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Abstract

The surgical treatment of localized breast cancer has
become progressively less aggressive over the years.
The management of the axillary lymph nodes has been
modified by the introduction of sentinel lymph node
biopsy. Axillary dissection can be avoided in patients
with sentinel lymph node negative biopsies. Based
on randomized trials data, it has been proposed that
no lymph node dissection should be carried out even
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in certain patients with sentinel lymph node positive
biopsies. This commentary discusses the basis of such
recommendations and cautions against a general
omission of lymph node dissection in breast cancer
patients with positive sentinel lymph node biopsies.
Instead, an individualized approach based on axillary
tumor burden and biology of the cancer should be
considered.

Key words: Tumor sub-types; Micro-metastatic; Node
positive; Breast cancer; Axillary lymph node dissection;
Macro-metastatic; Axillary recurrence
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Core tip: Management of the axilla in breast cancer has
been modified by the introduction of sentinel lymph
node biopsy. Axillary dissection can be avoided in
sentinel lymph node negative patients. More recently,
it has been proposed that lymph node dissection
could be avoided even in patients with sentinel lymph
node positive biopsies. The basis of such proposals
is discussed here and caution is advised against a
universal omission of lymph node dissection in breast
cancer patients with positive sentinel lymph node
biopsies. Instead, an individualized approach based on
axillary tumor burden and biology of the cancer should
be considered.

Voutsadakis IA, Spadafora S. Axillary lymph node management
in breast cancer with positive sentinel lymph node biopsy. World
J Clin Oncol 2015; 6(1): 1-6 Available from: URL: http://www.
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INTRODUCTION

Over the years the surgical management of the
primary tumor in localized breast cancer has become
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less extensive and less mutilating. It has progressively
been reduced in extent from radical mastectomy
to total mastectomy and later to lumpectomy with
corresponding decrease in morbidity!. Reduction
of surgical extent has become possible because
of increasing awareness and screening that have
contributed to earlier diagnosis and stage migration
and because of the introduction of other effective
treatments such as radiation and systemic therapies.
Progress in biologic understanding of the disease
has allowed the integration of targeted therapies in
the adjuvant treatment of breast cancer. Complete
resection of the primary tumor with negative margins
remains a cornerstone of treatment for localized
breast cancer. More recently, the introduction of
the sentinel lymph node biopsy has changed the
management of the axilla in patients with localized
breast cancer allowing avoidance of lymph node
dissection in patients with pathologically negative
sentinel nodes™. This development has led to a
decrease of the percentage of patients with local
adverse effects of dissection such as lymphedema
and paresthesia which may significantly decrease
quality of life and functionality and sometimes cause
severe effects such as wound infections, cellulitis and
systemic infections*.

The standard management of the axilla in
patients with positive sentinel lymph nodes remains a
complete lymph node dissection but recent data have
challenged this posit and produced controversy™..
The American Society of Clinical Oncology (ASCO)
recently published a revised guideline on sentinel
lymph node biopsy for patients with early stage
breast cancer®. The guideline advises against
completion axillary lymph node dissection (ALND)
for patients who meet criteria that include T1 or T2
primary lesions, one or two positive axillary sentinel
lymph nodes (SLN) without extra-capsular infiltration
and a plan to undergo breast conserving surgery
followed by conventionally fractionated whole-
breast radiotherapy. Patients with larger tumors,
more than two positive SLN, inflammatory breast
cancer, undergoing mastectomy or planned to receive
unconventional radiation treatments are excluded
from this recommendation. The recommendation
is based on data from one randomized trial, the
American College of Surgeons Oncology Group
(ACOSOG) Z0011 trial”. Some additional trials
provide related, although circumferential evidence,
on the issue and will be included in this discussion
(Table 1). Another randomized trial, for example, the
International Breast Cancer Study Group (IBCSG)
23-01 trial addresses a similar clinical question in a
different patient population with only micrometastatic
lymph node disease' and thus its relevance for
the decision of omission of ALND in patients with
macrometastatic disease is questionable. IBCSG
23-01 showed the non-inferiority of avoiding ALND vs
performing an ALND regarding disease-free survival
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(DFS) and overall survival (OS) in 931 patients with
mainly (90%) positive Estrogen Receptor (ER) status
and T1 or T2 primary tumors (70% T1 and more than
90% less than 3 cm in major diameter)®. DFS was
84% and 88% (P = 0.16) and OS 98% in both arms
(P = 0.73). Omission of lymph node dissection in
patients with isolated tumor cells (less than 0.2 mm in
diameter) or micrometastatic (0.2-2 mm in diameter)
only disease in the axilla could be advocated with less
controversy given the results of IBCSG 23-01 and
the predicted lower incidence of additional positive
nodes and lower risk of recurrence in patients with
micrometastatic only disease in the axilla compared
with counterparts with macrometastases®’, In
addition, in a large retrospective analysis, patients
with micrometastatic disease in the axilla, in contrast
to patients with macrometastases in whom there was
a trend towards inferior outcomes, had equivalent
survival if no complete dissection was performed™.
Nevertheless, even in these patients, about
20% can be expected to have additional axillary
involvement™., It is interesting to note that patients
with micrometastatic disease have a lower disease-
free survival compared with lymph node negative
patients and benefit from adjuvant therapy™*..

The Z0011 trial randomized 891 patients with
T1 or T2 breast cancers and one or two positive
axillary SLN (both patients with macrometastases
and micrometastases were included) to further ALND
or no further surgical treatment”’. The initial trial
plan was for randomization of 1900 patients but
had to be modified due to slow accrual and lower
than expected mortality rate. The study was able to
demonstrate the non-inferiority of no further surgical
treatment for the end-points of OS and DFS. Being
the only randomized trial attempting to answer a
very important clinical question, Z0011 has been
scrutinized and shortcomings previously discussed!*?.
The two groups were well-balanced but ALND group
had slightly more patients with T2 disease (32.1%
vs 29.4%, and even some T3 tumors, as the upper
range of size in this group was 7 cm), lymphovascular
invasion (40.6% vs 35.2% in the SLN only group)
and grade II/II tumors (78% vs 74.4% in the SLN
only group). In addition, the ALND group had less
patients with the good prognostic features of ER
and PR positivity (66.8% vs 68.9%) and no positive
SLN (1.2% vs 7%, these patients should have been
excluded but were included for the intention-to-treat
analysis). Micrometastatic lymph node disease was
present in a statistically significant higher percentage
of patients in the SLN group (44.8% vs 37.5%).
Despite these inequalities all favoring the SLN group
over the ALND group, OS and DFS were similar in
the two groups (92.5% vs 91.8% and 83.9% vs
82.2% respectively). The study had a high rate of
loss to follow-up (166 of 891 patients, 18.6%), a
source of potential bias. Her2/Neu testing was not
standard at the time of the study and no data were
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Table 1 Trials discussed in this paper informing directly or indirectly on the question of completion of axillary lymph node

dissection in patients with sentinel lymph node biopsy-positive breast cancer patients

Trial [Ref.] Comment

ACOSOG Z0011" The main randomized trial informing the clinical question

IBCSG 23-01" Randomized trial in patients with micrometastatic only axillary disease
Yegiyants et al™ Small study of patients followed after micrometastases found in SLN biopsy

Martelli et al™

IBCSG Trial 10-93""
Avril et al™”
Louis-Sylvestre et al"™
Wang et al®!

Randomized trial comparing ALND vs no surgery in older patients
Similar to reference 15

Similar to references 15 and 16 but in a younger patient population
Randomized trial comparing ALND with axillary radiation treatment
Retrospective SEER-based study in patients with lobular carcinomas

SLN: Sentinel lymph node; ALND: Axillary lymph node dissection; SEER: Surveillance, Epidemiology and End Results.

reported. ER and PR negative patients represented
a minority with only about 16% of patients in each
arm. After exclusion of the 166 patients lost to follow-
up and 301 patients with only micrometastatic lymph
node disease, there remain 424 patients (about two
thirds ER and PR positive) who can inform us on the
question of macrometastatic disease.

The LN tumor burden in the patient population of
the 20011 study appears to be low with only 21% of
patients in the ALND group having additional positive
nodes and 13.7% having a total of four or more
positive nodes'”’, One can predict that a similar (or
even lower based on somewhat better prognostic
characteristics) percentage of patients in the SLN
group would have additional disease. The low tumor
burden is also depicted in the higher OS rates in the
study compared with the rate of 80% anticipated.
Available models predict that patients with T2 disease
and two positive sentinel nodes (that is still meeting
the eligibility criteria of Z0011) may have much
higher probabilities of additional positive nodes.
For example the Memorial Sloan Kettering Cancer
Center (MSKCC) model predicts that a patient with
a grade I tumor of 5 cm, and 2 positive SLN may
have a probability of over 90% for additional positive
nodes!®., The question remains if patients with
higher axillary LN burdens will have similar outcome
without ALND as seen in Z0011. It is important to
note that the predicted risk of additional positive
lymph nodes may not be the only determinant of risk
of recurrence. For example in a small study of 47
patients with positive SLN (33 with micrometastases
only) and a low risk of 11.5% of additional LN
positivity by the MSKCC model two patients (4.2%)
had an axillary recurrence!. On the other hand, as
studies performed before the routine introduction of
SLN biopsy that compare ALND with no dissection
in older patients (mean age over 70 years old) with
small primaries (mostly Tla and T1b), ER positive
and clinically negative axilla have shown, most
patients with a predicted low burden axillary disease
will not have a clinically apparent axillary recurrence
even if left untreated!*'®). These patients are sp-
ared the adverse effects of ALND without adverse
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oncologic outcome in the short term. Nevertheless
even these studies suggest that axillary recurrences
are much more frequent (up to three times) if no
axillary intervention is undertaken, although low in
absolute numbers™>*¢l, In addition another study with
the same design that included younger patients (mean
age 62 years old) showed a statistically significant
worse overall and disease-free survival in patients
with no axillary intervention as compared with the
group that underwent ALND!”.,

An additional question is the generalizability
of results to sub-types of breast cancer not well-
represented or not studied in Z0011 (ER negative and
Her2 positive). Trying to address this short-coming,
the authors of the study performed an exploratory
analysis of the positive and negative ER/PR groups
that showed no statistically significant differences.
Nevertheless, this represents weak evidence for the
negative sub-group and optimally clinical decisions
based on exploratory analyses should be avoided.
Overall the less common sub-types of breast cancer
such as triple negative and Her2/Neu positive benefit
from very little high quality evidence to support
omitting ALND. This is particularly worrisome in triple
negative patients for whom there is currently no
proven targeted therapy to control residual disease.
Moreover, for Her2/Neu positive patients that have
efficacious targeted therapies available to them,
these therapies can produce only small percentages
of complete responses in the metastatic setting and
thus their ability to control significant residual disease
burden in the axilla remains unproven!®., The same
is true for radiation therapy which is an efficacious
treatment for localized or oligometastatic disease
but is not possible for more widespread disease. In
addition in a randomized study of ALND vs radiation
therapy in breast cancer patients with clinically
negative axillary nodes the axillary recurrence was
almost 4 times higher in the radiation treatment arm
(2.2% vs 0.6% at 5 years)™, In this study patients
were mostly ER positive and had a low incidence
of 21% of positive nodes in the ALND and similar
axillary disease positivity could be expected to have
been present in the radiation arm.
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Table 2 Considerations for omission of completion axillary lymph node dissection in patients with positive sentinel lymph node

Axillary lymph node dissection may be omitted
T1 or T2 primary
One or two positive SLN without extra-capsular extension
Lumpectomy and conventional radiation therapy planned

ER and PR positive, Her2/Neu negative (equivalent to Luminal A) biology

Patient older than 65 yr old
Ductal histology

Axillary lymph node dissection should be the standard but omission could be discussed in an individualized basis

Patient younger than 65 yr old
Biology other than Luminal A
Lobular histology
Axillary lymph node dissection should be performed
T3, T4 or inﬂammatory primary
More than two positive SLN and/or extra-capsular extension
Mastectomy or unconventional radiation therapy planned

SLN: Sentinel lymph node.

Another sub-type of breast cancer not well-
represented in the Z0011 study is lobular carcinoma.
Only 7.7% of patients had this sub-type which has
a different biologic behavior from ductal carcinoma,
is more often multifocal and tends to metastasize to
unusual locations such as the gastrointestinal tract
and peritoneal surfaces®™. A retrospective study
of the Surveillance, Epidemiology and End Results
database suggested that there are no differences in
overall or disease-specific survival between patients
with lobular carcinoma who fulfilled the Z0011 criteria
and did or did not undergo completion ALND™!!, Most
of the patients had T1 tumors (median size of the
two groups 1.7 and 1.8 cm), 70% had one positive
LN and over 90% had ER positive tumors.

A final issue that should be considered in eval-
uating the strength of the available data as a basis
for clinical decisions is the length of follow-up. As the
authors of Z0011 note, it would have taken more
than 20 years to observe the pre-specified 500 deaths
in their study population and thus the trial was closed
prematurely with less than the target accrual number.
Although the fact that no differences were observed
in OS and local recurrences at 6 years is reassuring,
at least for the shorter term, concerns remain
regarding longer term applicability. The population
studied with mainly ER positive disease (more
than 80% of whom would be expected to be Her2
negative) has, often, even in the metastatic setting,
a more indolent course (not unusually with bone only
disease) and thus OS at 6 years may be too short for
definite conclusions when studying localized disease.
Moreover, and at closer scrutiny, local recurrence
rates display some discernible differences between
the two groups in 200114, The ALND group had
numerically more (3.6% vs 1.9% in the SLN group)
in-breast recurrences. These recurrences should not
have been influenced by the treatment assigned
and probably reflect the aforementioned base-line
differences in the two groups. In contrast, axillary
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recurrences were more prevalent in the SLN group
(0.9% vs 0.5% in the ALND group). Although this
difference was not statistically significant and small
in absolute numbers (reflecting the low disease
burden in the axilla), it is still an 80% difference and
may imply that the two treatments are not equal in
controlling axillary disease. Increased axillary tumor
burden may accentuate such differences in local
control and eventually global outcomes.

Fisher’s model proposes that breast cancer is a
systemic disease from an early point in time and
has been used to justify less aggressive surgical
interventions'®!. In fact this model, in conjunction
with the current models of the plasticity of tumor
initiating cells and their genetic instability, predict
that the lower the residual tumor burden is the
lower becomes the probability of resistant clones to
emerge spontaneously or as a result of treatment
pressurel®?*l, These cannot currently be satisfactorily
treated with systemic therapies.

In conclusion, the randomized data available are
not sufficient to recommend omitting completion
ALND in all patients with T1/T2 disease and up to
two positive SLN that will undergo lumpectomy and
whole breast irradiation. A more prudent policy would
be to consider ALND omission only in older post-
menopausal patients with ductal carcinomas, clinically
negative axilla, no extra-nodal extension and ER/PR
positive disease. In other patients with one or more
deviations from the studied population of Z0011 trial
the standard should remain a completion ALND (Table
2) and an individualized decision should be reached,
optimally with involvement of the patient, awaiting
more confirmatory data, especially in sub-types other
than luminal A (immunohistochemically determined
as ER/PR positive and Her2/Neu negative). Longer
follow-up is required to ensure that ALND omission
is safe and oncologic outcomes are equivalent at
long term in patients with luminal A sub-type breast
cancers and extend of disease within the acceptable
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for consideration of ALND omission rate but higher
expected tumor burdens such as patients with T2
tumors and 2 positive SLN.

REFERENCES

1

10

JBaishideng®

Deutsch M, Land S, Begovic M, Sharif S. The incidence of arm
edema in women with breast cancer randomized on the National
Surgical Adjuvant Breast and Bowel Project study B-04 to radical
mastectomy versus total mastectomy and radiotherapy versus
total mastectomy alone. Int J Radiat Oncol Biol Phys 2008; 70:
1020-1024 [PMID: 18029105 DOI: 10.1016/j.ijrobp.2007.07.2376]
Krag DN, Anderson SJ, Julian TB, Brown AM, Harlow SP,
Costantino JP, Ashikaga T, Weaver DL, Mamounas EP, Jalovec
LM, Frazier TG, Noyes RD, Robidoux A, Scarth HM, Wolmark
N. Sentinel-lymph-node resection compared with conventional
axillary-lymph-node dissection in clinically node-negative patients
with breast cancer: overall survival findings from the NSABP B-32
randomised phase 3 trial. Lancet Oncol 2010; 11: 927-933 [PMID:
20863759 DOI: 10.1016/S1470-2045(10)70207-2]

Lucci A, McCall LM, Beitsch PD, Whitworth PW, Reintgen
DS, Blumencranz PW, Leitch AM, Saha S, Hunt KK, Giuliano
AE. Surgical complications associated with sentinel lymph node
dissection (SLND) plus axillary lymph node dissection compared
with SLND alone in the American College of Surgeons Oncology
Group Trial Z0011. J Clin Oncol 2007; 25: 3657-3663 [PMID:
17485711 DOI: 10.1200/JC0O.2006.07.4062]

DiSipio T, Rye S, Newman B, Hayes S. Incidence of unilateral arm
lymphoedema after breast cancer: a systematic review and meta-
analysis. Lancet Oncol 2013; 14: 500-515 [PMID: 23540561 DOI:
10.1016/S1470-2045(13)70076-7]

Pilewskie ML, Morrow M. Management of the clinically node-
negative axilla: what have we learned from the clinical trials?
Oncology (Williston Park) 2014; 28: 371-378 [PMID: 25004648]
Lyman GH, Temin S, Edge SB, Newman LA, Turner RR, Weaver
DL, Benson AB, Bosserman LD, Burstein HJ, Cody H, Hayman
J, Perkins CL, Podoloff DA, Giuliano AE. Sentinel lymph node
biopsy for patients with early-stage breast cancer: American Society
of Clinical Oncology clinical practice guideline update. J Clin
Oncol 2014; 32: 1365-1383 [PMID: 24663048 DOI: 10.1200/
JCO.2013.54.1177]

Giuliano AE, Hunt KK, Ballman KV, Beitsch PD, Whitworth PW,
Blumencranz PW, Leitch AM, Saha S, McCall LM, Morrow M.
Axillary dissection vs no axillary dissection in women with invasive
breast cancer and sentinel node metastasis: a randomized clinical
trial. JAMA 2011; 305: 569-575 [PMID: 21304082 DOI: 10.1001/
jama.2011.90]

Galimberti V, Cole BF, Zurrida S, Viale G, Luini A, Veronesi
P, Baratella P, Chifu C, Sargenti M, Intra M, Gentilini O,
Mastropasqua MG, Mazzarol G, Massarut S, Garbay JR, Zgajnar J,
Galatius H, Recalcati A, Littlejohn D, Bamert M, Colleoni M, Price
KN, Regan MM, Goldhirsch A, Coates AS, Gelber RD, Veronesi
U. Axillary dissection versus no axillary dissection in patients
with sentinel-node micrometastases (IBCSG 23-01): a phase 3
randomised controlled trial. Lancet Oncol 2013; 14: 297-305
[PMID: 23491275 DOI: 10.1016/S1470-2045(13)70035-4]

Cserni G, Gregori D, Merletti F, Sapino A, Mano MP, Ponti A,
Sandrucci S, Baltas B, Bussolati G. Meta-analysis of non-sentinel
node metastases associated with micrometastatic sentinel nodes in
breast cancer. Br J Surg 2004; 91: 1245-1252 [PMID: 15376203
DOI: 10.1002/bjs.4725]

Bilimoria KY, Bentrem DJ, Hansen NM, Bethke KP, Rademaker
AW, Ko CY, Winchester DP, Winchester DJ. Comparison of sentinel
lymph node biopsy alone and completion axillary lymph node
dissection for node-positive breast cancer. J Clin Oncol 2009; 27:
2946-2953 [PMID: 19364968 DOI: 10.1200/JC0.2008.19.5750]
de Boer M, van Deurzen CH, van Dijck JA, Borm GF, van Diest PJ,
Adang EM, Nortier JW, Rutgers EJ, Seynaeve C, Menke-Pluymers

WJCO | www.wjgnet.com

Voutsadakis IA et a/. Axilla management in positive SLN

15

16

20

21

22

23

24

MB, Bult P, Tjan-Heijnen VC. Micrometastases or isolated tumor
cells and the outcome of breast cancer. N Engl J Med 2009; 361:
653-663 [PMID: 19675329 DOI: 10.1056/NEJM0a0904832]
Shah-Khan M, Boughey JC. Evolution of axillary nodal staging
in breast cancer: clinical implications of the ACOSOG Z0011 trial.
Cancer Control 2012; 19: 267-276 [PMID: 23037494]

Van Zee KJ, Manasseh DM, Bevilacqua JL, Boolbol SK, Fey
JV, Tan LK, Borgen PI, Cody HS, Kattan MW. A nomogram for
predicting the likelihood of additional nodal metastases in breast
cancer patients with a positive sentinel node biopsy. Ann Surg
Oncol 2003; 10: 1140-1151 [PMID: 14654469 DOI: 10.1245/
AS0.2003.03.015]

Yegiyants S, Romero LM, Haigh PI, DiFronzo LA. Completion
axillary lymph node dissection not required for regional control in
patients with breast cancer who have micrometastases in a sentinel
node. Arch Surg 2010; 145: 564-569 [PMID: 20566977 DOI:
10.1001/archsurg.2010.84]

Martelli G, Boracchi P, De Palo M, Pilotti S, Oriana S, Zucali R,
Daidone MG, De Palo G. A randomized trial comparing axillary
dissection to no axillary dissection in older patients with TINO
breast cancer: results after 5 years of follow-up. Ann Surg 2005;
242: 1-6; discussion 7-9 [PMID: 15973094 DOI: 10.1097/01.
s1a.0000167759.15670.14]

Rudenstam CM, Zahrieh D, Forbes JF, Crivellari D, Holmberg
SB, Rey P, Dent D, Campbell I, Bernhard J, Price KN, Castiglione-
Gertsch M, Goldhirsch A, Gelber RD, Coates AS. Randomized
trial comparing axillary clearance versus no axillary clearance in
older patients with breast cancer: first results of International Breast
Cancer Study Group Trial 10-93. J Clin Oncol 2006; 24: 337-344
[PMID: 16344321 DOI: 10.1200/JC0O.2005.01.5784]

Avril A, Le Bouédec G, Lorimier G, Classe JM, Tunon-de-Lara C,
Giard S, MacGrogan G, Debled M, Mathoulin-Pélissier S, Mauriac
L. Phase III randomized equivalence trial of early breast cancer
treatments with or without axillary clearance in post-menopausal
patients results after 5 years of follow-up. Eur J Surg Oncol 2011,
37:563-570 [PMID: 21665421 DOI: 10.1016/j.¢js0.2011.04.008]
Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde
A, Fleming T, Eiermann W, Wolter J, Pegram M, Baselga J, Norton
L. Use of chemotherapy plus a monoclonal antibody against
HER?2 for metastatic breast cancer that overexpresses HER2. N
Engl J Med 2001; 344: 783-792 [PMID: 11248153 DOI: 10.1056/
NEIM200103153441101]

Louis-Sylvestre C, Clough K, Asselain B, Vilcoq JR, Salmon
RJ, Campana F, Fourquet A. Axillary treatment in conservative
management of operable breast cancer: dissection or radiotherapy?
Results of a randomized study with 15 years of follow-up. J Clin Oncol
2004; 22: 97-101 [PMID: 14701770 DOI: 10.1200/JC0O.2004.12.108]
Ferlicot S, Vincent-Salomon A, Médioni J, Genin P, Rosty C, Sigal-
Zafrani B, Fréneaux P, Jouve M, Thiery JP, Sastre-Garau X. Wide
metastatic spreading in infiltrating lobular carcinoma of the breast.
Eur J Cancer 2004; 40: 336-341 [PMID: 14746850 DOI: 10.1016/
j-€jca.2003.08.007]

Wang J, Mittendorf EA, Sahin AA, Yi M, Caudle A, Hunt KK, Wu
Y. Outcomes of sentinel lymph node dissection alone vs. axillary
lymph node dissection in early stage invasive lobular carcinoma: a
retrospective study of the surveillance, epidemiology and end results
(SEER) database. PLoS One 2014; 9: ¢89778 [PMID: 24587029
DOI: 10.1371/journal.pone.0089778]

Giuliano AE, McCall L, Beitsch P, Whitworth PW, Blumencranz
P, Leitch AM, Saha S, Hunt KK, Morrow M, Ballman K.
Locoregional recurrence after sentinel lymph node dissection with
or without axillary dissection in patients with sentinel lymph node
metastases: the American College of Surgeons Oncology Group
70011 randomized trial. 4nn Surg 2010; 252: 426-432; discussion
432-433 [PMID: 20739842]

Fisher B. The evolution of paradigms for the management of breast
cancer: a personal perspective. Cancer Res 1992; 52: 2371-2383
[PMID: 1568206]

Renovanz M, Kim EL. Intratumoral heterogeneity, its contribution
to therapy resistance and methodological caveats to assessment.

February 10, 2015 | Volume 6 | Issuel |



Voutsadakis IA et a/. Axilla management in positive SLN

Front Oncol 2014; 4: 142 [PMID: 24959421 DOI: 10.3389/ heterogeneity of breast cancer through next-generation sequencing.
fonc.2014.00142] J Clin Invest 2011; 121: 3810-3818 [PMID: 21965338 DOI:
25 Russnes HG, Navin N, Hicks J, Borresen-Dale AL. Insight into the 10.1172/JC157088]

P- Reviewer: Bai AP, Polyzos A S- Editor: Ji FF  L- Editor: A
E- Editor: Lu Y]

Roaishidenge ~ WJCO | www.wjgnet.com 6 February 10, 2015 | Volume 6 | Issuel |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2015 Baishideng Publishing Group Inc. All rights reserved.



