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Abstract
De-escalation of surgery for axillary lymph nodes in breast cancer treatment has advanced following the development of the sentinel lymph node biopsy procedure 
for clinical axillary lymph node metastasis-negative breast cancer. Sentinel lymph node biopsy procedures following downstaging by neoadjuvant chemotherapy 
(NAC) in clinical axillary lymph node metastasis-positive cases provide such advancements. However, sentinel lymph node biopsies performed after NAC have a 
high false negative rate (12.6-14.6%) and are unable to provide a definitive basis for assessing axillary lymph node metastases. Targeted axillary dissection (TAD) is 
a new method designed to overcome these disadvantages by allowing for more accurate assessment of axillary lymph node metastases following NAC through the 
placement of clips at lymph nodes with metastasis prior to NAC, and such procedures have been attracting research attention. I125 seed labeling and wire localization 
were frequently performed in prior studies as methods for extracting indwelled clips from lymph nodes, but these methods were considered to be invasive, and their 
adoption in Japan was not achieved. For this study, we designed a variant of the TAD method involving labeling indwelled lymph node clips using pyoktanin dye 
(crystal violet), and we believe this method could potentially be adopted in Japan.
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The current axillary surgery for breast cancer
Primary breast cancer therapies include localized treatments, such 

as surgery and radiation therapy, and multidisciplinary approaches, 
such as a combination of systemic therapies that include hormone 
therapy, chemotherapy, and molecular-targeted therapy. Localized 
treatment has gradually decreased, due to advances in systemic 
therapy. The NSABP B-32 trial demonstrated that in cases that are 
negative for clinical axillary lymph node metastasis, additional axillary 
dissection does not affect prognosis if the patient is negative for 
sentinel lymph node metastasis [1]. Owing to this, the new standard 
procedure for surgery is not to perform axillary dissection in cases that 
are negative for clinical axillary lymph node metastasis if the patient is 
negative for sentinel lymph node metastasis. Additionally, the Z0011 
trial demonstrated that axillary dissection can be avoided under the 
following condition: if there are two or fewer macro-metastases to the 
sentinel lymph nodes, then breast-conserving surgery is performed 
when the tumor T stage is T2 or below, and appropriate systemic 
therapy is introduced [2].

Downstaging by neoadjuvant chemotherapy for clinical 
node-positive breast cancer

In cases that are negative for clinical axillary lymph node metastasis, 
de-escalation of axillary treatment is progressing. However, axillary 
dissection is still the standard axillary treatment in cases where axillary 
lymph node metastasis has been observed clinically.

For some time, downstaging through neoadjuvant chemotherapy 
(NAC) has been attempted as a means to eliminate axillary dissection in 
cases that are positive for axillary lymph node metastasis. The original 

goal of NAC was downstaging, in order to perform radical surgery for 
treating inoperable advanced breast cancer. NAC applications are now 
expanding to operable early-stage breast cancer as well.

The following are two major overseas clinical trials on sentinel 
lymph node biopsy following NAC. The SENTINA trial studied 
sentinel lymph node biopsy in cases where neoadjuvant chemotherapy 
was performed [3]. Within the study, Arm C was a group of patients 
who were positive for clinical axillary lymph node metastasis and 
underwent sentinel lymph node biopsy after NAC was performed 
(N=592). In this group, the rate of false negatives for sentinel lymph 
node biopsies was 14.2% (32/226). However, the rate of false negatives 
was 8.6% (6/70) in cases where three or more sentinel lymph nodes 
were successfully excised intraoperatively. The ACOSOG Z1071 trial 
studied sentinel lymph node biopsy following NAC in cases that were 
positive for clinical axillary lymph node metastasis, as in Arm C of 
the SENTINA trial [4]. Among the 701 cases studied, the rate of false 
negatives was 12.6% (39/310). Additionally, in this trial, the rate of false 
negatives was 9.1% in cases where three or more sentinel lymph nodes 
were successfully excised. Within Japan, Enokido et al. conducted a 
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study of 143 cases at eight facilities that analyzed sentinel lymph node 
biopsy following NAC in cases that were positive for clinical axillary 
lymph node metastasis [5]. The rate of false negatives for all cases 
was 16.0% (13/81), a higher value than the two studies mentioned 
previously. Although the rate of false negatives was not stated for each 
possible number of sentinel lymph nodes excised, the overall rate was 
9.1% (13/143) in cases where three or more sentinel lymph nodes were 
successfully excised, and this is presumed to be the cause of the high 
false negative rate.

In all three studies, the rate of false negatives was high, and it 
was considered safe to omit axillary dissection in over 10% of cases. 
However, the results of the ACOSOG Z1071 and SENTINA trials 
showed that the rate of false negatives decreased in cases where three 
or more sentinel lymph nodes were successfully excised [3,4]. Based 
on this, we believe that, in cases that are positive for clinical axillary 
lymph node metastasis, it is better to excise as many sentinel lymph 
nodes (preferably three or more) as possible in order to achieve highly 
accurate axillary lymph node analysis following NAC. However, due to 
blockage caused by lymph duct cancer cells or scarring in lymph nodes 
that had already metastasized, it is often difficult to evaluate sentinel 
lymph node biopsies following NAC in cases that were positive for 
clinical axillary lymph node metastasis, and the rate of identification is 
about 87.8% to 92.7% [3-5]. Furthermore, in cases where three or more 
sentinel lymph nodes were successfully excised, the rates were 34% 
(201/592) in the SENTINA trial, 56.3% (388/689) in the Z1071 trial, 
and 9.1% in the Enokido study. Based on this observation, it is believed 
that even when downstaging with NAC is performed for cases that are 
positive for clinical axillary lymph node metastases, axillary dissection 
can only be omitted in a limited number of cases.

Targeted axillary dissection
In a clinical trial by Caudle et al. for patients who were positive 

for clinical axillary lymph node metastasis, NAC was performed after 
attaching clips to axillary lymph nodes with metastasis, and the clipped 
lymph nodes were excised while performing a sentinel lymph node 
biopsy using the regular dual tracer method after NAC [6]. Although 
the rate of false negatives was 10.1% (7/69) when only sentinel lymph 
nodes were evaluated, the rate of false negatives changed to 1.4% 
(1/74) when evaluation of the clipped lymph nodes was added. This 
demonstrated a major improvement.

Additionally, for the 170 cases in the previously mentioned Z1071 
trial, the rate of false negatives improved to 7.2% when clips were 
attached to lymph nodes in which metastasis was observed before 
NAC, and the evaluation of clipped lymph nodes was performed 
during surgery. As described here, the methods in which axillary 
lymph nodes with prior metastasis are excised after NAC, and axillary 
lymph node metastases are evaluated, is referred to as targeted axillary 
dissection (TAD). Because the National Comprehensive Cancer 
Network guidelines also recommend the omission of axillary dissection 
after NAC in cases that are positive for clinical axillary lymph node 
metastases, we can expect this to become a standard treatment in Japan 
as well. However, the clips attached to lymph nodes are usually under 
5 mm in size and are often difficult to visually identify during surgery. 
In the previously mentioned Z1071 trial, out of 170 cases with clip 
placement, 107 sentinel lymph nodes were identified as clipped lymph 
nodes during surgery [7]. Among the remaining cases, clips were not 
found in the 34 lymph nodes that remained after axillary dissection and 
the 29 lymph nodes that were removed during sentinel lymph node or 
axillary dissections. The method used by Abigail involves inserting I125 
seed into lymph nodes clipped preoperatively and locating the clips 

under the guide of a navigator. This method produces an intraoperative 
identification rate for clipped lymph nodes of 97.5%, extremely high 
rate. Similarly, Donker et al. performed TAD using I125 seeds and 
produced positive results, demonstrating an identification rate of 97% 
(97/100) [8]. The approach used in these studies is referred to as the 
MARI (Marking Axillary Lymph Node with Radioactive Iodine Seed) 
procedure.

The results of TAD for each clinical trial are shown in table 1. Taking 
into account the studies by Abigail and Donker, marking tumors with 
I125 seeds is essential for performing TAD [6,7]. However, in Japan, 
I125 seed is only used for therapeutic purposes such as radiation 
therapy for prostate cancer, and exposes patients to radiation. As such, 
it will likely be difficult for I125 seed methodologies to be accepted in 
Japan. Plecha et al. have reported results regarding TAD that use wire 
localization on clipped lymph nodes [9]. In cases where lymph nodes 
clipped before NAC were preoperatively localized with wires, the TAD 
success rate was 97.4% (71/73), compared to 79.4% (27/34) in cases 
where this was not performed. Eun et al. also published a report on 
the results of TAD using wire localization. Their study included 20 
subjects, and a total of 24 clips were placed, with two clips placed in 
four of the subjects. Twenty-three clips were identified during surgery, 
and the TAD success rate, as a result of wire localization use, was 95.8% 
(23/24). In addition to confirming the feasibility of TAD, the use of 
wire localization allows for multiple lymph node TAD operations in a 
single case. Table 1 shows the results of each study concerning TAD. 
As a result of the use of I125 seed and wire localization, all TAD success 
rates were greater than 90% [10].

As described, although research on TAD and the excision of clipped 
lymph nodes has been actively undertaken overseas, TAD is not yet 
widespread in Japan, and TAD techniques for Japanese individuals 
have not yet been established. Additionally, because wire localization 
and I125 seed placement are very invasive, it will likely be difficult for 
such procedures to be accepted in Japan.

Our study related to TAD
The clinical study we are conducting is a Phase 1 clinical trial that 

adopts pyoktanin dye (crystal violet) marking as a method for excising 
clipped lymph nodes, in order to conduct TAD in Japan. The patient 
group is composed of patients with breast cancer, aged 18 years and 
above, with tumors having T stages of T1-T3 and N stage of N1, without 
distant metastasis. Selected patients were planning to have standard 
neoadjuvant chemotherapy using sequential dosing of anthracyclines 
and taxanes. Patients who are [regnant or breastfeeding, and patients 
with bilateral breast cancer (whether at the same time or not), were 
excluded from the study.

Inclusion and exclusion criteria, as well as an overview of the study, 
are provided in figure 1. The first step of the study is to clip axillary 
lymph nodes in which metastasis were observed. Histological diagnosis 
using pathological cytology is required to diagnose axillary lymph node 
metastasis. The second step is to perform what is currently considered 
the standard treatment: neoadjuvant chemotherapy using sequential 
dosing of anthracyclines and taxanes. In HER2-type cases, we added 
trastuzumab. Patients were excluded if the primary lesion or lymph 
nodes enlarged when neoadjuvant chemotherapy was performed.

Following neoadjuvant chemotherapy, standard surgeries, 
including axillary dissection, were performed. Sampling was conducted 
during surgery by identifying clipped lymph nodes through ultrasound, 
then making lymph nodes visible through pyoktanin marking. The 
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specimens sampled during surgery underwent X-ray analysis, and 
TAD was considered a success if a clip was confirmed. The outcome 
was TAD success rate in cases where TAD was attempted. The planned 
number of cases was 15, and an overall success rate of 95% or above 
was expected. Once the target number of subjects was reached and the 
TAD success rate was deemed sufficient, the next step was to eliminate 
axillary dissection using TAD.
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