understanding the role EGFR plays in TNBC biology in order to identify the patients that could benefit from EGFR targeted therapy.
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EGFR u triple negativních karcinomů prsu:
význam proteinové exprese a zvýšeného počtu kopií genu
SOUHRN
Receptor pro epidermální růstový faktor (EGFR), potenciální cíl pro biologickou protinádorovou léčbu, je exprimován až u 60 % případů tzv. triple negativních
karcinomů prsu (TNBC). Jeho úloha v etiopatogenezi a biologickém chování této skupiny nádorů však zatím zůstává neznámá. Cílem studie bylo porovnat
vybrané klinicko-patologické charakteristiky TNBC s expresí proteinu EGFR a se změnami počtu kopií genu EGFR.
Exprese proteinu EGFR a počet kopií genu EGFR byly retrospektivně analyzovány u 52 archivních případů TNBC vyšetřených před léčbou, a to pomocí imunohistochemie a chromogenní in situ hybridizace. Následně byly porovnány vybrané klinicko-patologické charakteristiky se zjištěným statusem EGFR, se zaměřením
na biologické chování nádorů.
Exprese proteinu EGFR byla zjištěna u 88,5 % případů TNBC. Nebyla prokázána statisticky významná souvislost mezi expresí proteinu EGFR a stupněm diferenciace nádoru (p = 0,204), přítomností lymfogenních metastáz (p = 0,514) ani expresí proteinu p53 (p = 0,078). Ačkoli byla amplifikace genu EGFR, tj. poměr
mezi počtem kopií genu EGFR ku počtu kopií 7. chromozómu ≥ 2, zjištěna pouze u 1,9 % případů TNBC, zvýšený počet kopií genu EGFR, tj. ≥ 4 kopie genu
EGFR v buňce, byl zaznamenán u 15,4 % případů TNBC, přičemž se častěji jednalo o TNBC jíného něz duktálního typu. Nebyla prokázána statisticky významná
souvislost mezi expresí proteinu EGFR ani počtem kopií genu EGFR a dobou přežití bez relapsu onemocnění.
Změny v počtu kopií genu EGFR ani v expresi proteinu EGFR nesouvisí se studovanými klinicko-patologickými charakteristikami TNBC. K pochopení úlohy EGFR
v etiopatogenezi a biologickém chování TNBC je třeba provést další rozsáhlejší studie, jejichž výsledkem by mohla být identifikace nemocných, kteří budou
profitovat z anti-EGFR terapie.
Klíčová slova: EGFR - triple negativní karcinom prsu - prognóza - amplifikace genu
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Breast cancer is a heterogeneous group of malignancies
comprising phenotypically and genetically distinct entities.
Up to 20 % of breast carcinomas are ‘triple negative’, that is,
they lack estrogen and progesterone receptor expression
and do not over-express HER2 and are therefore unlikely to
respond to hormonal or HER2 targeted therapy (1,2). Triple
negative breast carcinomas (TNBCs) are associated with poor
prognosis and yet paradoxically, reports show that some of
them respond very well to anthracyline-based neoadjuvant
chemotherapy regimens (1-3). There is however no standard
approach to management of these tumors or any widely acČESKO-SLOVENSKÁ PATOLOGIE 2 I 2015

cepted evidence-based and clinically relevant way to sub-classify them.
EGFR has been put forward as a possible target molecule for
biological therapy of TNBC as it is frequently expressed in this
group of malignancies. Numerous clinical trials have investigated EGFR inhibitors for treatment of unselected cases of breast
carcinoma and so far, results have not been satisfactory (1,4,5).
The observed low success of anti-EGFR therapy in breast carcinoma could result from inadequate patient selection. In one
phase II randomized trial, cetuximab, an anti-EGFR monoclonal antibody, blocked the activity of the EGFR pathway in only
a minority of TNBCs (6). It is clear that it is necessary to discover
reliable markers that will identify this group of TNBCs likely to
respond to anti-EGFR therapy.
The purpose of this study was to assess and compare the immunohistochemical (IHC) expression of EGFR and in-situ hybridization detection of EGFR gene and chromosome 7 in cases of
TNBC and to discover possible clinico-pathologic correlations.

cancer, recurrence of breast cancer, development of distant metastasis and death, regardless of cause).
Immunohistochemical (IHC) staining in order to detect EGFR
was performed using the EGFR pharmDx™ Kit (DAKO, Glostrup,
Denmark) according to the manufacturer’s guidelines. A semiquantitiative method for scoring EGFR expression was used
employing a combination of staining intensity and the percentage of positive tumor cells. Intensity was graded on four levels
– 0 (no membrane staining), 1 (low), 2 (moderate) and 3 (high).
The percentage of positive cells was scored as follows 1 (≤ 10 %),
2 (11 - 50 %), 3 (51 - 80 %) and 4 (> 80 %). These 2 parameters
were then combined to give a final EGFR score (0-12).

Table 2. Baseline characteristics of sample data set (N = 52).

MATERIALS AND METHODS
From the archives of the Fingerland Department of Pathology, we selected 52 consecutive cases of pre-treatment invasive
TNBC diagnosed between 2005 and 2008, for which adequate
material for further studies and sufficient clinical data were available. Triple negativity was defined as immunohistochemical negativity for estrogen and progesterone receptors (0% positive
tumor cells) and a HER score = 0, 1+ or 2+ (Table 1) non-amplified by fluorescence in situ hybridization (FISH) or bright-field
dual in situ hybridization (HER2 gene:chromosome 17 ratio < 2).
In each case one representative formalin-fixed paraffin-embedded tissue block was selected for further studies.
From the pathology reports the following information was
obtained in each case: patient age at diagnosis, tumor type and
histological grade as well as immunohistochemically detected
expression of Ki-67 and p53. Positive nuclear staining for Ki-67
in ≥20% of tumor cells was used to define high proliferative activity. P53 positivity was defined as nuclear staining in ≥ 50% of
tumor cells.
A clinical chart review was also performed to determine the
clinical course and outcome at the end of the follow-up period. Where available, the pathological stage at time of diagnosis
(pTNM) was also obtained. For the cases in which the patients
received neoadjuvant chemotherapy, clinical stage (TNM) at the
time of diagnosis was recorded instead. TNM stage IV tumors
were excluded from our study. Event-free survival was used as
the clinical end point (event: presence of residual local breast

Table 1. Details of antibodies used.
Clone

Dilution

Manufacturer

ER

Monoclonal Mouse
Anti-Human
Estrogen Receptor α

Antibody

1D5

1:50

Dako

PR

Monoclonal Mouse
Anti-Human
Progesterone
Receptor

PgR 636

1:300

Dako

HER2/neu

Rabbit Anti-Human
HER2 Protein
(HercepTest™)

--

--

Dako

Ki-67

Monoclonal Mouse
Anti-Human
Ki-67 Antigen

MIB-1

1:50

Dako
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Characteristics

Statistics1

Age at diagnosis
Median (5th - 95th percentile range)
≤ 55
> 55

56.0 (28.0; 84.0)
N = 25 (48.1 %)
N = 27 (51.9 %)

Histological subtype
ductal
apocrine
atypical medullary
mucinous

N = 46 (88.5 %)
N = 3 (5.8 %)
N = 2 (3.8 %)
N = 1 (1.9 %)

Histological grade
2
3

N = 10 (19.2 %)
N = 42 (80.8 %)

TNM stage
1
2
3

N = 12 (23.1 %)
N = 25 (48.1 %)
N = 15 (28.8 %)

Tumor size (mm)
Median (5th-95th percentile range)
≤15
16-30
>30

22.0 (5.0; 80.0)
N = 22 (42.3 %)
N = 13 (25.0 %)
N = 15 (28.8 %)

N stage
0
1
2
3

N = 22 (42.3 %)
N = 17 (32.7 %)
N = 10 (19.2 %)
N = 3 (5.8 %)

P53
Positive
Negative

N = 33 (63.5 %)
N = 19 (36.5 %)

Ki-67
Low
High

N = 0 (0 %)
N = 100 (100 %)

EGFR score
Median (5th-95th percentile range)
0
1-4
5-8
>8

4.0 (0.0; 12.0)
N = 6 (11.5 %)
N = 21 (40.4 %)
N = 15 (28.8 %)
N = 10 (19.2 %)

EGFR gene copy number
Median (5th-95th percentile range)
<3
3 – 3.99
≥4

3.0 (2.2; 12.8)
N = 26 (50.0 %)
N = 18 (34.6 %)
N = 8 (15.4 %)

absolute and relative frequencies for categorical variables
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Dual in situ hybridization (dual ISH) assay was performed
using the Ventana silver in situ hybridization (SISH) detection kit
(Ventana, Arizona, USA) for the EGFR gene and the Ventana Alk
Phos Red ISH detection kit (Ventana, Arizona, USA) for chromosome 7 centromere.
For each case, the number of copies of the EGFR gene and
chromosome 7 was counted and recorded in 40 different tumor
cell nuclei. The average number of copies of the gene (G) and
chromosome (C) for each case was recorded and the gene-chromosome copy ratio was calculated. A G:C ratio ≥ 2 was considered EGFR gene amplification.
Standard descriptive statistics were applied in the analysis:
absolute and relative frequencies for categorical variables and
a median supplemented by 5 th - 95th percentile range for continuous variables. The statistical significance of differences in categorical variables between groups of patients was tested using
the maximum-likelihood chi-square test.
Survival outcomes were visualized using Kaplan-Meier methodology; statistical significance of differences among groups of
patients was tested using log-rank test. Potential predictors of
overall and event-free survival were tested using a Cox proportional hazards model.
A value of α = 0.05 was adopted as the level of statistical significance in all analyses. Statistical analysis was computed using
SPSS 22 (IBM Corporation, 2013).

A

RESULTS
All the patients were women aged 28 - 84 years at the time of
diagnosis (average: 55 ± 13 years, median: 56 years). The group
as a whole was characterized by high tumor grade, high proliferative activity, and p53 positivity. Ductal NOS (not otherwise
specified) was the most common histological subtype accounting for 88.5% of all cases. Clinico-pathologic characteristics
of all cases are shown in Table 2. The patients received varied
combinations of loco-regional and systemic therapy. Seven patients did not receive any surgical treatment for various reasons
(contraindications due to comorbidities, patient refusal of surgical treatment, patients lost to follow up during the course of
neoadjuvant therapy).
The average duration of follow up was 58 ± 28 months (range:
3 - 96 months, median: 60 months). At the end of the follow up
period 39/52 (75.0%) patients had no sign of residual breast carcinoma (Fig. 1). Two patients developed metachronous breast
carcinoma in the contralateral breast 16 and 83 months after

B

C
Fig. 2. Survival of all patients. A: Event-free survival of patients according to
age. B: Event-free survival of patients according to tumor size. C: Event-free
survival of patients according to N stage.

Fig. 1. Survival of all patients.
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the primary diagnosis. One of these 2 patients was completely
disease free at the end of the follow up period. Two of the 52 patients had loco-regional residual breast disease at the end of the
follow up period. These two women were lost to follow-up after
6 and 3 months respectively. Eight of the 52 (15.4 %) patients
developed distant metastasis, all within 37 months of initial diagnosis (average: 21 months, range: 12 - 37 months). All but one
of the patients that developed distant metastases had regional
lymph node involvement at the time of diagnosis. The only patiČESKO-SLOVENSKÁ PATOLOGIE 2 I 2015

Table 3. Clinico-pathologic characteristics of metastasizing tumors.
Age

Histologic subtype

TNM stage

EGFR score

EGFR
gene copy number

Location of metastases

56

Ductal

IIB

3

2.75

Bone, subclavian lymph nodes

50

Ductal

IIB

4

3.90

Lung, brain

28

Ductal

IIIA

0

2.20

Lung, liver, bone, meninges, cervical lymph nodes

70

Ductal

IIIC

8

3.30

Brain

60

Ductal

IIA

4

3.60

Liver, bone, pleura

57

Ductal

IIB

6

2.20

Lung, brain

69

Atypical medullary

IIA

6

3.49

Pleura

67

Ductal

IIIA

12

3.80

Subclavian, cervical and mediastinal lymph nodes

ent with pN0 cancer at diagnosis that developed metastasis had
a pT2 grade 3 atypical medullary carcinoma. The most frequent
metastatic sites were the lung (3/8), bone (3/8), lymph nodes
(3/8) and the brain (3/8). Other locations for metastatic deposits
were the liver (2/8), pleura (2/8), and meninges (1/8). One of the
patients that developed lung and brain metastasis was alive and
disease-free 67 months after the initial breast cancer diagnosis.
The clinico-pathologic characteristics of cases that developed
distant metastasis are shown in Table 3.
Two patients died as a result of complications of metastatic
disease 22 and 36 months after diagnosis. Two other patients
died, both 3 months after primary diagnosis, of possible complications of treatment. The last death that occurred in our cohort

was as a result of generalization of a non-breast (pancreatic) malignancy 60 months after diagnosis of the breast cancer; she was
breast cancer free at the time of death.
Only patient age, tumour size and lymph node involvement
showed significant correlation with event-free survival (Tab. 4,
Fig. 2). Results of IHC and dual ISH staining are summarized in
Table 5 with selected clinic-pathologic correlations shown in
Table 6. Forty-six (88.5 %) of the tumors in our sample showed
some degree of EGFR expression. High EGFR expression (EGFR
score 12) is shown in Figure 3 while weak to moderate expression (EGFR score 4) is shown in Figure 4. We found no statistically
significant relationships between EGFR score/EGFR gene copy
number and tumor grade, lymph node status or p53 status.

Fig. 3. Strong diffuse IHC EGFR staining (EGFR score 12) (200x).

Fig. 4. Weak to moderate incomplete IHC EGFR staining (EGFR
score 4) (200x).

Fig. 5. EGFR gene amplification in triple negative breast carcinoma (dual in situ hybridization) (400x).

Fig. 6. Apocrine triple negative breast carcinoma (hematoxylin
and eosin) (400x).
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Table 4. EGFR expression and other clinic-pathologic characteristics in association with event-free survival – univariate analysis.
Predictors

Event free survival
HR (95% CI)

p1

Age at diagnosis - continuous

1.037 (0.997; 1.078)

0.067

Age > 55

3.410 (1.073; 10.836)

0.038

TNM stage

1

reference

2

3.925 (0.490; 31.464)

0.198

3

5.340 (0.641; 44.501)

0.121

Tumor size - continuous

1.018 (0.992; 1.045)

0.168

Tumor size >15 mm

5.252 (1.170; 23.574)

0.030

Positive nodes

2.320 (0.738; 7.295)

0.150

N stage

0

reference

1

2.268 (0.639; 8.049)

0.205

2

1.694 (0.379; 7.574)

0.491

3

6.295 (1.128; 35.138)

0.036

p53 - continuous

0.996 (0.985; 1.007)

0.505

Ki-67 - continuous

0.990 (0.966; 1.014)

0.407

EGFR score

1.114 (0.977; 1.269)

0.106

EGFR gene copy number

0.868 (0.523; 1.440)

0.583

EGFR score >4

2.329 (0.794; 6.837)

0.124

EGFR gene copy number ≥ 3

1.300 (0.467; 3.618)

0.615

based on Cox proportional hazards model

1

Only one tumor showed EGFR gene amplification (G:C = 4.05)
(Fig. 5). The rest of the tumors had normal G:C ratios. The EGFR
amplified tumor was a stage IIA grade 3 ductal carcinoma NOS
in a 42 year old woman. Eight tumors had ≥4 EGFR gene copies

per cell. Details are shown in Table 7. None of the patients with
these tumors developed distant metastasis. This finding however, was not statistically significant (p = 0.211). Interestingly, half
(4/8) of the tumors with ≥4 EGFR gene copies per cell were non-

Fig. 7. Atypical medullary triple negative breast carcinoma (hematoxylin and eosin) (200x).

Fig. 8. Mucinous triple negative breast carcinoma (hematoxylin
and eosin) (200x).

Table 5. EGFR gene copy number and immunohistochemical EGFR score.
EGFR gene copy number per cell
2-2.99
N = 26

3-3.99
N = 18

≥4
N=8

0 (6)

4

2

0

p1

EGFR score

1

84

1-4 (21)

13

6

2

5-8 (15)

7

6

2

9-12 (10)

2

4

4

0.184

maximum likelihood chi-square test
ČESKO-SLOVENSKÁ PATOLOGIE 2 I 2015

Table 6. EGFR expression and selected clinico-pathologic characteristics.
EGFR gene copy number per cell

1

EGFR Score

2-2.99
N = 26

3-3.99
N = 18

≥4
N=8

Grade
2 (10)
3 (42)

5
21

3
15

2
6

0.887

Lymph node status
Positive (30)
Negative (22)

16
10

10
8

4
4

P53
Positive
Negative

17
9

10
8

6
2

0
N=6

1-4
N = 21

5-8
N = 15

9-12
N = 10

Grade
2 (10)
3 (42)

0
6

3
18

5
10

2
8

0.825

Lymph node status
Positive (30)
Negative (22)

2
4

14
7

8
7

6
4

0.514

0.606

P53
Positive (33)
Negative (19)

2
4

15
6

12
3

4
6

0.078

p1

p1
0.204

maximum likelihood chi-square test
Table 7. Clinico-pathologic characteristics of tumors with ≥4 EGFR gene copies per cell.
Age

Tumor type

Tumor grade

TNM stage

EGFR score

EGFR gene
copy number

G:C

46

Ductal

3

IIA

6

5.00

1.51

83

Apocrine

3

IIIA

2

4.14

1.01

48

Atypical
medullary

3

I

4

4.26

1.65

45

Ductal

3

I

9

4.19

1.06

55

Apocrine

3

IIIA

12

4.09

1.03

84

Mucinous

2

IIA

6

4.30

1.30

42

Ductal

3

IIA

12

12.77

4.05

73

Ductal

2

IIA

12

4.04

0.91

ductal carcinomas; 2 apocrine carcinomas (Fig. 6), 1 atypical
medullary carcinoma (Fig. 7) and 1 mucinous carcinoma (Fig. 8).

DISCUSSION
Triple negative breast carcinoma is a phenotypically and genetically heterogeneous group of tumors with varied patterns
of clinical behavior and response to therapy (7,8). The morphological features associated with triple negative invasive ductal
carcinoma NOS include marked cellular pleomorphism, lack of
tubule formation, scant stromal content, pushing borders of
invasion, lymphoplasmacytic inflammatory infiltrate and central acellularity (3,9,10). There are also certain rare morphological subtypes of breast cancer with specific histological features and predictable clinical behavior that are associated with
triple negativity. Examples include adenoid cystic carcinoma
and medullary carcinoma, both of which are associated with
favorable outcome (11-13). Metaplastic carcinomas on the
other hand are frequently triple negative and often associated
with poor prognosis (14). Despite the fact that TNBC is clearly
a group of distinct entities, it is usually considered as one disease from the clinical point of view and is managed as such.
TNBC continues to be associated with aggressive behavior and
a poor outcome.
EGFR belongs to the family of transmembrane receptors with
intrinsic protein tyrosine kinase activity (15). It is a receptor for
multiple ligands and its activation leads to a wide range of biological responses, from apoptosis and migration to proliferation
and dedifferentiation (15). A wide variety of solid tumors show
EGFR gene amplification and/or protein over-expression (16).
For colorectal, gastric and non-small cell lung carcinomas increČESKO-SLOVENSKÁ PATOLOGIE 2 I 2015

ased expression is associated with an advanced stage and unfavorable prognosis (16). EGFR expression has been described in
14 - 43 % of all breast carcinomas (17-19) and in up to 60 % of
TNBCs (20). EGFR is thus an attractive candidate for targeted
biological therapy provided a suitable method for patient selection can be devised.
Though 88.5 % of our sample showed EGFR expression, amplification of the gene was seen in only one case. Our finding
of rare EGFR gene amplification in TNBC was also reported by
Nakajima et al in their study of 84 TNBCs (21). None of their tumors showed EGFR amplification. In addition to IHC and in situ
hybridization, they also performed EGFR gene mutation analysis. No EGFR gene activating mutations were found. Jacot et al
also found no EGFR-activating mutations in their group of 229
TNBCs (22). Lv et al on the other hand observed a higher incidence of EGFR gene amplification in their set of 139 unselected
breast carcinomas; positivity in 33.1 % of all cases (18). They did
however also report a low rate of EGFR mutations (in 1.4 % of all
cases) and concluded that EGFR mutations should not be used
in trials testing anti-EGFR therapy in breast cancer.
In our sample of TNBCs, neither IHC EGFR positivity nor increased gene copy number was associated with a worse outcome;
not even in the only amplified case. In fact, we observed a favorable clinical course in all patients with tumors that had high
EGFR gene copy numbers (≥ 4 copies per cell). Despite the limitations set by the small size and retrospective nature of our study, the results are highly suggestive; high EGFR copy number, at
least in a certain sub-set of TNBCs, could be a marker for a good
prognosis. Inhibiting EGFR in such tumors could potentially
have deleterious effects.
One of the characteristics of an ideal target for targeted therapy, as noted by Pritchard, is an association with poor outcome
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(23). The fact we did not observe an association between EGFR
expression and a worse outcome makes us question the suitability of EGFR inhibition for the therapy of all TNBCs. After a phase
II trial testing cetuximab in patients with metastatic TNBC Carey
et al concluded that ‘therapy targeting growth factor pathways in
this subtype (TNBC) may require a far better understanding of the
pathways maintaining EGFR activity’ (6). Our findings put us in
agreement with this statement.
Tumor morphology may play a role in the identification of
tumors likely to harbor clinically significant EGFR changes. Four
of the 8 TNBCs in our sample that showed elevated EGFR copy
numbers were ‘special’ histological types of breast cancer. None
of the 6 special type carcinomas we observed had less than 3
EGFR gene copies per cell.
Reis-Filho et al also showed a link between breast tumor
morphology and EGFR changes. They observed frequent overexpression of EGFR and EGFR gene amplification in metaplastic breast carcinomas and suggested that some patients with
metaplastic breast carcinomas might benefit from EGFR targeted therapy (24). This suggests that morphology is an important manifestation of breast tumor biology and thus could play
a significant role in patient selection for various types of targeted therapy. Similar associations are observed in lung carcino-

mas. Up to 80 % of non-small cell lung carcinomas are reported
to overexpress EGFR (25). In the past, clinical trials testing the
efficacy of anti-EGFR therapy in unselected non-small cell lung
carcinoma patients also proved unsuccessful in a vast majority
of cases. This led to studies that showed that the tumors which
responded to anti-EGFR therapy were mostly adenocarcinomas with somatic mutations in the EGFR TK domain (26).
The challenge remains to identify a specific subtype of TNBC
that is likely to harbor predictive EGFR changes. Further studies
with much larger sample sizes, with a focus on special histological subtypes, are essential in understanding the role EGFR plays
in TNBC biology. Morphological, IHC and in-situ hybridization
studies, mutation analysis and clinical follow up data ought to
be assessed simultaneously in order to provide a clearer picture
of how EGFR changes influence TNBC.
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