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ABSTRACT

Background. Tattooing is an alternative method for
marking biopsied axillary lymph nodes (ALNs) before
initiation of treatments for newly diagnosed breast cancer.
Detection of black ink-stained nodes is performed under
direct visualization at surgery and is combined with sen-
tinel node (SLN) mapping procedures.

Methods. Women with newly diagnosed breast cancer
who underwent fine or core-needle biopsy of suspicious
ALNSs were recruited. The nodal cortex and perinodal soft
tissue was injected with 0.1-1.0 ml of Spot™ (GI Supply)
black ink under ultrasound guidance. Intraoperatively,
black stained nodes were removed along with SLNs, noting
concordance between the two.

Results. Sixty-six evaluable patients were enrolled
(2013-2017). Nineteen received surgery first (Group 1) and
47 neoadjuvant therapy (NAT, Group 2). The average
number of nodes tattooed was 1.16 for Group 1 and 1.04
for Group 2. The average interval from tattoo to surgery
was 21 days (range 1-62) for Group 1 and 148 days (range
71-257) for Group 2. The tattooed node(s) were visually
identified at surgery and corresponded to the sentinel
lymph node(s) in 98.5% of cases (18/19 in Group 1 and
47/47 in Group 2). Of the 14 patients in Group 2 whose
nodes remained positive following NAT, the tattooed node
was the SLN associated with carcinoma.
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Conclusions. Tattooing is an alternative method for
marking biopsied ALNs. Tattooed nodes coincided with
SLNs in 98.5% of cases. This technique is advantageous,
because it allows for fewer procedures and lower costs
compared with other methods.

Staging and tumor molecular markers are the key factors
that guide clinical management of newly diagnosed breast
cancer and the use of neoadjuvant chemotherapy or endo-
crine therapy (NAT)."? Pretreatment sampling of palpable
or sonographically abnormal axillary lymph nodes is
becoming more routine. Determining the presence of nodal
involvement before initiation of NAT is critical to evaluate
responsiveness to treatment and accurately assess down-
staging of disease.”™

Clinical examination of regional nodes has long been
recognized as inaccurate and unreliable.® Axillary ultra-
sound evolved as a noninvasive technique to detect
abnormal nodes. This approach has become part of diag-
nostic imaging practices in conjunction with fine-needle
aspiration or core-needle biopsies. Presurgical nodal sam-
pling gained momentum in the era of sentinel lymph node
biopsy as a means of bypassing this step and proceeding to
axillary node dissection (ALND) in cases of positive
nodes.”” It also eliminated the need for radiotracer and/or
blue dye injection, lymphoscintigraphy, and reduced the
number of delayed ALNDs in the cases of false-negative
intraoperative sentinel lymph node (SLN) evaluations.'*!'!

Sentinel node mapping after neoadjuvant therapy has
gained acceptance in recent years.”'> Removal of pre-
treatment marked positive nodes has been shown to
decrease false-negative rates at the time of postneoadjuvant
sentinel node mapping.'> However, concordance between
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these biopsied nodes and sentinel nodes may be discordant
in up to 23% of cases, as reported by Caudle et al.'"* In
addition to marker displacement, similar to that observed
with biopsied and tagged breast lesions, cancer treatment
causes changes in the tissue and may exacerbate the
occurrence of displacement.'” Therefore, it is possible that
some techniques may be superior for tagging nodes sub-
jected to neoadjuvant treatments. Typically, biopsied nodes
are marked with a metallic clip placed within or adjacent to
the lymph node at the time of biopsy. Other types of
markers have emerged as alternatives to clips, namely
radioactive and magnetic seeds, biopolymer, or optical
reflectors.'*'*'® Each of these methods can require dif-
ferent levels of complexity with respect to storing,
insertion, and detection at surgery.'®?° Their costs vary,
and some newer devices are substantially more expensive
than traditional techniques.

Our group has proposed black ink tattooing as an
alternative method for marking biopsied axillary lymph
nodes.?' A major advantage of this method is that no image
guidance or special equipment is necessary at the time of
surgery, because the black staining is visible to the surgeon
during surgical exploration of the axilla. The technique is
simple, and the material is inexpensive.

The study was designed to determine whether tattooing
of biopsied axillary nodes with sterile black ink allows the
surgeon visually to identify them intraoperatively. We
hypothesized that tattooed nodes could be reliably identi-
fied, and there would be high concordance between the
marked and sentinel nodes. This report represents our
extended experience, including the previously published 28

CEISGS.21

METHODS

The study was approved by the Scientific Review
Committee of the Stanford Cancer Institute and the
Administrative Panel on Human Subjects in Medical
Research at Stanford University. Women older than age
18 years who were diagnosed with a clinical T0O-T4 inva-
sive breast cancer and a palpable or sonographically
suspicious ALN were deemed eligible. Breast cancer cases
presenting as axillary nodal metastases, without a known
primary or large palpable DCIS lesions also were included.
One of four breast surgeons or one of four dedicated breast
imagers recruited participants for this study. Subjects
signed written, informed consent following a clinical
examination or ultrasound evaluation of the axilla. The
criteria for tissue sampling included firm or enlarged
axillary nodes on physical examination or sonographically
detected abnormal-appearing nodes characterized by a
thickened cortex and loss of fatty hilum. Sixteen women

who had previously been biopsied, and for whom we were
able to reliably identify the same abnormal node, also were
included.

For this procedure, the patients were positioned either
supine or in lateral decubitus, with or without a wedge
behind the back, on an examining table with the ipsilateral
arm outstretched 90°-165°. Suspicious nodes were visual-
ized by ultrasound and tattooed immediately following
tissue sampling by either fine-needle aspiration or core-
needle biopsy. The injections targeted the antero-lateral
cortex and perinodal fat of the biopsied node utilizing a
25-gauge needle. The volume of tattoo ink injected was
adjusted slightly during the course of the study as the
investigators gained experience. Initially smaller volumes
of 0.1-0.2 ml of Spot™ (GI Supply) sterile black ink were
injected, but volumes were increased to facilitate the
recognition of tattoo at surgery. On average patients were
injected with 0.3 ml, although five patients received
between 0.6 and 1 ml based on depth, location, or larger
node size. The majority of patients had only one node
tattooed, but six patients had two separate nodes injected.

SLN mapping was performed in all patients with peri-
tumoral injection of 4-5 ml of isosulfan blue dye and/or 1
or 2 mCi of periareolar Tc-sulfur colloid the same day or
day before surgery, respectively. Palpable, blue, or
radioactive (“hot”) nodes were designated as sentinel
nodes. After the clavipectoral fascia was incised, the axilla
was inspected for the presence of black ink. The black,
tattooed, perinodal fat guided the surgeon to the targeted
tattooed node. The identified black nodes were then
examined to determine whether the node was blue, “hot,”
or firm on palpation. Discerning blue nodes was chal-
lenging and was masked by the black ink in some instances
(Fig. 1). However, careful inspection and the identification
of a blue leading lymphatic served to confirm the tattooed
node as a sentinel node. All black nodes were excised and

FIG. 1 Tattooed lymph node. Intraoperative evaluation of black
tattooed node coinciding with sentinel node as evidence by blue
leading lymphatics (arrow)
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carefully examined to determine whether they fulfilled
criteria of being an SLN, namely whether palpably suspi-
cious, “hot,” or blue. All black nodes and sentinel nodes
were excised and submitted for intraoperative touch
preparation or frozen-section evaluation. The axilla was
visually examined further to determine the presence of any
nonsentinel black nodes. Completion axillary dissection
was performed for node positivity after NAT. However,
Z0011 criteria were used for those receiving surgery first.
Definitive pathological examination included determina-
tion of the presence of tumor as well as histological
features associated with treatment effect in nodes previ-
ously involved with tumor. Microscopic evidence of tumor
treatment effect, for example fibrosis or necrosis, was
noted specifically in the designated black nodes (Fig. 2).

RESULTS

Between January 2013 and December 2017, seventy-six
women with suspicious or biopsy-proven involved axillary
lymph nodes were enrolled in the study and underwent
tattoo marking of targeted nodes. Nineteen women (Group
1) underwent surgery first while the remaining 57 women
(Group 2) received NAT before surgery. Of the latter
group, 10 were excluded, because their surgery took place
at an outside institution (n = 4), experienced progression of
disease (n =5), or withdrew from the study (n =1).
Pathologic nodal involvement was documented among 11
(57.9%) of the 19 women in Group 1 and 37 (78.7%) of the
47 women in Group 2 at pretreatment biopsy.

The mean time interval between tattooing and operation
was 21 (range 1-62) days for Group 1 and 148 (range
71-257) days for Group 2. The average number of SLNs
evaluated was 3.0 (range 1-5) for Group 1 and 3.1 (range
1-7) for Group 2 with an average of 1.0 (range 0—4) positive
SLNs in Group 1 and 0.4 (range 0-3) in Group 2. The
average number of nodes tattooed was 1.16 (range 1-2) for
Group 1 and 1.04 (range 1-2) for Group 2. Black tattoo
pigment staining the node or perinodal fat was visually
identified intraoperatively in all Group 2 cases and all but one
case in Group 1 (94.7%). The one patient in Group 1 without
an identifiable pigmented node at surgery was injected with
only 0.1 ml but had microscopic evidence of pigment within
the positive palpable SLN. The average number of black
sentinel nodes was 1.7 (range 0-3) for Group 1 and 1.7 (range
1-3) for Group 2 (Table 1). Although in most instances only
one node was tattooed, additional black-stained sentinel
nodes were found in 10 (52.6%) women in Group 1 and 26
(55.3%) women in Group 2, likely resulting from their
proximity to the tattooed node. SLN involvement was
demonstrated in 13 of 19 (68.4%) patients in Group 1 at
surgery compared with 11 of 19 (57.9%) on preoperative
diagnostic core biopsy. In other words, a false-negative pre-
treatment node biopsy was encountered in two patients
(13.3%) of Group 1 who underwent ALND. All node-posi-
tive cases received ALND with the exception of two women
who were treated by lumpectomy and adjuvant whole breast
irradiation in accordance to Z011 criteria. Black pigment was
microscopically detected in the perinodal fat of three ALNDs
(Fig. 3).

FIG. 2 Histologic findings after neoadjuvant chemotherapy. Low magnification H&E photomicrograph of a perinodal black ink tattoo (arrow)
adjacent to a node demonstrating fibrosis as an indicator of treatment effect (pink); b perinodal tattoo (arrow) adjacent to biopsy site (inset)
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TABLE 1 Patient demographics Group 1 Group 2
(N =19) (N =47)
Age (year) 54 (29-71) 53 (33-76)
Clinical tumor size (N)
TO 0 4
Tis 1* 0
T1 5 7
T2 11 22
T3 2 12
T4 0 2
Clinical nodal status (N)
NO 6 6
N1 13 32
N2 0 7
N3 0 2
Receptor status (N)
HR+, HER2— 12 14
HR—, HER2+ 2 8
HR+, HER2+ 0 11
HR—, HER2— 5 14
Injected by (N)
Surgeon 9 27
Radiologist 10 20
Number nodes tattooed 1.16 (1-2) 1.07 (1-2)
Days from tattoo to surgery 21 (1-62) 148 (71-257)
No. of sentinel nodes 3.0 3.1
No. black nodes identified 1.7 (0-3) 1.7 (1-3)
Tattooed node also as sentinel node (N) 18 (94.7%) 47 (100%)
*Large palpable mass
Group 1 Group 2
Surgery first Neoadjuvant
19

Node negative
8

Node positive
11

Pre-treatment
diagnosis

Positive

SLN Surgery Negative Negative i

0

6
Black SLN L-
| I |
ALND — 0 2 I—9
| |
Microscopic I |
black non-SLN - IZ' - “

9 No ALND for 2 node positive cases
% 2 cases with isolated tumor cells, no ALND performed

Node negative
10

Negative
10

Node positive
37

Positive
14

Negative
23

FIG. 3 Concordance of black node with sentinel lymph node. Presurgery or pretreatment biopsy findings and subsequent pathological

evaluation of sentinel lymph nodes (SLN) are compared with black SLN identified
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There were no false-negative pretreatment biopsies
among the women in Group 2 (no case designated as
negative before NAT had a positive node at definitive
surgery). Tattooed SLNs were identified in all patients.
Of the 37 (78.7%) node-positive cases in Group 2,
twenty-three (62.1%) had a complete pathologic
response after NAT (Fig. 2a). Fourteen (29.9%) had
persistent lymph node involvement in the tattooed node
after receipt of NAT. Intraoperative evaluation con-
firming nodal positivity in a first sentinel node allowed
surgeons to proceed to ALND without removing addi-
tional sentinel lymph nodes. Altogether, 12 underwent
completion ALND. Additional involved lymph nodes
were found in 8 (67%) of these cases on final pathology.
However, two cases found to have isolated tumor cells
did not undergo completion ALND. Among these Group
2 cases, two were noted to have black pigment in asso-
ciation with a non-SLN located close to the biopsied and
tattooed lymph node (Fig. 2b).

DISCUSSION

The current report represents an update of our experi-
ence with tattooing of biopsied suspicious axillary nodes
before surgery or NAT. Our results validate this approach
as an alternative technique for marking and identifying
biopsied nodes. Unlike metallic clips, radioactive, or
magnetic seeds and newer reflector markers, sterile black
ink tattoos do not require any preoperative localization or
specialized intraoperative equipment.'®**** These other
modalities invariably imply increased cost, patient dis-
comfort, and surgical delays.

The practice of sampling and marking suspicious axillary
nodes at the time of breast cancer diagnosis has become
more common. Initially, it was introduced to circumvent the
need for sentinel node mapping and intraoperative biopsy in
order to proceed directly to axillary node dissection. While
these diagnostic axillary node biopsies may be helpful in
many cases, it engendered some controversy for those with
early-stage disease who undergo surgery first and are eligi-
ble to avoid ALND consistent with Z0011 criteria.”*%°
Specifically, it has caused some confusion in the manage-
ment of patients with positive nodes with seemingly low
burden of axillary node disease who should in our opinion
undergo sentinel node evaluation.”’ >’

The utility of marking biopsied lymph nodes before
neoadjuvant chemotherapy was recognized in the ACO-
SOG Z1071 sentinel node biopsy prospective single-arm
trial.> Among the 170 patients who had a clip placed in the
biopsied positive node, the SLN biopsy false-negative rate
(FNR) was 7.2%. Interestingly, the clipped node was not
identified in the SLN resection in 24.1% of cases.'® Caudle
et al. expanded on the findings of the Z1071 trial and

determined that removing the clipped node in addition to
the SLNs decreased the FNR from 10.1 to 1.4%.'* Simi-
larly, Donker et al. reported a FNR of 7% among 100
patients who underwent '*’I radioactive seed marking of
biopsied positive axillary lymph nodes.'® However,
radioactive seed placement is not approved for the neoad-
juvant setting in the United States.*!

In contrast, our study showed a reliably high correlation
of 98.5% between tattooed nodes and SLNs. This may be
attributed to improved technical consistency, because all
cases were conducted at a single institution with the vast
majority of procedures performed by a single senior sur-
geon. Our definition of SLNs are based on the guidelines
used in the NSABP B-32 SLN prospective, randomized
trial, which defined a SLN as a palpably suspicious,
radioactive, blue node, or blue leading lymphatic.7 We
speculated that easy visibility of the black-stained node
allowed us to identify the tattooed node first and then,
secondarily, to determine whether it was firm, blue, and/or
“hot.” Additionally, dual-agent sentinel node mapping was
utilized in 80% of cases compared with 55% of cases
reviewed by Caudle et al., which also may explain our
higher concordance.

Tattoo marking of biopsied lymph node also has been
reported by a group at Yonsei Cancer Center in Korea.
They used a charcoal suspension before NAT in 20 patients
and were able to identify all of those nodes intraoperatively
up to 197 days later.** In this study, 75% of tattooed nodes
were concordant with hot or blue nodes. By comparison,
our concordance of 98.5% between tattooed and SLNSs is an
indicator of the high accuracy and reliability of our
approach. One reason may be the inclusion of palpably
suspicious nodes in our series in addition to hot and/or blue
nodes.

The volume of black ink utilized and the injection
technique were modified as we gained experience with the
procedure. To facilitate visualization of the black pigment
intraoperatively, we found that optimal injection should
target the antero-lateral surface of the node and the
perinodal fat. While inking the perinodal fat may result in
tattooing of an adjacent node, it ensures the likelihood of
detection of the biopsied node. Tattoo pigment may extend
beyond the site of injection, as was seen in some of our
cases with multiple black nodes. This also may be
explained by migration of pigment via lymphatics or
phagocytosis as has been described for charcoal particles
by tumoral and peritumoral macrophages.’~>> Discerning
blue dye within a tattooed node can be challenging if there
is much black pigment. However, the color ambiguity often
can be resolved by identifying a blue leading lymphatic as
well as reliance on radiotracer signaling. It is important to
point out that the black pigment has not interfered with the
histopathological evaluation of the nodes in either group.
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Tattooing of suspicious axillary lymph nodes at the time of

biopsy before treatment can be a useful adjunct to clinical
lymph node staging surgery, particularly in the neoadjuvant
setting. Tattooing facilitates visual localization of biopsy-pro-
ven involved nodes and is less likely to be displaced or lost as in
the case of clips or seeds. Our analysis showed that in 65 of 66
cases the tattooed nodes coincided with one of the sentinel
nodes. Overall, pretreatment tattoo marking of biopsies axillary
lymph nodes is less expensive and requires no specialized
equipment, making it an attractive technique and one that is
readily exportable to low resource environments.
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