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Abstract: Breast cancer can recur even decades after the primary therapy. Markers are needed to predict cancer progression and the
risk of late recurrence. The estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor-2 (HER2),
proliferation marker Ki-67, and cytokeratin CK5 were studied to find out whether their expression or occurrence in subgroups of breast
cancers correlated with the time of recurrence. The expression of HER2, ER, PR, Ki-67, and CK5 was studied by IHC in 72 primary
breast cancers and their corresponding recurrent/metastatic lesions. The patients were divided into three groups according to the time
of the recurrence/metastasis: before two years, after 5 years, and after 10 years. Based on their IHC profiles, the tumors were divided
into surrogates of the genetically defined subgroups of breast cancers and the subtype definitions were as follows: luminal A (ER or
PR+HER2-), luminal B (ER or PR+HER2+), HER2 overexpressing (ER-PR-HER2+), triple-negative (ER-PR-HER2-), basal-like
(ER-PR-HER2-CK5+), non-classified (ER-PR-HER2-CK5-) and luminobasal (ER or PR+CK5+). In multivariate analysis, tumor
size and HER2 positivity were a significant risk of early cancer relapse. The metastases showed a significantly lower CK5 expression.
CK5 positivity distinguished triple negative tumors into rapidly and slowly recurring cancers. The IHC subtype ER or PR+HER2- luminal A presented a significantly lower risk of early tumor recurrence. Ki-67 expression denoted early-relapsing tumors and correlated
linearly with tumor progression, since Ki-67 positivity declined gradually from early-relapsing toward late-recurring cancers.
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Introduction

Breast cancer is prone to recur even decades after
initial treatment. The biology behind the extended
survival of cancer cells, known as tumor dormancy,
is still poorly understood.1 A small number of single
biomarkers, including estrogen receptor (ER), progesterone receptor (PR), human epidermal growth
factor receptor-2 (HER2), and proliferation marker
Ki-67 have been used for several years to predict the
prognosis of breast cancer and to guide its therapy.
The biological importance of these established markers has been reinforced over the past decade by the
results from genomic classification. DNA microarray
profiling studies of breast tumors has identified distinct subtypes of breast carcinomas that are associated
with different clinical outcomes.2 Using an intrinsic
set of 534 genes, Sørlie et al3 analyzed the expression
profiles of 115 independent breast tumor samples and
categorized the breast tumors into five groups: luminal A (ER+); luminal B (ER+); HER2 overexpressing; normal breast-like, and basal-like.
Based on gene expression studies, the expression
of the basal-like breast cancer markers, ie, cytokeratin 5/6 and cytokeratin 17, have been shown to predict poor outcome in breast cancer patients.2–5
The advent of new genetic tests has also emphasized the role of proliferative genes, including Ki-67,
as prognostic and predictive markers. Cheang and
colleagues described an immunopanel of ER, PR,
HER2, and Ki-67 that can segregate the luminal A
and B subtypes in a similar manner to that defined by
the expression profile of 50 genes.6 Luminal B breast
cancers with Ki-67 levels of at least 14% had a worse
prognosis for both breast cancer recurrence and survival compared with luminal A tumors with Ki-67
levels of less than 14%.6
HER2 is a member of the Erb family that plays
an important role in promoting oncogenic transformation and tumor growth.7,8 The tumors of approximately 25%–30% of the patients with breast cancer
over express HER2 protein, and this overexpression is
correlated with a poor clinical outcome.9–11 The HER2
receptor has become important as a target for antibody-based therapy with trastuzumab. In addition to
the treatment of the metastatic disease, adjuvant treatment of primary HER2-positive breast cancers with
trastuzumab has been shown to markedly improve the
outcome of the patients.12 In patients with metastatic
24

disease, selection for therapy with trastuzumab has
traditionally been based on the HER2 status of the
primary tumor.
Ki-67 is a nuclear non-histone protein and an antigen associated with cell proliferation. It was identified after immunization of mice with Hodgkin’s
lymphoma.13,14 The murine monoclonal antibody
Ki-67 reacts with a human nuclear antigen that is
expressed in G1, S, G2, and mitosis, but not in G0.15
Numerous studies have shown that Ki-67 is of prognostic value in many types of malignant tumors. In
breast cancer, a strong correlation has been found
between the percentage of cells positive for Ki-67
and nuclear grade, age, and mitotic rate.16,17
In normal breast, both luminal epithelial, and the
myoepithelial cells exhibit different and distinctive
keratin phenotypes. CK 7, 8, 18 and 19 are expressed
in the luminal cells, while smooth muscle actin (α)
and cytokeratins (CKs) 5, 14 and 17 are found in the
myoepithelial/basal cells.18
In a tissue microarray study of a large cohort of
breast cancers, the expression of luminal markers
CKs 7, 8, 18 and 19 was associated with good prognostic tumor characteristics, in contrast to expression
of basal markers.19 The expression of the luminal
markers was shown to be related to good overall
survival. The opposite was observed in tumors that
labeled with the basal markers, and positive cases
were associated with poor outcome, particularly with
CK5 expression.19
Our aim was to clarify the differences in the
expression of the established prognostic and predictive markers ER, PR, HER2 and Ki-67 with the basal/
myoepithelial cytokeratin CK5 by IHC, and HER2
also by chromogenic in situ hybridization (CISH),
in both early and late relapsing breast cancers. The
markers were analyzed individually and by a modified subtype definition used by Cheang et al20 and
Carey et al21 who defined the subtypes by biomarkers
ER, PR, HER2, EFGR and CK5.

Materials and Methods
Patients and tumors

We collected paraffin-embedded tissue blocks from
72 primary breast cancers and their respective recurrent/metastatic lesions from the archives of the
Department of Pathology, Helsinki University Hospital, as previously described.22 The patients had
Breast Cancer: Basic and Clinical Research 2013:7
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u ndergone breast cancer surgery between 1974–2006.
Recurrence/metastasis was defined as any local or
regional recurrence or any distant metastatic disease.
The cases were divided into three groups according
to the time of recurrence/metastasis: Group 1 (n = 19)
tumors with recurrent/metastatic lesions within two
years after primary surgery; Group 2 (n = 34) with
recurrences/metastases after 5–10 years; and Group 3
(n = 19) with recurrences/metastases after more than
10 (range . 10 to 23) years. The histological tumor
type and grade were assigned according to the criteria of Elston and Ellis.23 The clinico-pathological
characteristics of the patients and their cancers are
summarized in Table 1. The Ethics Committee of the
Helsinki University Central Hospital approved the
study protocol.
Table 1. Summary of clinicopathological features of 72
breast cancer patients.
Group 1
n = 19

Group 2
n = 34

Age at surgery of primary tumor
10
14
,50 years
9
20
$50 years
Tumor size
3
16
$20 mm
16
18
,20 mm
Lymph node
Negative
3
20
Positive
16
14
Grade
1
0
5
2
8
19
3
11
10
Histological type
Ductal
16
28
Lobular
3
5
Mucinous
0
1
Tissue site of recurrence/metastasis
Skin
5
8
Soft tissue
6
11
Subcutaneous tissue
0
6
Lung
0
4
Lymph node
1
0
Liver
5
1
Brain
2
2
Bone
0
1
Ovary
0
1

Group 3
n = 19
12
7
11
8
12
8
3
15
1
12
7
0
11
5
2
0
0
0
0
1
0

Notes: The patients are divided into Groups 1, 2 and 3 according to the
time of relapse after the primary diagnosis. Group 1 includes patients
with recurrence/metastasis detected within 2 years of diagnosis.
Groups 2 and 3 include patients with recurrence or metastasis detected
between 5–10 years, and after 10 years of follow-up, respectively.
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Immunohistochemistry

Four μm thick sections were deparaffinized in
xylene and rehydrated. Antigen retrieval was done
by microwaving in 10 mM citric acid monohydrate
for 1 × 5 min at 900 W and for 3 × 5 min at 600 W.
Endogenous peroxidase activity was blocked by
treatment with 0.5% H2O2. The slides were incubated
overnight in a refrigerator at +4 °C with appropriate
dilutions of the primary antibodies. The same procedure was used for negative controls, except that
the incubation overnight took place in PBS diluent
without antibody. The reaction was visualized by
the Elite ABC Kit (Vectastain, Vector Laboratories,
Burlingame, CA, USA) for ER and by the Envision kit (Dako, Copenhagen, Denmark) for HER2.
For PR and CK5, the sections were subjected to
dual colorimetric IHC (Envision G/2 Doublestain;
Dako).24
The result was quantified as the proportion of
positively stained tumor cells (range 0%–100%).
For the analyses, the tissue samples were classified
as positive for ER and PR when $1% of the tumor
cells showed positive nuclear staining.25 In PR and
CK5 dual staining tumors with $1% Diaminobenzidine (DAB)-stained nuclei or $1% Perm Red-stained
cytoplasm were considered positive.
HER2 were scored based on the intensity and percentage of positive cells on a scale of 0 to 3+. Cases
were reported 0 (negative) if no staining or membrane
staining in less than 10% of invasive tumor cells was
seen, 1+ (negative) if faint/barely perceptive membrane
staining was detected in more than 10% of invasive
tumor cells, 2+ (positive) if weak to moderate complete membrane staining in more than 10% tumor cells
or ,30% with strong complete membrane staining, or
3+ (positive) if strong complete membrane staining in
more than 30% invasive tumor cells was seen.26 For
Ki-67 the tumor was considered positive, if $14%
of the tumor cells showed positive stained nuclei.6
We evaluated the entire tumor area from one representative section of the primary tumor and metastasis.
The results were scored independently by two pathologists (KJ, PH) for ER, HER2 and Ki-67, and by three
pathologists/investigators (KBH, KJ, PH) for PR/CK5
dual staining. The antibody clones and the laboratories
manufacturing them, as well as the antibody dilutions
that were used for ER, HER2 and Ki-67, are presented
in Table 2.
25

Joensuu et al
Table 2. List of the antibodies, the laboratories manufacturing them, and the dilutions used in immunohistochemical
staining.
Antigen

Antibody

Clone

Laboratory

Dilutions

HER2
ER alpha
PR alpha
CK5
Ki67

Mouse monoclonal
Mouse monoclonal
Rabbit monoclonal
Mouse monoclonal
Mouse monoclonal

CB11
6F11
SP2
XM26
MIB-1

Novo Castra, UK
Novo Castra, Newcastle, UK
Neomarkers, USA
Leica, UK
Daco Cytomation, Denmark

1:700
1:50
1:100
1:100
1:75

Chromogenic in situ hybridization (CISH)

CISH was performed on all tumors with protein over expression of HER2 (2+ and 3+) by
immunohistochemistry. The 4µm paraffin sections
were preheated at about +55 °C–58 °C for 2–6 h
and dried overnight at 37 °C to avoid detachment,
then deparaffined in xylene, dehydrated, and incubated in TRIS-EDTA Buffer (pH 9.0) for 25 min at
98 °C. After digestion in 0.1% trypsin for 40 sec, the
slides were post-fixated in 10% formalin for 10 min
and dehydrated in a series of increasing alcohol concentrations. Subsequently, 0.4 mL digoxin-labeled
ZytoDotSPECHER2 probe was applied, sealed, and
denatured on a heat plate at 95 °C for 4 min. Finally
the slides were incubated at 37 °C overnight for
hybridization. On the second day, the slides were
opened and washed in 78 °C standard saline citrate 2 ×
2 min, to remove the unspecifically bound probe. The
digoxin-labeled HER2 probe was recognized with the
primary mouse monoclonal antibody (clone 1.71.256,
cat no. 11333062910, Roche) while the amplified
signals were visualized with DAB. The immunodetection was performed in a LabVision autostainer by
using a PowerVision Poly-HRP IHC Detection kit
(DPVB+110DAB/ImmunoVision Technologies CO).
The stainings were examined under a light microscope (40×), where small dots (signals) in the nuclei
present the gene copies. No amplification was stated if
no more than 5 signals were obtained. A low level of
amplification was stated from 6–10 signals, and a high
amplification if over 10 signals or clusters were verified.
Stromal cells with normal 2 gene copies/nuclei served
as a negative control. The amplified cells should represent at least 10% of the entire tumor. In case of low
amplification, the chromosome 17 centromere probe
was used to determine whether the extra copies were
caused by chromosomal aneuploidy. In these cases,
HER2 status was set as the ratio of the average number
26

of HER2 gene copies to the average number of copies
of chromosome 17. If the average HER2/Chr17 is $2,
the result is positive for HER2 gene amplification.
Stromal cells with normal 2 gene copies/nuclei served
as a negative control.

Statistical methods

All statistical analyses were performed using SPSS
13.0 for Windows (SPSS Incorporation, Chicago, IL,
USA). The differences between the staining of primary
tumors and their corresponding metastases within the
groups were tested using the paired sample t-test.
For analyzing differences in staining between the
groups, and also the association between the clinical parameters and the staining results, the categorical two-tailed Pearson’s Chi-squared test was used.
Probability values of P  0.05 were considered significant in all analyses.
The multivariate ordinal regression test was
used for analyzing the risk of the speed of tumor
recurrence.

Results
Clinicopathological parameters

In univariate analysis, axillary node positivity
(P = 0.006), high tumor grade (P = 0.008) and tumor
size . 20 mm (P = 0.021) were associated with early
tumor recurrence (Table 4). In multivariate analysis, increasing tumor size significantly enhanced the
risk of early tumor relapse (OR 1.07, CI 1.01–1.12,
Table 6), so a 1 mm increase in tumor size increased
the risk of early breast cancer relapse by 7%.

CK5

In the whole tumor set of 72 breast cancers, there
were significantly more CK5 positive (Fig. 1) primary tumors than recurrences/metastases. There were
22 (31%) CK5 positive tumors in the primary tumors
Breast Cancer: Basic and Clinical Research 2013:7
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Table 3. Expression of CK5, ER, PR, HER2 and Ki-67 as
compared in primary and metastatic tumors of 72 breast
cancer patients.

Figure 1. CK5 (red)/PR(brown) dual staining in an early relapsing breast
cancer of Group 1, magnification × 400.

and 8 (11%) in their metastases (P = 0.0001, Table 3).
There was also a significant loss of CK5 positivity
in the recurrent/metastases of Group 1 (P = 0.010,
Table 3). CK5 positivity associated with early tumor
recurrence (P = 0.009, Table 4). There were 11 (58%)
primary tumors and 5 (26%) recurrent positive tumors
in the early relapsing tumor group (Group 1). There
were only 3 CK5 positive primary tumors in the latest
relapsing tumor group (Group 3), and in this group
the metastases were all CK5 negative (Table 3).
CK5 positivity in the primary tumors correlated
significantly with metastasis in axillary lymph nodes
(P = 0.025), with a high tumor grade (P = 0.0001),
with ductal histological type of tumor (P = 0.003), with
ER negativity (P = 0.029), and with Ki-67 positivity
(P = 0.0001) (data not shown). In the metastases, CK5
positivity correlated with ER negativity (P = 0.0001),
and with PR negativity (P = 0.034) (data not shown).

ER

There were 49 ER positive (68%) primary tumors in the
whole tumor set (72) and 47 (65%) in the metastases.
ER positivity (Fig. 2) changed mostly in the early
relapsing tumor Group 1, where three ER positive
tumors were ER negative in the metastases (15%,
Table 3). ER positivity was associated with late tumor
recurrence (P = 0.047, Table 4) in univariate analysis.
In multivariate analysis, ER was not a significant risk
factor for late relapse. ER positivity in the primary
tumors was associated with axillary node negativity
(P = 0.014), with low grade (P = 0.024) and with HER2
negativity (P = 0.049), data not shown. In metastases,
Breast Cancer: Basic and Clinical Research 2013:7

ER
All cases
Group
1
2
3
PR
All cases
Group
1
2
3
HER2
All cases
Group
1
2
3
Ki67
All cases
Group
1
2
3
CK5
All cases
Group
1
2
3

Primary
positive n (%)

Recurrent/
metastatic
positive n (%)

P

49 (68)

47 (65)

0.596

9 (47)
24 (71)
16 (84)

6 (32)
25 (47)
16 (84)

0.083
0.711
1.000

38 (53)

24 (33)

0.005*

6 (32)
19 (56)
13 (68)

4 (21)
13 (38)
7 (37)

0.331
0.110
0.030*

15 (21)

15 (21)

1.000

9 (47)
5 (15)
1 (5)

8 (42)
5 (15)
2 (11)

0.331
1.000
0.331

31 (43)

39 (54)

0.059

13 (68)
14 (42)
4 (21)

14 (74)
21 (62)
4 (21)

0.667
0.017*
1.000

22 (31)

8 (11)

0.0001*

11 (58)
8 (24)
3 (16)

5 (26)
3 (9)
0

0.010*
0.058
0.083

Notes: The patients are divided into Groups 1, 2 and 3, according to the
time of relapse after primary diagnosis. Paired samples t-test was used.
Group 1 (n = 19) includes patients with a recurrence/metastasis detected
within 2 years of diagnosis. Groups 2 (n = 34) and 3 (n = 19) include
patients with a recurrence/metastasis detected at 5–10 years, or after 10
years of follow-up, respectively. *Statistically significant

ER positivity correlated with PR positivity (P = 0.005)
and HER2 negativity (P = 0.0001) (data not shown).

PR

There were significantly more PR positive (Fig. 1)
primary tumors in the whole tumor set (72) than in
the metastases. There were 38 (53%) PR positive primary tumors compared to 24 (33%) positive metastases, (P = 0.005, Table 3). In the late metastasizing
tumors of Group 3, there were significantly more PR
positive primary tumors (13, 68%) than metastases
(7, 37%; P = 0.030, Table 3).
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Table 4. Relationship of clinicopathological parameters, ER, PR, HER2, Ki-67 and CK5 protein expression in primary
tumors of 72 breast cancer patients.
Group

Node negative n (%)

Node positive n (%)

1
2
3

3 (16)
20 (59)
11 (58)
Grade 1
0
5 (15)
3 (16)
Size , 20 mm
3 (16)
16 (47)
11 (58)
ER negative
10 (53)
10 (29)
3 (16)
PR negative
13 (68)
15 (44)
6 (32)
HER2 negative
10 (53)
29 (85)
18 (95)
Ki67 negative
6 (32)
20 (59)
15 (79)
CK5 negative
8 (42)
26 (77)
16 (84)

18 (84)
14 (41)
8 (42)
Grade 2
8 (42)
19 (56)
15 (79)
Size $ 20 mm
16 (84)
18 (53)
8 (42)
ER positive
9 (47)
24 (71)
16 (84)
PR positive
6 (32)
19 (56)
13 (68)
HER2 positive
9 (47)
5 (15)
1 (5)
Ki67 positive
13 (68)
14 (41)
4 (21)
CK5 positive
11 (58)
8 (24)
3 (16)

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

P

Grade 3
11 (58)
10 (29)
1 (5)

0.006*

0.008*

0.021*

0.047*

0.066

0.003*

0.012*

0.009*

Notes: The patients are divided into Groups 1, 2 and 3 according to the time of relapse after primary diagnosis. Categorical Pearson’s Chi-squared test was
used. Group 1 includes patients with a recurrence or metastasis detected within 2 years of diagnosis. Groups 2 and 3 include patients with a recurrence or
metastasis detected at 5–10 years, and after 10 years of follow-up, respectively. Group 1 (n = 19), Group 2 (n = 34), Group 3 (n = 19). *Statistically significant.

There were no significant differences in PR expression between the groups. PR positivity was associated
with node negativity (P = 0.017) in primary tumors
and with HER2 negativity in metastases (P = 0.014),
data not shown.

HER2

There was a high concordance (97%) of HER2 overexpression by IHC and CISH (Fig. 3) between the primary
tumors and the corresponding metastasis in all three
groups (Table 3). There were 15 (21%) HER2 positive
primary and 15 (21%) positive recurrent cancers in the
whole tumor set. In the whole tumor material of paired
primary and metastatic tumors, there were only three

28

pairs with discordant HER2 status. One primary case,
belonging to the early relapsing Group 1 was HER2
positive by IHC and CISH, but CISH negative in the
recurrent lesion. Another case of discordance was also
from Group 1, in which the primary tumor was HER2
positive by both IHC and CISH, but was negative (1+)
in the metastasis by IHC and CISH positive. In the third
case of discordance, a primary tumor from Group 3 was
negative for HER2 by both IHC and CISH, but the metastasis was positive by both IHC and CISH. One tumor of
all CISH positive cases showed low amplification. By
testing with the chromosome 17 centromere probe, the
case showed an average HER2/Chr17 ratio over two,
and turned out to be HER2 gene amplified.

Breast Cancer: Basic and Clinical Research 2013:7
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Table 5. Distribution of seven subtypes of tumors defined by IHC, in primary tumors of 72 breast cancer patients.
Group 1 (n = 19)
Group 2 (n = 34)
Group 3 (n = 19)
Group 1 (n = 19)
Group 2 (n = 34)
Group 3 (n = 19)
Group 1 (n = 19)
Group 2 (n = 34)
Group 3 (n = 19)
Group 1 (n = 19)
Group 2 (n = 34)
Group 3 (n = 19)
Group 1 (n = 19)
Group 2 (n = 34)
Group 3 (n = 19)
Group 1 (n = 19)
Group 2 (n = 34)
Group 3 (n = 19)
Group 1 (n = 19)
Group 2 (n = 34)
Group 3 (n = 19)

‘Luminal A’

All others

2 (11)
20 (59)
13 (68)
‘Luminal B’
2 (11)
2 (6)
0
‘Her2 enriched’
5 (26)
2 (6)
1 (5)
‘Luminobasal’
6 (32)
5 (15)
3 (16)
‘Basal-like’
4 (21)
3 (9)
19 (100)
‘Non classified’
0
2 (6)
2 (11)
Triple negative CK5+
4 (100)
3 (60) 2 (40)
0

17 (90)
14 (41)
6 (32)
All others
17 (90)
32 (94)
19 (100)
All others
14 (74)
32 (94)
18 (95)
All others
13 (68)
29 (85)
16 (84)
All others
15 (79)
31 (91)
0
All others
19 (100)
32 (94)
17 (90)
Triple negative CK50
2 (40)
2 (100)

P

0.0001

0.364

0.049

0.296

0.088

0.364

0.055

Notes: The patients are divided into 3 groups, according to the time of relapse after primary diagnosis. Categorical Pearson’s Chi-squared test was used.
IHC subtypes: Luminal A (ER or PR+HER2-), Luminal B (ER or PR+HER2+), HER2-over-expressing (ER-PR-HER2+), Triple-negative (ER-PR-HER2-),
Basal-like (ER-PR-HER2-CK5+), Non-classified (ER-PR-HER2-CK5-), Luminobasal (ER or PR+CK5+). Group 1 (n = 19) includes patients with a recurrence or metastasis detected within 2 years of diagnosis. Groups 2 (n = 34) and 3 (n = 19) include patients with a recurrence or metastasis detected at
5–10 years, or after 10 years of follow-up, respectively. *Statistically significant.

HER2 overexpression was associated with early
tumor recurrence (P = 0.003, Table 4). In multivariate
analysis, HER2 negativity significantly lowered the
risk of early tumor relapse (OR 0.19 95% CI 0.04–
0.83, Table 6) or inversely, HER2 positivity increased
the risk of early tumor relapse by 1/0.19 = 5.3. HER2
negativity was associated with node negativity
(P = 0.018), low tumor grade (P = 0.021) and with
Ki-67 negativity (P = 0.008) in primary the tumors
(data not shown). HER2 positivity in metastases correlated with ER negativity (P = 0.0001) and PR negativity (P = 0.014) (data not shown).

Ki-67

There were 31 (43%) Ki-67 positive (Fig. 4)
primary tumors and 39 (54%) Ki-67 positive

Breast Cancer: Basic and Clinical Research 2013:7

Figure 2. ER staining in a metastatic breast cancer of the late relapsing
tumors of Group 3, magnification × 400.
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Figure 3. HER2 overexpression in an early relapsing breast cancer of Group (A) IHC, (B) CISH, magnification × 400.

r ecurrent/metastatic lesions in the whole tumor set.
There were significantly more Ki-67 positive metastases in Group 2 compared to the primary cancers
(P = 0.017, Table 3). The Ki-67 positivity associated
with early tumor recurrence (P = 0.012, Table 4).
There was a gradual decline in the expression level of
Ki-67 from the early relapsing tumor group (Group 1)
toward the late relapsing tumor groups (Group 2 and
3). In the multivariate test, Ki-67 was not a significant
risk factor of early tumor relapse. Ki-67 positivity in
primary tumors was associated with late relapse in
luminal A type of tumors, but not in luminal B type
of cancers (P = 0.0001 and P = 0.364, respectively),
(data not shown). Ki-67 positivity associated with
axillary node positivity (P = 0.027), with high grade
(P = 0.0001), with ductal histological type (P = 0.026)
and HER2 positivity (P = 0.008) (data not shown).

Relationship of the subgroups, luminal
A (ER or PR+HER2-), luminal B
(ER or PR+HER2+), HER2
overexpressing (ER-PR-HER2+),
triple-negative (ER-PR-HER2-),
basal-like (ER-PR-HER2-CK5+),
unclassified (ER-PR-HER2-CK-)
and lumino-basal (ER or PR+CK+)
to early and late recurrence of tumors

The luminal A subtype of tumors was associated
with late recurrence in the univariate (P = 0.0001,
Table 4) analysis. The other subtypes were rare and
they mostly represented early relapsing tumors,
30

but the differences were not significant. In multivariate analysis, the non-luminal A phenotype of
tumors significantly increased the risk of early tumor
relapse (OR 3.26 95% CI 1.01–10.59) (Table 6)
ie, the subtype luminal A with this changing coefficient of 0.3067 (1/3.26 = 0.3067) lowers the risk
100*(1 - 0.3067) = 69.33%.
CK5 positive triple negative subtype, which in this
study is the same as basal-like (ER-PR-HER2-CK5+)
Table 6. Dependence of the time of tumor recurrence on
different factors.
Variable
Model 1
Size (2–90 mm)
HER2ERCK5Ki67Node negative
Grade 1
Gade 2
Model 2
Size (2–90 mm)
Non-luminal A
Non-HER2
overexpressing
Node negative
Grade 1
Grade 2

Wald sig.

OR

95% confidence
interval

0.011
0.027
0.228
0.146
0.344
0.431
0.647
0.799

1.07
0.19
2.03
0.35
0.53
1.64
0.62
0.83

1.02–1.13
0.04–0.83
0.64–6.41
0.09–0.69
0.15–1.96
0.48–5.60
0.08–4.77
0.19–3.58

0.013
0.049
0.211

1.07
3.26
0.34

1.01–1.12
1.01–10.59
0.06–1.85

0.593
0.153
0.277

1.39
0.26
0.47

0.41–4.67
0.04–1.65
0.12–1.84

Note: Model 1 includes clinicopathological parameters and HER2,
ER, CK5, Ki-67. Model 2 includes the clinicopathological parameters
and the breast cancer subtypes defined by IHC: Luminal A and HER2overexpressing. Regression ordinal test was used. IHC subtypes: luminal
A (ER or PR+HER2-), HER2 overexpressing (ER-PR-HER+).
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type of tumors tended to associate with early tumor
relapse, compared to the CK5 negative triple negative type of tumors, which is the same as unclassified
(ER-PR-HER2-CK5-) type (P = 0.055, Table 5).
There were altogether 11 (14%) triple negative primary tumors in the whole tumor set, 4 (21%) in the
early relapsing tumor group (Group 1), 5 (15%) in
Group 2 (relapse at 5–10 years) and 2 (11%) in the
late relapsing tumor Group 3 (recurrence/metastasis
detected after 10 years of follow-up). There were 4
(21%) CK5+ triple negative primary tumors in the
early relapsing tumors (Group 1) and no CK5+ triple
negative type tumors among the late relapsing tumors
(Group 3).

Discussion

In this study we describe the status of the established
prognostic biomarkers, ER, PR, HER2 and Ki-67,
used in breast cancer diagnosis, together with basal
type cytokeratin CK5 in 72 primary breast cancers
and their corresponding recurrent/metastatic tumors
in early and late relapsing tumors. Of these cancers,
19 were early relapsing and 54 late relapsing (34 after
5 years, and 19 after 10 years, respectively). In addition, the tumors were divided into seven IHC surrogates to the genetically defined subtypes, luminal
A, luminal B, HER2 overexpressing, triple-negative,
basal-like, unclassified, and luminobasal.27 The
expression levels and the distribution of the subgroups were compared between primary tumors and
metastases, between the different groups, and with
the clinicopathological parameters, in order to analyze their role in breast cancer progression.

Figure 4. Ki-67 positive staining in an early relapsing breast cancer of
Group 1, magnification × 400.
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The basal type cytokeratin CK5 expression correlated
with poor prognostic features, such as early recurrence, axillary lymph node positivity, high tumor
grade, Ki-67 positivity, and ER negativity. Our results
are in concordance with those of Banerjee et al28 and
Choccalingam et al29 who also demonstrated that
basal-like breast cancer expression, defined by basal
cytokeratin expression, correlated with negative
hormonal status and shorter disease-free intervals.
They also analyzed triple negative breast cancers
and obtained results similar to ours, by showing that
patients with CK5+ triple negative breast cancers
tended to have shorter disease-free intervals than the
subgroup of CK5- triple negative cancers.29
Contrary to our results, Tot (2000) demonstrated
a high concordance of CK5 expression between primary and paired tumors of 31 breast cancer patients.30
However, the breast cancers in their study were all
medullary type, while there were no medullary type
of tumors in our study. Alterations of cytokeratin
expression and partial loss of the normal regulation
of cytokeratin expression during carcinogenesis and
tumor progression has been demonstrated.31

ER

ER positivity in this study was associated with very late
tumor relapse, which is in accordance with previous
reports.32,33 The heterogeneity of ER expression within
an individual tumor, between different tumors and also
between the primary tumor and their metastases, is a
well known phenomenon. Breast cancers are known to
express epithelial cell-associated antigens in a heterogeneous manner.34 The discordance of the receptor status between primary and metastatic breast cancers has
been described for over 30 years.35 Such discordance
in estrogen and progesterone receptors can occur in as
many as 40% of breast cancer cases.36 In our tumor
material, there was a 15% loss of positivity in the early
relapsing tumor Group 1, from 9 (47%) ER positive
primary tumors to 6 (32%) ER positive metastases. In
a study of 75 patients, Sari et al37 demonstrated that
8% of ER positive tumors turned out not to express
ER in their metastases, and in contrast 5% of ER negative primary tumors were positive in the metastases. In
our study, only one (3%) primarily ER negative tumor
(in Group 2) had an ER positive metastasis. Hoefnagel
et al38 showed inversion of primary ER positive to
31
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negative metastases in 10.7% of their cases, and from
negative to positive in 3.4%. The corresponding numbers in the study of Thomson et al were 8% from positive to negative, and vice versa in 2.2% of the cases.39

PR

Positive estrogen receptor status in breast cancer is
associated with a good response to hormonal therapy
and to a good prognosis, a long disease-free and overall survival.40 The additional prognostic and predictive value of the progesterone receptor has remained
controversial. The value of PR for prognosis and the
response to tamoxifen was examined in a populationbased series of 4,046 invasive early stage breast cancer
patients.41 Survival analyses for both the whole cohort
and ER positive cases that were given tamoxifen therapy showed that patients with PR positive tumors had
better breast cancer specific survival. IGF-I (insulinlike growth factor-1) has been shown to inhibit progesterone receptor expression in breast cancer cells
via the phosphatidylinositol 3-kinase/akt/mammalian
target of the rapamycin pathway, and low PR expression may serve as an indicator of activated growth
factor signaling in breast cancer cells.42 Therefore it
has been suggested that low PR expression may serve
as an indicator of activated growth factor signaling in
breast cancer cells, and represent an aggressive tumor
phenotype resistant against hormonal therapy.42 PR
expression may define a subpopulation of breast
cancer patients who have a stronger dependence on
hormone receptor-associated growth, and therefore a
superior response to hormone therapy.43
In our study, PR positivity between metastases and
primary tumors changed most in Group 3, where 6 out
of 13 PR positive tumors turned out to be negative in
the metastases. The role of progesterone in early or late
tumor recurrence in the present study remains unclear.

HER2

HER2 protein and gene overexpression in our study
was associated with aggressive tumor features, such
as early tumor relapse, axillary node positivity,
high tumor grade and large tumor size. This finding
supports earlier reports.11 HER2 protein and gene
overexpression in our study showed a high concordance between the primary tumors and their metastases (97%). Previous studies have shown that the
HER2 status in primary tumors remains highly con32

served, when compared to their corresponding metastases.44–46 In previous studies, the discordance in the
expression of HER2 in primary cancers and relapsing/metastasizing tumors was found to be between
0% and 34%.37 The high concordance of HER2 status in our tumor material was also conserved in the
late relapsing cancers. The only case in which the
primarily HER2 negative tumor changed to HER2
positive, was a tumor of the late relapsing Group
3 (relapse after 10 years). Of 31 breast carcinomas
with corresponding lymph node and distant metastases, HER2 amplification and overexpression de novo
was demonstrated in 9.7% in distant metastases at a
late disease state.47

Ki-67

Ki-67 positivity in our study was associated with early
tumor recurrence, and the expression of Ki-67 gradually decreased from early relapsing tumors to late
recurring ones. Numerous studies have shown that
breast cancers overexpressing Ki-67 in more than
20%–50% of the cells are at high risk of developing
recurrent disease, showing a statistically significant
correlation with clinical outcome, such as diseasefree survival or overall survival.48–50
In our study, the low Ki-67 expression distinguished the luminal A type of tumors from the luminal B type. This is in agreement with the study of
Cheang and colleagues, who described an immunopanel of ER, PR, HER2, and Ki-67 that can segregate the luminal A and B subtypes.6 Luminal breast
cancers with Ki-67 levels of at least 14% had a worse
prognosis for both breast cancer recurrence and
death, compared with tumors with Ki-67 levels of
less than 14%.

Conclusions

Our study showed that large tumor size and HER2
positivity are significant risk factors for rapid tumor
recurrence, and conversely, that the luminal A subtype of tumor significantly lowers the risk of breast
cancer recurrence. The basal-like subtype of tumors
defined as triple-negative CK5 positive cancers were
able to distinguish the early relapsing tumors from
the slower recurring triple-negative CK5 negative,
unclassified tumors. Ki-67 positivity with a cut-off
point of 14% associated with early tumor recurrence
and correlated linearly with tumor progression, since
Breast Cancer: Basic and Clinical Research 2013:7
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Ki-67 positivity declined gradually from earlyrelapsing toward late-recurring tumors. In our study,
luminal A-type tumors were associated with low
Ki-67 expression, and Ki-67 positivity was associated with late tumor recurrence in luminal A type
tumors.
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