
Abstract. Background/Aim: Multigene profiling assays provide
strong evidence for predicting the prognosis of breast cancer. In
this study, we aimed to evaluate the clinical validation of the
BCT score with various prognostic factors. Materials and
Methods: A total of 133 cases of hormone receptor-positive,
cT1N0 breast cancers were analyzed. Risk stratification using
the BCT score (Low, n=105; High, n=28) was analyzed with
Ki67 index, p53 mutation, Immunohistochemistry 4 (IHC4)
score, Nottingham Prognostic Index (NPI) and online PREDICT.
Results: Ki67 index and NPI showed strong correlations with
risk stratification based on BCT scores. Although the IHC4 score
and online PREDICT were not associated with BCT score, there
was a significant tendency of association with the online
PREDICT results as the time of overall survival was increasing.
Conclusion: Risk classification based on BCT scores might have
a clinical significance as a prognostic marker in hormone
receptor-positive, HER2-negative, early breast cancer. 

Personalized treatment of breast cancer is becoming
increasingly popular, and guidelines are being developed on
specific treatment plans based on patients’ tumor and
personal characteristics (1). Multigene tests, including

OncotypeDX®, EndoPredict®, and Mammaprint®, can
provide information to support the choice of treatment
strategy (2). However, as most commercial multigene kits
have been developed in western countries, their application
in Asian female patients may be limited. 

A 9-gene-based RNA test (GenesWell BCT™, Gencurix
Inc., Seoul, South Korea), has been developed domestically
for Korean patients and can predict 10-year distant
metastasis risk in hormone receptor-positive, HER2-
negative, early breast cancer (3). In addition, the Breast
Cancer Test (BCT) score, a prognostic predictor, can
estimate tumor prognosis and chemotherapeutic benefits in
clinically node-negative, luminal types of breast cancer (4,
5). Therefore, the BCT score may have both a prognostic
and predictive value in early, luminal types of breast
cancer.

The Ki67 index, p53 mutation, and results from
immunohistochemical (IHC) examination of the estrogen
receptor (ER), progesterone receptor (PR), and HER2 gene
are prognostic or predictive factors for breast cancer, as has
been reported previously (6-9). While the clinical
significance and efficacy of p53 remain controversial, even
though this molecule has long been studied as a predictive
marker for breast cancer, the prognostic role of the Ki67
index has been proven in numerous studies (10, 11).
However, the standard cutoff point for the Ki67 index (14%
versus 20%) remains controversial (12-14). 

Risk stratification based on multiple parameters, including
IHC4 score, Nottingham Prognostic Index (NPI), online
PREDICT, is the most important aspect of clinical practice
for breast cancer treatment (15-18). In order to determine the
best breast cancer treatment strategy, a physician should be
able to discern between patients who do or do not need
invasive treatment, such as chemotherapy.
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The BCT score had already been proven that provides
information regarding patients who could benefit from
chemotherapy (5). Based on this, we evaluated various
clinicopathologic factors to identify whether BCT scores
have any clinical correlations with recognized prognostic or
predictive factors of breast cancer.

Patients and Methods

Among operable patients with breast cancers, those with hormone
receptor-positive, HER2-negative breast cancers were retrospectively
selected for this study. The inclusion criteria were as follows: 1) age
more than 50 years, 2) single nodule of invasive ductal carcinoma (≤2
cm, cT1) 3) clinically node-negative (cN0) on preoperative
mammography, ultrasonography, and breast MR. Patients with breast
cancer who needed neoadjuvant treatment prior to surgery were
excluded from this study. All experiments were performed in
accordance with relevant guidelines and regulations. The requirement
for informed consent was waived because the study was conducted
retrospectively. All patient information was anonymized and de-
identified prior to analysis.

Treatment strategy for breast cancer. The treatment strategy for each
patient with breast cancer was decided following discussions by a
multidisciplinary team that included breast and plastic surgeons,
oncologists, radiologists, pathologists, radiation oncologists, and
rehabilitation physicians.

During surgery, the breast tumors were removed with safe
margins, and the surgical margins were evaluated pathologically for
the presence of tumor cells through frozen biopsy. Negative
resection margins were considered to have been achieved when
there was no inked margin, and either sentinel node biopsy or
axillary lymph node dissection was performed based on surgeon’s
opinion of the axillary lymph node status. After surgery, subsequent
adjuvant radiotherapy, chemotherapy, or hormone treatment was
performed when necessary.

Histopathological examination. The molecular subtype of the tumor
was defined based on the immunohistochemical expression of the
estrogen receptor (ER) and progesterone receptor (PR), and the
HER2/neu gene amplification was examined using silver in situ
hybridization (SISH). ASCO/CAP 2016 guidelines were used as the
defining criteria for confirming the positive expression of
ER/PR/HER2 in histological specimens.

Tissue preparation. A total of 160 formalin-fixed, paraffin-
embedded (FFPE) samples from archived surgical specimens were
obtained for the 9-gene based multigene test, of which twenty-seven
samples that were insufficient for appropriate analysis were
excluded before the interpretation of the results. Clinical
information, including patients’ age, body mass index, clinical and
pathologic tumor size, nodal status, pathologic stage, follow-up
period, and oncologic outcomes, was obtained. Risk stratification
results were obtained for 133 hormone receptor-positive, HER2-
negative breast cancer cases based on BCT scores (Figure 1). 

Archived surgical specimens were treated as conventional FFPE
tissue sections, and yielded three consecutive 10-μm curl-type
sections. Tumor volume (%), estimated by screening the
representative slides, was calculated as the ratio between tumor and

total parenchyma volume not including fat tissue. Each specimen
was selected from a representative paraffin block after review by
pathologists, and the samples were generally obtained from areas
where at least 30% of the tissue volume included the tumor.

Stratification of risk group. The BCT score was calculated from the
relative expression levels (ΔCp values) of 6 prognostic genes
(UBE2C, TOP2A, RRM2, FOXM1, MKI67, and BTN3A2),
normalized using 3 reference genes (CTBP1, CUL1, and UBQLN1),
and clinical information on pathologic tumor size and nodal stage. 

Based on a pre-defined cutoff score of 4.0, each case was
categorized as either low- or high-risk (3), and cases with BCT
scores higher than 4.0 classified into the high-risk group and those
with scores lower than 4.0 classified into the low-risk group.
Stratified risk groups were then evaluated for their clinical
correlations with clinicopathologic characteristics and prognostic or
predictive factors.

Ethical approval and consent to participate. This study was
approved by the institutional review board (IRB) of Kyungpook
National University Chilgok Hospital, Daegu, Republic of Korea
(KNUCH 2018-06-014). All experiments were performed in
accordance with relevant guidelines and regulations.

Statistical analysis. Statistical analysis for the evaluation of
correlation between BCT score and other prognostic factors,
including Ki67 index, NPI, IHC4 score and online PREDICT
results, was performed with the chi-square test or Student’s t-test
depending on the presence of continuous or categorical variables
using SPSS version 25 (SPSS Inc., Chicago, IL, USA). The Online
PREDICT tool, version 2.1 was used via the PREDICT website
(Eastern Cancer Registry and Information Centre and Cambridge
University (2017). The oncologic outcomes were estimated using
the Kaplan–Meier method, and statistical significance was defined
as p<0.05.

Results

There were one-hundred and five low-risk and twenty-eight
high-risk cases, as determined based on a cutoff BCT score
of 4.0. There was no significant difference in age and body
mass index between the two groups at the time of diagnosis.
In both groups, the majority of cases involved breast
conserving surgery (85.7% vs. 75.0%, p=0.401). Although
there was no significant difference in clinical tumor size
between the groups, axillary lymph node dissection was
more commonly performed in the high-risk group (14.3%,
p=0.034). Adjuvant chemotherapy and radiotherapy were
more commonly administered in the high-risk group
(p=0.001 and 0.008, respectively). However, the oncologic
outcomes, including locoregional recurrence and distant
metastasis, did not show any significant difference between
the two groups. Moreover, all patients survived during the
follow-up period (Table I, Figure 2).

The mean BCT scores were 2.67 and 4.55 in the low- and
high-risk groups, respectively (p=0.003). Mean pathologic
tumor size and the incidence of axillary lymph node metastasis
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were larger and higher (p=0.043 and <0.001), respectively, in
the high-risk group. The distributions of histologic and p53
grades were similar in both groups (Table II). 

The Ki67 index analysis was performed twice, once with
a cutoff value of 14% and once with 20 %. While the
analysis using the 14% cutoff value of Ki67 index,
representing worse prognosis, showed a significant
association with the BCT score in the high-risk group
(p=0.004), using the 20% cutoff value yielded stronger
statistical significance (p<0.001). Regarding NPI, there was
significant correlation in risk stratification between BCT
score and NPI classification (p=0.004). Although the IHC4
score and online PREDICT results were not matched in risk
stratification with the BCT score, there was a significant
tendency with online PREDICT results as the time of overall
survival was increasing (Table III). 

Discussion

Since breast cancer is very heterogeneous and individualized
disease, risk stratification is of high significance. Not only
immunohistochemical staining results for ER, PR, HER2,
and Ki67 index, but gene expression data, can provide
essential information on tumor prognosis. Based on these
data, individualized treatment strategy for breast cancer

could be established. However, the most important aspect is
to distinguish between patients who require chemotherapy
and those who do not.

Multigene profiling tests, which use molecular quantitative
technology, have been developed to estimate the risk of local
relapse or distant metastasis (2, 19-21). Several commercial
multigene kits, such as OncotypeDX®, Mammaprint®,
EndoPredict®, are available. However, because these kits were
developed with clinical data from western countries, they
sometimes cannot be applied to Asian female patients (22, 23).
A multigene test based on six prognostic genes—five of them
involved in proliferation (UBE2C, TOP2A, RRM2, FOXM1,
and MKI67) and one involved in the immune system
(BTN3A2) – as well as three reference genes (CTBP1, CUL1,
and UBQLN1), has been developed using clinical data from
Korean breast cancer patients (3, 4). The BCT score from this
test has already been validated in independent cohorts of
Korean patients with breast cancer, with results showing that
it could predict chemotherapy benefits in hormone receptor-
positive, HER2-negative breast cancer patients (5). 

In this study, authors have investigated how closely the BCT
score was correlated with prognostic factors already being used
in the clinical field. Classic prognostic factors, including p53
and Ki67 index, were evaluated along with BCT scores, and
the Ki67 index was found to show a strong correlation.

Lee et al: Clinical Validation BCT Score in Breast Cancer
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Figure 1. Specific inclusion criteria for hormone receptor-positive, HER2-negative, and clinically T1N0 breast cancer. One-hundred and thirty-three
cases were evaluated using the Breast Cancer Test (BCT) score, and twenty-eight high-risk cases were noted. 



p53 gene mutation is a common prognostic factor in
various human malignancies and is detected by
immunohistochemical staining through the accumulation of
nonfunctioning p53 protein in the nucleus (24). Although
many researchers have reported that the overexpression of
p53 protein indicates poor prognosis, overall survival, and
disease free survival in breast cancer (25-27), it is not
specific for breast cancer; it is common in several human
malignancies. In contrast, the Ki67 index has been
considered a strong prognostic factor, especially in breast
cancer, and is key in distinguishing Luminal A and B types
of breast cancer (10, 12, 28). However, the proliferation
marker Ki67 index remains a controversial parameter, and

its clinical utility has not been completely proven (10, 29).
Moreover, its standard cutoff value has not yet been
established (12-14). 

The BCT score showed a strong correlation with the Ki67
index and there was also a tendency for consistency with the
p53 status in our study. Based on clinical data from various
independent breast cancer cohorts, the efficacy of the BCT
score was validated. Therefore, we suggest that the BCT
score can be used directly in clinical practice for selective
cases, such as hormone receptor-positive, HER2-negative
breast cancer cases of a clinical grade lower than T1 and N0.

However, the BCT score should be further assessed for its
clinical value using several more breast cancer cases and a
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Table I. Clinical characteristics of 133 patients with hormone receptor-positive, HER2-negative, cT1N0 breast cancer who were examined using
the 9-gene based multigene assay.

                                                                                                           Low risk (n=105)                       High risk (n=28)                             p-Value

Mean age (years, ±SD)                                                                           60.51±7.83                                 58.71±6.73                                    0.270
Mean body mass index (kg/m2, ±SD)                                                   24.53±3.19                                 24.01±3.24                                    0.653
Type of breast surgery                                                                                                                                                                                       0.401
Breast conserving surgery                                                                        90 (85.7)                                     21 (75.0)                                        
  Partial mastectomy with reconstruction                                                  9 (8.6)                                        3 (10.7)                                         
  Mastectomy with or without reconstruction                                           6 (5.7)                                        4 (14.3)                                         
Type of axillary surgery                                                                                                                                                                                    0.034
  Sentinel lymph node biopsy                                                                 102 (97.1)                                    24 (85.7)                                        
  Axillary lymph nodes dissection                                                             3 (2.9)                                        4 (14.3)                                         
Mean clinical tumor size (cm, ±SD)                                                       1.49±0.68                                   1.51±0.40                                     0.269
Adjuvant chemotherapy (n, %)                                                                20 (19.0)                                     11 (39.3)                                      0.001
Adjuvant radiotherapy (n, %)                                                                  96 (91.4)                                     23 (82.1)                                      0.008
Mean follow-up period (months, ±SD)                                                47.96±24.86                               46.39±24.72                                   0.931
Locoregional recurrence (n, %)                                                                 2 (1.9)                                         1 (3.6)                                        0.340
Distant metastasis (n, %)                                                                            2 (1.9)                                         1 (3.6)                                        0.598

Table II. Histopathological characteristics of 133 patients with hormone receptor-positive, HER2-negative, cT1N0 breast cancer who were examined
using the 9-gene based multigene test.

                                                                                                           Low risk (n=105)                       High risk (n=28)                             p-Value

Mean BCT score (±SD)                                                                           2.67±0.89                                   4.55±0.47                                     0.003
Mean tumor volume in sample (%, ±SD)                                             49.57±18.79                               63.57±13.11                                   0.843
Mean pathologic tumor size (cm, ±SD)                                                  1.20±0.37                                   1.50±0.26                                     0.043
Axillary lymph node metastasis                                                               16 (15.2)                                      8 (28.6)                                     <0.001
Histologic grade                                                                                                                                                                                                0.214
  1                                                                                                               26 (24.8)                                       2 (7.1)                                          
  2                                                                                                               69 (65.7)                                     21 (75.0)                                        
  3                                                                                                                10 (9.5)                                       5 (17.9)                                         
p53 gene mutation                                                                                                                                                                                             0.060
  0                                                                                                               72 (68.6)                                     19 (67.9)                                        
  1                                                                                                               20 (19.0)                                      6 (21.4)                                         
  2                                                                                                                 9 (8.6)                                         1 (3.6)                                          
  3                                                                                                                 4 (3.8)                                         2 (7.1)                                          
Ki67 index*                                                                                                                                                                                                      0.004

*Risk cutoff value of Ki67 index was determined as 14%.



longer follow-up period. In this study, because of the short
follow-up period, oncologic events rarely occurred, and it
was difficult to evaluate the correlation between oncologic
outcomes and the BCT score. 

In summary, the risk stratification based on BCT score
was strongly correlated with the prognostic Ki67 index and
NPI in Korean patients with hormone receptor-positive,
HER2-negative, early breast cancer. Also, the online
PREDICT showed a significant tendency of association with
the BCT score. Therefore, BCT score could have clinical
significance as a prognostic marker in such selective breast
cancer cases. 
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Figure 2. Oncologic outcomes of hormone receptor-positive, HER2-negative, and clinically T1N0 breast cancer. (A) Because there was only one
case of locoregional relapse in the low-risk group, a significant difference was not found between the low- and high-risk groups. (B) One case of
distant metastasis, each, occurred in the low- and high-risk groups. Hence, significant differences were not found (p=0.054).
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