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ABSTRACT

Background: Tailored axillary surgery (TAS) is a technique for clinically node-positive breast
cancer (BC) that selectively removes nodal disease to convert a positive axilla to a negative,
customizing surgery based on disease extent. Radiological assessment and ultrasound on
the axilla have been used to identify suspicious LNs. Carbon ink injection tattooing is one
popular method for axillary LNs. Objective: We evaluated the feasibility and validity of
ultrasound-guided marking of metastatic axillary LNs in BC patients followed by TAS
exhibiting as a method for reducing tumor burden.

Methods: This is a prospective observational cohort study that involved fifty patients with
clinically node-positive (cN1) BC who underwent upfront or post-neo-adjuvant breast
surgery. Participants underwent carbon particles (Black-Eye) injection in the suspicious node
before surgery, aiming at TAS, followed by backup ALND.

Results: The mean age of the study participants was 54.48+9.06 years. The mean number
of suspicious LNs detected by ultrasound was 2 (ranging from 1 to 3 in both upfront and
post-neo-adjuvant cases). The mean number of LNs retrieved in the backup ALND was 16
(range, 7 to 31). The mean number of lymph nodes retrieved in the TAS group was 1.52
(IQR, 110 2) (p=<0.001). while that in post-neo-adjuvant therapy cases was 1.95 (IQR, 1 to
3) (p=0.001). Backup ALND results showed metastatic deposits in 18% (9 out of 50) more
than TAS. Of the 9 cases, 2 were upfront cases, and 7 were post-neo-adjuvant therapy cases
(p=0.025).

Conclusion: Charcoal tattooing of ultrasound suspicious ALN is viable for clinical use, espe-
cially in resource-constrained healthcare resources. TAS selectively removed positive LNs
with less radicality than ALND; however, ALND removed additional positive nodes in 18% of
patients.

Keywords: breast cancer, axillary lymph node dissection, axillary surgery, targeted axillary
surgery, Charcoal tattooing

INTRODUCTION

Management of the axilla in breast cancer (BC) patients has shifted toward
less invasive measures to reduce morbidity without compromising prognosis.
Historically, patients who experienced metastatic axillary lymph nodes (LNs)
had axillary lymph node dissection (ALND). The American College of Surgeons
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Oncology Group (ACOSOG) Z0011 trial indicated that
ALND provides no survival benefit compared to
sentinel lymph node dissection (SLND) (1).

The findings from this trial led to important
modifications in the radiologic and surgical techniques
used for assessing and managing the axilla in a specific
group of BC patients (2,3).

Nevertheless, lymphatic system surgery persisted
at the dogmatic level of ALND based on local control,
staging information, and survival maximization until
the 1990s, when the SLN technique was implemented
for clinically node-negative BC. The dogma was
progressively weakened, leaving only a limited number
of standard indications for ALND in clinical practice (4).

A new technique called tailored axillary surgery (TAS)
was developed for patients with clinically node-positive
breast cancer, both during upfront surgery and after
neo-adjuvant chemotherapy (NACT). TAS involves
selectively removing obvious nodal disease by palpation
to convert a clinically positive axilla to a negative. It also
incorporates the sentinel lymph node (SLN) procedure to
minimize microscopic disease. The goal of TAS is to
reduce tumor load in the axilla, enabling effective control
through adjuvant regional nodal irradiation (RNI) (5).

Marking of suspicious LNs is widely known for
multiple types of tumors especially in BC. The
application of carbon suspension tattooing has been
extensively utilized for identifying lesions or tumors
encompassing metastatic axillary LNs prior to neo-
adjuvant chemotherapy (NACT). The use of carbon
solution in this context is off-label since it is only
approved for use in the gastrointestinal tract and
primitive breast lesions. The modality involves injecting
a charcoal suspension into the cortical of the suspicious
LN under ultrasound supervision during the LN biopsy.
Immediately post-injection, the charcoal particles are
discernible with a hyperechoic halo around the LN (6).

Hence, we evaluated the feasibility and validity of
ultrasound-guided marking of metastatic axillary LNs
followed by tailored axillary surgery (TAS), in BC
patients with clinically node-positive status as a
method for tumor burden reduction.

PATIENTS AND METHODS

This study is a prospective observational cohort
study that involved fifty female patients with clinical
node-positive (cN1) BC who underwent upfront or
post-neo-adjuvant breast surgery and axillary LNs
dissection. The study was conducted at the Breast
Surgery Unit of the General and Laparoscopic Surgery
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Department and Medical Oncology Department of a
tertiary university-based hospital from June 2022 to
March 2024.

The study included female patients aged > 18 years
with clinically node-positive BC (N1), identified via
palpation or imaging at the first diagnosis. Patients
were enrolled in the upfront surgical context and in
instances of residual nodal disease following NACT.
Patients classified as American Joint Committee on
Cancer/Union for International Cancer Control
(AJCC/UICC) stage II-lll, including all molecular sub-
types, were permitted (7).

Individuals with stage IV BC, clinical N3 BC, clinical
N2 BC confined to the internal mammary nodes,
contralateral BC, prior axillary surgery (excluding prior
sentinel node procedures for in-breast recurrence),
prior regional radiotherapy (RT), and a history of
hematological or primary solid tumor malignancy were
excluded, unless they had been in remission for a
minimum of 5 years prior to registration.

Patients were subjected to full history taking.
Those who suffer from suspicious masses or are at
high risk of breast malignancy proceed to further
imaging procedures (Mammography, ultrasono-
graphy, and magnetic resonance imaging (MRI) if
indicated).

Suppose a suspicious mass is found (with BIRADS 4-
5), an ultrasound-guided biopsy is done for histopatho-
logical examination. Patients with a histopathological
diagnosis of BC undergo further metastatic work-up
according to the stage of presentation and immuno-
histochemical study of the tumor in the form of
estrogen receptor (ER), progesterone receptor (PR),
human epidermal receptor (Her2neu), and prolifera-
tion index (PI) Ki67.

The cases were discussed among a multidisciplinary
team (MDT) with members from the breast oncology,
surgery, radiology, and pathology departments to
determine optimal management.

All patients had their axillary LNs evaluated by
clinical examination and by ultrasound performed
by an experienced radiologist. Positive LNs were
considered if they were firm/hard and/or matted on
palpation and fulfilled abnormal node criteria on ultra-
sound. The sonographic characteristics of positive LNs
were generalized or focal cortical thickening, globular
in shape, and effacement of node fatty hilum.

Sixty patients with cN1 BC had targeted axillary
ultrasonography to evaluate the number of patho-
logical LNs followed by carbon particles (Black-Eye)
injection in the suspicious node aiming at TAS.
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Tattooing Procedure

Palpation of the axilla and target axillary high-
resolution ultrasound were performed, followed
immediately by injection of 0.1 to 0.3 ml of Black Eye
ink into the cortex of the suspicious LN and the
adjacent soft tissue.

Surgery

Then, backup axillary dissection, including levels |
and Il, is done, followed by a comparison of the final
pathology reports.

Patients were scheduled for either breast-
conserving surgery (BCS) or mastectomy. We per-
formed targeted axillary dissection which involved
identification and extraction of the inked lymph node
and any palpable nodes. Then, axillary dissection,
including levels | and Il, was done. All dissected LNs
were subjected to post-operative histopathological
examination to compare the results of TAS and
backup ALND with the definitive histopathological
diagnosis of malignan (fig. 1).

Statistical Analysis

Data were encoded and input with the Statistical
Package for Social Sciences (SPSS) version 28 (IBM
Corp., Armonk, NY, USA). Data was summarized
utilizing mean, standard deviation (SD), median,
minimum, maximum, and interquartile range (IQR)
for quantitative data, alongside frequency (count)
and relative frequency (%) for categorical data.
Quantitative factors were compared utilizing the
non-parametric Kruskal-Wallis and Mann-Whitney
tests (8). A Chi-square test was used to compare
categorical data. The Exact test was employed when
the anticipated frequency fell below 5 (9). The
Spearman correlation coefficient was used to assess

Figure 1 - Black eye identified in 3 lymph nodes and adjacent soft
tissue (black arrow), rest of axillary lymph nodes ‘Level 1&2’
(red arrow)
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the correlation among quantitative variables (10).
P-values below 0.05 were deemed statistically
significant.

RESULTS

This study successfully comprised sixty individuals
with node-positive N1 BC. Ten patients were excluded
from the analysis, 4 patients had more than 3
suspicious pathological lymph nodes, 3 patients had
indeterminate lymph nodes, and FNA results from the
suspicious lymph nodes turned out to be free of malig-
nancy, and those patients underwent SLNB, and finally
3 patients were excluded due to failure of ink identifi-
cation during surgery. We ended up with 50 evaluable
patients for analysis. All patients had backup ALND.

The mean age of the patients at diagnosis was
54.4849.06 years. The mean size of the primary tumor
at presentation was 5.77+1.88 cm (range, 1.60 to 9 cm).
Twenty-nine patients underwent upfront surgery (58%),
and twenty-one underwent post-neo-adjuvant therapy
surgery (42%). Twenty-seven patients underwent
oncoplastic breast surgery (54%), and twenty-three
patients underwent modified radical mastectomy (46%)
(table 1).

None of the patients had complications related to
LN Black Eye ink injection. The mean delay between ink
injection and surgery in days is 3.5 days (1 to 7 days)
this was due to scheduling conflicts related to the
availability of the interventional radiologist and the
patient’s position in the operating list. The mean

Table 1 - Tumor details at initial presentation among study participants.

Variable Count %
Clinical T stage
T 2 4.0%
T2 15 30.0%
T3 27 54.0%
T4a 1 2.0%
T4b 4 8.0%
T4d 1 2.0%
Tru cut results
IDC G1 8 16.0%
IDC G2 40 80.0%
ILC G2 2 4.0%
Molecular subtype
Her2 enriched 8 16.0%
Luminal A 17 34.0%
Luminal B1 12 24.0%
Luminal B2 1 2.0%
Triple-negative 12 24.0%
Clinical N Stage
N1 30 60%
N2 20 40%

IDC: Invasive ductal carcinoma, ILC: Invasive lobular carcinoma
N.B : The cN2 classification refers to the pre-neoadjuvant examination.
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number of suspicious LNs detected by ultrasound in
upfront and post-neo-adjuvant cases was 2 LNs (1.76
and 2.10 respectively). The mean suspicious LN cortical
thickness in upfront cases was 7.34+1.01 mm, while in
post-neo-adjuvant therapy cases, it was 7.48+0.7 mm
(p=0.633). It is worth mentioning that the ink injection
technique was successful in 50 out of 53 initially
recruited cases (94.3%).

The mean number of LNs retrieved in the backup
axillary dissection was 16 (range, 7 to 31). Backup
ALND results showed metastatic deposits in 18% (9
out of 50) which were not detected during TAS. Of the
9 cases, 2 were upfront cases (6.9% of the 29 upfront
cases), and 7 were post-neo-adjuvant therapy cases
(33.3% of the 21 post-neo-adjuvant cases), showing a
statistically significant difference between the two
groups (p=0.025).

Ink-tattooed nodes were excised and labeled by
surgeons at a median of 2 nodes (IQR 1-3), which
corresponded to a median of 4 nodes (IQR 1-7)
identified by the pathologists, two of which were
positive (IQR 1-3). The median number of positive LNs
in backup ALND was 3 LNs (IQR 1-12). The number of
LNs injected with ink compared to those found positive

in TAS and backup ALND is demonstrated in table 2.
TAS revealed a 100% positive LNs.

In upfront cases, one (50%) patient with one
suspicious LN and one (50%) patient with three
suspicious LNs had positive backup ALND with a
significant P-value of 0.020. In post-NACT, one (14.3%)
patient with two pathological LNs, two (28.6%) patients
with two pathological and one indeterminate LN, and
Four (57.1%) patients with three pathological LNs had
positive ALND, with a significant difference between
the number of LNs and positive backup ALND nodes
(p=0.002) (table 3).

Radiological Features of Suspicious LNs

Thirty-four cases (68%) had diffuse cortical
thickening, thirteen cases (26%) had focal cortical
thickening, and three cases (6%) had combined
diffuse and focal cortical thickening. The mean
cortical thickness measurement in cases of positive
backup ALND was 7.11 mm (IQR, 6 to 8), while in
cases of negative ALND was 7.46 mm (IQR, 6 to 9)
[p=0.306]. Four (44.4%) patients with diffuse cortical
thickening LNs, three (33.3%) patients with focal

Table 2 - Comparison between ink-injected Variable Upfront surgery Post neo-adjuvant Overall
lymph nodes and positive lymph nodes  Ink identification (n=53)
during TAS and backup ALND among study Yes 29 (96.6%) 21 (91.3%) 50 (94.3%)
participants. No (Unsuccessful ink identification) 1(3.4%) 2 (8.7%) 3(5.7%)
Positive nodes in TAS
Yes 100% 100% 100%
Positive nodes in backup ALND (n=50)
Yes 2 (6.9%) 7 (33.3%) 9 (18%)
No 27 (93.1%) 14 (66.7%) 41 (82%)
ALND: Axillary lymph node dissection, TAS: Targeted axillary dissection.
Table 3 - Correlation between numbers Backup ALND p value
of LNs by US am_i _ALND among study Positive Negative
participants.
Count % Count %
Upfront surgery
Numbers of LNs by US
1 1 50.0% 7 25.9% 0.020
2 0 0.0% 20 74.1%
3 1 50.0% 0 0.0%
Post-neoadjuvant
Numbers of LNs by US
One pathological LN 0 0.0% 5 35.7% 0.002
Two pathological LNs 1 14.3% 8 57.1%
Two pathological LN + 2 28.6% 1 71%
one indeterminate LN
Three pathological LNs 4 57.1% 0 0.0%

ALND: Axillary lymph node dissection, LN: Lymph node, US: Ultrasound.
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cortical thickening LNs, and two (22.2%) with both
diffuse and focal cortical thickening LNs had positive
backup ALND. These findings show a significant
difference (p=0.048) (table 4).

Regarding the LNs shape, thirty-two cases (64%)
had globular-shaped LNs, and eighteen cases (36%)
had oblong-shaped LNs. Among the patients who had
positive backup ALND, 5 (55.6%) of them had
globular-shaped LNs, while the remaining 4 (44.4%)
had oblong-shaped LNs (table 4).

Thirty-one cases (62%) had suspicious LNs with
effaced hilum, while the remaining nineteen (38%)
had LNs with indented hilum. Among the patients
who had positive backup ALND, six (66.7%) had
effaced hilum, while the remaining three (33.3%) had
indented hilum (table 4).

Correlation Between Tru-Cut Pathology
and the Number of LNs Detected by US

In upfront cases, most patients with IDC G1(87.5%)

Ink-Tattooed Lymph Nodes in Node-Positive Breast Cancer

had two suspicious LNs, while those with intra-ductal
carcinoma (IDC) G2 (61.9%) had two suspicious LNs.
This distribution variation shows a statistically
significant difference (p=0.020) (table 5).

In post-neo-adjuvant cases, most patients with IDC
G2 (42.1%) had two pathological LNs, while those with
intra-lobular carcinoma (ILC) G2 had an equal distribu-
tion between two and three pathological LNs (table 5).

Correlation Between Molecular Biology
and the Number of LNs detected by US

In upfront cases and post-neo-adjuvant cases, the
difference between the distribution of cases along the
molecular biology and the number of LNs defined
as pathological or intermediate by US was significant
(p-value < 0.05) (table 6).

DISCUSSION

TAS is not a new surgical procedure but rather an
innovative approach that integrates various techniques

Table 4 - Correlation between radiological

Backup ALND p value
features of affected LNs a_m_i backup ALND Positive Negative
among study participants.
Count % Count %
Radiological Features of affected LNs
(shape) 1
Globular 5 55.6% 26 63.4%
Oblong 4 44.4% 15 36.6%
Radiological Features of affected LNs
(hilum) 1
Effaced 6 66.7% 25 61.0%
Indented 3 33.3% 16 39.0%
Radiological Features of affected LNs
(cortical thickness) 0.048
Diffuse 4 44.4% 30 73.2%
Focal 3 33.3% 10 24.4%
Diffuse and Focal 2 22.2% 1 2.4%
ALND: Axillary Lymph nodes dissection, LN: Lymph node.
Table 5 - Correlation between tru-cut Numbers of LNs by US Pathology p value
pathology and numbers of LNs detected 1DC G1 IDC G2 ILC G2
by US among study participants.
Count % Count % Count %
Upfront 0.020
1 1 12.5% 7 33.3% 0 0.0%
2 7 87.5% 13 61.9% 0 0.0%
3 0 0.0% 1 4.8% 0 0.0% ~
Post neo-adjuvant 0.614
One pathological LN 0 0.0% 5 26.3% 0 0.0%
Two pathological LNs 0 0.0% 8 421% 1 50.0%
Two pathological LN
+ one indeterminate 0 0.0% 3 15.8% 0 0.0%
Three pathological LNs 0 0.0% 3 15.8% 1 50.0%
IDC: Invasive ductal carcinoma, ILC: Invasive lobular carcinoma, LN: Lymph node, US: Ultrasound.
Surgery, Gastroenterology and Oncology, 30, 3 Suppl, 2025 S39
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Table 6 - Correlation between molecular biology and numbers of LNs detected by US among study participants.

Her2 enriched Luminal A Luminal B1 Luminal B2 Triple-negative p value
No. of LNs by US N % N % N % N % N %
Upfront cases <0.001
1 0 0.0% 2 11.8% 6 50% 0 0.0% 0 0.0%
2 0 100% 13 76.5% 4 33.3% 0 0.0% 0 0.0%
3 o 0.0% 2 11.8% 2 167% o 0.0% 0 00%
Post neo-adjuvant cases
1 pathological LN 2 25% 0 0.0% 0 0.0% 1 100.0% 4 33.3%  0.024
2 pathological LNs 2 25% 0 0.0% 0 0.0% 0 0.0% 7 58.3%
2 pathological LN + 2 25% 0 0.0% 0 0.0% 0 0.0% 1 8.3%
1 indeterminate
3 pathological LNs 2 25% 0 100.0% 0 0.0% 0 0.0% 0 0.0%

Her2: human epidermal receptor, LN: Lymph node, US: Ultrasound.

to reduce tumor load in patients who typically receive
Axillary Lymph Node Dissection (ALND) as the standard
treatment. TAS aims to convert a clinically positive
axilla into a clinically negative one by selectively
removing visible nodal disease through palpation,
effectively customizing the level of axillary surgery to
match the degree of axillary disease (5).

Tattooing with carbon suspension has been
extensively utilized for the identification of tumors,
including metastatic axillary LNs. It is assumed that
suspicious pathological LNs, which have been marked
with BlackEye carbon particles and guided by ultra-
sound, serve as an effective method for decreasing
tumor burden in patients experiencing clinically node-
positive (cN1) BC (11).

Herein, 50 patients had cN1 disease based on clinical
and radiological evaluation. Our main objective was to
assess the accuracy of ultrasound in assessing axillary LN
status in upfront and post-neo-adjuvant cases.

We successfully identified the BlackEye ink in 94.3%
(50 of 53) of the cases; the mean delay between ink
injection and surgery in days was 3.5 days (range, 1 to
7 days). We found that axillary LNs tattooing is a simple
technique, easily identified during surgery, and a less
expensive method than the use of a radioactive seed,
which is more sophisticated and faces legal issues.
Moreover, tattoo ink persists at the site for an extended
duration, and additional radiological imaging or
nuclear medicine interventions for localization are
unnecessary. The tattooing of LNs offers several
benefits over other methods for labeling and excising
first suspicious LNs, encompassing the application of
clips, radioactive or magnetic seeds, or radiofrequency
identification devices. It is offered at a little cost,
eliminating the need for preoperative localization
operations, hence reducing patient pain and avoiding
extra radiation exposure (11).
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There is a lack of information concerning the carbon
tattooing technique, despite the recent publication of
results from the prospective pre-ATNEC trial that
indicated a detection rate of 64% for the tattooed LNs
in 22 patients (12). Furthermore, various studies have
shown a detection rate of 100%, with no false-negative
results reported (13,14).

Additional comprehensive retrospective studies
have validated the heightened detection rate for
carbon-labeled LNs. Kim et al. documented a detection
rate of 98% in 45 patients, even though the carbon
injection was administered after main systemic
treatment in chronically suspicious LNs patients (15).
Natsiopoulos et al. documented a detection rate of
100% across 75 instances. The tattooing was performed
before the primary systemic treatment, and all
suspicious LNs were labeled (1-5) and later excised (16).

When planning this study, we were interested to
see how the pragmatic concept of TAS would be trans-
lated into clinical practice. Therefore, we documented
key aspects of TAS including details on preoperative
workup (e.g., type of ink and imaging) and the interven-
tion (e.g., number of lymph nodes removed and
localization technique).

In our study, the tattooed LN removal rate was
100%, which was confirmed and evaluated by an
experienced pathologist to ascertain the presence of
tattoo pigment within the cortical surface of the node
in the TAS cohort. Surgeons estimated the excision and
labeling of a median of 2 (IQR 1-3) ink-tattooed nodes,
corresponding to a median of 4 (IQR 1-7) nodes
diagnosed by pathologists, of which two were positive
(IQR 1-3).

Since the present study focused on use of IGL and its
impact on TAS, data collection on the 10 excluded
patients was limited, and hence, no false-negative rate
of TAS could be evaluated.

Surgery, Gastroenterology and Oncology, 30, 3 Suppl, 2025



Our study's detection rate compares favorably to
clip marking, which has been documented at rates
below 80% (17-19). Caudle et al. reported a false-
negative rate of 2.0% and a congruence rate of 77%
(20), while Patel et al. reported 100% congruence, likely
due to a smaller number of node-positive patients after
systemic therapy (14). Both Caudle and Patel included
all palpable lymph nodes as SLNs, averaging 2.7 and 3.1
SLNs removed, whereas excluding suspicious nodes
reduced the average to 1.6 (18).

In our study, we found that backup ALND results
showed metastatic deposits in 18% (9 out of 50). Of 9
cases that had metastatic deposits, two were upfront
cases (6.9%), and seven were post-neo-adjuvant
therapy cases (33.3%) (P=0.025). The mean number of
suspicious LNs detected by ultrasound in upfront cases
was 1.76 (range, 1 to 3), while in post-neo-adjuvant
cases, the mean number of LNs detected by ultrasound
was 2.10 (range, 1 to 3).

Consequently, all patients excised an average of
15.84 extra LN during backup ALND, with 18% of these
being positive, in contrast to another research with 100
patients who had completion ALND, which resulted in a
mean removal of 14 additional LNs, with 70% being
positive (5).

The histopathological assessment of the TLN follow-
ing primary systemic treatment is crucial for two
reasons. A non-invasive approach that reliably predicts
post-neoadjuvant pathologic nodes (ypN) status is
presently unavailable. Axillary ultrasound imaging, a
typical diagnostic method, does not consistently rule
out residual LNs metastases after main systemic
treatment, with a sensitivity of 37 to 100% (11), nor
does ultrasound-guided needle biopsy (sensitivity
79.6%) (21). Secondly, further treatment decisions are
contingent upon LN status after first systemic therapy
(20). When the TAS is positive, additional lymph node
metastases can be found in up to 51% of patients (20);
hence, completion ALND is strongly advised.

In our study, there was a significant correlation
between positive backup ALND and cT4 stage, whereas
4 out of 4 patients (100%) with cT4b stage, 1 out of 1
patient (100%) with cT4a and 1 out of 1 patient (100%)
with cT4d BC included in this study had positive backup
ALND ( In our study, there was one such case, and after
neoadjuvant therapy, the axillary lymph node staging
became N1. Therefore, we decided to include this
patient, especially since, in our protocol, we perform
backup axillary evacuation), while two out 15 (13.3%)
with cT2, 1 out of 26 (3.7%) with cT3 and 0 out of 2
(0.0%) with cT1 BC included in this study had positive
backup ALND.
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Regarding molecular biology, there was a significant
correlation between positive backup ALND and
Luminal B1, whereas 6 out of 12 (50%) cases with
Luminal B1, one out of 8 (12.5%) cases with Her2-
enriched, 2 out of 17 (11.8%) cases with Luminal A, and
0 out of (1 & 12) patients with Luminal B and Triple
negative BC receptively had positive backup ALND.

In comparison to another study, researchers
identified a pN1 rate of 44.6% in a cohort of 91.5%
ER-positive patients (22). Furthermore, a further cohort
of HR+/Her2-negative patients with palpable nodal
disease undergoing backup ALND demonstrated that
43% of individuals had two or fewer affected LN (23).

In our study, we found that the mean number of
positive LNs in ALND was 3.14 (IQR,1 to 12). One case
had 12 positive LNs (post-neo-adjuvant, initially was
cT4dN2, Luminal B1), two cases had two positive LNs,
and six cases had one positive LN in the backup ALND.

The relevance of finding positive nodes in patients
after TAS undergoing ALND, currently remains unclear.
Hence, we recommend waiting for oncologic outcome
analysis of TAXIS before adopting the much less radical
approach of TAS in clinical practice.

Limitations

One limitation of the present study is the small
sample size. Additionally, we were not able to assess
differences in the number of nodes detected by using
single versus dual localizing techniques.

CONCLUSION

Charcoal tattooing of ultrasound-suspicious ALN is
technically viable for clinical use, especially in resource-
constrained healthcare settings. Consequently, it
should be effective in these environments.

TAS may replace ALND for clinically node-positive
breast cancer, as it selectively removes positive lymph
nodes with less invasiveness. However, its outcomes
need further analysis before adoption. ALND is advised
for cT4 cases, while TAS is recommended for upfront
N1 disease and selected post-neoadjuvant patients.

Recommendations

Regarding the strong correlation between positive
backup ALND and cT4 stage, classic ALND is highly
recommended in these cases.

In general we recommend application of TAS
technique in upfront cases with N1 disease and
selected post neo-adjuvant cases.

SH



Ismail Ahmed Shafik et al

Author’s Contributions

Ismail Shafeek generated the idea and revised
the manuscript. Omar sherif generated the idea,
interpreted the data, and revised the manuscript.
Sherihan Fakhry wrote and revised the manuscript.
Bishoy Mikhail collected and analyzed the data and
wrote the manuscript. All authors read and approved
the final manuscript.

Conflicts of Interest

No conflict of interest.

Source of Funding: None.

Ethical Consideration

Our protocol received approval from the
Institutional Ethical Research Committee (Code: MD-
256-2022). The techniques and objectives of the study
were explicitly communicated to the participants. Prior
to participation in the study, written informed consent
was secured from the participants, accompanied by an
elucidation of the procedure's advantages and
disadvantages. The participant had the liberty to
withdraw from the study at any time; participation was
wholly voluntary. In compliance with the Declaration
of Helsinki, all phases of data collection, entry, and
analysis were executed with utmost confidentiality and
privacy.
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