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h i g h l i g h t s
� Axillary dissection is actually not indicated for positive sentinel lymph node (SLN) in selected breast cancer patients.
� This study is to assess probability to have a positive lymph-node in a low risk subgroup of early breast cancer patients.
� Results suggest that SLN biopsy could be avoided in triple negative subtypes and in absence of vascular/lymphatic invasions.
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Introduction: The need for performing axillary lymph-node dissection in early breast cancer when the
sentinel lymph node (SLN) is positive has been questioned in recent years. The purpose of this study was
to identify a low-risk subgroup of early breast cancer patients in whom surgical axillary staging could be
avoided, and to assess the probability of having a positive lymph-node (LN).
Methods: We evaluated the cohort of 612 consecutive women affected by early breast cancer. We
considered age, tumor size, histological grade, vascular invasion, lymphatic invasion and cancer subtype
(Luminal A, Luminal B HER-2þ, Luminal B HER-2�, HER-2þ, and Triple Negative) as variables for uni-
variate and multivariate analyses to assess probability of there being a positive SLN o nonsentinel lymph
node (NSLN). Chi-square, Fisher's Exact test and Student's t tests were used to investigate the relation-
ship between variables; whereas logit models were used to estimate and quantify the strength of the
relationship among some covariates and SLN or the number of metastases.
Results: A significant positive effect of vascular invasion and lymphatic invasion (odds ratios are 4 and 6),
and a negative effect of TN (odds ratios is 10) were noted. With respect to positive NSLN, size alone has a
significant (positive) effect on tumor presence, but focusing on the number of metastases, also age has a
(negative) significant effect.
Conclusion: This work shows correlation between subtypes and the probability of having positive SLN.
Patients not expressing vascular invasion, lymphatic invasion and, moreover, a triple-negative tumor
subtype may be good candidates for breast conservative surgery without axillary surgical staging.

© 2015 IJS Publishing Group Limited. Published by Elsevier Ltd. All rights reserved.
1. Introduction

In recent years, the axillary management of early breast cancer
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patients has changed. Patients with a clinically-negative axillae are
offered sentinel lymph node (SLN) biopsy and axillary lymph node
dissection (ALND) only in the presence of positive SLN.

The need for performing ALND when the SLN is positive and the
patient is receiving concurrent adjuvant treatment including
radiotherapy, chemotherapy and/or hormonal therapy has been
questioned in recent years.
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The IBCSG 23-01 trial [1] clearly stated that in the presence of
micrometastasis in the SLN (tumor clusters range between 0.2 and
2 mm), axillary dissection can be avoided, thus eliminating com-
plications of axillary surgery with no effect on survival.

Data from the ACOSOG Z0011 trial suggest that ALND may be
omitted in selected patients with one or two positive SLNs. This
obviates the complications related to ALND and provides adequate
surgical staging and comparable loco-regional control and survival
[2,3]. Critics of Z0011 have focused on issues of case selection
arguing that estrogen receptor (ER) negative tumors were under-
represented [4]. They highlight the major dilemma of targeted
management of breast cancer surgical treatment. The worldwide
response to Z0011 cautioned that a policy of no-ALND for SLN-
positive patients should adhere strictly to the Z0011 selection
criteria [4] but without considering biology of the tumor, warning
that the criteria do not take into consideration the biology of the
tumor.

The purpose of this study was to identify a low risk subgroup of
early breast cancer patients inwhom surgical axillary staging could
be avoided, and assess the probability of having a positive lymph-
node (LN).

2. Material and methods

Experimental protocol was approved by the institutional review
committee and meet the guidelines of responsible governmental
agency.

Between January 2006 and December 2012, we retrospectively
evaluated 612 consecutive women affected by early breast cancer.
All patients underwent breast conservative surgery, sentinel
lymph-node biopsy and, in cases of positive sentinel node, axillary
dissection.

A total of 397 patients had SLN localization by radio colloid, 183
by blue dye and 32 by combined techniques as previously reported
by the authors [5e7].

Complete axillary dissection was performed when the sentinel
nodes contained metastases.

All patients were treated with breast conservative surgery fol-
lowed by external-beam radiation therapy on the whole breast
through two tangential fields (50 plus 10 Gy as a boost to the tumor
bed) with a linear accelerator.

In this analysis, according to the TNM classification, LN with
micrometastasis were considered as positive, LN with isolated tu-
mor cells were considered as negative.

Estrogen receptor, progesterone receptor (PgR) and proliferation
index (KI-67,%) status were determined on the basis of immuno-
histochemistry (IHC) staining. Tumors were considered HER-2
positive only if they were either scored as 3 þ by IHC or if they
were 2 þ by IHC and also HER-2 amplified (ratio >2.0) on the basis
of fluorescence in situ hybridization (FISH) [8,9].

According to different combinations of ER, PgR, KI 67 and HER2
status, all patients were categorized into five subgroups [10] as
follows: Luminal A-like (ERþ/PgRþ/Ki67 < 14%/HER2-), luminal B
HER2 positive-like (ERþ/PgRþ/Ki67 > 14%/HER2þ), Luminal B
HER2 negative-like (ERþ/PgRþ/Ki67 > 14%/HER2-), HER2 positive-
like (ER-/PgR-/HER2þ), and Triple negative like (ER-/PgR-/HER2-).

3. Statistical analysis

We considered age, tumor size (mm), histological grade (1e3),
vascular invasion, lymphatic invasion and cancer subtype (Luminal
A, Luminal B HER-2þ, Luminal B HER-2�, HER-2þ, and Triple
Negative) as variables for univariate and multivariate analyses to
assess probability of there being a positive LN. The univariate
analysis is used to study the distributions of the variables and their
associationwith positive or negative SLN and NSLN: The Chi-square
or Fisher's Exact tests [11], and the Student's t-test [12] were used
for categorical variables and for continuous variables, respectively.
The multivariate analysis concerns just those variables that are
significantly associated with positive or negative SLN and NSLN in
the univariate analyses. A multiple logistic model on NSLN, just to
estimate and quantify the strength of the relationship, and a
multinomial logistic model [13] on the number of metastases
(considered in three classes) were taken into account.

For this study, a p-value <0.05 was considered as statistically
significant. The analyses were performed using R software (http://
cran.r-project.org).

4. Results

The median age was 57 (range 29e86 years). Patients charac-
teristics are summarized in Table 1. With respect to all the 612
patients, complete data from 590 patients were available for the
molecular subtype classification: 180 patients were luminal A-like
(34.45%), 272 patients were Luminal B HER2 negative-like (46.02%),
46 patients were Luminal B HER2 positive-like (7.78%), 33 patients
was HER2 positive-like (5.58%) and 59 patients were triple
negative-like (TN) (9.98%).

The SLN identification rate was 100% irrespective of different
techniques. 391 patients (63.72%) had negative SLN, 35 had isolated
cancer cells, 221 had metastasis (36.28%), of these micrometastases
were detected in 59 patients. Complete ALND was performed in
220 patients, and the median number of dissected Non-Sentinel
Lymph Nodes (NSLN) was 19 (range 9e43). Among these 220 pa-
tients, 89 (40.45%) had at least one positive NSLN.

At univariate analysis (Table 1) tumor size, presence of
lymphatic and vascular invasion and molecular subtype were
significantly associated with positivity of SLN (p < 0.0001). Age
(p ¼ 0.124) and grading (p ¼ 0.370) did not show significant as-
sociation with positive SLN.

Among molecular subtypes, triple negative showed the higher
rate of SLN negativity than other groups (91.53% vs 8.47%,
p < 0.0001).

The strength of the relationship between the significant vari-
ables of Table 1 and SLN was evaluated through a multivariate lo-
gistic regression model.

Baseline characteristics are: no vascular invasion, no lymphatic
invasion, mean tumor Size, and Luminal A Subtype.

Results are reported in Table 2 and Table 3. In Table 2, it is
possible to notice the significant effect of all the covariates with the
exception of three subtypes (Luminal B HER-2þ, Luminal B HER-2�,
and HER-2þ).

Modeling without subtypes was also performed, but the com-
parison with the previous modeling suggests that subtype be kept
as a covariate (p-value ¼ 0.00015).

A more suitable interpretation of the parameter estimations is
given by their transformation into odds ratios (Table 2). The main
effects are due to lymphatic invasion, vascular invasion, and triple
negative subtype (TN): the odds of positive SN for those who have
lymphatic invasion is 6 times the odds for thosewho do not, and for
those having vascular invasion it is 4 times the odds for those who
do not. Moreover, having TN seems to reduce the odds of positive
SN (the odds of positive SN for those not having TN is 10 times the
odds for those having it), whereas tumor size seems to increase the
odds of positive SN by 8%.

Moreover, we focused on patients with positive SLN and ALND.
In the univariate analysis of NLSN (Table 3), just age and size seem
to be associated with NSLN metastasis, while no relationship with
other variables seems to be significant.

If a logistic model is performed on NSLN with age and size, the
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Table 1
Clinical and pathologic features of the sentinel node negative and positive tumors.

SLN (612) TOT p-value

Negative 391 (63.72%) Positive 221 (36.28%)

Age (years) 58.25 (13.22) 56.59 (11.95) 57.65 (12.790) 0.124
Size (mm) 15.89 (7.24) 20.19 (8.53) 17.45 (8.00) <0.0001
Grade
1 98 (65.33%) 52 (34.67%) 150 (25.29%) 0.370
2 128 (59.26%) 88 (40.74%) 216 (36.43%)
3 148 (65.2%) 79 (34.80%) 227 (38.28%)

Vascular invasion
0 359 (67.99%) 169 (32.01%) 528 (86.42%) <0.0001
1 30 (36.14%) 53 (63.86%) 83 (13.58%)

Lymphatic invasion
0 (no) 380 (66.09%) 195 (33.91%) 575 (94.11%) <0.0001
1 (yes) 9 (25.00%) 27 (75.00%) 36 (5.89%)

Subtype
Luminal A 117 (65.04) 63 (35.%) 180 (30.54%) <0.0001
Luminal B HER-2þ 29 (63.04%) 17(36.95%) 46 (7.79%)
Luminal B HER-2- 159 (58.45%) 112 (41.17%) 272 (46.10%)
HER-2þ 18 (54.54%) 15 (45.45%) 33 (5.59.00%)
Triple negative 54 (91.53%) 5 (8.47%) 59 (10.00%)

For Age and Size, marginal and conditional means and standard errors (in parentheses) are reported.
For other variables, marginal and conditional counts and percentage (in parentheses and by row) are reported.
The analysis does not account for missing data.

Table 2
Multivariate logistic regression model to predict the probability of SLN metastases.

Coefficients Estimate Std. Error OR (95% C.I.) p-value

(Intercept) �2.14669 0.28488 0.1169 <0.0001
Vascular invasion 1.38190 0.27218 3.9825 <0.0001
Size 0.08172 0.01384 1.0851 <0.0001
Lymph invasion 1.81500 0.43035 6.1411 <0.0001
Luminal B HER-2þ �0.29937 0.37604 0.7413 0.426
Luminal B HER-2- �0.02662 0.22032 0.9737 0.904
HER-2þ 0.20266 0.43444 1.2247 0.641
Triple negative �2.31401 0.53092 0.0989 <0.0001

Table 4
Coefficients estimation and their significance for the logit model on NSLN.

Coefficients Estimate Std. Error OR (95% C.I.) p-value

Intercept �0.2591 0.7999 0.7717 0.7460
Age �0.0290 0.0126 0.9714 0.0210
Size 0.0748 0.0199 1.0777 0.000176
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results (Table 4) show the significant effect of both variables. With
respect to the baseline (Negative NSLN patients, with mean age of
58.15 and mean tumor size of 18.29), the effect of the variables is
different in sign: the higher the age, the lower the odds of having a
Table 3
Clinical and pathologic features of the nonsentinel node negative and positive tumors.

NSLN (220)

Negative 131 (59.54%) Po

Age (years) 58.15 (12.05) 54
Size (mm) 18.29 (6.45) 23
Grade
1 31 (59.62%) 21
2 58 (67.44%) 28
3 39 (50.65%) 39

Vascular invasion
Negative 102 (61.45%) 64
Positive 27 (51.92%) 25

Lymphatic Invasion
Negative 116 (60.73%) 75
Positive 13 (48.15%) 14

Subtype
Luminal A 40 (61.53%) 25
Luminal B HER-2þ 7 (36.84%) 12
Luminal B HER-2- 70 (63.66%) 40
HER-2þ 6 (40.00%) 9
Triple negative 3 (60.00%) 2

For Age and Size, marginal and conditional means and standard errors (in parentheses)
For other variables, marginal and conditional counts and percentage (in parentheses and
The analysis does not account for missing data.
NSLN metastasis (having a metastasis is 3% more likely among
those are younger), whereas the greater the size of tumor, the
higher the odds of having a NSLN metastasis (more than 7%).

Finally, if the number of metastases is categorized into three
classes (0, 1j-j3, >3), a multinomial logit model on positive NLSN
can be considered with age and size. Results in Table 5 confirm the
previous results, stressing the same effect of age and size on the
odds of having 1j-j3 or >3 metastases with respect to having none:
TOT p-value

sitive 89 (40.45%)

.38 (11.15) 56.61 (11.81) 0.0201

.01 (10.20) 20.22 (8.49) <0.0001

(40.38%) 52 (24.19%) 0.09276
(32.56%) 86 (40.00%)
(49.35%) 77 (35.81%)

(38.55%) 166 (76.15%) 0.2903
(48.08%) 52 (23.85%)

(39.27%) 191 (87.61%) 0.3001
(51.85%) 27 (12.39%)

(38.46%) 65 (30.37%) 0.4362
(63.15%) 19 (8.87%)
(36.36%) 110 (51.40%)

(60.00%)) 15 (7.01%)
(40.00%) 5 (2.33%)

are reported.
by row) are reported.



Table 5
Multinomial logistic model to predict the probability of NSLN number of metastases.

NSLN positive Intercept (OR 95% C.I.) Age (OR 95% C.I.) Size (OR 95% C.I.)

1j-j3 �0.1749 (0.8385)* �0.0262 (0.9741) 0.0310 (1.0315)
>3 �1.8212 (0.1618) �0.0311 (0.9694) 0.1168 (1.1239)

Note: ‘*’ is not significant.

A. Marrazzo et al. / International Journal of Surgery 21 (2015) 156e161 159
in this case, greater the size of the tumor, the higher the odds of
having >3 metastases with respect to having none (12% more
likely).

In summary, the analyses highlight the non-significant effect of
age and grade on SLN, a significant positive effect of vascular in-
vasion and lymphatic invasion, and a negative effect of TN. With
respect to positive NSLN, only size has a significant (positive) effect
on tumor presence, but if we focus on the number of metastases,
also age has a (negative) significant effect.
5. Discussion

This work shows the correlation between subtypes and proba-
bility of having positive SLN.

Considering results of the present study, patients with early
breast cancer without expression of vascular invasion, lymphatic
invasion and, moreover, triple negative tumor subtype could be
good candidates for breast conservative surgery without axillary
surgical staging.

Recent clinical trials suggest that there is no difference in
outcome between patients with positive SLN if they are treated
with ALND or given no further axillary surgery [2,3,14].

These studies raise doubts concerning the role of SLN biopsy. A
new trial on this topic comparing SLN biopsy with the assessment
of whether an axillary ultrasound is negative in patients with small
breast cancer is actually running [15] so, considering that metas-
tasis is observed in approximately 30% of SLN biopsies [16], it is
important to predict the axillary node status before SLN biopsy.

Agresti et al. [17], recently published a randomized clinical trial
performed in patients with T1N0 breast cancer to test the hy-
pothesis of the non-inferiority of breast conservative surgery
without axillary dissection compared with breast conservative
surgery and complete axillary lymph node dissection, using overall
survival as the primary endpoint. He states an alternative pattern of
adjuvant treatment decision making exclusively based on a set of
pathologic and biological characteristics of the primary tumor.
Additional information regarding axillary lymph node involvement
at the time of breast surgery would not have changed the decision
concerning adjuvant treatment. It is worth noting that this study
was designed before sentinel lymph node biopsy was introduced
into routine clinical practice (1998). Thus, the intriguing question is
what would happen if Agresti et al. reanalyzed the patient data
bank on the basis of the new molecularly defined subentities of
breast cancer (luminal A, luminal B, basal-like, or triple-negative)
determined by ER, progesterone receptor, Ki-67, human
epidermal growth factor receptor 2 (HER2) status. Consequently,
the authors could analyze how the adjuvant strategy might have
been changed and what the resulting impact on OS and DFS was.
Based on current knowledge, there is an urgent need to redefine
lymph node significance in the treatment of patients with breast
cancer and there is the need to select which patients may have the
risk of downstaging which may affect the choice of adjuvant
treatments and therefore prognosis.

Various clinicopathological factors have been identified as in-
dependent predictors of axillary LN metastasis in early stage breast
cancer, lymphatic and vascular involvement, tumor grade, hor-
mone receptor (HR) status, age, molecular subtype classification
and tumor size [18e32].
Predicting the NSLN status is important because the American

College of Surgeons Oncology Group (ACOSOG) Z0011 trial [2]
indicated that ALND should be avoided if SLN metastases detec-
ted in only one or two nodes showing that SLN biopsy alone
without ALND results in extremely low locoregional recurrence and
excellent overall survival comparable to that in patients undergoing
ALND if SLN metastasis is present.

To predict the association between NSLNmetastasis and clinico-
pathological factors, particularly in the case of SLN metastasis in
two or fewer nodes in breast cancer, is still a matter of debate and it
is so important when making decisions regarding additional ALND
in the case of positive SLN metastasis.

Hasegawa M et al. [33] reported that SLN metastasis was asso-
ciated with younger age, large tumor size and prominent lym-
phovascular involvement; however, NSLN metastasis was hard to
predict using clinicopathological factors.

Previous studies have reported that younger age, higher pT
stage, or lymphovascular involvement are independent predictors
of SLN metastasis [19e25]. With regard to the prediction of NSLN
metastases, younger age, large tumor size or lympho-vascular
involvement have been reported as useful markers. One of the
most important studies is reported by Toshikawa C. et al. [14] that
show that invasive tumor size and lymphatic involvement are
significantly associated with NSLN metastasis in the case of SLN
metastasis in two or fewer nodes.

Our findings show furthermore that age is correlated to NSLN
metastasis but not with SLN metastasis. Tvedskov TF. et al. [34]
identified increased proportion of NSLN metastasis in patients
with isolated tumor cells into SN in younger age at diagnosiss, thus
that was not confirmed in case of micrometastatic or metastatic SN.

The independent association of age with NSLN metastases and,
in other studies, with poor prognosis has not been explained by the
association of age with other prognostic variables. These results
suggest that surgeons and pathologists should be diligent and
thorough in searching for lymph nodemetastases in young patients
with large tumors or lymphatic invasion.

In a meta-analysis conducted by Lowery AJ et al. [35], loco-
regional recurrence rate varied between different subtypes. In
particular, RR is 0.49 for any luminal subtypes versus TN regarding
breast conservative surgery and of 0.66 regarding mastectomy.

The subtypes may be predictive of loco-regional recurrence and
survival also after post-mastectomy radiotherapy [36], and after
neo-adjuvant chemotherapy [37,38].

Although there is a paucity of data on associations between
presence or extent of nodal diseases across all breast cancer sub-
types, conflicting results on the relationship between theTN subtype
and nodal disease have been reported [37,38]. Several publications
suggest that the TN subtype may predict a lower risk of nodal
involvement [18,28,29,31,39] despite Jones T et al. [40] reporting no
association between TN subtype and nodal involvement, presum-
ably because HER-2 2 þ tumors were considered positive without
the FISH test. Possibly this altered the real number of TN.

Although axillary surgery maintains its role in local disease
control in patients with clinically evident lymph node involvement,
biological characteristics of the primary tumor are important for
guiding therapeutic decisions regarding nodal management. Our
results thus provide useful information on the risk factors for
renmant NSLN metastasis under the condition of SLN contributing
to decision-making with regard to the addition of ALND or the kind
of adjuvant therapies in the case of SLN metastasis.

Ethical approval

Experimental protocol was approved by the institutional review



A. Marrazzo et al. / International Journal of Surgery 21 (2015) 156e161160
committee and meet the guidelines of responsible governmental
agency.

Sources of funding

Nill.

Author contribution

Antonio Marrazzo for the study design and writing.
Antonio Marrazzo Giovanni Boscaino for data analysis.
AntonioMarrazzo, Pietra Taormina and EmiliaMarrazzo for data

collections.
Antonio Toesca to write with the first author.
The authors wish to thank Mr. William Russell-Edu for revising

the English manuscript.

Conflict of interest statement

The authors have no conflict of interest to declare.

Guarantors

Antonio Marrazzo, Pietra Taormina, Giovanni Boscaino, Emilia
Marrazzo, Antonio Toesca.

Acknowledgments

The authors wish to thank Mr. William Russell-Edu for revising
the English manuscript.

References

[1] V. Galimberti, B.F. Cole, S. Zurrida, G. Viale, A. Luini, P. Veronesi, et al., Axillary
dissection versus no axillary dissection in patients with sentinel-node
micrometastases (IBCSG 23-01): a phase 3 randomised controlled trial, Lan-
cet Oncol. 14 (2013) 297e305.

[2] A.E. Giuliano, K.K. Hunt, V. Karla, K.V. Ballman, P.D. Beitsch, P.W. Whitworth,
et al., Axillary dissection vs no axillary dissection in women with invasive
breast cancer and sentinel node metastasis a randomized clinical trial, JAMA
305 (2011) 569e575.

[3] D.N. Krag, S.J. Anderson, T.B. Julian, A.M. Brown, S.P. Harlow, J.P. Costantino, et
al., Sentinel-lymph-node resection compared with conventiona
axillarylymph-node dissection in clinically node-negative patients with breast
cancer: overall survival findings from the NSABP B-32 randomised phase 3
trial, Lancet Oncol. 11 (2010) 927e933.

[4] A.Y. Ho, H.S. Cody, Which patients with sentinel node-positive breast cancer
can avoid axillary dissection? Am. Soc. Clin. Oncol. Educ. Book 33 (2013)
61e65.

[5] A. Marrazzo, P. Taormina, V. Gebbia, M. David, I. Riili, D. Lo Gerfo, et al., Is
sentinel lymph node biopsy more accurate than axillary dissection for staging
nodal involvement in breast cancer patients? Chir. Ital. 59 (5) (2007)
693e699.

[6] A. Marrazzo, P. Taormina, A. Noto, G. Cardinale, L. Cas�a, S. Mercadante, et al.,
Localization of the sentinel node in breast cancer: prospective comparison of
vital staining and radioactive tracing methods, Chir. Ital. 56 (2004) 621e627.

[7] A. Marrazzo, P. Taormina, M. David, I. Riili, D. Lo Gerfo, L. Cas�a, et al., Surgical
treatment of early breast cancer in day surgery, Chir. Ital. 59 (2007) 687e691.

[8] M.J. Piccart-Gebhart, M. Procter, B. Leyland-Jones, A. Goldhirsch, M. Untch,
I. Smith, et al., Trastuzumab after adjuvant chemo-therapy in HER-2 positive
breast cancer, N. Engl. J. Med. 353 (2005) 1659e1672.

[9] Edward H. Romond, Edith A. Perez, John Bryant, Vera J. Suman, Charles
E. Geyer, Nancy E. Davidson, et al., Trastuzumab plus adjuvant chemotherapy
for operable HER-2 positive breast cancer, N. Engl. J. Med. 353 (2005)
1673e1684.

[10] A. Goldhirsch, W.C. Wood, A.S. Coates, R.D. Gelber, B. Thürlimann, H.J. Senn, et
al., Strategies for subtypes-dealing with the diversity of breast cancer: high-
lights of the St. Gallen international expert Consensus on the primary therapy
of Early breast cancer 2011, Ann. Oncol. 22 (2011) 1736e1747.

[11] A. Agresti, Categorical Data Analysis, second ed., Wiley, BY, 2002.
[12] A.M. Mood, F.A. Graybill, D.C. Boes, Introduction to the Theory of Statistics,

twelfth ed., McGraw-Hill, 1997.
[13] V.K. Borooah, Logit and Probit Ordered and Multinomial Models, in: Series:

Quantitative Applications in the Social Sciences, 2002. Sage University paper.
[14] C. Toshikawa, Y. Koyama, M. Nagahashi, K. Tatsuda, K. Moro, J. Tsuchida, et al.,
Predictive factors for non-sentinel lymph node metastasis in the case of
positive sentinel lymph node metastasis in two or fewer nodes in breast
cancer, J. Clin. Med. Res. 7 (8) (2015) 620e626.

[15] O. Gentilini, U. Veronesi, Abandoning sentinel lymph node biopsy in early
breast cancer? A new trial in progress at the European Institute of Oncology of
Milan (SOUND: Sentinel node vs Observation after axillary UltraSouND),
Breast 21 (5) (2012) 678e681.

[16] G. Canavese, M. Gipponi, A. Catturich, C. Vecchio, D. Tomei, G. Nicolo, et al.,
Technical issues and pathologic implications of sentinel lymph node biopsy in
earlystage breast cancer patients, J. Surg. Oncol. 77 (2) (2001) 81e87.

[17] R. Agresti, G. Martelli, M. Sandri, E. Tagliabue, M.L. Carcangiu, I. Maugeri, et al.,
Axillary lymph node dissection versus no dissection in patients with T1N0
breast cancer: a randomized clinical trial INT09/98, Cancer 120 (2014)
885e893.

[18] S.J. Crabb, M.C. Cheang, S. Leung, T. Immonen, T.O. Nielsen, D.D. Huntsman, et
al., Basal breast cancer molecular subtype predicts for lower incidence of
axillary lymph node metastases in primary breast cancer, Clin. Breast Cancer 8
(3) (2008) 249e256.

[19] A. Barth, P.H. Craig, M.J. Silverstein, Predictors of axillary lymph node me-
tastases in patients with T1 breast carcinoma, Cancer 79 (10) (1997)
1918e1922.

[20] I.A. Olivotto, J.S. Jackson, D. Mates, S. Andersen, W. Davidson, C.J. Bryce, et al.,
Prediction of axillary lymph node involvement of women with invasive breast
carcinoma: a multivariate analysis, Cancer 83 (5) (1998) 948e955.

[21] M.J. Silverstein, E.D. Gierson, J.R. Waisman, W.J. Colburn, P. Gamagami, Pre-
dicting axillary node positivity in patients with invasive carcinoma of the
breast by using a combination of T category and palpability, J. Am. Coll. Surg.
180 (6) (1995) 700e704.

[22] M.J. Silverstein, K.A. Skinner, T.J. Lomis, Predicting axillary nodal positivity in
2282 patients with breast carcinoma, World J. Surg. 25 (6) (2001) 767e772.

[23] C. Gajdos, P.I. Tartter, I.J. Bleiweiss, Lymphatic invasion, tumor size, and age
are independent predictors of axillary lymph node metastases in women with
T1 breast cancers, Ann. Surg. 230 (5) (1999) 692e696.

[24] P.H. Gann, S.A. Colilla, S.M. Gapstur, D.J. Winchester, D.P. Winchester, Factors
associated with axillary lymph node metastasis from breast carcinoma:
descriptive and predictive analyses, Cancer 86 (8) (1999) 1511e1519.

[25] G. Viale, S. Zurrida, E. Maiorano, G. Mazzarol, G. Pruneri, G. Paganelli, et al.,
Predicting the status of axillary sentinel lymph nodes in 4351 patients with
invasive breast carcinoma treated in a single institution, Cancer 103 (3) (2005)
492e500.

[26] X. Lu, Z.C. Wang, J.D. Iglehart, X. Zhang, A.L. Richardson, Predicting features of
breast cancer with gene expression patterns, Breast Cancer Res. Treat. 108 (2)
(2008) 191e201.

[27] H. Liu, Q. Fan, Z. Zhang, X. Li, H. Yu, F. Meng, Basal-HER2 phenotype shows
poorer survival than basal-like phenotype in hormone receptor-negative
invasive breast cancers, Hum. Pathol. 39 (2) (2008) 167e174.

[28] B. Van Calster, I. Vanden Bempt, M. Drijkoningen, N. Pochet, J. Cheng, S. Van
Huffel, et al., Axillary lymph node status of operable breast cancers by com-
bined steroid receptor and HER-2 status: triple positive tumours are more
likely lymph node positive, Breast Cancer Res. Treat. 113 (1) (2009) 181e187.

[29] M.J. Kim, J.Y. Ro, S.H. Ahn, H.H. Kim, S.B. Kim, G. Gong, Clinicopathologic
significance of the basal-like subtype of breast cancer: a comparison with
hormone receptor and Her2/neu-overexpressing phenotypes, Hum. Pathol. 37
(9) (2006) 1217e1226.

[30] K.D. Voduc, M.C. Cheang, S. Tyldesley, K. Gelmon, T.O. Nielsen, H. Kennecke,
Breast cancer subtypes and the risk of local and regional relapse, J. Clin. Oncol.
28 (10) (2010) 1684e1691.

[31] F. Reyal, R. Rouzier, B. Depont-Hazelzet, M.A. Bollet, J.Y. Pierga, S. Alran, et al.,
The molecular subtype classification is a determinant of sentinel node posi-
tivity in early breast carcinoma, PLoS One 6 (5) (2011) e20297.

[32] C. Mazouni, F. Rimareix, M.C. Mathieu, C. Uzan, C. Bourgier, F. Andre, et al.,
Outcome in breast molecular subtypes according to nodal status and surgical
procedures, Am. J. Surg. 205 (6) (2013) 662e667.

[33] M. Hasegawa, Y. Koyama, J. Sakata, K. Tatsuda, E. Sakata, C. Chie Toshikawa, et
al., Non-sentinel lymph node metastasis is hard to predict by clinicopatho-
logical factors if SLN metastasis in two or fewer nodes in breast cancer, J. Curr.
Surg. 4 (1) (2014) 10e16.

[34] T.F. Tvedskov, M.B. Jensen, I.M. Lisse, B. Ejlertsen, E. Balslev, et al., High risk of
non-sentinel node metastases in a group of breast cancer patients with
micrometastases in the sentinel node, Int. J. Cancer 131 (10) (2012 Nov 15)
2367e2375.

[35] A.J. Lowery, M.R. Kell, R.W. Glynn, M.J. Kerin, K.J. Sweeney, Locoregional
recurrence after breast cancer surgery: a systematic review by receptor
phenotype, Breast Cancer Res. Treat. 133 (2012) 831e841.

[36] M. Kyndi, F.B. Sørensen, H. Knudsen, M. Overgaard, H.M. Nielsen, J. Overgaard,
Estrogen receptor, progesterone receptor, HER-2, and response to post-
mastectomy radiotherapy in high-risk breast cancer: the Danish breast, J. Clin.
Oncol. 26 (2008) 1419e1426.

[37] M.O. Meyers, N. Klauber-Demore, D.W. Ollila, K.D. Amos, D.T. Moore,
A.A. Drobish, et al., Impact of breast cancer molecular subtypes on locore-
gional recurrence in patients treated with neoadjuvant chemotherapy for
locally advanced breast cancer, Ann. Surg. Oncol. 18 (2011) 2851e2857.

[38] A.S. Caudle, T.K. Yu, S.L. Tucker, I. Bedrosion, J.K. Litton, A.M. Gonzalez-Angulo,
et al., Local-regional control according to surrogate markers of breast cancer
subtypes and response to neoadjuvant chemotherapy in breast cancer

http://refhub.elsevier.com/S1743-9191(15)01074-2/sref1
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref1
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref1
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref1
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref1
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref2
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref2
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref2
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref2
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref2
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref3
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref3
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref3
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref3
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref3
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref3
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref4
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref4
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref4
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref4
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref5
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref5
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref5
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref5
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref5
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref6
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref6
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref6
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref6
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref6
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref7
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref7
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref7
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref7
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref8
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref8
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref8
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref8
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref9
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref9
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref9
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref9
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref9
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref10
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref10
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref10
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref10
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref10
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref11
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref12
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref12
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref13
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref13
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref14
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref14
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref14
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref14
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref14
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref15
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref15
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref15
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref15
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref15
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref16
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref16
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref16
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref16
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref17
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref17
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref17
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref17
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref17
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref18
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref18
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref18
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref18
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref18
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref19
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref19
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref19
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref19
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref20
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref20
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref20
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref20
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref21
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref21
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref21
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref21
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref21
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref22
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref22
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref22
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref23
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref23
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref23
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref23
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref24
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref24
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref24
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref24
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref25
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref25
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref25
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref25
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref25
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref26
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref26
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref26
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref26
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref27
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref27
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref27
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref27
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref28
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref28
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref28
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref28
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref28
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref29
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref29
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref29
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref29
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref29
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref30
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref30
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref30
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref30
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref31
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref31
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref31
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref32
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref32
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref32
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref32
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref33
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref33
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref33
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref33
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref33
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref34
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref34
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref34
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref34
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref34
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref35
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref35
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref35
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref35
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref36
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref36
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref36
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref36
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref36
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref36
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref37
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref37
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref37
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref37
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref37
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref38
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref38
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref38


A. Marrazzo et al. / International Journal of Surgery 21 (2015) 156e161 161
patients undergoing breast conserving therapy, Breast Cancer Res. 14 (2012)
R83.

[39] J.H. Lee, Y.J. Suh, B.Y. Shim, S.H. Kim, The incidence and predictor of lymph
node metastasis for patients with T1 breast cancer who underwent axillary
dissection and breast irradiation: an institutional analysis, Jpn. J. Clin. Oncol.
41 (2011) 1162e1167.
[40] T. Jones, H. Neboori, H. Wu, Q. Yang, B.G. Haffty, S. Evans, et al., Are breast

cancer subtypes prognostic for nodal involvement and associated with clini-
copathologic features at presentation in early-stage breast cancer? Ann. Surg.
Oncol. 20 (2013) 2866e2872.

http://refhub.elsevier.com/S1743-9191(15)01074-2/sref38
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref38
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref39
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref39
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref39
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref39
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref39
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref40
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref40
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref40
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref40
http://refhub.elsevier.com/S1743-9191(15)01074-2/sref40

	Breast cancer subtypes can be determinant in the decision making process to avoid surgical axillary staging: A retrospectiv ...
	1. Introduction
	2. Material and methods
	3. Statistical analysis
	4. Results
	5. Discussion
	Ethical approval
	Sources of funding
	Author contribution
	Conflict of interest statement
	Guarantors
	Acknowledgments
	References


