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Abstract
Axillary lymph node tattooing and targeted axillary dissection, as axillary staging, was evaluated in 75 breast
cancer patients who presented as cND before neoadjuvant chemotherapy and became cN0 after treatment.
Marking axillary lymph nodes with tattoo is a feasible, accurate, and low-cost method. Tattoo ink migration
from one node to another might affect the objectivity of the procedure.
Introduction: Targeted axillary dissection (TAD) is an alternative to axillary dissection for breast cancer patients who
presented as cNþ before neoadjuvant chemotherapy (NAC) and became cN0 after treatment. TAD is defined as the
removal of sentinel lymph nodes (SLNs) along with the pre-NAC marked positive nodes. Tattooing is an option to mark
positive nodes. In this study we aimed to investigate the identification rate of tattooed nodes during surgery, corre-
spondence between tattooed nodes and SLNs, and difficulties and pitfalls of the method. Patients and Methods: In
75 patients who were cNþ, with axillary lymph nodes known to have or suspected to have disease were tattooed pre-
NAC with a sterile carbon suspension (Spot). After NAC completion all patients became cN0 and underwent TAD as an
axillary staging procedure. Results: SLNs were identified successfully in 70 of 75 patients (93.3%). All tattooed nodes
were identified successfully intraoperatively in 71 of 75 patients (94.6%). Retrieval of all tattooed nodes in surgical
specimens was achieved in 74 patients (98.6%). Correspondence between tattooed nodes and SLNs was observed in
53 of 70 patients (75.3%). In 34 patients (45.3%) the number of pigmented nodes in pathological examination was
greater than the number of initially tattooed nodes, indicating the possibility of tattoo ink migration. Conclusion: Tattoo
of axillary lymph nodes is a feasible, accurate, and low-cost method of positive node marking pre-NAC. Pathological
confirmation of black pigment in the lymph nodes excised is not by itself warranty of retrieval of all marked node because
of tattoo ink migration from one node to another. Intraoperative identification using visual inspection is essential.
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Introduction
Axillary lymph node (ALN) status remains one of the most

important prognostic factors in breast cancer, even in the era of
tumor biology and gene expression. It is also valuable information
for the planning of adjuvant locoregional and systemic treaitment.
Sentinel lymph node (SLN) biopsy (SLNB) has become the stan-
dard approach to axillary staging for breast cancer cN0 patients; it
provides accurate information with low morbidity compared with
ALN dissection (ALND).1,2 After results of the ACOSOG
(American College of Surgeons Oncology Group) Z0011, IBCSG
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Table 1 Patient Characteristics

Variable Value
Total Patients, n 75

Median Age, Years 47; Range, 23-80

Median Tumor Size, mm 28; Range, 0-60

Clinical T Stage, n (%)

T0 1 (1.3)

T1 26 (34.7)

T2 43 (57.3)

T3 5 (6.6)

Clinical N Stage, n (%)

N1 70 (93.3)

N2a 5 (6.7)

Tumor Type, n (%)

IDC G2 25 (33.3)

IDC G3 48 (64.0)

Metaplastic 1 (1.3)

Medullary 1 (1.3)

IHC

ERþ HER2þ 12 (16.0)

ERþ HER2� 34 (45.3)

ER� HER2þ 15 (20.0)

ER� HER2� 14 (18.7)

Lymph Node Biopsy

CNB or FNAC positive 64 (85.3)

FNAC negative 8 (10.6)

FNAC nondiagnostic 3 (4.0)

Marked Nodes, n (%)

1 28 (37.3)

2 20 (26.7)

3 22 (29.3)

4 3 (4.0)

5 2 (2.6)

Median Time From Tattoo to
Surgery, Days

141; Range, 90-231

Type of Breast Surgery

BCT 49 (65)

Mastectomy 26 (35)

Abbreviations: BCT ¼ breast-conserving treatment; CNB ¼ core needle biopsy; ER ¼ estrogen
receptor; FNAC ¼ fine-needle aspiration cytology; IDC ¼ invasive ductal carcinoma;
IHC ¼ immunohistochemistry.
(International Breast Cancer Study Group) 23-01, and the Euro-
pean Organization for Research and Treatment of Cancer
(EORTC) 10981-22023 AMAROS (After Mapping of the Axilla:
Radiotherapy or Surgery) trials, which support the omission of
complete ALND in selective patients with positive SLNB (small
tumors, small tumor burden in the axilla, planned for appropriate
adjuvant treatment and radiotherapy), axillary staging seems to be
more a prognostic tool in breast cancer care than a local control
treatment.3-5

Neoadjuvant chemotherapy (NAC) is increasingly used for oper-
able breast cancer.Many questions have been raised about the optimal
use of SLNB in axillary staging after NAC. Many studies support the
concept of post-NAC SLNB for patients with negative axilla in
diagnosis (cN0). They report identification rates (SLN IRs) and false
negative rates (FNRs) similar to those observed in the upfront surgery
setting. Furthermore, complete ALND rates are lower in post-NAC
SLNB compared with those in pre-NAC SLNB. Current National
Comprehensive Cancer Network guidelines encourage the perfor-
mance of SLNB for cN0 patients after the completion of NAC.6-9 For
patients who present with nodal metastases (cNþ), who became cN0
after NAC, SLNB as axillary staging has been debated. Three pro-
spective multi-institutional clinical trials, ACOSOG Z1071, SEN-
TINA (SENTInel NeoAdjuvant) and SN FNAC (Sentinel Node
biopsy Following NeoAdjuvant Chemotherapy), which assessed the
accuracy of SLNB after NAC among these patients, reported SLN IRs
between 87.6% and 92.9% with the use of a dual tracing technique
(radiotracer with blue dye). The overall FNRs were >10% and all of
those trials were considered negative trials.10-12 In a subgroup of
ACOSOG Z1071, the biopsy-proven positive lymph node was
markedwith a clip beforeNAC initiation.When the clipped nodewas
present within retrieved sentinel nodes, the FNR was 6.8%.10 In the
MARI [Marking the Axillary lymph node with Radioactive Iodine
(125I) seeds] trial, a single-institution prospective trial, the positive
lymph node was marked with an I125 radioactive seed. After NAC
completion, the removal of the marked node without SLNB had only
a 7% FNR.13 In another single-institution prospective trial, the
removal ofmarked lymphnodes, alongwith sentinel nodes, succeeded
FNR by only 2%.14 This procedure is known as targeted axillary
dissection (TAD), which seems to be a reliable procedure for axillary
staging after NAC, regarding patients who presented with axillary
involvement in the diagnosis.

Various markers have been proposed to mark positive lymph nodes
before NACwith various ways to localize them before surgery: metallic
clips, I125 radioactive seeds, tattooing with carbon suspension, sono-
graphically visible bioresorbable polymers (Hydromark, Des Plaines,
IL), hook wires, endomagnetic markers, radio frequency markers.13-17

We report our initial results on TAD with ALN tattooing after
NAC. The primary objective of this study was to determine the
intraoperative identification rate (IR) of tattooed nodes and the
concordance between sentinel nodes and marked nodes. The sec-
ondary objective was to investigate important key points, advan-
tages, disadvantages, and possible pitfalls of the procedure.

Patients and Methods
Between September 2015 and September 2018, 81 breast

cancer cNþ patients (80 female, 1 male) were considered
appropriate candidates for NAC. Breast cancer diagnosis was
confirmed using core needle biopsy in all cases. Positive lymph
nodes were marked in all patients before treatment. After NAC
completion, the axilla was re-evaluated using ultrasound. Six pa-
tients had residual axillary disease confirmed using needle biopsy
and were excluded from this analysis. Seventy-five patients (74
female and 1 male) in the process of definitive surgery, underwent
TAD for axillary surgical staging.

Patients’ data were extracted frommedical records, surgical reports,
imaging reports, pathology reports, and were analyzed retrospectively.

Clinical and pathological characteristics of all 75 patients are
listed in Table 1.
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Figure 1 Intraoperative Identification of Tattooed/Sentinel
Lymph Node. Black Pigment and Blue Dye Overlap in
Large Areas But, Blue Dyed Efferent Lymphatic
Vessels Demonstrate the Presence of a Sentinel Node
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Axillary Evaluation
In every patient, the axilla was evaluated clinically and using

ultrasound. Breast magnetic resonance imaging was performed in
most cases. All patients were characterized as cNþ according to
clinical and/or ultrasound criteria. Clinical criteria for the consid-
eration of ALNs were firm lymph nodes, which were fixed or matted
using palpation. The sonographic lymph node criteria consisted of a
completely hypoechoic node with no hilum, focal or diffuse
hypoechoic lobulation of the cortex, rounded appearance, or diffuse
cortical thickening with a ratio of cortex thickness/hilum thickness
>1.18,19 The most concerning nodes were biopsied in every patient.
In patients with more than 2 lymph nodes suspected to be
cancerous, biopsy was performed only for the 1 or 2 most abnormal
nodes. Four patients underwent ultrasound-guided core needle bi-
opsy and 71 patients underwent ultrasound-guided fine needle
aspiration biopsy. Histology confirmed axillary invasion in 64 of 75
patients. In 11 patients, node positivity was not established using
biopsy, but all of those patients were considered cNþ because of a
strong suspicion of axillary invasion.

Axillary Lymph Node Tattooing
Seventy-five cNþ patients (64 biopsy-proven and 11 clinically

suspected) underwent ALN tattooing before NAC initiation.
Every biopsy-proven positive or strongly indicative node was
marked. A suspension containing highly purified, very fine carbon
particles (Spot, GI Supply, Inc, Mechanicsburg, PA) was used,
which is an FDA-approved product for marking lesions in the
gastrointestinal tract. It is a sterile, nontoxic suspension contain-
ing water for injection, benzyl alcohol, glycerol, simethicone,
polysorbate 80, and high purity carbon black. It is widely used in
colorectal endoscopy and surgery, and remains in the site for
months.20,21 In our patients, 0.3 to 0.7 mL of Spot suspension
was injected into the cortex of the lymph node with ultrasound
guidance. The amount of ink that was used was dependent on
Clinical Breast Cancer June 2019
lymph node size. The greater amount was used for larger nodes. A
small amount of ink was injected into adjacent adipose tissue for
better visualization during surgery. The number of marked lymph
nodes was routinely recorded, with all ALN tattooing procedures
performed by 2 breast surgeons.

Neoadjuvant Treatment
All patients received anthracycline and/or taxane-based chemo-

therapy regimens. Patients with HER2-positive (HER2þ) tumors
received anti-HER2 targeted treatment (1 patient with trastuzumab
and 26 patients with trastuzumab and pertuzumab).

Surgical Procedure (TAD)
All patients had definitive surgery 3 to 5 weeks after NAC

completion. They were routinely subjected to breast lympho-
scintigraphy 2 to 12 hours before surgery with the use of a radio-
tracer (Tc 99m - albumin nanocoll; Nanocoll GE Healthcare, Little
Chalfont, United Kingdom), with 900 to 1200 mCi injected in the
subareolar area. During surgery, just after general anesthesia was
administered and 10 minutes before the procedure started, 2 mL of
methylene blue sterile solution 1% was injected in the subareolar
region. A 4- to 7-cm incision was made into the skin for axillary
entrance. The axillary cavity was explored carefully to identify and
remove SLNs along with all marked lymph nodes. A gamma probe
system (Crystal Probe-Automatic; Crystal Photonics GmbH, Berlin,
Germany) was used to identify radioactive nodes (hot nodes). Blue-
dyed and black-dyed nodes were identified using visual inspection
(Figure 1). Lymph nodes with radioactive counts >10% of the
ex vivo counts of the hottest SLN and/or blue dye uptake were
considered as sentinel nodes. Palpable hard nodes were also
removed. The harvested lymph nodes were sent to the pathology lab
in different containers, labeled as “sentinels/black pigment,” “sen-
tinels/no black pigment,” and “nonsentinels/black pigment”
(Figure 2). Intraoperative frozen sections were performed on all
lymph nodes for the detection of residual disease and the docu-
mentation of black pigment presence. Sentinel and non-SLNs were
examined using hematoxylin and eosin staining. Immunohisto-
chemistry was not routinely used to detect lymph node metastasis.
In case of axillary residual disease, complete ALND was performed.
If axillary residual disease was missed in intraoperative specimen
frozen sections, but was recognized in permanent sections, ALND
was completed during a second intervention. All TAD procedures
were performed by 2 breast surgeons.

Statistical Analysis
Statistical analysis of subgroups was performed. Significance of

the difference (P value) was calculated using Fisher exact test and the
c2 test for a significance level of 0.05.

Results
There were 75 patients who had TAD after ALN tattooing.

However, 11 of 75 patients did not have biopsy-proven positive
axilla before NAC but were considered as cNþ because of nodes
highly indicative of disease in ultrasound imaging. The number of
nodes that were marked ranged from 1 to 5 (median number, 2
nodes). Time from tattooing to surgery ranged from 90 to 231 days
(median time, 141 days; Table 1).



Figure 2 Macroscopic Appearance of Tattooed Lymph Nodes. (A) “Nonsentinel/Black Pigment” Group. (B) “Sentinel/Black Pigment”
Group
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Surgical Evaluation
Sentinel lymph nodes were identified in 70 of 75 patients (IR,

93.3%). The number of SLNs harvested ranged from 1 to 10
(median number, 4 SLNs). Sites/nodes with black pigment in the
axillary cavity were recognized macroscopically with visual inspec-
tion during surgery, in all patients. In 71 of 75 patients, the number
of black-pigmented sites/nodes identified intraoperatively was equal
to the number of nodes marked before NAC whereas in 4 patients,
it was lower (intraoperative IR of all marked nodes, 94.6%).
Sometimes lymph vessels stained black were observed around black-
pigmented lymph nodes. In 53 of 70 patients with identified SLNs,
black-pigmented nodes were all within SLNs (correspondence rate
Table 2 Surgical Assessment

Variable Value P
Total Patients, n 75

SLN Identification, n (Patient n) 70 (93.3)

Median SLNs, n 4; Range, 1-10

Black Pigment in Axilla, n (Patient n) 75 (100)

All Marked Nodes Identified, n (%) 71 (94.6)

Less Than Marked Nodes Identified, n (%) 4 (5.4)

Correspondence of Tattooed Nodes to
SLNs

Tattooed nodes in SLNs, n (patient n) 53/70 (75.7)

1-2 SLNs 4/10 (40.0) .010

3-5 SLNs 38/48 (79.1) .374

>5 SLNs 11/12 (91.6) .160

1 Tattooed node 24/27 (88.8) .049

2 Tattooed nodes 13/18 (72.2) .753

�3 Tattooed nodes 16/25 (64.0) .144

Median TAD Nodes, n 4; Range, 2-10

ALND, n (Patient n) 29 (38.6)

TAD-Positive 24/29 (82.8)

SLN Not Identified 5/29 (17.2)

Median Excised Nodes in ALND, n 14; Range, 7-29

Abbreviations: ALND ¼ axillary lymph node dissection; SLN ¼ sentinel lymph node;
TAD ¼ targeted axillary dissection.
of marked nodes to SLNs was 75.7%). The correspondence rate was
increased with the number of harvested SLNs but, statistical sig-
nificance was observed only if <3 SLNs were harvested (P ¼ .011).
The correspondence rate was decreased by the number of lymph
nodes that were tattooed, which was statistically significant only if 1
node was marked (P ¼ .049). The number of lymph nodes har-
vested during the TAD procedure (black-pigmented and SLNs)
ranged from 2 to 10 (median number, 4 TAD nodes). In 29 of 75
patients (24 with residual disease in TAD nodes and 5 with no
SLNs identified), complete ALND was performed (38.6%). Two of
24 patients with residual disease in TAD-nodes underwent com-
plete ALND in a second intervention, because micrometastasis
(<2 mm) was missed in frozen sections. The number of lymph
nodes dissected in ALND ranged from 7 to 29 (median number,
14; Table 2).

Pathological Evaluation
Pathological examination of excised lymph nodes showed tat-

tooed nodes in all cases (Figure 3A). Black pigment was found in the
cortex of lymph nodes and/or in the adjacent fatty tissue. In 4 cases
in which the intraoperative evaluation showed less black-pigmented
sites than marked nodes, pathological examination revealed more
lymph nodes with extensive presence of black pigment in the
“sentinel/no black pigment” group. In these cases, the black
pigment was found deep in the nodal cortex without pigment in the
adjacent tissue around the node. In 3 cases, black-pigmented nodes
in the pathology specimen were numerically less than the marked
lymph nodes. In 2 of them, intraoperative identification of black-
pigmented sites/nodes was in concordance with the number of
marked nodes. The pathologist reported “areas of excessive fibrosis
with granules of black pigment” possibly representing lymph nodes
fully occupied by cancer cells that were completely regressed. The
third patient underwent complete ALND (17 lymph nodes were
excised) and no further tattooed lymph nodes were identified. Thus,
surgical retrieval of all marked nodes was achieved in 74 of 75 pa-
tients (98.6%). Histology revealed more lymph nodes with black
pigment granules than those originally marked in 34 of 75 cases
(45.3%). Additional pigmented lymph nodes ranged from 1 to 5
(median, 2 nodes). In 32 of 34 patients, at least 1 SLN was iden-
tified successfully. The identification of additional pigmented lymph
Clinical Breast Cancer June 2019 - 211



Figure 3 Microscopic Findings. (A) Tattooed Lymph Node With Extended Areas of Black Pigment Granules in the Cortex (Hematoxylin
and Eosin [H&E] Staining, Magnification 325). (B) Black Pigment Granules Found as Small Foci in the Cortex of Additional
Lymph Nodes, in the “Sentinel/No Black Pigment” Group, Show Tattoo Ink Migration (H&E Staining, Magnification 3100)

Table 3 Pathological Assessment

Variable Value P
Total Patients 75 (100)

Pigmented Nodes/Sites 75 (100)

Equal to marked nodes 40 (53.3)

Less than marked nodes 1 (1.3)

More than marked nodes 34 (45.3)

1 Tattooed node 14/28 (50.0)

2 Tattooed nodes 11/20 (55.0) .276

�3 Tattooed nodes 9/27 (33.3)

1-2 SLNs 2/10 (20.0)

3-5 SLNs 21/48 (43.7) .032

>5 SLNs 9/12 (75.0)

Surgical Retrieval of All Marked Nodes 74 (98.6)

AxpCR 49 (65.3)

ERþ HER2� 11/34 (32.3)

ER� HER2� 13/14 (92.8) <.00001

HER2þ 25/27 (92.6)

Total pCR (breast and axilla) 34 (45.3)

ERþ HER2� 3/34 (8.8)

ER� HER2� 10/14 (71.4) <.00001

HER2þ 21/27 (77.7)

ALND after TADD 24 (32.0)

Positive nodes outside of TAD nodes 8/24 (33.3)

1-2 SLNs 1/6 (16.6)

3-5 SLNs 6/16 (37.5) .569

>5 SLNs 1/2 (50.0)

1 Tattooed node 3/8 (37.5)

2 Tattooed nodes 3/8 (37.5) .829

�3 Tattooed nodes 2/8 (25.0)

Data are presented as n (%).
Abbreviations: ALND ¼ axillary lymph node dissection; AxpCR ¼ axillary pathologic complete
response; ER ¼ estrogen receptor; pCR ¼ pathologic complete response; SLN ¼ sentinel
lymph node; TAD ¼ targeted axillary dissection.

Lymph Node Tattooing and TAD for Axillary Staging After NAC

212 - Clinical Breast Cancer June 2019
nodes was not statistically associated with the number of initially
tattooed lymph nodes but was linked to the number of harvested
SLNs (P ¼ .276 and .039, respectively). In these cases, black
pigment granules were apparent only microscopically as small foci
into the lymph node cortex (Figure 3B).

An axillary pathologic complete response (AxpCR) after NAC
was observed in 49 of 75 cases (65.3%). The AxpCR rate was
similar when only 64 patients, with biopsy-proven positive axilla,
were included (41 of 64 patients, 64.0%; P ¼ .875). Three of 11
patients with negative or nondiagnostic axillary biopsy had residual
disease in the axilla after NAC. The AxpCR rate was strongly
correlated with the tumor type according to immunohistochemistry
(estrogen receptor [ER]-positive HER2�, ER� HER2�, HER2þ;
P < .00001). In 24 patients who underwent complete ALND after
TAD, additional positive lymph nodes were found in 8 (33.3%),
which was not associated with the number of harvested SLNs or
with the number of tattooed lymph nodes (P ¼ .569 and .829,
respectively; Table 3).

Discussion
The optimal axillary staging for clinically node-positive patients,

who become clinically node-negative after NAC, remains ques-
tionable. The standard approach of ALND is an accurate method
but carries unacceptable morbidity. Using modern chemothera-
peutic regimens and targeted treatments, a large proportion of these
patients will become pathologically node-negative. In the NSABP
(National Surgical Adjuvant Breast and Bowel Project) B-18 trial,
one of the earliest and largest prospective trials on NAC, AxpCR
was observed in 44% of patients.22 AxpCR rates are higher for ER�

and/or HER2þ patients.23-26 SLNB as axillary staging after NAC,
for patients presented as cNþ at diagnosis, has been debated.
Concerns were raised for SLN IR and FNRs. In a meta-analysis by
El Hage Chehade et al, there was a pooled estimate of SLN IRs and
FNRs at 90.9% and 13%, respectively. In this meta-analysis, 19
prospective trials were included, but biopsy-proven axillary posi-
tivity was not mandatory.27 A more recent meta-analysis by Tee
et al included 13 studies with biopsy-proven cNþ patients, which
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showed similar results (pooled estimate for SLN IRs and FNRs were
90% and 14%, respectively). SLN IR was higher when the dual
mapping technique was used.28 In our series, the dual tracer tech-
nique was used in all patients, with SLN IR at 93.3%.

According to well designed prospective trials, marking of positive
nodes before NAC and then retrieving them during surgery, along
with SLNB after NAC, has dramatically decreased FNR
rates.10,13,14 Many different methods have been proposed to mark
positive nodes before NAC and to identify marked nodes after
NAC. Diego et al marked positive lymph nodes with a tissue marker
(clip) before NAC using ultrasound guidance in 30 patients. After
NAC completion, the marked nodes were localized successfully with
an I125 radioactive seed using ultrasound or mammography guid-
ance in 29 patients (IR of marked nodes 96.7%). In 1 patient, the
radiologist was unable to visualize the marked node via ultrasound
or mammography. All localized ALNs were retrieved during surgery.
Correspondence between marked nodes and SLNs was 91%.29

When Caudle et al used the same method, the clipped node was
not identified in the surgical specimen in 5 of 208 patients (IR of
marked nodes 97.6%). The clipped node was also identified as a
SLN in 77% of patients.14 Plecha et al marked the positive ALNs
with a clip before NAC in 91 patients and localized them after NAC
with a hook wire with ultrasound guidance. SLNB or ALND was
performed and marked ALNs were removed successfully in 97.3%
of patients.30 Donker et al used an upfront radioactive seed (I125) to
mark positive ALNs before NAC in 100 patients. The intra-
operative IR of marked nodes was 97%.13 Choy et al used a carbon
suspension (Spot, GI Supply, Inc, Mechanicsburg, PA) to mark
positive ALNs in 28 patients. Sixteen patients underwent immediate
surgery and 12 patients had surgery after NAC. Overall IR of tat-
tooed ALNs was 96.4%, with correspondence between tattooed
nodes and SLNs at 96.3%.15 Park et al used an activated charcoal
suspension (Charcotrace; Healthdirect, Haymarket, New South
Wales, Australia) in 20 patients before NAC. Intraoperative IR was
100%, and correspondence between tattooed nodes and SLNs was
75%.31

The best method to map axillary positive lymph nodes remains a
question. The positioning of a metallic clip using ultrasound guidance
into a positive node is simple and can be performed by an experienced
surgeon or radiologist. Themain difficulty here is the identification and
localizationof the clippednode afterNAC.Ahyperechoic tissuemarker
could be easily visualized using ultrasound in a pathologic, enlarged,
hypoechoic lymph node; however, after NAC completion and lymph
node regression, this can be very difficult or even impossible. Various
tissue markers with better ultrasound visualization have been proposed
but no one is the “perfect one.” Furthermore, the placement of hook
wires into the axillary cavity for clipped node localization, especially if 2
or more nodes must be localized, causes patient discomfort. Use of a
radioactive seed is more sophisticated, but also more expensive, and
legal issuesmight arise if seed placement precedesNAC. ALN tattooing
is a simple and less expensive method. Tattoo ink remains in site for a
long period of time (in our study, up to 231 days) with no necessity of
extra radiological imaging or nuclear medicine procedures to localize it.
IR ofmarked nodes is similar to that of othermethods. In our study, the
intraoperative IR of all marked nodes was 94.6%, but the final
achievement of surgical retrieval of all marked nodes was 98.6%. The
black pigment in axilla was easily identified in most cases. Sometimes
the blue color of methylene blue was overlaid by black pigment;
however, the blue-colored efferent lymphatic vessels indicated the
presence of a sentinel node. After adequate experience was gained, the
distinction between blue and black pigment was straightforward.
Furthermore, the use of the radiotracer technique for SLN mapping
diminishes the importance of color overlap, because most SLNs are
identified according to the radioactive counts and not according to the
blue dye uptake. Blue-dyed lymph nodes identification is important in
case of negative lymphoscintigraphy.32 The correspondence between
tattooed nodes and SLNs was 75.7%, which indicates that for patients
who are cNþ, who become cN0 after NAC, SLNB alone is an inad-
equate method of axillary assessment. This is in concordance with the
results of Park et al31 (75%) but is in discordance with the results of
Choy et al15 (96.3%).

In 45.3% of our patients, final histology revealed black pigment
in more lymph nodes than those initially marked. None of those
nodes were identified as “tattooed” nodes during surgery and all
were included in the “sentinel/no black pigment” group. Black
pigment was identified as small foci of black granules. The presence
of carbon granules in more nodes than those primarily marked
demonstrates the possibility of tattoo ink migration from one node
to another. In the study by Choy et al, migration of tattoo ink was
observed in 1 of 28 patients.15 In the study by Park et al, the
possibility of tattoo ink migration is reported, but detailed data is
not provided.31 According to this, identification of black pigment in
pathological examination of SLNs is not always evidence of marked
node retrieval, especially if black pigment is identified as small foci
in the lymph node cortex. Thus, microscopically detected carbon
particles in macroscopically non-black nodes should not be
considered as evidence of retrieved marked nodes, except the case of
extended presence of black pigment in the nodal cortex. Intra-
operative identification of all marked nodes using visual inspection
is essential and might be sufficient to ensure the accuracy of this
method. As a result of tattoo ink migration, a possible disadvantage
of this procedure is that, in those cases that tattooed nodes were not
identified intraoperatively, it is difficult to confirm their retrieval
only using pathological examination.

Careful evaluation of the axilla is critical for patients who undergo
NAC, before and after treatment. Physical examination alone has
been considered inadequate as an axilla staging assessment, because of
its low sensitivity and accuracy. Several studies have reported sensi-
tivity and specificity in the range of 25% to 35.5% and 93% to
98.4%, respectively.33,34 Ultrasound combined with needle biopsy
(US-NB) is the most common method for axillary evaluation. In a
meta-analysis of Houssami et al, pooled estimates for sensitivity,
specificity, and positive predictive value of US-NB were 79.6% (95%
confidence interval [CI], 74.1-84.2) 98.3% (95% CI, 97.2-99.0),
and 97.1% (95% CI, 95.2-98.3), respectively.35 Before NAC, nodes
indicative of disease must be biopsied, and every biopsy-positive or
biopsy-negative (but indicative of disease) node must be marked.
Ultrasound examination and, if necessary, US-NB after NAC is
essential to determine if residual disease exists, thus avoiding unnec-
essary SLNB and TAD procedures in patients with positive axilla.

Our study is retrospective and had a relatively small number of
patients, which indicates that the results must be interpreted care-
fully. In concordance with 2 previously published studies by Choy
et al15 and Park et al,31 our results indicate that the intraoperative
Clinical Breast Cancer June 2019 - 213
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IR of tattooed nodes is high. Moreover, the influence of tattoo ink
migration in accurate pathological confirmation of marked nodes’
retrieval is emphasized for the first time.

Conclusion
Axillary lymph node tattooing is a feasible, accurate, and low cost

method to mark positive lymph nodes in patients cNþ before NAC.
Tattooed lymph nodes are easily identified by surgeons during the
surgery, so further invasive methods or expensive equipment is not
required. Correspondence between tattooed nodes and SLNs is not so
high, establishing that TAD is a more appropriate method than
SLNB for axillary assessment of these patients. Intraoperative recog-
nition of all tattooed nodes using visual inspection is necessary, as
pathological confirmation by itself is not always a warranty of all
marked node retrieval, because of black pigment migration from one
node to another. Macroscopically non-black nodes with microscop-
ically detected small foci of carbon particles should not be considered
as retrieved marked nodes. More prospective trials with long-term
follow-up are needed to determine the optimum technique of ALN
mapping as well as to study the morbidity of TAD.

Clinical Practice Points

� Targeted axillary dissection seems to be the most appropriate
method for axillary staging after NAC for breast cancer patients
who presented as axillary positive at diagnosis and became
negative after treatment.

� It is less invasive and probably carries less morbidity than axillary
lymph node dissection that used to be the standard approach for
axillary staging for those patients.

� Targeted axillary dissection is defined as the removal of SLNs
along with the pre-NAC marked positive nodes.

� Various methods have been proposed for marking positive nodes
pre-NAC and for localizing them post-NAC.

� Only 2 studies, with a small number of patients, have reported
on axillary lymph node tattooing as a pre-NAC lymph node
marking method.

� In our study, in concordance with the results of those studies, we
found high rates of intraoperative identification of tattooed nodes
(94.6%). Furthermore, we ascertained a high rate of tattoo ink
migration from one node to another (45.3%), which means that
histological confirmation of black pigment presence in the lymph
nodes excised is not by itself warranty of all marked nodes’
retrieval.

� The intraoperative identification of tattooed nodes using visual
inspection is essential.
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