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Abstract In this study, we compared the accuracy of marker
evaluation in core needle biopsy (CNB) specimens ver-
sus excision specimens (ESs) from breast cancer pa-
tients. This retrospective study used data collected from
the breast cancer database at the West China Hospital,
China. Immunohistochemistry (IHC) results from CNB
specimens and ESs were compared, using estrogen receptor
(ER), progesterone receptor (PR), human epidermal growth
factor receptor 2 (HER2), and Ki-67 as markers. Molecular
subtyping and endocrine therapy usage correlations based on
CNB samples and ESs were evaluated. The results obtained
from CNB samples and ESs exhibited substantial agreement
for the detection of ER (k = 0.522), PR (k =0.441), and HER2
(k =0.451), and also influenced endocrine therapy usage. Fair
and poor correlations were observed for Ki-67 staining and
molecular subtyping (k = 0.195), respectively. This disagree-
ment might be attributable to a combination of heterogeneity
and large tumor size. This study indicates that the discordance
rate in molecular marker staining between CNB specimens
and ESs is significant enough that results obtained with
CNB specimens should be used cautiously or verified
using ESs.
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Introduction

Endocrine therapy is a very important component of
breast cancer treatment. Estrogen (ER) and progesterone
receptors (PR) are used as decisive biomarkers when
making decisions regarding endocrine treatment. These
biomarkers can also be used to predict prognosis and
responses to other treatments. Given the importance of
breast cancer molecular subtypes, which are classified
using ER, PR, Ki-67, and human epidermal growth factor
receptor-2 (HER?2) staining, pathological tests for those bio-
markers were recently described as essential tests for breast
cancer patients, according to most guidelines. Patients with
false negative test results may be undertreated, whereas those
with false positive results may receive unnecessary treatment
with expensive drugs and may experience serious side effects.
Therefore, the diagnostic accuracy of these markers is crucial
1, 2].

Core needle biopsy (CNB), which is accurate, convenient,
and cost-effective, has been widely utilized for breast cancer
diagnosis. In many countries, every breast cancer patient is
subjected to CNB before surgery. In addition, CNB yields
the only material available for molecular testing before neo-
adjuvant treatment and facilitates decisions regarding the
scheme of neoadjuvant therapy. Specifically, for patients
who achieve a pathologic complete response (PCR) after neo-
adjuvant treatment, CNB is the only patient specimen avail-
able for pathological and molecular testing. Therefore, CNBs
are very important for the treatment and diagnosis of breast
cancer.

Various studies have confirmed the reliability of CNBs for
diagnosing the pathological type of a breast cancer [3].
However, the accuracy of ER, PR, Ki-67, and HER2 staining
of CNBs remains controversial. The disadvantages of CNB
specimens, including the small specimen volume, lack of total
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tumor representation, and uneven receptor distributions, might
affect the concordance of molecular marker staining between
CNBs and excision specimens (ESs) [4, 5]. Therefore,
we undertook this retrospective study to evaluate and
compare the accuracy of CNB and ES staining for the
above-mentioned molecular markers.

Materials and Methods
Patients

We retrospectively collected consecutive data entered into the
breast cancer database of the Breast Surgery Department of
West China Hospital, Sichuan University, PR China between
January 2007 and April 2015. Patients who met all following
criteria were included: (1) CNB with ultrasound guidance be-
fore operation, with an ES from the operation; (2) immuno-
histochemistry (IHC) staining of both CNB and ES for ER and
PR; (3) diagnosis of invasive carcinoma using both CNB and
ES; and (4) female sex. Patients who met any of the following
criteria were excluded: (1) received neoadjuvant therapy, (2)
treated with ipsilateral breast radiotherapy, (3) history of
breast malignancy, (4) history of open excision biopsy
before CNB, or (5) diagnosed with occult breast cancer.
This study was conducted in accordance with the dec-
laration of Helsinki. This study was conducted with ap-
proval from the Ethics Committee of West China Hospital in
2015. Written informed consent was obtained from all
participants.

Core Needle Biopsy Processing

CNBs were taken with an automated core 14- or 16-gauge
needle under ultrasound guidance. All CNBs were performed
by a doctor who specialized in CNB and had 4-6 years of
experience. Normally, 4 or 5 samples were obtained for each
patient, and at least 3 samples provided sufficient material for
pathology. During CNB, the first needle pass targeted the
center of the lesion. Subsequent biopsies were collected grad-
ually by moving from the center to the periphery of the mass
to obtain additional samples and increase the accuracy of
CNB sample testing.

CNB tissues were fixed in 10% neutral formalin for 8—12 h.
Next, each sample was embedded in paraffin and cut into
4-um thick sections (Leica RM 2245). Conventional
hematoxylin-eosin (HE) staining was performed. To deter-
mine the hormone receptor status, IHC staining was per-
formed using antibodies against ER (clone SP1; Ventana,
Tucson, AZ, USA), PR (clone 1E2; Ventana), Ki-67 (clone
30-9; Ventana), and HER2 (clone 4B5; Roche, Sandhofer,
Mannheim, Germany) and an automated immunostainer
(Benchmark System; Ventana).
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Excision Specimen Processing

After tumors were removed during surgery, samples
were cut in l-cm sections and immediately fixed in
10% neutral formalin for 824 h. Subsequently, fixed
samples were subjected to conventional HE staining
and immunohistochemical tests similar to those performed
for CNB samples.

Immunohistochemical Test Scoring

All sections were evaluated by 2 associate professors or pro-
fessors with at least 7 years of experience in breast disease
pathology. Quantified ER and PR statuses ranged from 0% as
100%, according to nuclear staining. Sections were scored as
negative if there was 0—1% staining, and positive if there was
>1% staining, according to the St. Gallen 2011 consensus
recommendations [6]. Ki-67 staining was defined according
to staining percentage, with the high expression cutoff value
set at 14%. HER?2 status was scored from 0 to 3+, with 0 and
1+ considered negative, 2+ considered indeterminate, and
3+ considered positive. Sections scored as 2+ for HER2
were referred for further investigation using fluorescence
in situ hybridization (FISH) or chromogenic in situ hy-
bridization (CISH). Pathological tumor types were de-
fined as follows: Luminal A: ER and/or PR positive,
HER2 negative, Ki-67 low (<14%); Luminal B (HER2
negative): ER and/or PR positive, HER2 negative, Ki-67
high; Luminal B (HER?2 positive): ER and/or PR positive; any
Ki-67. A patient who received a HER2 score of 2+, such as a
case of ER and PR negative, HER2 2+ disease defined
as HER2+ type or Basal-like type, would not be includ-
ed in statistical analysis. The patient was included in the
statistical analysis although the result was not further
identified using FISH or CISH. However, because this
study was only concerned with consistency in the results ob-
tained for CNB and ES, gene amplification detection was not
required [7, 8].

Statistics Analysis

Data were analyzed using SPSS (version 20.0; SPSS Inc.,
Chicago, IL, USA) for statistical analysis. A descriptive anal-
ysis was performed using the x* test [9]. Concordance was
calculated as the number of patients with equal CNB and ES
scores according to the kappa coefficient (95% CI). k values
of >0.8, 0.6-0.8, 0.4-0.6, 0.2-0.4, and <0.2 were defined as
almost perfect, substantial, moderate, fair, and poor, respec-
tively, and a descriptive analysis was performed using the x?
test [10]. The rank sum test was used for the correlation anal-
ysis. In this study, P values <0.05 were considered significant.



Comparison of Core Needle Biopsy and Excision Specimens

Results
Subjects

A total of 4056 patients had been diagnosed with breast cancer
from January 2007 to April 2015 and were registered in the
breast cancer database of the Breast Surgery Department of
West China Hospital. A total of 1003 patients who met the
required criteria were enrolled in this study. The median age of
the patients was 47 years (range, 16—89 years). Table 1 shows
the patient and tumor characteristics for all 1003 patients in-
cluded in this study.

ER Concordance

Of'the 1003 patients, 7 were excluded from this analysis because
of indeterminate CNB or ES ER THC test results. Therefore, 996
patients were finally included. The ER staining correlation be-
tween CNB samples and ESs was 78.8% (x2 test, P < 0.001),
and substantial concordance was observed (k = 0.522; Table 2).

Table 1  Characteristic of patients and tumor
Characteristics No. of patients
Age (median) 47 years (16-89)
Pathological type
Invasive ductal carcinoma 876
Invasive lobular carcinoma 61
Municinous carcinoma 14
Medullary carcinima 13
Apocrine carcinoma 4
Papillary microcarcinoma 16
Tubular carcinoma 11
Adenoid cystic carcinoma 2
Scirrbous carcinoma 1
Grade (Bloom and Richardson)
Grade 1 37
Grade 2 346
Grade 3 620
T stage
T1 320
T2 547
T3 82
T4 54
TNM
I 195
IA 326
1B 191
T A 136
B 122
mc 33
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Table 2 Concordance
between CNB and ES for Excision CNB
ER, PR and Ki-67
ER + - Total
+ 561 111 627
- 100 224 324
Total 661 335 996
PR
+ 475 139 614
- 122 249 371
Total 597 388 985
Ki-67
+ 400 79 479
- 128 89 217
Total 528 168 696

PR Concordance

Of the 1003 patients, 18 were excluded from this analysis
because of indeterminate CNB or ES PR THC tests.
Therefore, 985 patients were included. The PR staining corre-
lation between CNB and ES was 73.5% (x? test, P < 0.001),
and moderate concordance was observed (k = 0.441; Table 2).

HER2 Concordance

Of the 1003 patients, 64 were excluded from this analysis
because their CNB samples or ESs were not subjected to
HER2 THC testing. Therefore, 941 patients were included.
The HER2 staining correlation between CNB and ES was
62.6% (x* test; P < 0.001), and moderate concordance was
observed (k = 0.451; Table 3).

Ki-67 Concordance

Some reports registered before 2008 described ranges of per-
centages that sometimes exceeded 14%, and some CNB sam-
ples or ESs were not subjected to Ki-67 THC testing.
Therefore, of the 1003 patients, 307 were excluded from this
analysis, leaving 696 patients. The Ki-67 staining correlation
between CNB and ES was 70.3% (x° test, (P < 0.001), with
fair concordance (k = 0.261; Table 2).

Table 3 Concordance

between CNB and ES for CNB + + - Total
HER2 Excision
+ 104 33 52 189
+ 25 76 127 228
- 45 71 408 525
Total 174 109 408 941
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. Table 5 The
Molecular Subtyping Concordance o on betwen CNB Yes No Total
) CNB and ES for Excision

Of the 1003 patients, both the CNB and ES THC tests of 590 ¢ndocrine therapy

patients were fit for molecular subtyping. The molecular sub- administering Yes 379 47 426
type correlation between CNB and ES was 49.2% (X2 test; No 57 107 164
P < 0.001), with poor concordance (k = 0.195; Table 4). Total 436 154 590

Endocrine Therapy Usage Concordance

Because molecular subtyping was the determining factor in
decisions regarding endocrine therapy administration, we
compared concordance between the CNB- and ES-based rec-
ommendations for endocrine therapy usage. This analysis in-
cluded 590 patients. The endocrine therapy administration
correlation between CNB and ES was 83.4% (X2 test,
P < 0.001), with moderate concordance (k = 0.552; Table 5).

Influence of Large Tumor Size on Heterogeneity

Notably, the observed disagreements might be attributable to a
combination of heterogeneity and large tumor size [11].
Larger tumors were more likely to exhibit increased heteroge-
neity. That relationship might have increased the disagreement
between the THC test results obtained for CNB samples and
ES. Therefore, the correlations between tumor diameter and
IHC test concordances were analyzed using the rank sum test.
However, no significant influence of tumor diameter on ER,
PR, HER2, Ki-67, or molecular subtype concordance was
observed (P > 0.05; Table 6).

Discussion

CNBs are less painful and less expensive than surgical exci-
sion [12]. CNBs are also more accurate than fine-needle biop-
sies (FNBs) because the former can obtain sufficient tissue for
pathological examination and THC tests. For patients under-
going neoadjuvant treatment, CNB could be used to determine
treatment schemes prior to surgery. Furthermore, CNBs are
the only specimens obtained from patients with a history of
neoadjuvant treatment or who have achieved a PCR that can
be subjected to pathological and molecular testing. Therefore,

CNBs have been routinely performed to evaluate the nature of
breast lesions.

The accuracies of and concordance between CNB and ES
staining for the diagnosis of breast cancer histological types
have been confirmed by many studies [3, 13—-16]. However,
published studies of CNB for the examination of molecular
biomarkers are rarer and do not include concordance.

ER and PR are not only key biomarkers used to determine
endocrine therapy administration, but also are important fac-
tors that influence prognosis and treatment planning. For pa-
tients expected to undergo neoadjuvant endocrine treatment or
those who have achieved PCR after neoadjuvant therapy, re-
sults obtained from CNB samples have decisive effects on
treatment plans. Dekker et al. performed a retrospective study
of 122 patients and observed a correlation in ER staining
between CNB and ES of 99.1%, with a k = 0.966.
Meanwhile, a meta-analysis of this author’s work, including
8 papers published from 1996 to 2011, yielded an ER staining
correlation of 93.4% [4]. Another recent meta-analysis of 21
papers calculated the correlations for ER and PR staining be-
tween CNB and ES 0f92.8% (k = 0.78) and 85.2% (k = 0.66),
respectively [17]. Therefore, some researchers have demon-
strated the reliability of CNB-based ER and PR immunohis-
tochemical status determination. However, Sutela et al. report-
ed an ER staining correlation of 88% with a k = 0.69 and the
PR staining correlation of 83% with a k = 0.39, indicating
only fair concordance [18]. Another meta-analysis demon-
strated that the absolute concordances of ER and PR staining
between CNB and ES were 77.7-80% and 66.2-69.5%, re-
spectively, which were considered unreliable [19].
Concurrently, other authors further considered a concordance
of 80-90% between CNB and ES to be unacceptable because
this concordance would result in the wrongful administration
of endocrine therapy to many patients. Hence, those authors

Table 4 The concordance

between CNB and ES for CNB Luminal A Luminal B HER2-positive Basal-like Total
molecular subtypes Excision
Luminal A 18 88 4 10 120
Luminal B 72 201 20 13 306
HER2-positive 0 18 28 18 564
Basal-like 7 32 18 43 100
Total 97 339 70 84 590
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Table6 Correlation of tumors ‘diameter and the concordance of IHC test

V4 P
Tumor—ER -0.686 0.493
Tumor—PR -0.383 0.717
Tumor—HER2 -0.289 0.772
Tumor—Ki-67 -0.322 0.747
Tumor—molecular subtypes -0.743 0.457

advised ES-based reassessments of the ER and PR status for
patients not receiving neoadjuvant treatment [20]. To our
knowledge, our research incorporates the largest published
series of samples subjected to ER, PR, and other molecular
marker testing from a single group of patients. Our data anal-
ysis calculated concordances of ER and PR staining between
CNB and ES of 78.8% (k = 0.522) and 73.5% (x = 0.441),
respectively [4-19, 21, 22]. Although these rates were
similar to those previously reported, the k values were
lower than those found in other studies, suggesting a
moderate correlation. Consequently, CNB assessments
of ER and PR staining should have a limited effect on
treatment planning.

Although HER2 and Ki-67 are used to identify molecular
subtypes, these markers are also important factors in treatment
schemes, where they are used as prognostic predictors and
therapeutic targets. The contradictory results reported in pre-
viously published articles can be attributed to the small num-
bers of cases and inconsistent assessments of these two recep-
tors, [9, 20-26]. In a retrospective study of 336 patients,
Lorgis et al. determined a HER2 staining concordance be-
tween CNB and ES of 98.3% [20]. However, another study
of 209 cases determined HER2 and Ki-67 concordances be-
tween CNB and ES of only 56% (k = 0.392) and 59%
(x = 0.360), respectively [24]. Our HER2 and Ki-67 data,
which were obtained from 941 and 696 cases, respectively,
yielded HER2 and Ki-67 correlations between CNB and ES of
62.6% and 70.3%, respectively. In addition, the corresponding
respective k values of 0.451 and 0.261 were not good. We
suggest that this discordance rate is significant enough that
results obtained using CNB should be used cautiously when
determining treatment.

No large published study has addressed molecular subtype
determination concordance between CNB samples and ESs of
breast cancer. In a study of 298 cases, Chen et al. observed a
concordance of 77.2% and k = 0.658 [26]. In our study of 590
patients, the greatest level of disagreement in molecular sub-
type determination between CNB and ES was 49.2%, with a
poor k value of 0.195. Therefore, we advise using both CNB
and ES to determine molecular subtypes. We attribute this
discrepancy in molecular subtype determination to the
dependency of subtyping on ER, PR, Ki-67, and HER?2 stain-
ing. Therefore, any discordance between the four biomarkers,

sample size, and fixation process would influence the molec-
ular subtype determination. Molecular subtype determination
should be verified using ES.

Decisions regarding endocrine therapy administration were
determined using the ER or PR expression levels. For patients
treated with neoadjuvant endocrine therapy or those who
achieved a PCR after neoadjuvant treatment, CNB test results
were usually the only factors used to make therapeutic deci-
sions. Therefore, discordance between the ER and PR results
obtained with CNB and ES could lead a physician to make the
wrong decision about the use of endocrine therapy. To our
knowledge, this is the first study to evaluate concordance be-
tween the results obtained from CNB and ES in terms of
decisions regarding endocrine therapy administration. Our
study concluded that for these markers, the concordance rate
was 83.4% (x = 0.552), a better correlation than those obtain-
ed for other biomarkers in our study. This good result is likely
attributable to the relatively higher concordances of ER and
PR levels in our study, compared to those of other markers; in
addition, any ER or PR positivity should lead to the use of
endocrine treatment. Nevertheless, discordance in HER2 or
Ki-67 staining seldom led to changes in endocrine treatment.
However, if only CNB results were used to determine
endocrine treatment administration, 16.6% of patients
would either receive unnecessary treatment, resulting in
toxicity and higher economic costs, or not be adminis-
tered therapies that could improve their disease-free and
overall survival. According to a study by Uy et al.,
despite respective ER and PR staining concordances of
93% and 90%, the authors considered the outcomes un-
acceptable because some patients received the wrong
treatment plan [27]. Other studies also concluded that
results obtained with CNB were not sufficiently accurate
to replace those obtained with ES when determining
endocrine treatment administration [28]. Hence, we ad-
vise that results obtained using CNB should not be used
alone to guide decisions regarding the use of endocrine
therapy for patients who do not receive neoadjuvant
treatment.

Some explanations have been given for the discordant re-
sults obtained with CNB and ES. Tumor heterogeneity is one
such explanation. According to a study by Douglas-Jones
et al., a significant downward trend in ER positivity was ob-
served as samples moved from the tumor periphery towards
the center (p = 0.001) [29]. The rate of reduction in ER pos-
itivity was 2%/mm. According to this theory, in a tumor with a
diameter of 20 mm, ER positivity would decrease by 20%
from the edge to the center, and the ER status could shift from
positive to negative. Therefore, tumor heterogeneity might
result in the discordant results obtained with CNB and ES.
A study of 353 patients confirmed that the diagnostic accuracy
of CNB results increased as the number of harvested speci-
mens increased [30]. Similarly, a study by Melotti et al. found
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that the accuracy of CNB results increased when samples were
obtained using larger-gauge needles [31]. Previously pub-
lished articles have described stronger ER expression at the
periphery of a tumor, compared to the center. Therefore, CNB
was more accurate when performed under ultrasound guid-
ance [32]. However, we observed no improvement in the eval-
uation of the four molecular subtypes when we compared
smaller with larger tumors. However, we obtained samples
using a higher number of core passes, which might explain
our finding. In some published studies, the PR concordance
was lower than the ER concordance because PR immunore-
activity was weaker and more heterogeneous than that of ER.
Nonetheless, the concordances of ER and PR staining were
78.8% and 73.5%, respectively, and no statistical difference
was observed between ER and PR staining. In this study, we
did not include information about patients receiving endocrine
therapy. This study mainly aimed to understand the molecular
subtype of each tumor according to the immunohistochemical
analyses of CNB samples and ESs. Patients with Luminal A
and Luminal B disease and HR+ results would theoretically
receive endocrine therapy. However, both the subtype deter-
minations and quantities of patients with HR+ were inconsis-
tent between CNB and ES analyses.

Fixation might have been an issue in our study. CNB sam-
ples are always small and fixed in formalin. Notably, these
samples could be fixed quickly. In contrast, ES fixation is
always delayed because nurses are preoccupied with other
affairs. In addition, ESs of tumors had been devascularized
for some time prior to excision and formalin fixation, as this
is the last process after the creation of skin flaps, mobilization
of the breast from the pectoralis muscle, and axillary dissec-
tion. Furthermore, an inadequate volume of formalin may be
used for ES fixation. Consequently, CNB samples underwent
better fixation and potentially yielded more accurate IHC re-
sults compared to ESs. Still, some researchers consider ES the
gold standard for THC tests of tumor biomarkers [4, 18, 33].
Additionally, differences in pathology laboratories, such as
staining and scoring processes, quality control, and antibodies
used for IHC, can affect testing. Therefore, ER and PR testing
guidelines were formulated by the American Society of
Clinical Oncology (ASCO) and College of American
Pathologists (CAP) to standardize IHC examination among
labs.

In conclusion, our study identified moderate correlations
for ER, PR, HER2, and recommendations for endocrine ther-
apy usage between tests based on CNB and ES. Fair concor-
dance was observed between the sample types for Ki-67 stain-
ing and molecular subtype classification. Overall, the discor-
dance rate between CNB and ES was significant enough that
results obtained with CNB should be used cautiously or ver-
ified using ES. However, because this study was retrospective,
further research is needed to improve the accuracy of CNB
sample biomarker testing.
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