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Rezumat

În era terapiei neoadjuvante (NAT), prezicerea cu 
acurateţe a răspunsului patologic este o mare provocare, care ar
putea influenţa abordarea chirurgicală pentru sân şi axilă.
Stadializarea axilară prin metode imagistice a fost folosită ca 
adjuvant mult timp, cu diferite rate de precizie raportate. Cu toate
acestea, rolul ecografiei axilare preoperatorii (AUS) la pacienţii cu
N0 clinic după NAT este controversat. Principalul scop al acestui
studiu a fost de a evalua precizia AUS efectuată preoperator în
identificarea răspunsului complet patologic (ypCR = ypT0, ypN0)
după NAT. 

A fost efectuată o analiză retrospectivă a unei baze de date
menţinute prospectiv dintr-o singură instituţie pentru identificarea
pacienţilor cu cancer de sân trataţi cu NAT. Doar acei pacienţi la
care s-a efectuat AUS şi 18F-FDG-PET / CT înainte şi după NAT cu
documentarea răspunsului clinic şi radiologic au fost incluşi pentru
analiza prognosticului.

Din 253 pacienţi consecutivi cu cancer de sân invaziv,
stadiul axilar ypN0 a fost atins la 67,19%. La 11,23% pacienţi cu
ynon-pCR, AUS nu a detectat prezenţa bolii reziduale, dintre care
80% erau ITC şi micrometastaze. Macrometastaza a fost prezentă
în 21,73% (55/253) din cazuri, 98,18% (54/55) din care a fost identi-
ficată de AUS. Precizia generală pentru pCR axilar s-a dovedit a fi
de 89,32% pentru AUS şi 76,28% pentru 18-FDG-PET / CT. Rata
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Introduction 

Neoadjuvant therapy (NAT) is the preferred
option of management in locoregionally
advanced and selected cases with early-stage
breast cancer, currently (1). In the era of NAT,
to accurately predict pathologic response is a
great challenge, which might influence surgical
approach for breast and axilla. Pathologic 
complete response (pCR) not only allows breast
conservation but is a crucial prognostic factor,
as well (2). Therefore, pCR became a recom-

mended surrogate endpoint on overall survival
period with a predictive capacity mainly
depending on molecular subtypes. The other
crucial prognostic determinants in the outcome
of invasive breast cancer has long been defined
as axillary lymph node status. The accurate
staging of which is of paramount importance to
make appropriate recommendations and to 
tailor individualized treatments. Similar to
breast cancer management, in last decades
there has been a great paradigm shift to 
stage axilla from radical dissections to more

fals negativă (FNR) a AUS şi 18-FDG-PET / CT a fost de 12,04% şi respectiv 15,59%. PPV al AUS
a fost mai mare pentru tumorile luminal-like (87,69%), în timp ce subtipurile HER-2 pozitive (100%)
şi triplu negative (93,47%) au avut NPV mai mare.

AUS este un instrument util ce are potenţialul de a prezice cu exactitate prezenţa pCR la
mai mult de 80% dintre pacienţi după NAT. Cu toate acestea, în cazurile de ITC reziduale şi
micrometastaze, precizia ecografiei ar trebui interogată cu prudenţă.

neoadjuvant, axilă, ecografie, PET / CT 

Abstract 
In the era of NAT, to accurately predict pathologic response is a great challenge,

which might influence surgical approach for breast and axilla. Axillary staging via imaging
methods as an adjunct have long been used with various reported accuracy rates. However, the
role of preoperative axillary ultrasonography (AUS) in clinical N0 patients after NAT is still 
controversial. The primary goal of the present study was to evaluate the precision of preopera-
tive AUS for identifying pathologic complete response (ypCR = ypT0, ypN0) after NAT. 

A single-institution, retrospective review of a prospectively maintained database 
was analyzed to identify breast cancer patients treated with NAT. Only those patients who
underwent AUS and 18F-FDG-PET/CT before and after NAT with documentation of clinical and
radiological response were incorporated for outcome analysis.

In 253 consecutive invasive breast cancer patients axillary ypN0 disease was achieved
in 67.19%. In 11.23% ynon-pCR patients AUS failed to detect residual disease presence 80% of
which were ITCs and micrometastases. Macrometastasis was present in 21.73% (55/253) of the
cases 98.18% (54/55) of which was determined by AUS. Overall accuracy for axillary pCR was
found to be 89.32% for AUS and 76.28 % for 18-FDG-PET/CT. The false negative rate (FNR) of
AUS and 18-FDG-PET/CT was 12.04% and 15.59%, respectively. The PPV of AUS was higher 
in Luminal-like tumors (%87.69), whereas HER-2 positive (%100) and triple-negative (93.47%)
subtypes had higher NPV. 

AUS is a beneficial tool with the potential of accurate prediction of pCR in more than
80% of patients following NAT. Nevertheless, in cases of residual ITCs and micrometastasis the
accuracy of US should be interrogated cautiously. 

neoadjuvant, axilla, ultrasound, PET/CT
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conservative approaches. With the well-
evidenced data reporting higher morbidity
rates regarding lymphedema after axillary
lymph node dissection (ALND), sentinel lymph
node biopsy (SLNB) has been the major goal to
stage axilla for each breast cancer patient and
replaced ALND in appropriate cases (3,4).
SLNB has been employed as the preferred
choice of care for axillary staging in clinically
node-negative (cN0) cases for more than thirty
years (5). Nevertheless, for locally advanced
patients with clinically positive axillary metas-
tasis (cN1) at the time of initial diagnosis,
SLNB is not an option, which is one of the main
reasons for this group of patients to be optimal
candidates for preoperative systemic treat-
ment. NAT not only serves to de-escalate breast
surgery but also provides the advantage of
omitting axillary dissection for complete
responders turned out to be clinically and
SLNB negative after NAT up to 52.5% (6-8).
However, de-escalation of axillary surgery from
complete ALND to SLNB to stage axilla seems
not to be enough to prevent lymphedema with
a reported rate varying from 3-8% with SLNB
alone and 5-14% with SLNB plus axillary 
radiation therapy (5,9,10).  As SNLB is not risk-
free regarding complications, a great attention
in noninvasive methods of axillary staging
aroused, particularly in the era of NAT and
pathologic complete response (11,12). Clinical
examination with radiologic evaluation 
including ultrasound, mammography, breast
magnetic resonance imaging (MRI) and various
other diagnostic modalities such as positron
emission tomography (PET) scans (18F-FDG-
PET/CT) could be performed to assess the
response rate, relevant to institutional
resources. However, a standard approach to
evaluate pathologic response via imaging is not
currently available.  Diagnostic uncertainties
led surgery to be the inevitable option to prove
pCR in any case with radiologic and clinical CR
with histopathologic evaluation of the specimen
remaining as the gold standard to define
response nature and rate. Nevertheless, the
high pCR rates relevant to molecular subtypes
began to question the leading role of surgery
searching for imaging methods to accurately

predict pCR without performance of invasive
interventions. Axillary staging via imaging
methods as an adjunct have long been used
with various reported accuracy rates.
Sonographic evaluation of the axilla is exten-
sively employed at diagnosis for locoregional
staging. Nevertheless, the reported sensitivity
(27%-94%) and specificity (53%-100%) vary
widely (13,14). On the other hand, 18F-FDG-
PET/CT do not reach sufficient sensitivity to 
be recommended in routine assessment for
detecting residual disease after NAT (15,16).

In this respect, the role of preoperative 
axillary ultrasonography (AUS) in clinical N0
patients after NAT is still controversial. With
the current scientific discussions focusing on
the question about the possibility of omission
of in breast surgery in selected extreme
responders to NAT, the primary goal of the
present study was to evaluate the precision of
preoperative AUS for identifying pathologic
complete response (ypCR = ypT0, ypN0)
after NAT. As a secondary endpoint the 
comparison with respect to 18 FDG-PET-CT
and clinical physical examination was 
performed. The effect of molecular subtypes on
sonographic prediction was also analyzed.

Patients and Methods

A single-institution, retrospective review of a
prospectively maintained database was 
analyzed to identify breast cancer patients
treated with NAT. 

Patients with biopsy-proven non-metastatic
invasive breast cancer who were decided to
receive NAT by multidisciplinary tumor 
board were included. Only those patients who 
underwent AUS and 18F-FDG-PET/CT before
and after NAT with documentation of clinical
and radiological response were incorporated
for outcome analysis.

Primary outcome of the current study was to
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analyze the diagnostic accuracy of AUS evalua-
tion (negative predictive value) on detecting
pathologic complete response (ypCR = ypT0,
ypN0) in the axilla after NAT.  

Secondary outcome included the evaluation
of the precision of 18F-FDG-PET/CT for the
same purpose and to determine the superiority
of the modality which serves better after NAT
as well as the, the estimations of in breast
tumor response to NAC and correlation with
axillary downstaging regarding molecular
subtypes were analyzed.

The eligible patients for inclusion at admission
had AUS and 18F-FDG-PET/CT. Breast MRI
imaging was not obligatory but permitted.
Histopathologic diagnosis was confirmed by
US-guided core biopsy and distant metastasis
was ruled out by systemic screening in each
patient. Tumors and patients with a pathologi-
cally confirmed N1 disease at initial diagnosis
underwent ultrasound guided clip (Geotek
PEEK® titanium spiral) placement of metastatic
lymph node which was excised during SLNB
procedure before NAT initiation according to
standard institutional protocol. NAT regimens
were decided by institutional multidisciplinary
tumor board after their initial diagnosis and
staging at admission. After completing their
NAC, each patient underwent clinical exam,
AUS and 18F-FDG-PET/CT as minimum
requirements to assess the clinical response and
to rule out metastatic spread before surgery.

All patients received a B-mode ipsilateral 
and contralateral AUS before and after the
completion of NAT ( ). As an institutional
standard, in addition to radiologists, an 
experienced breast surgeon who performed the
surgical operation did all study-related, real
time B-mode AUS examinations both at pre,
and post-NAC setting. All patients were
scanned with 6 to 12-MHz high-frequency 
linear array transducer (Hitachi HI Vision 5500
system, equipped with color Doppler; Hitachi,
Tokyo, Japan). Axillary lymph nodes were
interpreted, as "normal" if specific sonographic
characteristics which were commonly associated
with metastatic involvement were not present.
The nodes with suspicious appearance were
defined as “abnormal’’ and it was noted if no
lymph node was visualized after NAT. On the
basis of sonographic features defining morpho-
logic appearance with relation to cortical and
hilar status, the classification of the nodes 
were done accordingly: nodes with invisible
hyperechoic cortex and with a hypoechogenic
cortex thinner than 3 mm were accepted as 
normal. On the contrary, thicker hypoechogenic
cortex (≥ 3 mm), hypoechogenic cortex with
complete or focal lobulation and loss of
echogenic fatty hilum in a hypoechogenic node
were recorded as abnormal. Additionally, 
nodes with rounded shape, eccentric cortical
thickening and long-to-short diameter ratio ≤ 2
were deemed to be abnormal (17-22).

Figure 1. Diagnostic 
characteristics 
of AUS after NAT
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18F-FDG-PET/CT scans were performed to
each patient at the initial diagnosis and after
the completion of NAT. The same morphologic
criteria defined as abnormal were applied to
PET-CT evaluation. Focal 18F-FDG uptake
with a greater intensity than that of normal
background on PET image was accepted to be
indicative for metastasis. Treatment response
was classified as complete, partial, and none.
Axillary nodes with normalized appearance
were classified as not metastatic if there was
lack of FDG activity, as suspicious if some of
the suspicious features regressed, and as
metastatic if there was no change in pre-NAT
status or progression of the imaging appearance
and nodes with increased FDG uptake and
greater SUV values when compared to adjacent
normal tissue (23). 

Patients were selected for SLNB based on the
restaging following NAT. All patients with
abnormal LN on AUS and a tissue diagnosis
confirming the presence of metastasis were
advised to have ipsilateral axillary dissection
after NAT. SLNB was performed to patients
with clinically and radiologically negative axilla
with a technique of dual agent mapping via
patent bule dye and filtered Technetium-99M
sulfur radiocolloid, aiming to achieve at least 3
SLNs. In the morning of the operation,
patients were injected radioactive isotope, 40
mbeq in the periareolar four quadrants of the
breast and static and flow lymphoscintigraphic
images were obtained. The operations were 
performed by a specialist breast surgeon and
intraoperative real-time sonographic imaging
was performed in each case. In the operating
room after anesthetic induction patients
received a 2 mL injection of isosulphan blue
dye (Patent Blue 2.5%, Gazi-Ankara, Turkey)
sub-dermally in four quadrant fashion around
periareolar region. Before making axillary
incisions, intraoperative real time sonography
was conducted to visualize the nodes marked

with the clip and the clipped nodes were
excised in all cases independent of being
marked with the dye or radiotracer. The
absence of the clip in the specimen radiography
warranted a second look imaging to capture the
overlooked lymph node. A gamma probe
(Euoroprobe 3, Eckbolsheim, France) was used
to identify SLNs. As the SLNB procedure 
completed, the number of SLNs gathered from
each patient was noted. Frozen section analysis
of SLN was standard per protocol. For positive
cases complete axillary lymph node dissection
was warranted at the initial surgery or as a
secondary intervention in case of lymph node
metastasis in permanent section analysis.
Histopathological analysis with immuno-
histochemical staining were done to all 
surgical specimens.

Pathological complete response (pCR) was
defined as the confirmation of absence of 
in-situ or invasive cancer cells in any axil-
lary lymph nodes (ypN0) histopathologically.
Post-NAT axillary lymph node status was
termed as yN micromet. and yNitc when
there were micrometastases and isolated
tumor cells. 

Variables analyzed included age, body mass
index, menopausal status, tumor diameter,
grade, histologic type, hormone receptor 
status, HER2 expression, SLN detection rate,
pathologically positive SLN, and completion
axillary dissection. Intraoperative data
included SLN localization, number of SLNs
excised, and means of SLN identification.
Surgical pathology was reviewed, and breast
cancer staging was assigned based on the 8th

edition of the American Joint Committee on
Cancer (AJCC) staging system. Positive 
predictive value (PPV), negative predictive
value (NPV), sensitivity, specificity and 
accuracy of preoperative AUS and 18-FDG
PET to predict residual nodal disease were
calculated.
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Categorial variables were presented as number
and percentage. Mean and standard deviation
values and median with interquartile range was
also reported. Regarding study outcomes, AUS
and 18FDG PET/CT data were compared to
results of SLNs via histopathologic assessment.
The diagnostic accuracy of AUS and 18FDG
PET/CT for axillary residual disease prediction
was given as negative predictive value (NPV).
The FNR of the AUS was calculated due to the
proportion of node-positive cases (ypN+) at the
permanent histopathologic report with negative
AUS. Negative predictive value (NPV) was 
calculated according to the standard formula:
TN / TN + FN. 

Results 

Between January 2014 and December 2018,
253 consecutive invasive breast cancer patients
treated with NAT and had standard breast and
axillary nodal surgery were identified from a
prospective database of breast cancer cases
diagnosed at Zonguldak Bulent Ecevit
University The School of Medicine (Zonguldak,
TR) and the data collected was retrospectively
analyzed. The demographic, clinical and 
histologic characteristics of the cohort are 
summarized in . Of those patients, final
histopathologic analysis confirmed that 102
(40.3%) patients achieved pCR and all of whom
had a corresponding clinical complete response.

and show the tumor clinical and
imaging features, response to NAT and the type
of surgery performed on breast and axilla.

Among 134 patients with clinical negative
axilla and initial nodal US demonstrating N0
disease, 56 patients (41.8%) had a breast pCR
and all of these cases showed no evidence of
clinical and sonographic axillary lymph node
metastases after NAT. All of these patients
underwent SLNB, the median number of 

Table 1. The demographic, clinical and histologic 
characteristics

Study Population (n=253)n (%)
Age (years) 23-76 (median 54 y)
Menopausal status

Premenopause 140 (55.3)
Postmenopause 113 (44.7)

Histologic type
Ductal 218 (86.2)
Lobular 35 (13.8)

Molecular subtype
Luminal A 30 (11.8) 
Luminal B 118 (46.6)
Her-2 + 40 (15.8)
Triple negative 65 (25.8)

Grade
Grade 1 25 (9.8)
Grade 2 40 (15.7)
Grade 3 166 (65.8)
Unknown 22 (8.7)

Ki-67 
Side
Left 108 (42.6)
Right 145 (57.4)

Focality 
Unifocal 204 (80.5)
Multifocal 35 (13.8)
Multicentric 9 (3.5)
Unknown 5(2.1)

Pre NAT staging  Post NAT staging 
(n=253) (%) (n=253) (%)

Clinical exam positive nodes 
Yes 119 (47.03) 61 (24.11)
No 134 (52.96) 192 (75.88)
Unknown 0 0

AUS positive nodes
Yes 132 (52.17) 100 (39.52)
No 121 (47.82) 153 (60.47)
Unknown  0 0

PET/CT positive nodes 
Yes 98 (38.73) 116 (45.84)
No 121 (47.82) 127 (50.19)
Suspicious 34 (13.43) 10 (3.95)

Table 2. Clinical and imaging outcomes

Study cohort (n= 253), n (%)
Breast Surgery 

BCS 194 (77.7)
Mastectomy 59 (23.3)

Axillary Surgery 
SLNB 170 (67.2)
ALND 83 (32.8)

Breast pathology 
yT0 (including DCIS) 107 (42.3)
yT1-T3 146 (57.7)

Axillary pathology 
yN0 170 (67.2)
yN ITC 13 (5.1)
yN micromet. 15 (5.9)
yN1-3 55 (21.7)

pCR for both breast and axilla 102 (40.2) 

Table 3. Surgery – final pathology
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harvested sentinel nodes was 4 (IQR: 2-5). Of
these, frozen section analysis revealed suspicion
for malignancy in 4 patients which turned out to
be benign in permanent section and ITCs or
micrometastases was determined in totally 20
(14.9%) and micrometastases was found in 21
(15.6%) out of 134 patients. Intraoperative US
determined in breast pCR in all 56 patients
and AUS accurately identified pCR in 96.4%
(54/56) of these cases. 18F-FDG-PET/CT 
identified breast pCR in 94.6% (53/56) and
axillary pCR in 89.3% (50/56) of cases. For
patients who were clinically N0 at initial diag-
nosis and remained clinically N0 post-NAT,
AUS accurately predicted axillary pCR in 89
out of 93 patients (95%) who are confirmed to
have pCR via SLNB. FNR of AUS was 9.75 %.

For 119 patients with initially clinically and
pathologically nod positive disease, 77 (64.75%)
patients had pCR in the axilla. 88.2% (45/51) of
patients with breast pCR had axillary pCR 
disease after NAT. ITCs or micrometastases
was determined in totally 8 (6.7%) and
micrometastases in 34 (28.5%) out of 119
patients. AUS accurately predicted pCR in
83.1% (64 out of 77) of patients. In 42 axillary
ynon-pCR patients AUS and PET-CT detected
residual disease presence in 85.2% and 88% of
patients, respectively. The sensitivity, specificity,
positive predictive value and negative predictive
value to predict axillary ypCR for AUS was 83%,
85%, 91% and 73%.  FNR of AUS was 14.28%.

However, 18F-FDG-PET/CT correctly identified
pCR in 52 out of 77 patients (67.5%) who were
converted from cN1 to ypN0. The sensitivity,
specificity, positive predictive value and 
negative predictive value for 18F-FDG-PET/CT
was 67%, 66%, 78% and 53% ( ). 

Axillary ypN0 disease was achieved in 170
(67.19%) patients. In 10 out of 83 (11.23%)
ynon-pCR patients AUS failed to detect residual
disease presence, 8 (80%) of which were ITCs
and micrometastases. Micrometastases was
present in 21.73% (55/253) of the cases. AUS
determined macrometastatic disease in
98.18% (54/55). Overall sensitivity, specificity,
PPV and NPV for prediction of overall pCR
after NAC was found to be 89%,92%,88%,92%
for US and 82%,79%,73%,86% for 18F-FDG-
PET/CT, respectively. The PPV of AUS for 
predicting axillary status was 81.11% and for
18 FDG-PET-CT was 60.5%. Overall accuracy
for axillary pCR was found to be 89.32% for
AUS and 76.28 % for 18-FDG-PET/CT. The
false negative rate (FNR) of AUS and 18-FDG-
PET/CT was 12.04% and 15.59%, respectively. 

Tumor biology is the mainstay of response to
NAT. Accordingly, axillary shrinkage was also
calculated for the various molecular subtypes.
Seventy-seven patients (64.7%) patients with

Figure 2. Diagnostic 
charactersitics 
of 18 FDG-PET-CT
after NAT 
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N1 disease experienced axillary downstaging
after NAT. In all cohort, by molecular subtype
16.65% (5/30) in Luminal A, 66.94% (79/118) in
Luminal B, 95 % (38/40) in HER-2 + and
73.8% (48/65) in triple negative breast tumors
was ypN0. The PPV of AUS was higher in
Luminal-like tumors (%87.69), whereas 
HER-2 positive (%100) and triple-negative
(93.47%) subtypes had higher NPV ( ).
The variation of accurate response prediction
was not evident for PET-CT regarding 
molecular phenotype. 

Three patients were lost to follow-up. Three
(1.18%) patients had an ipsilateral breast
recurrence at a median period of 25 months
after diagnosis. One (0.3%) patient had 
contralateral breast cancer. Two (0.7%)
patients had isolated axillary recurrence (both
of whom were cN1 at diagnosis and converted
to cN0 after NAT), one (0.3%) patient 
developed bilateral supraclavicular node
metastasis, none of these patients died.

Discussion

Individualized breast cancer management
becomes an established paradigm currently.
Nevertheless, tailored axillary approach 
persists as a matter of debate, particularly
after NAT. The major reason responsible is the
absence of accurate staging method with
acceptable validity. In accordance, non-
invasive imaging techniques with higher 
predictive power about axillary status evoked
great enthusiasm above researchers. 

Surgical approach to the breast after NAT
is a well-established issue that is tailored
based on the pattern and the rate of response

to treatment. However, there is no global 
consensus about the management of the axilla
which is still mastered by the nodal status at
initial diagnosis. Either clinically node-
negative or positive, breast cancer patients
before NAT may harbor nodal metastases up
to 88% depending on tumor biology and
patient factors at the completion of the protocol
(24). The lower nodal positivity rate reported in
randomized trials and institutional series in
patients treated with NAT compared to those
experiencing initial surgery raises interest
about less invasive but more accurate axillary
staging strategies after NAT. The last three
decades witnessed a significant paradigm
shift in nodal evaluation techniques, with a
trend toward more conservative and less 
radical dissections. SLNB became the gold
standard method for nodal staging in patients
with clinically node-negative (cN0) disease
after NSABP B-32 (5). Later on, ACOSOG
Z0011 trial confirmed the safety of SLNB
alone in conjunction with adjuvant whole-
breast radiation for women with less than
three positive SLNs and tumors smaller than
5 cm. undergoing breast conservation, thereby
omitting ALND for 84% of SLNB-positive
cases (25). However, a significant concern in
identifying noninvasive and oncologically safe
strategies to establish nodal status persists as
a fact. The role of axillary imaging to identify
disease in the axilla that may be down-staged
in patients with initially cN1 disease remains
uncertain. Clinical issues about the accuracy
and false negative rate (FNR) of SLNB 
after NAT in initially node positive patients
has been addressed via prospective studies
reporting required circumstances to achieve the
FNR below 10%, which is the accepted upper
cut off limit currently (1,26-29). These trials
recommended dual agent mapping (with
radiocolloid and dye), at least three sentinel
node removal and immunohistochemical
analysis to increase the accuracy of SLNB in
this specific population to overcome concerns
about the long-term safety of this approach
(26-29). However, the safety of SLNB after
NAT as the standard procedure has been 
confirmed with 10-year follow-up data of

Table 4. Diagnostic characteristics of AUS according 
to molecular subtype 

Molecular Subtype PPV* NPV** Accuracy
(N) (%) (%) (%)
Luminal like tumors (148) 87.69 91.5 89.86
HER-2 (+) (40) 33.3 100 90
Triple negatives (65) 73.68 93.47 87.69
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cN1/2 patients who become cN0 after NAT
without worse outcome (30). Moreover, various
randomized trials have demonstrated that all
these efforts to reduce FNR does not possess
clinical significance regarding prognosis (31-33).
In order to achieve the goal to have a FNR
below 10%, we applied standard institutional
protocol for all our NAT patients, which
includes clipping the positive node before NAT,
mapping with dual agent and retrieving at
least 3 SLNs with a median number of 4 in the
presented series.

AUS has long been in clinical practice to
assess the axilla as a part of the diagnostic
evaluation in breast cancer. The major concerns
about the nature of the sonography including
operator-dependance has been partially 
eliminated via the superior efficacy for 
superficial structures when compared with
other imaging modalities in the axilla and
termed as accurate enough for routine clinical
use (34).  Additionally, AUS has the advantages
of reproducibility, cost-effectiveness, real-time
imaging, and lack of ionizing radiation (14).
The results from the American College of
Surgeons Oncology Group Z1071 Trial
(Alliance) with a FNR of 9.8% with the 
combination of axillary ultrasound (AUS) and
SLNB has been proposed to be acceptable for
the adoption of SLNB surgery for women with
node-positive breast cancer treated with NAT
(17). Identifying residual nodal disease after
NAT is one of the most enthusiastic and 
evolving issues promising revolutionary 
paradigm shift in clinical practice. AUS has
been found to be beneficial for nodal response
assessment (21). Nevertheless, most of the
published data on the US features of regional
nodes are from patient cohorts that did not
receive NAT and a standardized lexicon with a
validated categorization regarding pathologic
features of lymph nodes that should be 
considered as positive after NAT does not
exist. To date, no universally accepted guide-
line has been employed on imaging criteria for
the abnormal lymph nodes. In the present
study a second look AUS was performed by an
experienced breast surgeon with breast US
certification on the operation day after NAT in

addition to radiologist’s assessment and the
nodes were classified as normal (yrN0) or
abnormal (yrN1) regarding basic sonographic
features, which provided quantitative analysis
to decrease selection bias. Nevertheless, the
FNR of AUS was found to be 12.04% in the
presented series, which is in accordance with
ACOSOG Z1071 trial (28). It merits considera-
tion to emphasize that most of these cases were
found to have ITC and micrometastases 
without macrometastasis which interrogates
the efficiency of US for patients with cN1
before NAT and converted to cN0.   

The axillary lymph node status determines
the most appropriate treatment plan for 
individual patient. In literature, however,
AUS has an unfavorable reputation with 
historically broad range of false-negative rates
(35,36). Accordingly, it has been considered
neither sufficient, nor efficient to exclude 
axillary lymph node metastases. However, a
2011 meta-analysis by Houssami et al. reported
a 79.6% sensitivity, 98.3% specificity, and 97.1%
positive predictive value for AUS with FNA or
core-needle biopsy (37). Moreover, recently,
AUS has been reported to accurately exclude
clinically significant axillary lymph node 
disease in patients with clinical T1-T2, N0
breast cancer and proposed AUS as an 
alternative to SLNB (38). In accordance with
the abovementioned study, the current data
confirms that the performance characteristics
of AUS are excellent, with a NPV of 92% after
NAC, which is superior to 18 FDG-PET-CT for
cN0 patients. The higher sensitivity with the
lower specificity of AUS to predict residual 
disease was demonstrated in literature 
comparing AUS with MRI and 18 FDG-PET-
CT, in one of the largest trials US achiving the
highest accuracy (13,39,40). Similarly, when
compared with 18 FDG-PET-CT, overall 
accuracy for axillary pCR was found to be
higher for AUS (89.32% vs 76.28 %) in our
series. In a recent systematic review by
Banys-Paluchowski et al. AUS was found to
improve the prediction of axillary status after
NAT in comparison to physical examination
(41). In accordance, we determined that the
result of AUS informing residual disease
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which was discordant to physical examination
was confirmed via histopathologic analysis of
SLNB in 15.41% of patients in our series, 
supporting the hypothesis that physical 
examination alone is not sufficient to 
accurately assess axilla after NAT and may
lead to underdiagnosis. In C arm of the
SENTINA trial, the rate of patients harboring
one or more metastatic lymph nodes was 38%
with initially node positive disease and 
converted to node-negative based on clinical
examination and US after NAT (26). In our
population with similar re-staging after NAT,
axillary residual disease rate was 35.25%. Our
data demonstrated that the diagnostic 
accuracy of AUS should be interrogated 
separately for patients presented with cN0
and cN1 disease before NAT with a FNR of
9.75% and 14.28%, respectively. The rate of
ITCs and micrometastases on SLNs might be
the rationale behind this issue, which is
strongly dependent to the molecular subtypes
of patients presented with axillary disease for
whom the highest complete response rates
could be achieved in HER-2 positive and triple
negative cases. Accordingly, we support the
idea that AUS might represent a potential
alternative to SLNB for re-staging of the 
axilla in ypN0 breast cancer. This hypothesis
about the role of AUS for axillary staging is
being evaluated by currently ongoing trials,
namely SOUND, INSEMA and BOOG (42-44).
The accrual is currently completed in SOUND
trial, in which patients with T1 breast cancer
and negative AUS are being randomized to
observation alone or to SLNB (42). Together
with the data of ongoing INSEMA and BOOG
2013-08 trials, the omission of SLNB in 
clinically node negative patients would be on
stage, however it worths notifying that the
lack of pathologic lymph-node status data on
adequate decision-making process about 
adjuvant treatments might be an obstacle.
Moreover, the inter-observer variability of US
with reported low sensitivity requiring great
necessity of improving technical capabilities of
diagnostic imaging which would be possible
via the integration of artificial intelligence 
and radiomics to conventional diagnostic

modalities, are the drawbacks to be addressed.  
The accurate post-NAT axillary evaluation

irrelevant to the status at diagnosis to decide
on the optimal surgical approach is of 
paramount importance. As demonstrated in
our series, 64.75% of patients with cN1 
disease at presentation converted to cN0 and
underwent SLNB for whom AUS was capable
of predicting pCR in 83.1%, superior to 18
FDG-PET-CT (67.5%). This data is consistent
with literature supporting the feasibility of
SLNB after NAT regardless of axillary status
at diagnosis (45,46).  Galimberti et al. reported
10-year follow-up data of their experience on
SLNB after NAT with an axillary recurrence
rate of 1.6% for cN1-2 patients who became
cN0 post NAT and survived without disease
(45) which is comparable with our data (1.68%
(2/119)). Moreover, no significant survival 
difference between the cN0 and cN1 (before
NAT) patients who underwent SLNB was
shown by Martinelli el al. (46). 

Another important issue to be discussed
about the response is the tumor biology which
would directly impact the de-escalation of in
breast and axillary surgery. A significant 
correlation of in breast and axillary complete
response to NAT depending on molecular 
subtype, especially in HER-2 positive and
triple negative tumors, has been reported in
literature (47-49). In accordance with the data
of Esgueva et al., in 94.39% (101/107) of
patients without residual disease in breast
achieved axillary complete response in our
series (47). 100% of patients with cN0 and
88.1% of patients with cN1 who achieve breast
complete response presented with ypN0 after
NAT, similar to reported rates in literature
(47-49). Accordingly, it might be rational to
primary focus the discussion about omission of
surgical axillary staging on this subgroup of
patients. In HER-2 positive and triple 
negative tumors receiving NAT, ALND was
found to be lower when compared to patients
with primary surgery (50). Similarly, in our
series, the best responders for either breast or
axilla were Her-2 positive and triple negative
tumors (92.5 % and 69.2%, respectively).
Hence, it is a matter of fact that patients with
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abovementioned molecular subtypes would
extensively benefit from NAT and converted to
ypN0 even if presented with clinically
advanced axillary disease. Di Micco reported
that AUS showed the highest accuracy (69.3%)
in re-staging axilla after NAT when compared
to clinical examination (60%), breast MRI
(64.6%) and 18-FDG PET (56%) with a staging
power depending on tumor biology (39). In
accordance, the accuracy of AUS (89.32%) was
superior to 18-FDG PET (76.28 %) in our
series. Diagnostic imaging modalities possess
diverse accuracy rates regarding molecular
subtypes. US has been reported to have high
PPV in Luminal-like tumors and very high
NPV in HER-2 positive and triple-negative
subtypes (39). On the other hand, Peppe et al.
reported the highest PPV in HER-2 negatives
and the highest NPV in HER-2 positives (34).
Baumgarten et al. reported a NPV of 75.0% in
triple negative subtypes which was highest in
their series of 50 patients, concluding that
molecular subtypes affect diagnostic precision
of AUS and pathologic outcome (51). In the
presented series, PPV of AUS was higher for
Luminal like tumors (87.69%) when compared
to HER-2 positive types (33.3%), whereas 
NPV was higher for HER-2 positive and 
triple negative subtypes (100% and 93.47%).
Accordingly, it is rational to hypothesize that
tumor biology guided surgical decision making
would be one of the masterpieces of precision
medicine in the nearest future when high 
volume series analyzing the accurate power of
diagnostic tools regarding genomic signatures
shed valuable light on this issue.

Since predicting the status of axilla after
NAT is still a matter of debate, a recent multi-
parametric nomogram proposed by Kuhn et al.
aiming to optimize axillary staging revealed
tumor biology was the strongest parameter
(52). Our data in accordance with literature
supports the current paradigm that tumor
biology not only serves the major role in NAT
response which is crucial for prognosis but
possesses a great value on accurate staging
efficiency of diagnostic imaging modality
which is a must for optimizing loco-regional
surgical decision making. 

The presented standard institutional 
algorithm for patients receiving NAT 
including dual agent mapping, clipping the
confirmed N1 node(s) and preoperative 
surgeon performed AUS to demonstrate the
pathologic and clipped node provided a SLNB
yield in 67.2% of patients with a median 
number of 4 SLNs and only 11.06% of ALND
requirement due to clinically obscure disease
meaning sparing an large number of cases
from the devastating effects of extensive 
axillary surgery among patients presenting
with nodal metastases. Similarly, Mamtani et
al. reported that 68 % of the N1 patients
became eligible for SLNB after NAT and 48 %
of them spared ALND, supporting the role of
NAT in reducing the need for ALND (53). In a
recent metanalysis by Samiei et al. evaluating
diagnostic performance of noninvasive imaging
for assessment of axillary response after NAT in
cN1 breast cancer revealed similar pooled
PPV, and NPV for 18F-FDG PET-CT (78% and
49%) with our series (78% and 53%) which is
in accordance with the fact that 18F-FDG
PET-CT provides more standardized and solid
values based on metabolic activity with SUVs
(48). Nevertheless, for AUS, the pooled 
sensitivity, specificity, PPV, and NPV were
65%, 69%, 77% and 50%, respectively, all of
which were lower than our findings (83%,
85%, 91% and 73%) supporting the crucial
importance of the sonographer which might
improve the limitations regarding operator
dependence. The surgeon performed axillary
assessment after NAT via integrating 
sonography to routine clinical examination not
only increases the diagnostic accuracy of US in
this setting but might serve to decrease the
FNR of SLNB in restaging the axilla via 
omitting ycN0 patients who are in fact ypN1,
on the first hand before surgery.   

Regarding possible de-escalation of axillary
surgery after NAT, mention should also focus
on the debated issue of value of axillary 
residual tumor burden compared to the status
at diagnosis. One of the most important 
questions to be answered is the importance of
detecting ITCs and micrometastases after
NAT which is recommended as an absolute
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indication for ALND. In our series 11.06% of
the patients required ALND due to ITCs and
micrometastases in SLNB, only 7.14% (8/28)
was predicted by AUS and 18-FDG PET-CT
which supports the fact that reduced metabolic
activity due to lower residual tumor burden
might be out of the limits of the diagnostic
capacity of these modalities. The response to
NAT and the burden of residual disease
impacts survival. However, for cN1 patients
before NAT with nodal status ypN0 or
ypNITC/mi have been reported to have similar
prognosis regarding disease free and overall
survival when compared to ypN1-3 disease
(54). Moreover, for HER-2 positive and triple
negative patients who are excellent responder
to NAT, the question of complete omission 
of axillary surgery for staging deserves 
consideration. Nevertheless, the prognostic
value of microscopic axillary residual disease
needs to be addressed via further prospective
research, particularly regarding the molecular
subtypes.

To date, no non-invasive diagnostic imaging
modality has been established as an acceptable
alternative to re-stage axilla after NAT and
replace SLNB in patients converted or
remained clinical and radiologically node 
negative. As we mentioned above, lower 
disease burden in the axilla does not reflect as
worse prognosis. AUS would be the most 
preferred modality of choice providing superior
results in terms of NPV and FNRs in dedicated
and experienced hands and is capable of 
detecting macrometastasis which is more 
relevant to prognosis. In the presented series
AUS determined macrometastatic disease in
98.18% and ITCs and micrometastases in
68.18% cases. 

There are various limitations of the 
presented study. Although the data was 
collected prospectively according to our 
institutional protocol, the retrospective
nature, single institutional series, relatively
short follow-up period and the lack of 
comparison with other imaging modalities
including MRI are the weak sites. Moreover,
the integration of newer generation sono-
graphic software’s like elastography would

have the advantage of decreasing FNR rates
and would be the topic of further studies. 

Conclusion

Change is coming to surgical management of
axilla and forcing us to reconsider less 
invasive methods for re-staging. De-escalation
of axillary surgery is inevitable just like the
more conservative in breast approaches
employed in the last three decades. The 
question is to accurately determine a subgroup
of selected patients that we could even omit
surgical axillary staging. The replacement of
SLNB with a non-invasive counterpart that
surpasses the accuracy of SLNB to be a gold
standard with superior FNR and NPV, is thus
called for. We are stepping into an era of 
precision medicine and all of the treatment
algorithms should be mastered by tumor 
biology and genomics of each patient.
Noninvasive nodal restaging after NAT, 
particularly in cN1 patients remains as a big
puzzle for physicians. However, a profound
desire to establish less invasive, more 
accurate, yet oncologically safe, strategies to
predict nodal status persists. Time is up for
individualizing management of the axillary
nodes after NAT and consider this paradigm
change as the prime player in the era of 
precision medicine. Individual ability, technical
skills and experience in AUS with the profound
help of artificial intelligence would be able to
improve FNR and provide accurate staging
after NAT. Until then, surgical assessment
seems to continue its leadership in this era.  
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