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Abstract

We summarize important clinical advances that have led us to today's surgical management of breast cancer and pave the

way to new levels of de-escalation in breast cancer surgery.
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ITC-isolated tumor cells,
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SLNB-sentinel lymph node biopsy,

TAD-targeted axillary dissection,
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Introduction

Complete axillary lymph node dissection
(CALND), involving the removal of potentially infiltrated
lymph nodes from levels I and II of the axilla [1,2], was the
most relevant prognostic factor for risk estimation in breast
cancer through the late 1990s [3-5]. The less invasive
sentinel lymph node biopsy (SLNB) procedure, which uses
a vital blue dye and/or 99m technetium sulfur colloid to
identify the first lymph node draining from the tumor, was
introduced in 1993 [6-8]. We review the implications of clin-
ical trials that led to present-day diagnostic and therapeutic
approaches to the axilla and pave ways to improved treat-

ment of breast cancer.

Clinical Trial Records
Axillary Node-Negative Invasive Breast Cancer

Several carefully designed multicenter clinical
trials (Z0010, NSABP-32, ALMANAC) from early 2000,
converged on the establishment of sentinel lymph node
biopsy (SLNB) as the treatment of choice for early-stage

breast cancer patients with clinically negative nodes [9-12].

Axillary Metastatic Disease in Invasive

Breast Cancer
a) Isolated tumor cells or Micrometastases

A similarly renowned clinical trial (IBCSG 23-01)
confirmed that CALND is not required for patients with oc-
cult sentinel lymph node (SLN) metastases [13,14].

b) Macrometastases

A pioneer clinical trial from the early 1970s
(NSABP B-04) studied the outcome of total mastectomy
with and without radiation therapy in patients with clinical-
ly negative nodes and found no significant difference in dis-
ease-free survival and mortality for any treatment regimen
used. The only significant finding was a greater incidence of
treatment failure and mortality in patients with clinically
positive nodes [15,16]. The host of clinical trials that fol-
lowed refined most clinical practices in the surgical treat-

ment of breast cancer. ACOSOG Z0011 assessed the omis-
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sion of CALND in women with clinically node-negative axil-
la who underwent breast-conserving surgery (BCS) [17,18]
and concluded that CALND can be omitted in patients with
T1-2 tumors and with up to two metastases on SLNB with-
out extra-nodal extension [19-21]. AMAROS (After Map-
ping of the Axilla: Radiotherapy or Surgery) compared

CALND with SLNB plus axillary and supraclavicular radio-
therapy in T1-2 early breast cancer patients with positive
SLNB and found that cases with clinically negative nodes
but positive SLN(s) could forgo CALND and receive axil-
lary radiation with less morbidity [22]. OTOASOR (The Op-
timal Treatment of the Axilla - Surgery or Radiotherapy)
found no significant difference in axillary recurrence of
CALND (2%), radiotherapy (1.7%) and overall survival
with a mean follow-up of 97 months. Arm morbidity was
higher in the CALND group (15.3%) than in the radiothera-
py group (4.7%) after one year of radiation treatment at the
axillary levels, supraclavicular, and + internal mammary
nodes [23]. ACOSOG Z1071 enrolled women with biop-
sy-proven clinical stage T0-T4, N1, or N2 breast cancer, to
determine the false-negative rate of SLNB in originally
node-positive patients following neoadjuvant chemothera-
py (NAC) [24]. The majority of patients had mobile lympha-
denopathy at presentation, i.e., clinical stage N1, and follow-
ing neoadjuvant treatment, over 80% of those had no residu-
al palpable axillary nodes. The study protocol stipulated
that at least two sentinel nodes should be removed, after
which an CALND was performed. While 93% of patients
had at least one sentinel node identified, only 79% met the
criteria for the removal of two sentinel nodes, followed by a
CALND. ¢cNI1 patients with at least two sentinel nodes re-
moved, had a false-negative rate of 12.6%. A reduction in
false-negative rate was evident as the number of sentinel
nodes removed increased, dropping to the clinically accept-
able rate of 9% only upon removal of three or more nodes.
The false-negative rate was also low (11%) when both blue
dye and radio colloid tracers were used for axillary mapping
[14,24]. SENTINA (SENTInel Neo Adjuvant) enrolled both
clinically node-negative and node-positive patients before
neoadjuvant chemotherapy (NAC) [25]. These patients re-
ceived a post-neoadjuvant SLNB followed by CALND. Un-
like the Z1071 trial, a biopsy of clinically or radiologically
suspicious axillary nodes was recommended. The overall

sentinel node detection rate was 80%, with a false-negative
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rate of 14%. Just like in ACOSOG Z1071, the false-negative
rate varied according to the number of sentinel nodes re-
moved: 24%, one node; 18%, two nodes; and less than 8%

when three or more nodes were removed [14,25].

Clinical Implications and Recommenda-

tions

Early Breast Cancer
a) Clinically Negative Nodes

From its introduction [8,26], SLNB with an identi-
fication rate of over 90% [27-31] became rapidly the stan-
dard procedure for early-stage breast cancer patients with
cT1-2 negative axillary nodes. Women without SLNB metas-
tases should not receive CALND. Surgeons who perform
SLNB however, should be cautious of rare, less than 10%,
false-negative rate cases, because of their higher axillary re-
currence and inappropriate staging probabilities. Axillary re-
currence after a negative SLNB is generally an early event,
occurring within the first five years after surgery [32]. Meta--
analyses recorded an axillary recurrence of 0,3% after a me-
dian follow-up of 34 months [33], which increased to 0,7%
after five years and to 0,8% after 10 and 15 years from

surgery [32].
b. Clinically Positive Nodes

b. 1) Micrometastases: Initial guidelines recom-
mended a CALND when micro-metastases were found.
However, studies showed that with modern adjuvant thera-
py regimens, the additional surgical treatment of the axilla
confers no advantage to overall survival or disease-free sur-
vival. Central pathology review of NSABP B-32 trial, identi-
fied isolated tumor cells (ITC) in 11% of nodal specimens
from initially SLNB-negative patients. The absolute reduc-
tion in overall survival of patients with ITC or micro-metas-
tases was only 1.2%. Thus, women with these small-volume
nodal diseases who underwent SLNB plus CALND, had no

survival advantage over those with SLNB alone [14].
b. 2) Macrometastases

b. 2a) Clinically Negative, SLNB Positive Axil-
lary Nodes: Despite arm morbidity, CALND was the stan-
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dard treatment of breast cancer patients with SLNB metasta-
sis until 2011 [34-37]. However, the absence of significant
difference in axillary recurrence, overall survival and dis-
ease-free survival of patients not submitted to CALND who
received axillary radiotherapy, supported the omission of
CALND in SLNB-positive breast cancer patients undergo-
ing breast-conserving surgery or mastectomy, should the ax-
illa be treated with radiotherapy. Furthermore, the lack of
significant difference in axillary recurrence in cT1-2 pa-
tients with up to two metastases on SLNB without extra-no-
dal extension who underwent breast-conserving surgery
without CALND followed by whole breast radiotherapy,
compared with those undergoing CALND, could be attribut-
ed to the tangential radiation effect for the axillary region
during whole breast radiotherapy. In conclusion, axillary
dissection can safely be omitted in patients with up to two
metastatic SLNB and without extra-nodal extension under-
going breast-conserving surgery or in patients with metastat-
ic sentinel lymph nodes undergoing breast-conserving

surgery or mastectomy after adjuvant radiotherapy [38].

b. 2b) Clinically Positive Nodes: The American
Joint Committee on Cancer (AJCC) recommends imaging
studies or clinical examination for the identification of clini-
cally node-positive patients. Axillary ultrasound (U/S) com-
bined with U/S-guided lymph node biopsy is increasingly
being used to assess axillary lymph nodes at the time of pre-
sentation. Preoperative identification of axillary nodal posi-
tivity will select patients with axillary metastases who can
proceed immediately to CALND without SLNB, or com-
mence neoadjuvant systemic treatment aiming to axillary
down-staging. The sensitivity of axillary US is 50% with
25% false-negative ratio [39]. Nonetheless, judicious use of
US-guided axillary staging is required when deciding on the
surgical management of the axilla. As established by the
ACOSOG Z0011 trial, further treatment is not required in
patients with one or two positive axillary nodes. The mere
presence of abnormal nodes on imaging in clinically node-
negative patients is not reliable indicator for the need of
CALND [40]. In conclusion, axillary radiotherapy success-
fully replaces CALND in patients with micro- or macro-me-
tastasis on SLNB,. The arm morbidity rate is significantly
lower in patients with positive SLNB treated with breast
surgery and radiotherapy of the whole breast and axilla. Fur-

thermore, axillary dissection could safely be omitted in pa-
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tients with up to two metastatic nodes on SLNB and with-
out extra-nodal extension, who undergo breast-conserving
surgery and whole breast radiotherapy or in patients with ra-
diotherapy for all three axillary levels, the supraclavicular
fossa, and + mammary internal and/or the whole breast or
chest wall [14]. The diagram in Figure 1 displays the
flowchart of recommended diagnostic and therapeutic inter-
ventions for early invasive breast cancer patients, in accor-

dance to findings from clinical trials.

Management of the Axilla in Special Circum-

stances
Neoadjuvant Chemotherapy

National Comprehensive Cancer Network
(NCCN) guidelines state that SLNB can be performed on se-
lected patients with clinically N1 breast cancer who have
clinically negative axillae after NAC. The SLNB false-nega-
tive rate can be improved by removing more than two
lymph nodes, using dual tracers, or marking biopsied
lymph nodes to document their removal [41]. Following th-
ese rules, the proportion of patients with positive SLNB
who did not undergo CALND after NAC increased from 0
% in 2009 to 10% in 2017 [42]. NAC reduces the need for
CALND and downstages axillary disease and surgical mor-
bidity without increasing loco-regional recurrence risk.
SLNB after NAC accurately represents the status of the axil-
lary lymph nodes and therefore could guide the indication
of CALND. CALND remains the standard treatment for pa-
tients with positive SLNB after NAC. However, it could be
avoided in clinically axillary node-negative or in clinical or
biopsy-proven axillary-positive patients who converted to
clinical node-negative and had at least three negative SL-
N(s) or had any negative sentinel node, if SLNB is per-
formed with dual tracer. National guidelines allow omission
of CALND in cases with known node-positive clinical N1
disease having NAC treatment if a targeted axillary dissec-
tion (sentinel nodes + clipped node) demonstrates a com-
plete pathologic response [43,44]. In patients with positive
SLNB after NAC, axillary radiotherapy instead of CALND
could lead to the conservation of the axilla and thus could
avoid the harmful consequences of CALND [38].
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Targeted Axillary Dissection

The high false-negative rates of SLNB after NAC
in patients with clinically positive axillary nodes in both
SENTINA and ACOSOG Z1071 trials (14.6% and 12.6% re-
spectively) questioned the safety and reliability of SLNB in
this group of patients [24,25]. Therefore, alternative less in-
vasive surgical techniques were evaluated for axillary lymph
node status assessment. Targeted axillary dissection (TAD)
is a new concept for the assessment of axillary status where
a formal SLNB is combined with a targeted lymph node
biopsy (TLNB). In TLNB, at least 1 suspicious lymph node
(target lymph node) is marked before NAC either with an
iodine seed or a clip followed by surgical removal of the
marked lymph node after completion of NAC (44-51). Sen-
Ta, a prospective registry study, tested the safety of TAD
without CALND after NAC in patients with node-positive
breast cancer. Patients with clinically node-positive breast
cancer underwent clipping of the most suspicious lymph
node before NAC. After NAC and TAD, CALND followed
according to the clinician’s choice. Patients who did not un-
dergo TAD were excluded. No difference in invasive dis-
ease-free survival, breast cancer-specific survival, axillary re-
currence, or loco-regional recurrence, and a low false-nega-
tive rate of 4.3% was recorded among 199 study participants
after a follow-up of 43 months. The 3-year distant dis-
ease-free survival was 93.9%, ipsilateral axillary recurrence
occurred in only 1.8% of patients receiving TAD alone, and
no loco-regional recurrence occurred in patients who were
ycNO (ie clinically node-negative after NAC) and ypNO (ie
pathologically node-negative after NAC) with 3 or more
nodes excised in the TAD group (45). So, there is convinc-
ing evidence that axillary staging based on TAD without
CALND is associated with excellent clinical outcomes in se-
lected patients, mainly those with good responses to NAC
and at least 3 TAD lymph nodes. The diagram in Figure 2
displays the flowchart of recommended diagnostic and ther-
apeutic interventions for patients who received NAC as an
induction therapy, in accordance to findings from clinical

trials.
Occult Breast Cancer with Axillary Metastases
Bilateral breast magnetic resonance imaging

(MRI) is the standard imaging diagnostic approach to
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breast evaluation in this patient group. It detects primary
breast cancer in approximately 75% of women with a nor-
mal breast on clinical examination, mammogram and ultra-
sound. These lesions should be subjected to MRI or U/S-
guided biopsy if a suspicious lesion is identifiable. Accurate
localization of the primary breast lesion may facilitate
breast-conserving surgery in some of these patients. The sur-
gical management of the axilla in this setting remains an
CALND. Depending on the hormone receptors profile,
NAC should be considered. Optimal management of the ip-
silateral breast in patients with no primary breast lesion
identification, even after MRI, remains controversial. High
rates of loco-regional failure were observed in patients who
received CALND without treatment to the ipsilateral breast,
implying the need for treatment of the ipsilateral breast. A
small number of comparative, non-randomized trials, re-
corded similar rates of both loco-regional recurrence and
overall survival in patients treated with CALND and mastec-
tomy or CALND and whole-breast radiotherapy [52]. There-
fore, whole-breast radiotherapy is a breast-conserving alter-
native to mastectomy in these patients. The diagram in Fig-
ure 3 displays the flowchart of recommended diagnostic
and therapeutic interventions in patients presented with in-
vasive breast cancer metastatic disease in axillary lymph
nodes without obvious breast lesion (occult breast cancer),

according to findings from clinical trials.

Ductal Carcinoma in Situ

Patients with pure ductal carcinoma in situ
(DCIS) have no risk of lymph node metastases and hence
no need for axillary staging. Pathological assessment of re-
sected specimens revealed that patients who proceeded to
surgery after a breast core-needle biopsy diagnosis of DCIS,
were at risk of upstaging to invasive cancer. The best esti-
mate of upstaging to either micro-invasion or invasive can-
cer is approximately 15%. For patients undergoing a mastec-
tomy for the surgical treatment of DCIS due to either dis-

ease extent or patient preference, an SLNB should be per-
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formed at the time of surgery if final histology reveals inva-
sive disease, at which point an SLNB would not be feasible.
Even in patients upstaged to micro-invasion, the risk of
sentinel node metastases is only 1% [14]. The diagram in
Figure 4 displays the flowchart of recommended clinical
practices for the management of the axilla in patients with

DCIS, according to findings from clinical trials.

Hormone Receptors Positive Breast Cancer

Endocrine therapy is the standard treatment for all
patients with hormone-receptor-positive breast cancer. The
omission of SLNB in women 70 years old or older with
non-palpable axillary lymph nodes treated with endocrine
therapy, does not increase loco-regional recurrence rate and

has no impact on breast cancer mortality [53-56].

Summary of Key Findings and Future Per-

spectives

The diagrams in Figures 1-4 summarize the key
findings from clinical trials and display the recommended
breast cancer treatments in simple flowchart format that
may serve as training primers to medical practitioners. It is
imperative to note, however, that the practicing physician
should adopt case-specific therapeutic approaches to the ax-
illa, in association with patient’s age and tumor features,
like hormone receptor and molecular profiling, along with
patient’s consent following detailed and comprehensive pre-
sentation of suitable therapeutic alternatives, including
CRISPR gene editing options, and their expected outcomes
on patient’s quality of life. In line to breast conserving
surgery, multicenter clinical assessments of axillary conserv-
ing surgery without compromising patient survival and
quality of life, are also gaining pace [57,58]. It is estimated
that the continuous enrichment of medical applications
with modern technologies would significantly improve the
disease-free survival outcome of breast cancer patients un-

dergoing surgical treatment.

JJ Oncol Clin Res 2024 | Vol 5: 102



EARLY INVASIVE BREAST CANCER

I

Planning Initial Surgery

-

& = Tk

Clinically Negative Axillary Nodes Clinically Positive Axillary Nodes
| !
SLNB U/S Guided Lvmph Node Biopsy
P !
Negative Positive MNode Positivity
A/"'r i -.----_'""-t L 4
Macro metastasis CALND or
Micro metastasis or ITC | | -===-----m- -=-- consider NAC
......... Omission of CALND if up to
CALND not recommended 2 positive nodes without
extra-nodal extension,

consider axillary radiation or
whole breast radiotherapy in
breast conserving surgery

Figure 1: Flowchart of recommended diagnostic and therapeutic interventions in early invasive breast cancer patients aiming to de-escalate

axillary surgery

NAC in previously Node Positive Axillary Disease

-
"

P e

e e
Clinically Negative Nodes Clinically Positive Nodes
""_J_,f- '-""-\.\_-___‘-\-..1 !
TAD (SLNB + TLNB*) SLNB CALND or Radiation
*In TLNB, one suspicious ‘L
LN is marked before NAC,
followed by surgical removal Omission of CALND if 3
after comoletion of NAC -
I SLN negatives or one
v SLN negative 1f
performed with dual tracer
Omuission of CALND

if complete response

Figure 2: Flowchart of reccommended diagnostic and therapeutic interventions in patients where NAC had been preceded as induction thera-
py. The new technique of TAD was introduced to reduce the high false negative rates of SLNB
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‘ OCULT BREAST CANCER WITH AXILLARY METASTASIS

¥

Bilateral Breast MRI Imaging

; .
| Suspicious lesion identifiable

|
. |

‘ U/S Guided Biopsy |

|
¥

3 .

Primary Breast

Lesion Found
I

¥
‘ No suspicious lesion identifiable

No Primary Breast
Lesion Found

Consider NAC or Breast
Conserving Surgery +
CALND, followed by

CALND + Ipsilateral
Mastectomy or whole
breast radiation

whole breast radiation

Figure 3: Flowchart of recommended diagnostic and therapeutic interventions in patients presented with occult breast cancer involving inva-

sive breast cancer metastatic disease in axillary lymph nodes without obvious breast lesions

If Mastectomy is planned
proceed to SLNB

DCIS

If Breast Conserving Surgery is
planned or has been performed
consider SLNB only if Histology
identified invasive component(s)

Figure 4: Flowchart of recommended management of the axilla in patients with DCIS. Axillary staging is only indicated if total mastectomy

is planned or when a macro-invasive component is found on Histology

Concluding Remarks

- CALND can safely be omitted in T1-T2 invasive
breast cancer that is clinically node-negative and sentinel-n-

ode negative or has up to two positive sentinel nodes.

- Clinical trials (ACOSOG Z1071, SENTINA)
showed that SLNB following NAC conversion of node-posi-
tive disease to clinically node-negative, is an acceptable

method for axilla staging.
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- National guidelines allow omission of CALND in
known NAC-treated node-positive clinical N1 cases, if TAD
(sentinel nodes + clipped node) demonstrates a complete

pathologic response.

- The promising introduction of artificial intelli-
gence-guided procedures into clinical practice, may radical-

ly transform breast cancer surgery.
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