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Sentinel lymph node biopsy (SLNB) has emerged as an alternative to axillary lymph node dissection during breast cancer 
surgery during the last 2 decades. However, there are several controversies regarding the indication of the sentinel node 
biopsy after neoadjuvant chemotherapy which can convert positive lymph nodes to negative. The false-negative rate after 
neoadjuvant chemotherapy is unacceptably high. This high false-negative rate can be decreased by marking of the positive 
lymph nodes and removal during sentinel lymph node biopsy procedure in addition to the sentinel lymph nodes. The aim 
of this study was to investigate the possibility of carbon tattooing of the positive sentinel lymph nodes before neoadjuvant 
chemotherapy. In 2016, a prospective protocol was launched investigating the black carbon tattooing procedure of the 
suspective and positive axillary lymph nodes by injecting 0.1-0.5 carbon ink in normal saline under ultrasound guidance. 
All patients underwent black carbon tattooing of the suspected or positive axillary lymph nodes before the chemotherapy 
or one week before the primary surgery when chemotherapy was not indicated in the neoadjuvant setting. Sentinel lymph 
nodes together with lymph nodes marked by the black carbon ink were removed and histologically evaluated. So far 27 
patients were treated under this protocol. Breast saving surgery was performed in 22 cases and mastectomy in 5 cases. All 
patients had invasive ductal carcinoma. In 20 patients neoadjuvant chemotherapy was indicated and in 7 patients primary 
surgery was performed. All lymph nodes marked by black carbon ink were successfully identified and removed. Sentinel 
lymph node biopsy was performed in 8 cases and sentinel lymph node biopsy followed by axillary dissection in 15 cases. 
Axillary dissection alone was performed in 4 cases. In 19 cases, the black carbon ink was present in the sentinel lymph node 
at the same time and in 4 cases carbon dye was present in other lymph nodes than the lymph node identified during SLNB, 
which corresponds to 17.4%. In the group of patients undergoing primary surgery, in one case from six, the sentinel lymph 
node was negative and the lymph node marked with carbon ink positive which represents false-negative lymph node and 
failure of the SLNB procedure. After neoadjuvant chemotherapy, there was no false-negative lymph node identified, but the 
conversion of the positive lymph nodes to negative was present in 10 cases (50%). There were no complications attributed 
to carbon ink tattooing. The results of positive sentinel lymph nodes tattooing have confirmed that this method is safe and 
allows a decrease in the false negativity rate during the sentinel node biopsy procedure. 
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Breast cancer represents the most common malignant 
disorder among women. Alone in the Czech Republic, there 
are 6,000 new cases diagnosed each year [1]. The tumor 
commonly spreads from the primary site in the breast into 
the ipsilateral axillary lymph nodes. The axillary lymph 
nodes evaluation is for many years the principal prognostic 
parameter. The presence of the tumor in the axillary lymph 
nodes has a significant impact on patient prognosis and 
further management regarding the systemic chemotherapy 

and hormonal treatment as well as radiotherapy [2, 3]. For 
decades, axillary dissection was a component of breast 
cancer surgery for malignant disease exploring the presence 
of metastases in axillary lymph nodes. However, axillary 
dissection is associated with significant morbidity that 
affects the quality of life of patients and the necessity of this 
procedure is questionable. Sentinel node biopsy markedly 
reduced the number of axillary dissections [4]. The results of 
ACOSOG Z0011 are a further step in the direction towards 
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a mini-invasive approach, which further reduces the number 
of axillary dissections. The patients with clinically negative 
axillary lymph nodes are directed to SLNB and in the case 
of 1–2 positive lymph nodes, the axillary dissection is not 
performed [5, 6]. In the case of clinically suspected axillary 
lymph nodes, the biopsy of such nodes is performed and 
in the case of positive finding, the patients are proceeding 
with neoadjuvant treatment. In the case of clinically negative 
lymph nodes before and after neoadjuvant treatment, a 
sentinel node biopsy is performed [7]. In patients with 
positive axillary lymph nodes before the neoadjuvant treat-
ment, the ACOSOG Z0071 as well as SENTINA trial have 
confirmed a high rate of false-negative sentinel lymph nodes 
exceeding 10%. In patients with positive axillary lymph 
nodes, the axillary dissection was indicated as standard 
procedure [8, 9]. The false-negative rate decreased below 
10% only when dissection of more than 3 lymph nodes and 
simultaneous dual lymph node marking were performed 
[10, 11]. However, pathologic complete response rate after 
the neoadjuvant treatment in the case of triple-negative or 
HER2 positive tumors reaches up to 60% and this remission 
rate applies also to axillary lymph nodes [7]. In ACOSOG 
Z0071 trial, there was no requirement of positive lymph node 
marking with the clip before the neoadjuvant treatment, but 
in the situation when the marking of such nodes with the 
clip was performed and this node was not a sentinel lymph 
node, there was a further significant decrease in the false-
negative sentinel node rate. In such cases, the rate of false-
negative sentinel node dropped under 10% which is consid-
ered acceptable [12]. The use of radioactive seed for marking 
positive axillary lymph node led to a drop of sentinel node 
false-negative rate to 1.4% [13]. There are more techniques 
on how to mark the clinically positive axillary lymph nodes, 

including wire, clip, or carbon ink [14]. The Stanford group 
has presented the experience with marking of the lymph 
nodes with carbon ink. The carbon ink marking has several 
advantages, including the price, availability, and simplicity 
of use [15, 16]. This approach is inspired by the utilization 
in gastroenterology [17]. The aim of this study is to investi-
gate the possibility of carbon ink marking of the metastatic 
axillary lymph nodes before the breast cancer surgery, and 
before and after neoadjuvant systemic treatment.

Patients and methods

Marking before surgery. Starting in 2016, we have 
launched this prospective protocol of marking suspected and 
positive axillary lymph nodes with 0.5–1 ml of 4% carbon ink 
in normal saline. The carbon ink was injected before surgery 
into the subcortical zone of the lymph nodes under ultrasound 
control. In positive lymph nodes and in patients indicated for 
the primary surgical procedure, the marking was performed 
one week before the surgery. In patients indicated for neoad-
juvant treatment, the marking was performed before the first 
chemotherapy cycle (Table 1).

Node identification during the surgery. The sentinel node 
biopsy was performed in the EUC clinic since 1998. For this 
procedure, the 2-day protocol is used using 100 MqB radioco-
loid, which is injected peritumoraly. Before the surgery, 1 ml 
of Patentblue is also injected subarteoraly. For the identifica-
tions of lymph nodes, C-track and Gamma camera are used 
(Figures 1A, 1B). Blue-colored and radioactive sentinel lymph 
nodes are histologically evaluated. At the same time, the lymph 
node marked with carbon ink was also evaluated (Figures 1C, 
1D). Removed lymph nodes were investigated during surgery. 
If at least three lymph nodes were negative after neoadjuvant 
treatment, including the lymph node marked with carbon 
ink, the axillary dissection was omitted. The carbon ink 
marker was always identified in the lymph node during the 
pathologic evaluation. Also, there was no problem to differen-
tiate the lymph nodes marked with Patentblue as well as with 
carbon ink, colors were clearly differentiable.

Histopathologic lymph node evaluation. The black 
carbon dye-marked lymph node is considered as the lymph 
node with a macroscopic remarkable black pigmentation or 
with the histologic picture of the presence of this black dye 
in the lymph node capsule, in the subscapular zone, or node 
parenchyma. Such a node was further evaluated as a sentinel 
lymph node. Sections of 2 mm thickness of this lymph node 
were performed from which microtome cuts were prepared 
in three levels in 50 micrometers intervals. At every level, 2 
cuts were obtained, one stained with H-E, and the second one 
stained with immunohistochemistry for cytokeratin AE1/
AE3. Black tattooing/pigmentations is usually not complete, 
is focal and also locally causing nonspecific granulomatous 
reaction of different grade, but this has no negative impact on 
histologic lymph node examination. In the case of any doubt, 
there is always a possibility to complete the basic staining 

Table 1. SLNB after neoadjuvant chemotherapy.
SLN before neodjuvant chemotherapy 20
Positive node 18
Suspicious node 2
SLNB 20
SLN simultaneous with carbon dye node 14
SLN simultaneous with carbon dye node negative 9
SLN simultaneous with carbon dye node positive 5
SLN separately from carbon 3
SLN positive, carbon dye negative 1
SLN negative, carbon dye negative 2
ALND 3
Axillary nodes negative 2
Carbon dye node positive 1
Conversion positive node into negative node 
Conversion positive SLN into negative node 7
Scar in suspicious node after neoadjuvant chemotherapy 1
Conversion positive node into negative in ALND
Carbon dye positive node into negative nodes 2
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with immunochemistry (cytokeratin). A possible presence of 
the dye in the surrounding fat tissue, which should not be 
confused for lymph node, should also be considered.

Neoadjuvant chemotherapy. For the neoadjuvant chemo-
therapy, the dose-dense combination regimen of doxoru-
bicin/cyclophosphamide followed by weekly paclitaxel was 
used. In the case of HER2 positivity, trastuzumab was started 
with paclitaxel administration and continued after the 
surgery until 1 year of treatment was completed. 

Results

This prospective protocol was launched in 2016 and so 
far 27 patients have undergone this procedure. The mean 
age of the patients was 56.6 years. Breast saving surgery 
and mastectomy were performed in 22 and 5 cases, respec-
tively. In all patients, invasive ductal carcinoma (NST) was 
histologically verified. The pathologic characteristics are 
presented in Table 2. All lymph nodes marked with carbon 
ink were successfully identified and evaluated. SLNB was 

performed in 8 cases, SLNB followed by axillary dissection 
in 15 cases, and axillary dissection after carbon dye marking 
without SLNB in 4 cases (Tables 1, 3, 4). SLNB in simulta-
neous carbon dye presence was in 19 cases and carbon dye 
in the other lymph node was diagnosed in 4 cases (17.4%). 
After the neoadjuvant chemotherapy, the sentinel lymph 
node (SLN) was positive and carbon ink negative in 1 case. 
Among patients treated with primary surgery, there was 
one SLN negative and carbon ink lymph node positive in 
one case, which represents a false-negative lymph node. The 
conversion of the positive lymph nodes into negative lymph 
nodes was observed in 10 cases. There were no complications 
with the carbon dye procedure. Also, the identification of 
the lymph nodes marked with carbon dye was easy also in 
the case this lymph node was a sentinel lymph node. There 
was also no problem distinguishing the lymph nodes marked 
with Patentblue and carbon dye or radiocoloid. The staining 
of the perinodal fat tissue with carbon dye was also observed 
in some cases. This perinodal staining makes the identifica-
tion of the lymph nodes easier, but should not be mistaken 

Figure 1. Node identification during the surgery. A) Intraoperative axillary carbon dye node. B) Excised sentinel node simultaneous with carbon dye. 
C) Carbon dye in the axillary node. D) Histologic findings after neoadjuvant chemotherapy.
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Discussion

Axillary lymph node status is a crucial prognostic param-
eter, but axillary dissection is associated with a number of 
complications, which can significantly affect the quality of 
life. A mini-invasive approach was developed with the aim 
to further decrease the number of axillary dissections [2, 
3]. The implementation of the results of the Z0011 trial has 
resulted in a rapid decrease of the number of axillary dissec-
tions [4–6]. However, surgical management after neoad-
juvant chemotherapy represents a specific situation. SLNB 
after neoadjuvant chemotherapy is a generally accepted 
approach in patients with negative axillary nodes before 
the initiation of treatment. In patients with positive lymph 
node before neoadjuvant therapy, the axillary dissection is 
generally recommended due to the high rate of a complete 
response. The Z0071 and SENTINA trials have confirmed 
an increased rate of false-negative findings after neoadjuvant 
chemotherapy but this rather high rate can be decreased if 3 
or more lymph nodes are removed, by using dual marking 
and by marking the positive nodes before chemotherapy and 
the removal [10–11]. If axillary lymph nodes are negative 
and there are 3 and more histologically negative lymph 
nodes, MSKCC is not following with axillary dissection [18]. 
This approach was confirmed during St. Galen 2019 [9]. 
The approach used in the MD Anderson Cancer Center is 
to mark the positive axillary lymph nodes by the radioactive 
clip, performing SLNB, and removing simultaneously the 
marked lymph node. Using this procedure, the false-negative 
rate can be decreased to 1.4% [13]. For positive lymph nodes 
identification, the clips can be used. The identification of the 
marked lymph node during the surgery procedure is diffi-
cult. Therefore, an identification using the wire is usually 
performed which represents two procedures. Marking using 
the magnetic seed is expensive, requires specific instru-
ments and equipment. In the case using of radioactive seeds 
for lymph node identification, it is necessary to follow the 
requirements for usage of the radioactive substances which 
represent significant limitation [14]. All these drawbacks are 
avoided using the carbon dye [15, 16, 19]. Carbon dye has 

Table 2. Clinicopathologic characteristic of the patients.
Age 56.6 (31–76)
Subtype carcinoma
Ductal CA (NST) 27
Luminal A 1
Luminal B 11
Triple negative 8
Her2+ 7
Surgery after neoadjuvant chemotherapy
After neoadjuvant chemotherapy 20
Response
Chevalier 1 7
Chevalier 2 3
Chevalier 3 9
Chevalier 4 1
Without neoadjuvant chemotherapy 7
Surgery on breast
Conservative surgery 22
Mastectomy 5
Surgery in axilla
SLNB 23
SLNB+ALND 15
SLNB only 8
ALDN 4
Nodes
all nodes 221
Number SNL 56
SNL negative 42
SNL positive 14
Nonsentinel nodes 165
Nonsentinel nodes negative 115
Nonsentinel nodes positive 50
Carbo dye nodes
Mean time from application carbon dye 164 days (8–240)
SLN simultaneous with carbon dye 19
SLN separately from carbon 4
Conversion positive node into negative node 
SLNB 8
ALND 2

Table 3. SLNB before primary surgery.
SLN before primary surgery 7
Positive node 6
Negative node 1
SLNB 6
SLN simultaneous with carbon dye node positive 5
SLN negative carbon dye node positive 1
ALND 1
Carbon dye node positive 1

for the real lymph node. The average time from carbon ink 
application until the surgical procedure was 164 days. The 
longest interval from carbon ink application until surgery 
was 240 days.

Table 4. Total number of the axillary nodes.
Neoadjuvant  

chemotherapy Primary surgery

SLN nodes 56 10
Negative 3
Positive 7 7
Nonsentinel nodes 78 54
Negative 66 21
Positive 12 33
ALND 30 14
Negative 17 8
Positive 13 6
Total 164 78
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been used for a long time in gastroenterology for marking 
of intestinal lesions. It was confirmed that the carbon dye is 
not resorbed, results in no wound complications, and has an 
acceptable price [17]. In this patient population, carbon dye 
was used because of the accessibility and price. Carbon dye is 
injected into the suspected or metastatic lymph nodes which 
are removed during the surgical procedure. In agreement 
with other studies, there was no problem with the identi-
fication of the lymph node marked with the carbon dye, 
also if the sentinel lymph node was involved. The interval 
between the carbon dye injection and surgical procedure 
has not affected the perioperative identification of the lymph 
node. The longest interval between the application and 
surgery was 240 days. The present study has confirmed the 
data reported earlier. In agreement with the Z0071 trial, we 
have also observed that not all sentinel lymph nodes possess 
carbon dye [12]. In the present study it was 17.4%, in Z0071 
trial 24% and in the series reported by Yonsei University 
25% [19]. In Stanford trial, the sentinel node and carbon 
ink correlated in 98% of cases, and this was explained by 
the fact that all patients were operated by the same surgeon 
[16]. In the present study with a single surgeon performing 
all procedures, 100% concordance rate was not reached. 
The number of false-negative lymph nodes has dropped to 
5% in the Z0071 trial which is considered acceptable. The 
conversion of positive to negative nodes was observed in 
10 cases, representing 50% of patients treated with neoad-
juvant chemotherapy. During the histological examination, 
scarring of the previously positive lymph nodes was observed 
which suggests pathological complete response. In the case 
of 3 or more negative lymph nodes including the lymph 
node with carbon dye, the axillary dissection was omitted. 
If the lymph nodes were positive for any amount of tumor 
tissue or the number was not sufficient, the axillary dissec-
tion has followed, in accordance with St. Galen recommen-
dations and also with results of the MSKCC experience [9, 
18]. The follow-up after the surgery is still limited, but no 
case of axillary recurrence was observed so far. The axillary 
lymph node examination before the surgery consisted of an 
ultrasound investigation which has several limitations and 
requires further improvement. The management of patients, 
in whom the lymph node status is not histologically verified 
before chemotherapy, should be investigated in further 
prospective trials. The results of the Z0011 trial suggest 
the omission of the axillary dissection in patients with 1–2 
positive lymph nodes [5, 6]. Marking before the surgical 
procedure decreases the rate of false-negative lymph nodes, 
which was observed in 1 case from 7 patients in the present 
study. Tattooing of the suspected lymph nodes in patients not 
treated with neoadjuvant chemotherapy further extends the 
utilization of this method.

In conclusion, this study has confirmed that axillary lymph 
node tattooing is a safe method resulting in a decreased 
number of false-negative lymph nodes during the sentinel 
node biopsy procedure.
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