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INTRODUCTION

T he status of axillary lymph node metastasis (ALNM) in
breast cancer is considered as the most important predictor
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Abstract: The aim of this study was to evaluate the association

between pretreatment molecular and clinical factors and axillary lymph

node metastases in early breast cancer. A total of 367 consecutive breast

cancer patients with cT1–2NxM0 who underwent breast conserving

surgery and axillary lymph node dissection followed by whole breast

irradiation were enrolled. We evaluated the pathologic tumor and node

status, tumor differentiation, calcification, and lymphovascular inva-

sion, the status of estrogen receptor (ER), progesterone receptor (PR),

epidermal growth factor receptor 1 (EGFR1), and human epidermal

growth factor receptor 2 (HER2), the expression of E-cadherin, P53, and

Ki-67 index. Totally, 108 (29.4%) of the 367 patients had positive

axillary lymph nodes. An increased tumor size (P¼ 0.024), the presence

of lymphovascular invasion (P< 0.001), and Ki-67 index of >20%

(P¼ 0.038) were significantly associated with axillary lymph node

metastases on the multivariate analysis. In our study, 86.2% of the

patients with all the unfavorable factors had an involvement of axillary

nodal metastases, and only 12.2% of the patients with all the favorable

predictors had positive axillary nodes. The predictive power was

significant on the receiver operating curve (P< 0.001). We found that

several factors, such as tumor size, lymphovascular invasion, and the

Ki-67 index, are independent factors that predict positive ALNM on

multivariate analysis for the patients with cT1–2 breast cancer. Clin-

icians simply could predict the probability of ALNM after verifying the

molecular and clinical factors in early breast cancer.

(Medicine 95(20):e3689)

Abbreviations: EGFR1 = epidermal growth factor receptor 1,

HER2 = human epidermal growth factor receptor 2, LVI =

lymphovascular invasion.
ng Hwan Kim, MD h, MD,
Choi, MD

of post-treatment recurrence and survival.1 Although relatively
simple to perform, the physical examination of axillary lymph
nodes is inaccurate with up to 60% false negativity. Thus,
axillary dissection or a sentinel lymph node biopsy is a standard
modality for axillary staging and treatment in breast cancer.2

The ability to predict ALNM may be useful for physicians to
select breast cancer patients who have a low risk of ALNM and
avoid a full axillary dissection which is associated with lym-
phedema, shoulder stiffness, and the loss of sensation of the
inner arm.3

Breast cancer is a biologically heterogeneous subtype of
disease. Recently, molecule-based predictive assays have
enhanced the understanding for the genetic characteristics of
breast tumors and their prognosis. Eventually clinicians hope
that these insights will continue to identify predictors of ALNM
and make it easier for personalized treatments. Several factors
have been reported as potential predictors of ALNM, including
tumor size, the presence of lymphovascular invasion, and a
triple-negative subtype of breast cancer.4 Currently, numerous
studies are paying attention to molecular markers. But, none of
the molecular markers, including E-cadherin, P53, and epider-
mal growth factor receptor (EGFR), have been identified as
definite predictors of ALNM in breast cancer.5–8 Thus, we
assessed whether these molecular and clinical markers could be
used to predict positive ALNM in early breast cancer. If we can
accurately predict the ALNM, medical practitioners can offer
patients with early breast cancer more personalized treatments.

METHODS AND MATERIALS

Patients
Between September 2011 and September 2014, 367 con-

secutive breast cancer patients, staged cT1–2NxM0, were
evaluated. They underwent breast-conserving surgery and axil-
lary or sentinel lymph node dissection or a modified radical
mastectomy followed by whole breast irradiation at our institu-
tion. We reviewed all the patients’ medical records, including
radiology, pathology, operation, and radiation. We obtained
Institutional Review Board approval before we reviewed these
records. Patient characteristics include the patient’s age and
tumor palpability. Physicians recorded the palpability of axil-
lary lymph nodes through the physical examination before
radiographical identification.

Tumor Characteristics and Molecular Analyses
We evaluated the tumor size, tumor calcification, differ-

entiation, and lymphovascular invasion, the status of estrogen

rone receptor (PR), EGFR1, and human
r receptor 2 (HER 2), the expression of

d P53. All of breast cancer specimens
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TABLE 1. Patient and Tumor Characteristics (n¼367)

Characteristic No. of Patient (%)

Age (y)
� 50 164 (44.7)
> 50 203 (55.3)

Pathologic tumor classification
pT1 273 (74.4)
pT2 94 (25.6)

Pathologic nodal classification
pN0 259 (70.6)
pN1 63 (17.2)
pN2 45 (12.3)

Palpable mass
Negative 146 (39.8)
Positive 221 (60.2)

Tumor differentiation
Well 116 (31.6)
Moderate 149 (40.6)
Poor 102 (27.8)

Tumor calcification
Negative 197 (53.7)
Positive 170 (46.3)

Estrogen receptor status
Negative 113 (35.4)
Positive 254 (69.2)

Progesterone receptor status
Negative 174 (47.4)
Positive 193 (52.6)

HER2 status
Negative 267 (72.8)
Positive 100 (27.2)

EGFR1 status
Negative 333 (90.7)
Positive 34 (9.3)

E-cadherin expression
Negative 30 (8.2)
Positive 337 (91.8)

P53 expression
Negative 253 (68.9)
Positive 114 (31.1)

Ki-67 index (%)
� 20 192 (52.3)
> 20 175 (47.7)

Chung et al
were examined by experienced breast pathologists. Paraffin-
embedded specimens were measured by immunohistochemis-
try, using an automated system and antibodies against Ki-67
(1:100, clone MIB-1; Dako, Glostrup, Denmark), E-cadherin
(1:800, clone 4A2c7; Zymed, San Francisco, CA), P53 (1:100,
clone SP5; Neomarkers, Fremont, CA), EGFR (1:20, MU 207-
UC; Biogenex, San Ramon, CA), ER (1:100, clone SP1; Dako,
Glostrup, Denmark), PR (1:200, clone PgR 636; Dako), and
HER2 (1:100, clone SP3; Thermo, Fremont, CA). The prolif-
erative activity was determined by immunostaining for the Ki-
67 antibody. Ki-67 scoring was quantified by counting at least

EGFR1¼ epidermal growth factor receptor 1, HER2¼ human epi-
dermal growth factor receptor 2.
500 tumor cells with nuclear staining in 3 randomly selected
�100 to 200 high-power fields. The Ki-67 index was expressed
as the percentage of positive cells in each case.
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Based on an immunohistochemical analysis, positivity for
ER, PR, and P53 were defined as nuclear staining of >10% of
tumor cells. Signal intensity was scored on a scale representing
range 0 to 8.9 Immunohistochemical results of EGFR and E-
cadherin were evaluated according to extension and intensity of
membranous staining in tumor cells. Extension was defined as
the positive tumor cell percentage. EGFR was said to have
positive staining when extension was 10% or more. Intensity
was defined as 0¼ no staining; 1þ¼ faint cytoplasmic staining
in > 10% of tumor cells; 2þ¼moderate membranous staining
in > 10% but � 50% of tumor cells; 3þ¼ strong membranous
staining in >50% of tumor cells.

Positivity for HER2 was defined as HER2 gene amplifica-
tion using the fluorescence in situ hybridization by the PathVy-
sion HER2/neu probe kit (Vysis Inc., Downers Grove, IL) or
scoring >3 using the immunohistochemistry method.

Statistical Analyses
The chi-square test was used to evaluate the univariate

significance of the correlations between axillary lymph node
metastasis and several clinical and pathological factors. A
logistic regression model was used to evaluate the multivariate
analysis. For our statistical analyses, P value of< 0.05 was
considered statistically significant.

RESULTS
Table 1 summarizes the baseline patients and tumor

characteristics. The median age of patients was 51 years (range
19–83). Of the 367 patients, 273 (74.4%) were in pT1 tumors
and 94 patients (25.6%) were in pT2 tumors. A total of 108
patients (29.4 %) out of 367 patients had positive axillary lymph
metastases; 62 patients (57.4%) had pT1 tumors, and 46 patients
(42.6%) had pT2 tumors. Based on the molecular profile of the
breast tumor, 337 (91.8%) out of 367 patients had positive E-
cadherin expressions and 114 (31.1%) patients had positive P53
expressions. The median of Ki-i-67 index in all tumors was 20%
(range 3–90). Also, 175 (47.7%) out of 367 patients had Ki-67
indexes of >20%.

Table 2 presents the univariate analysis of factors associ-
ated with ALNM. Four factors were correlated with positive
ALNM on the univariate analysis. These included an increased
tumor size, lymphovascular invasion of the tumor, palpable
mass at the time of diagnosis, and a Ki-67 index of > 20%.
There was no significant association between the molecular
marker of ER, PR, EGFR1, HER2, E-cadherin, P53, and
ALNM. A multivariate logistic regression analysis confirmed
a significant association between increased tumor size [adjusted
odds ratio (OR) and 95% confidence interval (CI), 2.27 (1.42–
3.93), P¼ 0.024], the presence of lymphovascular invasion
[adjusted OR and 95% CI, 8.43 (5.15–15.29), P< 0.001],
and a Ki-67 index of >20% [adjusted OR and 95% CI, 1.91
(1.18–2.99), P¼ 0.038] and ALNM. Table 3 provides details of
the multivariate analysis. As the level of Ki-67 increased, the
frequency of positive axillary nodes significantly increased
(Figure 1). Forty-five (41.7%) out of the 192 patients with a
Ki-67 index of � 20% had positive ALNM, and 63 (58.3%) of
the 175 patients with a Ki-67 index of >20% had positive
axillary nodes.

Table 4 lists the proportion of patients who positive
lymph nodes for the patients who had some combinations

Medicine � Volume 95, Number 20, May 2016
of the potential predictors identified on the multivariate
analysis. When all the unfavorable factors such as the presence
of lymphovascular invasion, pT2 tumor, and Ki-67 index

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



(Figure 3). Yin et al suggested that the level of Ki-67 had a
potential value in the prediction of ALNM in invasive breas
cancer. In our multivariate analysis, we found that the frequency

TABLE 2. Univariate Analysis of Factors Associated With Axil-
lary Lymph Node Metastasis

Factor
Node-Negative

(n¼ 259)
Node-Positive

(n¼ 108) P Value

Age (y)
� 50 119 (45.9) 45 (41.7) 0.452
> 50 140 (54.1) 63 (58.3)

Pathologic tumor
classification
pT1 212 (81.9) 62 (57.4) <0.001
pT2 47 (18.1) 46 (42.6)

Palpable mass
Negative 115 (44.4) 31 (28.7) 0.005
Positive 144 (55.6) 77 (71.3)

Tumor differentiation
Well to moderate 189 (73.0) 76 (70.4) 0.612
Poor 70 (27.0) 32 (29.6)

Tumor calcification
Negative 146 (56.4) 51 (47.2) 0.109
Positive 113 (43.6) 57 (52.8)

Lymphovascular
invasion
Negative 223 (86.1) 40 (37.0) <0.001
Positive 36 (13.9) 68 (63.0)

Estrogen receptor
status
Negative 82 (31.7) 31 (28.7) 0.576
Positive 177 (68.3) 77 (71.3)

Progesterone
receptor status
Negative 121 (46.7) 53 (49.1) 0.680
Positive 138 (53.3) 55 (50.9)

HER2 status
Negative 195 (75.3) 72 (66.7) 0.091
Positive 64 (24.7) 36 (33.3)

EGFR1 status
Negative 235 (90.7) 98 (90.7) 0.998
Positive 24 (9.3) 10 (9.3)

E-cadherin expression
Negative 17 (6.6) 13 (12.0) 0.081
Positive 242 (93.4) 95 (88.0)

P53 expression
Negative 178 (68.7) 75 (69.4) 0.892
Positive 81 (31.3) 33 (30.6)

Ki-67 index (%)
� 20 147 (56.8) 45 (41.7) 0.008
> 20 112 (43.2) 63 (58.3)

EGFR1¼ epidermal growth factor receptor 1, HER2¼ human epi-

TABLE 3. Multivariate Analysis of Factors Associated With
Axillary Lymph Node Metastasis

Factor

Adjusted Odds
Ratio and 95%

Confidence Interval P Value

Pathologic tumor
classification

0.024

pT1 1.00 (referent)
pT2 2.27 (1.42–3.93)

Lymphovascular
invasion

<0.001

Negative 1.00 (referent)
Positive 8.43 (5.15–15.29)

Ki-67 index (%) 0.038

Medicine � Volume 95, Number 20, May 2016 Prediction of Lymph Node Metastasis
>20% were taken into account, a total of 29 patients were
identified, and 25 of the 29 patients (86.2%) had an involvement
of axillary lymph nodes. On the contrary, when all the favorable
factors were taken into account, only 15 (12.2%) of 123 patients
had an involvement of axillary lymph nodes. Figure 2 shows the
receiver operating curve (ROC) that depicts to the multiple

dermal growth factor receptor 2.
logistic model that was applied to our data set of 367 patients.
The area under the ROC curve is 0.885 (95% confidence
interval, 0.847–0.922; P< 0.001).

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
DISCUSSION
The breast has a rich lymphatic plexus; breast tissue

typically drains into the axillary lymph nodes. ALNM is an
important biological feature of breast cancer, and it leads to
poor prognosis and death.1 Therefore, axillary lymph node
dissection is performed with standard breast conserving surgery
even though there is a risk of surgical complications, such as
lymph edema and arm dysesthesia.10,11 The ability to predict
ALNM may be useful for surgeons so that they can modify the
axillary treatment plan. The identification of molecular markers
that determine the behavior of individual tumors may allow
doctors to prioritize patients at different risk levels of
developing ALNM.

Our aim was to evaluate which molecular markers might
be associated with the significant risk of ALNM in early breast
cancer. This study mainly focused on classical molecular
markers, such as Ki-67, E-cadherin, P53, EGFR, and HER2.
Ki-67 is a nuclear protein that is associated with cellular
proliferation. In breast cancer, Ki-67 is often correlated with
a poor prognosis. The high index of Ki-67 for predicting ALNM
is now routinely examined by immunohistochemistry

� 20 1.00 (referent)
> 20 1.91 (1.18–2.99)
FIGURE 1. The frequency of nodal positivity according to the Ki
67 index.
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TABLE 4. Involvement of Axillary Node According the Com-
bination of Significant Factors Identified on the Multivariate
Analysis

Characteristic
Nodal Positivity
(No.)/Total (No.) %

No LVI, pT1 mass, Ki-67 � 20 15/123 12.2
No LVI, pT1 mass, Ki-67 > 20 15/91 16.5
No LVI, pT2 mass, Ki-67 � 20 5/25 20.0
No LVI, pT2 mass, Ki-67 > 20 5/24 20.8
LVI, pT1 mass, Ki-67 � 20 12/30 40.0
LVI, pT1 mass, Ki-67 > 20 20/31 64.5
LVI, pT2 mass, Ki-67 � 20 11/14 78.6
LVI, pT2 mass, Ki-67 > 20 25/29 86.2

Chung et al Medicine � Volume 95, Number 20, May 2016
of ALNM was higher in patients with a Ki-67 index of > 20%
than in patients with a Ki-67 index of � 20 (OR, 1.91 and 95%
CI, 1.18 to 2.99, P¼ 0.038). The cut-off value of Ki-67 of this
study was set at a median value of the Ki-67 index. In several
studies, patients were categorized into 2 categories of above and
below 20% for the Ki-67 index. The higher Ki-67 index results
were significantly associated with ALNM in breast cancer.5–7

E-cadherin was mainly localized in the membrane, and
faint diffuse cytoplasmic expression was observed. E-cadherin
consists of a large extracellular domain composed of smaller
transmembrane and cytoplasmic domains and 5 repeat

LVI¼ lymphovascular invasion.
domains.12 Overexpression of E-cadherin has often occurred
in a number of human epithelial cancers.13 E-cadherin genes
have been proven to be involved in oncogenesis and cancer

FIGURE 2. It shows the receiver operating curve (ROC) that
corresponds to the multiple logistic model we applied to our data
set of 367 patients. The area under the ROC is 0.885 (P<0.001;
95% confidence interval, 0.847–0.922), which indicates the
promising predictive power of the multivariate logistic-regression
model. ROC¼ receiver operating curve.

FIGURE 3. (A) It shows low Ki-67 labeling for breast tumor. (B)
Value of >20% on the Ki-67 index for a breast cancer patient with

4 | www.md-journal.com
development.14–16 A few studies had investigated the role of
E-cadherin for lymph node metastasis in breast cancer, but the
results were not consistent. In our study, there was no significant
association between ALNM and E-cadherin expression
(P¼ 0.081). Recently, Asiaf et al reported that abnormal
E-cadherin methylation occurs in high frequencies in infiltrat-
ing breast cancers associated with a decrease in E-cadherin
expression. The study found significant differences in tumor-
related E-cadherin gene methylation patterns relevant to nodal
involvement.17 Therefore, a study of abnormal E-cadherin
methylation would be necessary in future.

The P53 protein plays a key role for apoptosis in response
to DNA damage, P53 overexpression in breast cancer induced
poor response to endocrine therapy and chemotherapy.18–20

Thus, loss of P53 function is correlated with a high risk of
recurrence and death. However, Radha et al reported an equiv-
ocal P53 status in both the positive and negative cases of lymph
node metastases in immunohistochemistry results.21 In this
study, the odds ratio of P53 positivity were 0.97 times (95%

aggressive spreading tumor. (immunohistochemistry, original
magnification �200).
CI, 0.59–1.57, P¼ 0.892) in people with positive lymph node
status. In other words, no correlations were possible between
P53 and axillary lymph node metastases.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



EGFR is the cell surface receptor for members of the
epidermal growth factor family of extracellular protein ligands
and plays a role in the regulation of cell proliferation and
differentiation.22 The EGFR1 is a member of the ErbB family
of receptors, a subfamily of 4 closely related receptor tyrosine
kinases: EGFR (ErbB-1), HER2 (ErbB2), HER3 (ErbB-3), and
HER4 (ErbB-4). HER2 overexpression is reported in about 15%
to 20% of breast cancer patients.23 A positive HER2 status was
related to a positive ALNM.24 HER3 overexpression is seen in
about 80% of primary colorectal cancer cases and this corre-
sponds to lymph node metastasis.25 However, no previous
studies have analyzed the molecular status of ALNM and
mutations in the EGFR in patients with breast cancer. Therefore,
we examined whether it has an association between EGFR and
breast cancer with ALNM risk or not. However, in our study,
there were no statistical correlations between ALNM and
EGFR1 and HER2.

We acknowledge that our series had a number of limita-
tions. First, our study should be understood in view of the
inherent biases of a retrospective study design.26 Second, we
evaluated pT1–2NxM0 patients, not all breast cancer patients.27

Thus, our cohorts do not represent all breast cancer patients and
need an external validation for the integrity. However, we
enrolled 367 consecutive breast cancer patients with pT1–
2NxM0 and evaluated them for several molecular markers to
assess the exact association between molecular markers and
clinical factors and the presence of ALNM. Breast cancer
antigen such as CA 15–3 and CA 27.29 are tumor markers
widely used for assessing the prognosis of breast cancer
patients.28 Multiple studies have shown that an increased
concentration of CA 15–3 and CA 27.29 are independent
predictors of ALNM in patients with early breast cancer who
underwent selective lymph node dissection.29 However, in our
study, we did not examine whether elevation of CA 15–3 and
CA27.29 reflected high incidence of ALNM or not.

In conclusion, we found that several factors, such as tumor
size, lymphovascular invasion, and the Ki-67 index, are inde-
pendent factors that predict positive ALNM on multivariate
analysis for the patients with pT1–2 breast cancer. The prob-
ability of ALNM after verifying the molecular and clinical
factors can be simply predicted in early breast cancer.

ACKNOWLEDGMENTS

The statistical analyses performed in this article were
advised by Catholic Medical Center Clinical Research Coor-
dinating Center. Mi Joo Chung and Sung Hwan Kim equally
contributed to this work.

REFERENCES

1. Donegan WL. Tumor-related prognostic factors for breast cancer.

CA Cancer J Clin. 1997;47:28–51.

2. Schaapveld M, Otter R, de Vries EG, et al. Variability in axillary

lymph node dissection for breast cancer. J Surg Oncol. 2004;87:

4–12.

3. Ernst MF, Voogd AC, Balder W, et al. Early and late morbidity

associated with axillary levels I–III dissection in breast cancer.

J Surg Oncol. 2002;79:151–155.

4. Lee JH, Kim SH, Suh YJ, et al. Predictors of axillary lymph node

Medicine � Volume 95, Number 20, May 2016
metastases (ALNM) in a Korean population with T1-2 breast

carcinoma: triple negative breast cancer has a high incidence of

ALNM irrespective of the tumor size. Cancer Res Treat.

2010;42:30–36.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
5. Colleoni M, Viale G, Zahrieh D, et al. Expression of ER, PgR,

HER1, HER2, and response: a study of preoperative chemotherapy.

Ann Oncol. 2008;19:465–472.

6. Bozzetti C, Musolino A, Camisa R, et al. Evaluation of HER-2/neu

amplification and other biological markers as predictors of response

to neoadjuvant anthracycline-based chemotherapy in primary breast

cancer: the role of anthracycline dose intensity. Am J Clin Oncol.

2006;29:171–177.

7. Petit T, Wilt M, Velten M, et al. Comparative value of tumour

grade, hormonal receptors, Ki-67, HER-2 and topoisomerase II alpha

status as predictive markers in breast cancer patients treated with

neoadjuvant anthracycline-based chemotherapy. Eur J Cancer.

2004;40:205–211.

8. Carey LA, Dees EC, Sawyer L, et al. The triple negative paradox:

primary tumor chemosensitivity of breast cancer subtypes. Clin

Cancer Res. 2007;13:2329–2334.

9. Harvey JM, Clark GM, Osborne CK, et al. Estrogen receptor status

by immunohistochemistry is superior to the ligand-binding assay for

predicting response to adjuvant endocrine therapy in breast cancer.

J Clin Oncol. 1999;17:1474–1481.

10. Ivens D, Hoe AL, Podd TJ, et al. Assessment of morbidity from

complete axillary dissection. Br J Cancer. 1992;66:136–138.

11. Ernst MF, Voogd AC, Balder W, et al. Early and late morbidity

associated with axillary levels I–III dissection in breast cancer.

J Surg Oncol. 2002;79:151–155.

12. Ringwald M, Schuh R, Vestweber D, et al. The structure of cell

adhesion molecule uvomorulin. Insights into the molecular mechan-

ism of Ca2þ-dependent cell adhesion. Embo J. 1987;6:3647–3653.

13. Ghadimi BM, Behrens J, Hoffmann I, et al. Immunohistological

analysis of E-cadherin, alpha-, beta- and gamma-catenin expression

in colorectal cancer: implications for cell adhesion and signaling.

Eur J Cancer. 1999;35:60–65.

14. Li LC, Chui RM, Sasaki M, et al. A single nucleotide polymorphism

in the E-cadherin gene promoter alters transcriptional activities.

Cancer Res. 2000;60:873–876.

15. Shin Y, Kim IJ, Kang HC, et al. A functional polymorphism (-347

G–>GA) in the E-cadherin gene is associated with colorectal cancer.

Carcinogenesis. 2004;25:2173–2176.

16. Li Y, Tang Y, Zhou R, et al. Genetic polymorphism in the 30-

untranslated region of the E-cadherin gene is associated with risk of

different cancers. Mol Carcinog. 2011;50:857–862.

17. Asiaf A, Ahmad ST, Aziz SA, et al. Loss of expression and aberrant

methylation of the CDH1 (E-cadherin) gene in breast cancer patients

from Kashmir. Asian Pac J Cancer Prev. 2014;15:6397–6403.

18. Fan S, Smith ML, Rivet DJ, et al. Disruption of p53 function

sensitizes breast cancer MCF-7 cells to cisplatin and pentoxifylline.

Cancer Res. 1995;55:1649–1654.

19. Lacroix M, Toillon RA. Leclercq G. p53 and breast cancer, an

update. Endocr Relat Cancer. 2006;13:293–325.

20. Allred DC, Clark GM, Elledge R, et al. Association of p53

protein expression with tumor cell proliferation rate and clinical

outcome in node-negative breast cancer. J Natl Cancer Inst. 1993;

85:200–206.

21. Radha RK, Viswanathan P, Krishnaswamy B, BK. Histopathology

and prognostic indices of carcinoma breast with special reference to

p53 marker. J Clin Diagn Res. 2014;8:Fc04–Fc08.

22. Riese DJ, van Raaij TM, Plowman GD, et al. The cellular response

to neuregulins is governed by complex interactions of the erbB

receptor family. Mol Cell Biol. 1995;15:5770–5776.

Prediction of Lymph Node Metastasis
23. Slamon DJ, Clark GM, Wong SG, et al. Human breast cancer:

correlation of relapse and survival with amplification of the HER-2/

neu oncogene. Science. 1987;235:177–182.

www.md-journal.com | 5



24. Van Calster B, Vanden Bempt I, Drijkoningen M, et al. Axillary lymph

node status of operable breast cancers by combined steroid receptor and

HER-2 status: triple positive tumours are more likely lymph node

positive. Breast Cancer Res Treat. 2009; 113:181–187.

25. Ledel F, Stenstedt K, Hallstrom M, et al. HER3 expression in

primary colorectal cancer including corresponding metastases in

lymph node and liver. Acta Oncol. 2015;20:1–7.

Chung et al
26. Lee SW, Hwang TK, Hong SH, et al. Outcome of postoperative

radiotherapy following radical prostatectomy: a single institutional

experience. Radiat Oncol J. 2014;32:138–146.

6 | www.md-journal.com
27. Han HJ, Kim JR, Nam HR, et al. Clinical outcomes after sentinel

lymph node biopsy in clinically node-negative breast cancer patients.

Radiat Oncol J. 2014;32:132–137.

28. Bast RC Jr, Ravdin P, Hayes DF, et al. 2000 update of

recommendations for the use of tumor markers in breast and

colorectal cancer: clinical practice guideline of the American Society

of Clinical Oncology. J Clin Oncol. 2001;15:1865–187819.

Medicine � Volume 95, Number 20, May 2016
29. Hieken TJ, Velasco JM. Selective or routine axillary disease staging

for patients with clinically lymph node-negative breast cancer?

Surgery. 2006;140:500–507discussion 507-508.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.


	Simple Prediction Model of Axillary Lymph Node Positivity After Analyzing Molecular and Clinical Factors in Early Breast™Cancer
	INTRODUCTION
	METHODS AND MATERIALS
	Patients
	Tumor Characteristics and Molecular Analyses
	Statistical Analyses

	RESULTS
	DISCUSSION
	Acknowledgments


