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Abstract

primary tumor and metastatic lesions.

Background: Estrogen receptor (ER) expression is important for treatment selection and prognostication of breast
cancer patients. Although the metastases are the main targets of endocrine therapy, ER status is often based on the
primary tumor. However, ER expression in breast cancer primary lesion may not match with its synchronous
metastatic lesions in some cases. In this study, we analyzed ER expression concordance between breast cancer

Methods: Paraffin blocks of 100 primary breast invasive ductal carcinoma cases with axillary lymph node
metastases were collected. Five tissue cores were punched out from individual primary breast cancer, and one
tissue core from each lymph node metastases to assemble tissue microarrays for ER staining. Samples were then
scored as 0, 1+, 24, and 3+ according to the number and intensity of ER stained tumor cells.

Results: For cases with ER 3+ (strong expression) in all cores of primary lesions (n = 38), ER expression in metastatic
lymph node was found in 94.7% of the patients. 91.0% of the metastatic lymph nodes were ER positive, and 84.3%
of them to be 3+. Among the 46 cases of ER negative expression in all cores of primary lesions, 39 of them had all

the metastatic nodes being ER negative, and ER negative nodes were seen in 95.7% of the metastases. As for 16
cases of ER inconsistent expression in primary lesions, 4 cases showed negative ER expression in all metastatic
nodes, 2 cases displayed diffuse consistent ER 3+ expression, and 10 cases displayed variant ER expression.

Conclusions: The findings suggest that ER expression concordance between breast cancer primary lesion and its
matched metastatic lesions could be estimated by primary tumor ER expression pattern.
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Background

Estrogen receptor (ER) expression is important for treat-
ment selection and prognostication of breast cancer pa-
tients. Although the metastases are the main targets of
endocrine therapy, ER status is often based on the primary
tumor. However, ER expression in breast cancer primary
lesion may not match with its synchronous metastatic le-
sions in some cases. There are several studies reported the
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changes of ER expression in the metastatic tumors when
compared to the primaries [1-5]. In some studies, change
of ER status was regarded to be rare for metastasis [2, 4],
whereas others found that metastatic tumors are different
from the primary ones in ER expression [1, 3, 5].
Biological explanations for discrepant ER expression
in metastases have been mentioned, including hetero-
geneity of the primary lesion, cancer cells early distant
seeding, clonal selection, and therapy induced clonal
evolution [6, 7]. Whether the extensity and intensity of
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ER positive cells in the primary lesion influence the ER
status of the metastases, so far, has not been investigated.

In this study, multiple tissue cores were punched from
each of 100 breast invasive ductal carcinoma primary le-
sion. Tissue core was also punched from every individual
metastatic lymph node. The aim of the study was to
analyze the agreement of ER expression among different
tissue cores from the same primary lesion and each indi-
vidual metastatic lymph node. The effect of ER positive
cells extensity on ER expression agreement was also
studied.

Methods

Patients and samples

This study was conducted with the approval of the
Shaoxing Hospital Institutional Review Board. Informed
consent was obtained from all the patients before sur-
gery regarding the data and samples to be used for
research. All study procedures were carried out in ac-
cordance with the ethical standards of the Helsinki
Declaration. Breast invasive ductal carcinoma patients
treated with mastectomy or lumpectomy, and standard
level I/IT axillary lymph node dissection were reviewed.
Archival specimens from primary tumor and lymph
node metastases were reviewed independently by two
pathologists to confirm the histological diagnosis and
tumor grade. Patients with both primary tumor and
lymph node metastases samples were included, those
received any neoadjuvant therapy were excluded. One
hundred qualified patients were finally identified in the
period from Jan. 2008 to Oct. 2014. Forty patients were
under the age of 50years old. The cases with high,
moderate, and low differentiation were 1, 53, and 46
cases, respectively. Those with T1, T2, and T3 disease
were 28, 65, and 7 cases. Sixty patients had 4 or more
metastatic lymph node.

Tissue microarray (TMA) construction

A manual tissue microarrayer (TM-1, Beijing Boyikang
Laboratory Instrument Limited Company, Beijing, China)
was used to construct the TMAs. Five 2-mm-diameter tis-
sue cores were punched out from the representative areas
of invasive carcinoma of the donor blocks. For lymph
node metastases, 2-mm-diameter tissue core was punched
out from the representative area of each metastatic node.
The cores were transferred into the pre-punched hole in
the recipient block according to the location on the TMA
map. From each TMA block, 4-pm sections were cut
on a microtome (Leica RM2245, German Leica Instru-
ments Limited Company, German) and transferred to
adhesive-coated slides. One section from each tissue
array block was stained with hematoxylin and eosin,
and core loss or gain assessed.
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ER staining and scoring

The sections were deparaffinized in xylene and hy-
drated through graded concentrations of ethanol to
distilled water. Following the antigen retrieval, slides
were incubated in 3% H,O, for 10 min. After being
washed, the slides were incubated overnight with pri-
mary antibody (diluted 1:400) directed against estro-
gen receptor alpha (clone SP1, Maixin biotechnology
co., LTD, Fuzhou, China) at 4°C. After the sections
were incubated in secondary antibody, the slides were
finally counterstained with hematoxylin and mounted.
As positive controls we used in house positive control
tissue sections as well as commercially supplied posi-
tive control sections. Known ER-positive breast cancer
tissue cores were used as well. As negative controls,
PBS was used instead of the primary antibody. Con-
trols were included in each staining batch.

The ER-score was graded according to the percent-
age of nuclei stained tumor cells and the intensity of
the staining. The proportion of positive cells was
scored using a scale of 0—4, where 0 corresponded to
no tumor cells were stained, 1 corresponded to < 10%,
2 corresponded to 11-50%, 3 corresponded to 51—
80%, 4 corresponded to > 80% of the tumor cells were
stained. The staining intensity was scored as 0, 1, 2 or
3. The TMA was evaluated independently by two pa-
thologists (J.Z. and C.W.). In case of a discrepancy,
the 2 observers simultaneously reviewed the slides
under a multi-headed microscope to achieve a consen-
sus. The immunoreactive score (IRS) is the product of
a proportion score and an intensity score with a range
of 0-12. The ER staining was then graded as negative
expression, 0+ (IRS of 0 and 1); weak expression, 1+
(IRS of 2 and 3); moderate expression, 2+ (IRS of 4, 6
and 8); strong expression, 3+ (IRS of 9 and 12).

Results

ER expression of primary tumors and the concordance
among different cores

A total of 498 cores were punched from 100 breast cancer
primary lesion blocks, and tumor cells were identified in
472 cores. In 54 of 100 (54%) patients, immunostaining
for ER was found in at least one core of the primary tu-
mors. Accordingly, negative ER staining was seen in the
rest 46 (46%) cases.

When all of the 472 tumor cell positive cores were
analyzed, the patients were classified into three groups
(Fig. 1a). One group included 38 cases, all cores ob-
tained were found to be ER strongly expressed (3+). In
another group of 46 primary lesions, all cores obtained
were ER negatively stained. The third group is the rest
16 cases, a total of 80 cores were taken from the pri-
mary lesion blocks, tumor cells were found in 78 cores.
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Fig. 1 ER score in primary tumor and lymph node metastases. a: The cases in which all cores obtained were found to be ER negatively stained (0
+), strongly expressed (3+), or various ER score in primary tumor. b: The cases in which all cores obtained were found to be ER negatively stained
(0+), strongly expressed (3+), or various ER score in lymph node metastases. ¢, e, and g: The percentage of ER expression (0+, 1+, 2+, 34) in
lymph node metastases from patients with all cores obtained to be ER strongly expressed (c), negatively stained (e), or various ER score (g) in
primary tumor. d, f, and h: ER expression status in lymph node metastases from patients with all cores obtained to be ER strongly expressed

(d), negatively stained (f), or various ER score (h) in primary tumor
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Among the 78 tumor cell positive cores, the ER expres-

sion levels ranged as 3+, 2+, 1+ or 0 were found in 24

(30.8%), 30 (38.5%), 12 (15.4%), and 12 (15.4%) cores,

respectively. The staining details of each core from all
these 16 cases are shown in Table 1.

ER expression of lymph node metastases and the
concordance among different nodes

Totally, 687 axillary lymph metastases were dissected
from 100 breast cancer patients, and were punched for
ER staining, tumor cells could be seen in 627 cores. In

Table 1 Cases with inconsistent cores ER expression status in primary lesions (n = 16)

Case ID N of cores (3+) N of cores (2+) N of cores (1+) N of cores (0+) N of cores
No tumor

1 3 1 0 1 0

2 2 1 0 1 1

3 0 3 1 1 0

4 1 2 1 1 0

5 1 3 1 0 0

6 2 3 0 0 0

7 2 2 0 1 0

8 0 3 1 0 1

9 0 3 2 0 0

10 2 1 0 2 0

1 0 2 3 0 0

12 0 3 2 0 0

13 4 1 0 0 0

14 3 1 0 1 0

15 4 1 0 0 0

16 0 0 1 4 0

Total 24 30 12 12 2
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55 of 100 (55%) analyzed patients, positive ER expres-
sion was evident in at least one metastatic node core,
and for the other 45 cases, all metastatic lymph nodes
were scored as ER negative.

As shown in Fig. 1b, when all the 627 metastatic
lymph node cores from the 100 breast cancer patients
were analyzed, 31 cases were ER strongly expressed (3+)
in all the node cores, while 45 cases were ER negative
stained in all the cores. For the remaining 24 cases, 212
axillary lymph metastases cores were taken. The ER ex-
pression scored as 3+, 2+, 1+ or 0 were found in 60
(28.3%), 34 (16.0%), 13 (6.1%), and 105 (49.5%) cores, re-
spectively. The staining details of each core from all
these 24 cases are shown in Table 2.

Comparison of the ER status between primary tumors
and lymph node metastases

In all the primary lesions samples with ER 3+ staining,
36 out of 38 (94.7%) patients had ER positive lymph
node metastases. A total of 255 cores of lymph node me-
tastases were analyzed from these 38 patients. Among
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them, 215 (84.3%) cores had ER expression scored 3+,
14 (5.5%) had ER expression scored 2+, and 3 (1.2%) had
ER expression scored 1+. Taken together, positive ER ex-
pression (3+, 2+ or 1+) was found in 91.0% (232/255) of
the lymph node metastases. Accordingly, negative ER
staining was seen in 23 (9.0%) of the lymph node metas-
tases (Fig. 1c). As shown in Fig. 1d, in 28 out of the 38
cases, all the metastatic nodes were scored as 3+ ER ex-
pression (Fig. 2). In 2 cases, all nodes were ER negatively
stained. And the rest of 8 cases had uniform 3+ expres-
sion in the primary lesions, metastatic lymph nodes with
3+ ER expression were found in all cases, however lower
ER expression (2+, 1+ or 0) were also seen in the nodes.
Among the 83 metastatic lymph node cores obtained
from these 8 cases, ER expression scored as 3+, 2+, 1+
or 0 were respectively found in 46 (55.4%), 14 (16.9%), 3
(3.6%), and 20 (24.1%) cores.

In the 46 ER negative in all the primary lesions sam-
ples group, totally 300 lymph node metastases were
taken through axillary dissection, 287 (95.7%) cores had
negative ER expression, 4 (1.3%) had ER expression

Table 2 Cases with inconsistant cores ER expression status in metastatic lymph nodes (n = 24)

Case ID E“of nodes N of cores (3+) N of cores (2+) N of cores (1+) N of cores (0)
1 22 19 2 0 1
2 13 9 3 0 1
3 11 8 0 1 2
4 10 2 6 0 2
5 9 4 2 1 2
6 9 2 0 0 7
7 2 1 0 0 1
8 7 1 1 1 4
9 5 3 1 1 0
10 5 4 0 1 0
" 8 2 6 0 0
12 7 2 1 1 3
13 6 0 5 0 1
14 3 2 0 1 0
15 1 0 1 0 0
16 1 0 1 0 0
17 1 0 1 0 0
18 10 0 0 2 8
19 22 0 1 0 21
20 22 0 1 0 21
21 18 1 0 0 17
22 10 0 1 0 9
23 6 0 1 3 2
24 4 0 0 1 3
Total 212 60 34 13 105




Zhao et al. BMC Cancer (2018) 18:1290

Page 5 of 7

primary lesion and every individual metastatic site

Fig. 2 Examples of concordant immunohistochemical brown stainings of breast primary tumor and corresponding metastases. These samples
were from the same patient, all the primary tumor cores (a, b, ¢, d and e) were ER-stained and scored 3+, corresponding metastatic sites (f, g, h, i
and j) were all scored as 3+ ER expression as well. This case shows concordant 3+ ER expression among different tissue cores from the same

scored as 1+, another 4 (1.3%) had 2+, and 5 (1.7%) had
ER expression scored as 3+ (Fig. le). As shown in Fig.
1f, 39 out of 46 cases (84.8%) were scored as ER negative
expression in all the metastatic nodes. In one case, all
nodes were ER 3+. In the other 6 cases, as shown in
Table 2 (case 19-24), 82 metastatic lymph nodes were
dissected, 73 node cores (89.0%) were found to be ER
negative, the ER positive cores ranged as 1+, 2+ or 3+
were 4 (4.9%), 4 (4.9%), and 1 (1.2%) respectively.

In the remaining 16 cases ER expression was disagree-
ment among the cores from each primary lesion (as
shown in Table 1). A total of 72 lymph node metastases
were found through axillary dissection. As shown in Fig.
1 g and h, among the 16 cases, 4 of them were ER nega-
tive in all the detected 22 nodes, 12 cases were seen
positive ER expression in the metastatic nodes. Within
the 12 cases, 2 with all the nodes strongly expressed ER
3+, the other 10 cases had different ER expression levels,
as shown in Table 2 (case 9-18). 47 metastatic nodes
were found from the 10 cases, the nodes with ER expres-
sion level scored as 3+, 2+, 1+ or 0 were 13 (27.7%), 16
(34.0%), 6 (12.8%), and 12 (25.5%), respectively. Exam-
ples of variant ER expression in primary tumor and the
corresponding metastatic sites are shown in Fig. 3.

Discussion

In the present study, special attention was paid to the
ER expression agreement among different tissue cores
from the same primary lesion and their individual meta-
static lymph node. The effect of ER expression pattern
on ER expression concordance was studied. We found
that ER expression concordance between breast cancer

primary lesion and its matched synchronous lymph node
metastases could be estimated by primary tumor ER ex-
pression pattern.

For patients with 3+ ER staining in all primary lesion
cores, positive ER in the metastatic lymph nodes was
found in about 95% of the patients. When each individ-
ual lymph node was analyzed, more than 90% of the
metastatic lymph nodes were found to be ER positive in
this patient group, and majority of them were 3+. For
those with primary lesions being negative of ER staining
in all the punched cores, although metastatic lymph
node ER status gained in few cases, more than 95% of
the nodes was ER negative. However, for those ER ex-
pression level varied among different punched cores
from primary lesions, one quart of patients presented
with ER negative lymph node metastases, one eighth
with all the nodes to be strongly ER stained, about 60%
with nodes expressed ER in different intensity. High
concordance of ER status between the primary lesions
and the paired metastatic lymph nodes could be ex-
pected in patients with uniform ER expression in all the
punched cores from primary lesions, no matter it is
strong ER expression or negative of ER at all. For those
ER expressed in variant intensity in the primary tumor,
changes of ER status in lymph node metastases were
more frequent. Thus for the first time, we found that ER
expression concordance between breast cancer primary
lesion and its matched synchronous metastatic lesions
could be estimated by primary tumor ER expression
pattern.

According to our finding, diffused strong staining is
the most common pattern of ER expression. Around
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and every individual metastatic lymph node

Fig. 3 Examples of various immunohistochemical stainings of breast primary tumor and corresponding metastases. These samples were from the
same patient, variant ER expression was seen in the primary tumor cores (a, b, ¢, d and e), different ER expression was also found in the
corresponding metastatic sites (f, g, h, i and j). This case shows various ER expressions among different tissue cores from the same primary lesion

80% of the ER positive breast cancer cases scored as 3+
in all the punched cores. Positive ER staining in all the
cores regardless of the expression extensity (3+, 2+, and
1+), was identified in up to 10% of the cases. For the
other 10% of the cases, both positive and negative ER
staining was found in some of the cores from the same
primary lesions. In clinical practice, it is important to
keep in mind of the pattern of ER expression, as it corre-
lated with the ER status in the metastases which matters
of the response to endocrine therapy in breast cancer.

The frequency of ER expression in breast cancer has
been reported to vary from 66.3% up to about 80% [8—11].
Sofi et al. reported an ER expression rate of 66.3% in 132
assessed invasive ductal carcinoma patients [8]. Thomp-
son et al. reported ER expression rates of 79.6 and 73.7%
in primary lesions and metastatic lesions, respectively [9].
In the present study, ER expression rate is lower than
what previously reported. This is because, to perform our
study, only those cases with lymph nodes metastases were
selected. Zhu et al. and Yi et al. also reported lower ER ex-
pression rate in cases with lymph nodes metastases than
those without metastases [10, 11].

The general ER expression discordance is observed in
13% of the paired samples, 7.0% of the cases gained ER
expression in the matched synchronous metastatic
nodes, and 6.0% lost. The frequency of ER expression
discrepancy between the primary lesions and the paired
metastases has been reported to vary from 2.6% up to
about 22.4% [1, 3, 5]. In a review by Yeung et al., 3384
matched primary and metastatic pairs reported from 47
studies were analysed, ER expression median discord-
ance between primary and metastatic site is 14% [12]. In

respect to the general concordance, our result is consist-
ence with the previous reports.

Conclusion

ER expression pattern of primary breast tumor could be
used to predict ER expression concordance between pri-
mary lesion and its matched synchronous metastatic le-
sions. High concordance of ER status between the primary
lesions and the paired metastatic lymph nodes could be
expected in patients with uniform ER expression in all the
punched cores from primary lesions, no matter it is strong
ER expression or negative at all. As discordance in ER sta-
tus between primary breast cancer and metastatic lesion
occurred in 13.0% of cases, ER status of the metastatic site
should be assessed if possible, especially in patients with
variant ER expression in primary sites.
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