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Abstract. Background/Aim: Axillary reverse mapping
(ARM) aims to identify and preserve arm drainage in order
to prevent lymphedema following axillary lymph node
dissection. Oncological-safety and feasibility are still
debated, especially in patients with locally-advanced breast
cancer (LABC). We report the first case of the AXMAP 1.0
study performed in our Institution. Patients and Methods: A
52-year-old patient with a triple-negative LABC and partial
response to neoadjuvant chemotherapy underwent axillary
lymph-node dissection using fluorescence ARM. Results: Two
lymph-nodes draining the ipsilateral upper arm were
identified and were not preserved due to suspicion of
malignancy. Pathological examination confirmed the
presence of malignancy in both lymph nodes. Conclusion:
Further studies should be designed in order to validate the
oncological safety of this technique, especially in patients
with LABC requiring neoadjuvant chemotherapy.

Despite advances in treatment, up to 30% of patients with
breast cancer (BC) experience distant disease relapse and
axillary lymph node involvement still remains the most
powerful predictor of distant relapse (1). Traditional axillary
staging consists of Level I and II axillary lymph nodes
dissection (AD). AD aims to accurately establish the
presence of axillary disease and has been associated with an
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increased long-term local disease control rate. However, AD
is associated with disabling complications (e.g. upper arm
lymphedema, seromas and postoperative infections) (2).

Since the last century, several surgical protocols has been
designed in breast surgery to reduce postoperative stress (3),
minimize surgical extent of the primary tumor (4-7), enhance
breast reconstruction (8, 9), or even to entirely avoid surgery
(10-12). In this period, a faster recovery is even more
demanded by patients and healthcare workers due to the
perceived risk of coronavirus cross-infection (13-15).

Regarding axillary surgery, in the beginning of the second
millennium the sentinel lymph node biopsy (SLNB)
technique was developed in Milan and soon became the
axillary staging gold standard in early BC (EBC), reducing
the need of AD (16). Additionally, since the publication of
the Z-0011 study (17), several studies investigated the
relationship between primary tumor biological subtypes and
axillary involvement in order to safely avoid AD in case of
SLNB involvement (18-20). However, despite the fact SLNB
has reduced the AD rate and incidence of postoperative
complication, up to 13% of patients will anyway experience
upper arm lymphedema (17), requiring an innovative
surgical approach as axillary reverse mapping (ARM) and
selective AD (SAD).

ARM was developed for detecting and sparing lymphatic
drainage of the upper arm with SAD, reducing the leading
cause of upper arm lymphedema following axillary
procedure which is the interruption of lymphatic drainage of
the arm (21). This emerging concept, if validated, may
prevent upper lymphedema in patients undergoing SAD as
“arm nodes” should be free from metastasis (22). No
published guidelines have promoted the ARM technique in
BC so far, thus oncological safety should still be assessed.

Moreover, oncological safety and feasibility of ARM in
patients who are likely to undergo AD such as in local
advanced breast cancer (LABC) or after neoadjuvant
chemotherapy (NAC) are still debated in the literature (23).
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Hence, we report our first case of a patient enrolled in our
monocentric study (AXMAP 1.0).

Patients and Methods

Study design and patient selection. A single institution, single arm
(patients undergoing ARM procedure) observational trial was
undertaken. The local institutional review board (PTV Policlinico
Tor Vergata) approved the study with the code name AXMAP 1.0
and registration number CEI n° 119/20. The primary endpoint of the
study was to calculate the false-negative rate of axillary
involvement in the ARM procedure (number of patients with
fluorescent ex vivo positive lymph node/total number of patients).
Secondary aims were calculation of the rate of fluorescent-positive
node positivity during ex vivo examination (number of fluorescent
ex vivo positive nodes/total number of fluorescent lymph nodes) and
collection of early postoperative complications (24 h). Due to the
preliminary design of the study, power analysis was not performed
and the local institutional review board allowed us to enroll 50
patients.

The primary inclusion criteria for the AXMAP 1.0 study were a
diagnosis of non-metastatic BC with clinically or radiologically
proven positive lymph nodes in the axilla. Other inclusion criteria
were age between 18-70 years old and female gender. Patients with
a history of homolateral axillary, breast or arm surgery were
excluded from the study. Moreover, patients with a history of upper
limp burns were excluded as well. Before recruitment, all patients
were informed regarding the surgical approach and signed a specific
written informed consent for the enrollment in the study.

Preoperative evaluation. Prior to daily scheduled surgeries (at 7:30
a.m.), venous-blood samples were collected via peripheral vein of
the antecubital arm. Samples were processed to obtain leukocytes
and lymphocyte subsets in the same technique previously published
in our manuscript (3, 24).

Surgical techniques. All patients were placed in supine decubitus
position. Following the induction of anesthesia and immediately prior
to the surgery, intradermal injection of 0.1 ml (0.25 mg) of
indocyanine green (ICG) (Diagnostic Green GmbH, Aschheim-
Dornach, Germany) was applied in the ipsilateral second interdigital
space (Figure 1) and the area of injection was massaged while an
invisible near-infrared fluorescence imaging system Probe (IC Flow,
SEDA SPA, Diagnostic Green GmbH, Aschheim-Dornach, Germany)
was used to assess the success of the ARM procedure. The number of
fluorescent preoperatory lymph nodes was collected. All operatory
room staff involved in the surgical procedure were outside the surgical
room during the ARM procedure and were unaware of the ARM
results (single blind). Following ARM, patients underwent breast
surgery according to the current standard of care. Axillary surgeries
were performed by an attending surgeon with more than 15 years of
expertise in oncological breast surgery. The limits of AD, as described
by Mohamed et al., were axillary vein superiorly, lateral border of
subscapularis muscle laterally and medial border of pectoralis minor
medially. The long and lateral thoracic nerves were spared and the
intercostobrachial nerve was preserved if recognized (25).

Ex vivo evaluation. In order to evaluate the presence of nodes

draining the upper arm in the AD specimen, ex vivo evaluations of
fluorescent preoperatory lymph nodes were collected by a physician
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Figure 1. Indocyanine green (ICG) injection (Diagnostic Green GmbH,
Aschheim-Dornach, Germany). Intradermal injection of 0.1 ml (0.25
mg) of ICG in the interdigital second space.

not directly involved in the surgical treatment (Figure 2). Surgical
specimens were divided according to the Berg classification level
and fluorescent lymph node were sent separately.

Data collection. Demographic and preoperative data were
collected. Data from pathological examinations were collected
according to the state-of-art classifications (26). All specimens
were evaluated separately by two different pathologists with more
than 10 years of expertise in breast pathology, which were unaware
of the ex vivo evaluation.

One month follow-up visit was performed to assess >2
Clavien-Dindo postoperative complications (27, 28) and
secondary postoperative lymphedema (29).

Results

Patient characteristics and neoadjuvant chemotherapy. A 52-
year-old G3P3 post-menopausal woman in good clinical
condition was evaluated in our clinic for new-onset palpable
breast lesions. Family history was unremarkable regarding
oncological disease. Her past medical history reported renal
artery aneurysm treated with covered stents (30).

Physical examination revealed skin dimpling and a palpable
lesion in the right breast (upper outer quadrant). Mammography
exhibited a compact cluster of microcalcification in the upper
outer quadrant of the right breast. Ultrasonography performed
in the same session revealed a nodule BIRADS-IV with 25
mmx30 mm diameter and homolateral malignant-suspicious
lymph-nodes [maximum diameter (dtm) 40 mm].
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Figure 2. Surgical specimen scanning. Axillary lymph-nodes underwent
an ex vivo scanning with an invisible near-infrared fluorescence imaging
system (IC Flow, SEDA SPA, Diagnostic Green GmbH, Aschheim-
Dornach, Germany).

The patient underwent a biopsy of the lesion and the
pathological examination revealed a triple-negative invasive
ductal carcinoma [estrogen receptor (ER)-negative,
progesterone receptor (PR)-negative, human epidermal
growth factor receptor-2 (HER-2) score 0 and Ki67 90%].
Due to claustrophobia, the patient refused to undergo a
magnetic resonance imaging and underwent a positron
emission tomography (PET)-computed tomography (CT).
PET-CT described a pathological uptake by the breast
lesions; ipsilateral axillary, Rotter’s and supraclavicular
lymph nodes (SUV max: 11.7, 14.1, 12.5, and 64,
respectively).

The clinical case was discussed during the breast cancer
multidisciplinary team (MDT) meeting and neoadjuvant
chemotherapy (NAC) was planned. NAC regimen included
four cycles of adriamycin and cyclophosphamide (AC)
followed by six cycles of carboplatin and paclitaxel (Carbo-
PTX). After five months, neoadjuvant chemotherapy was
suspended due to grade 4 myelotoxicity, and right
mastectomy, tissue expander placement and ANLD were
planned. Preoperative bilateral breast ultrasonography

Table 1. Baseline patient features.

Age (yrs) 524 yrs
Weight (Kg) 73.6 kg
BMI 26.57

cT2 cN1 cMO (1IB)
Stage after neoadjuvant chemotherapy pTlc pN2a pMO (IB)
Procedure time (min.) 131 min

Total lymph node 31

Stage at diagnosis

Positive lymph node (%) 5 (16.13%)
Total fluorescent lymph node (%) 2 (6.45%)
Positive fluorescent lymph node (%) 2 (100%)

BMI: Body mass index.

revealed a partial pathological response (lesion diameter 19
mmx10 mm, lymph node maximum diameter 19 mm).

Aiming at the reduction of lymphedema following AD,
after discussion of potential benefit and risk of the procedure
and signature of informed consent, the patient was enrolled
in the AXMAP 1.0 study. Baseline features are enlisted in
Table I.

Preoperative evaluation and surgical procedure. Preoperative
blood work was unremarkable regarding leukocyte and
lymphocyte subsets. Following the induction of anesthesia
and immediately prior to the surgery, intradermal injection of
0.1 ml (0.25 mg) of ICG identified two different lymph-nodes
draining the ipsilateral upper arm. According to preoperative
assessment the patient underwent AD.

Ex vivo evaluation. Following the procedure, ex vivo
scanning with invisible near-infrared fluorescence imaging
system was performed (Figure 2). The imaging system
confirmed the presence of fluorescence: one at level I and
one at level II (Figure 3). Fluorescent lymph nodes were ex
vivo divided and analyzed separately by the pathologist. The
surgical program continued with right simplex mastectomy
followed by placement of a tissue expander.

Histological evaluation. Histological examination of the
primary tumor showed a 17-mm invasive ductal carcinoma
grade 3 (G3), (tubules: score 3, pleomorphism: score 3; mitosis
score 3. Immunohistochemical staining confirmed triple
negative status of the neoplasia (ER-negative, PR-negative, c-
Erb-B2 score 0, confirmed independently by two expert
pathologists) and Ki67 of approximately 87%. A total of 5 out
of 31 lymph nodes were sites of metastasis encompassing 2
non-fluorescent pathological nodes at level I, 1 non-fluorescent
pathological node at level II and both fluorescent nodes
separated during ex vivo procedure (ypT1cN2a).

Postoperative follow-up. The patient was discharged during
postoperative day II in a good clinical condition without
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Figure 3. Surgical specimen analysis. Axillary lymph-nodes underwent
an ex vivo scanning with invisible near-infrared fluorescence imaging
system (IC Flow, SEDA SPA, Diagnostic Green GmbH, Aschheim-
Dornach, Germany), upper quadrant fluorescence of the specimen.

reported complications. At 1-month follow-up, the patient
was free from distant and loco-regional neoplastic
recurrence, with normal function of the right arm and stage
1 lymphedema.

Discussion

Since the beginning of the second millennium, development of
SLNB procedure in EBC and ZO011 trial evidence determined
a steady decrease of AD in the USA (2.43% yearly reduction)
(31), and thus a reduction in axillary complications (2, 32).

Common AD complications consist of superior arm
lymphedema, shoulder dysfunction, paresthesia and
discomfort (2, 19). In particular, superior arm lymphedema
due to lesion of nodes draining the arm is the most common
(complication rate 2%-56%) and strongly affects quality of
life of patients (32, 33).

In order to reduce lymphedema rate in patients undergoing
AD, non-invasive axillary assessment with PET-TC (34) and
ARM techniques and SAD were developed (22). ARM
identifies axillary arm lymphatic drainage with a low
likelihood of receiving lymph from the breast (22), that may
be spared during SAD (35, 36). With this promising
assumption, Gennaro et al. reported in 2013 a two-thirds
reduction in upper arm lymphedema following the ARM-
SAD technique (36). Two main theories could explain this
incomplete result: incomplete identification of arm nodes or
a cross-over between arm and breast drainage systems (23).
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Although Gennaro et al. reported in their monocentric
study in 2020 a 1.36% of axillary failure after ARM-SAD
procedure in 100 consecutive positive nodes in patients after
long term follow up (35), oncological safety and feasibility
of ARM are not fully understood. Currently no published
guidelines endorse ARM in BC patients and its exact role is
still debated, especially in patients which are likely to
undergo AD as LABC or after NAC (21, 23). The main
limitations of ARM techniques include potential
understaging of the disease and potential residual disease in
the axilla due to the cross-over between arm and breast
lymphatic systems (23). In fact, both extensive axillary
disease and primary medical treatment could influence the
formation of neoplastic emboli, debris depositions and
fibrosis or shrinkage of lymphatic routes (37).

Our patient presented with a LABC with a partial
radiological response after NAC, and the attending surgeon,
which was blindly performing the procedure, did not spare
the fluorescent lymph node due to anatomical and
oncological reasons. Regarding anatomy, our case involved
lymph nodes of level I and II according to Berg
classification (Figure 3), contrarily to the preoperational
expectations. In fact, a recent anatomical classification
postulates two separate lymphatic drainage systems in the
axilla with a medial portion receiving from the breast,
around the lateral thoracic vein, and spreading upwards and
medially behind the pectoralis minor muscle to level II
nodes (zones A and B), and a lateral part (zones C and D)
receiving lymph from the upper arm (38). Moreover, lack of
clinical response in the axilla could probably impact the
lymphatic drainage with a potential cross-link between arm
and breast lymphatic drainage systems, causing this
anatomical variation. Even in case of complete pathological
response, it is uncertain whether the oncological remodeling
of the lymph drainage system in the axilla regresses post
neoadjuvant therapy (21, 23). Indeed, in a recent systematic
review, ARM node metastases rate was similar with or
without NAC (39). In view of this evidence, oncological
safety of ARM technique in our opinion should be
considered firstly in patients with a lower risk of
progression, as in patients with a complete radiological
response post NAC (40).

Moreover, in our case, both fluorescent nodes presented
physical malignancy characteristics, thus they should be
removed regardless of their anatomical position in the axilla
(1, 2). The majority of case series reported in the literature
evaluated patients without clinical axillary lymph nodes
involvement (21, 23). In patients with LABC, the lack of
reported data prevents affirmation of the oncological safety
of the procedure. Further studies should be designed, aiming
to validate the oncological safety of this technique or to
analyze the characteristics of patients who could benefit from
arm nodes preservation.
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