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Abstract

Background: Blue dye and radioisotope (RI) combined SLNB is the “best” 
protocol. However, RI is not available worldwide. This study is to evaluate the 
feasibility of unenhanced chest Computerized Tomography (CT) with three 
criteria for suspicious nodal metastasis assisted SLNB using only methylene 
blue (MB) as an alternative reliable option. 

Patients and Methods: A total of 1771 consecutive patients with clinically 
node negative breast cancer were enrolled. For limiting FNR and surgical 
complications, the number of removed Sentinel Lymph Nodes (SLNs) was 
suggested to be 3~5. Unenhanced chest CT is mandatory to locate SLNs, which 
were graded from 1 to 3 according to suspicious criteria for metastasis. Three 
doctors adopted three SLNB methods. Periareolar sub-dermal injection using 
4ml of 0.5% MB alone or in combination with a radioisotope was individually 
employed by two doctors. The third doctor used 2ml of 1% MB to inject into 
parenchyma to map SLNs. 

Results: Both FNR and outcomes of patients showed no difference between 
three methods. We also confirmed that Lymph Vascular Invasion (LVI) and CT 
grade were both significantly correlated with SLN status (coefficients were0.68 
and 0.25, p<0.001). Although there was no difference found in complications, 
but parenchymal injection did never cause skin necrosis. 

Conclusion: Unenhanced chest CT could be are liable assistance to 
improve SLNB using only MB via parenchymal injection. This technique might 
be the safest and convenient option for SLNB in the study and RI could be safely 
spared.
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Introduction
Chinese incidence of breast cancer has increased remarkably with 

the socioeconomic development, particularly in eastern coastal areas, 
and it has been expected to approach more than 100 cases per 100000 
women aged 55~69 years by 2021 [1,2]. Whereas, benefitting from 
systemic therapy, the invasiveness of surgical treatment has been 
largely controlled. Clinical trials have revolutionized the pattern of 
clinical practice. Mastectomy and Auxiliary Lymph Node Dissection 
(ALND) were both profoundly proven not to improve survival and 
Quality of Life (QOL) when comparing with Breast-Conserving 
Therapy (BCT) and Sentinel Lymph Node Biopsy (SLNB) [3,4].

National Surgical Adjuvant Breast and Bowel Project (NSABP) 
B-32 and other trials identified that SLNB could not only reduce the 
surgical morbidities, but could also be reliable for auxiliary staging 
of clinically lymph node negative (cN0) breast cancer [5,6]. SNB has 
become the standard of care in patients with cN0 disease. Although 
blue dye and radioisotope (RI) combined lymphatic mapping was 

well established as a standard procedure to limit FNR [7-9], but 
the optimal protocol for SLNB is still under investigation. In many 
Japanese hospitals, due to the lack of RI, contrast enhanced CT 
lymphography (CT-LG) has been routinely used to stage the axilla 
accurately with dye-only SLNB [10]. It was concluded that using the 
only size criterion by CT-LG or MRI alone to diagnose SLNs was 
not sufficient. No matter what contrast regimen used, the cost and 
procedure of the technique they used were not practical in China.

Based on previous studies on ultra sonography and CT-LG, 
metastatic nodes have several abnormal signs [11,12]. In our daily 
wok, US-guided Core Needle Biopsy (CNB) and unenhanced chest 
CT have routinely been preoperatively adopted to evaluate node 
status and triage the patients. Because of unavailable RI and limited 
financial support in our country, most of patients, especially who live 
in remote rural areas, must receive more unnecessary ALND. In this 
context, we conduct this research to evaluate an unenhanced chest 
CT assisted method for SLNB and provide an alternative option for 
the given population.
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have signed informed consent for publication of their clinical data.

SLNB protocols
After cN0 breast cancer was confirmed, unenhanced chest CT 

with 3mm slice thickness was routinely performed and assessed by 
two imaging experts. According to their experience and previous 
study [11], three abnormal signs for suspicious nodes on CT were 
identified. Firstly, it is cortical thickening and diminished or absent 
hilum. Secondly, a height/width ratio is close to 1 on the two-
dimensional slice of a coronal scan across the hilum of the node. 
Thirdly, the maximum diameter of the node is no less than 1cm [12]. 
When the node meets one or more criteria, it was supposed to be 
suspicious or typical metastatic SLNs and marked on the skin (Figure 
1, Figure 2a). During operation, SLNs could easily be localized by the 
size, numbers and the predicted anatomical position [17].

There is no consensus regarding the volume and location of the 
injective. In our institution, there are three experienced surgeons 
who used to perform SLNB with their own fashion. Subcutaneous 
injection of 4ml of 0.5% MB at the periaerolar region (Method A) 
was used by two surgeons and one of them used MB in combination 
with radioisotope (Method B). MB was injected after the onset of 
anesthesia. The radioactive tracer (99mTc) was injected and lymph 
scintigraphy was performed before the day of surgery. A handheld 
gamma probe was employed for method B to detect hot spots and all 
radioactive lymph nodes with highest signal comparing with residual 
surgical field were removed. The third doctor use 2ml of 1% MB to 
inject into the parenchyma at the projection point of tumor around 
the areola (Method C, Figure 2). SLNs did not include parasternal 
lymph nodes.

The injection site was massaged for 2~3 min and operation started 
10~15 min later. When no blue or radioactive node was found, ALND 
was performed. It was suggested to harvest no less than 3 and no more 
than 5 SNs as possible as it could be done. If there were only one or 
two blue and/or hot nodes, palpable or visible nodes directed by CT 
during operation were harvested as SLNs and this was suggested to 
decrease FNR to less than 5% [18,19]. All patients were reexamined 
unenhanced chest CT to evaluate the axilla 6 months after surgery.

Pathologic evaluation
All SLNs were bisected longitudinally at the level of the helium 

and half of it was taken for immediate frozen-section examination 
during operation. The remainder was fixed in 10% formalin and 
paraffin embedded and stained with hematoxylin and eosin or further 
histological examination. SLNs were all sliced at 2~3mm intervals. 
The definitions of micro metastasis and Isolated Tumor Cells 
(ITC) were illustrated in National Comprehensive Cancer Network 
(NCCN) breast cancer guideline [20].

Statistical analysis
Statistical analysis was performed with SPSS 22.0. I R and FNR 

of three techniques for SLNB were estimated and compared by Chi-
square test. One-way ANOVA was used to compare numbers of 
removed lymph nodes by three doctors. Disease Free Survival (DFS) 
was defined as time (months) from the date of surgery to the date 
of any advent of the first recurrence, and Overall Survival (OS) was 
defined as time (months) from the date of surgery to the date of death 
caused by breast cancer. DFS and OS were established and estimates 

Patients and Methods
Patients’ characteristics

From February 2007 to October 2015, a total of 1771cases of 
breast cancer patients were involved in this study. They ranged in age 
from 25 to 93 (median, 59). Their tumor size was ranged from 0.5 to 
10cm. The 10cm tumor was identified as pure mutinous carcinoma in 
the left breast of an 83-year old lady. All patients were diagnosed by 
Fine Needle Aspiration (FNA) or Core Needle Biopsy (CNB) before 
surgery. Patients who were arranged to neoadjuvant chemotherapy 
including those diagnosed with inflammatory breast cancer and 
pregnant patients were excluded. When auxiliary lymph node was 
highly suspicious for metastasis, ultrasound (US)-guided CNB was 
introduced. When metastasis was not considered in the node on 
palpation or US, cN0 was identified and SLNB was applied. At the 
initial stage of SLNB, 190 patients consented to SLNB followed by 
level I/II ALND. Three SLNB techniques were employed individually 
by three surgeons. Thereafter, 1581patients consented to SLNB 
followed by ALND only if any metastasis was found in Sentinel Nodes 
(SNs) except for Isolated Tumor Cells (ITC). Level III clearance is 
performed unless metastasis occurred in nodes at level II [13]. 
Lymph Vascular Invasion (LVI) was widely found to be significantly 
correlated with node status [14,15], therefore it was evaluated as well 
and classified as three levels. The first level was defined as absence of 
LVI and the second and third levels were defined as focal and diffused 
LVI, respectively. This retrospective research was approved by the 
Ethics Committee of the First Affiliated Hospital, Zhejiang University 
School of Medicine according to the revised version of Declaration of 
Helsinki and its amendments in 1983, 1989, and 1996 [16]. Patients 

Characteristics Doctor 1 Doctor 2 Doctor 3 P value

Age

≤40 years 53 52 58

0.9041~69 years 401 411 432

≥70 years 43 44 38

Subtypes

Luminal A 149 76 138

<0.0001

Luminal B 58 38 98

HER2-Pve 29 25 28

TNBC 60 31 66

Unknown 201 337 198

LN status

0 389 394 425

0.72
1~3 85 90 78

4~9 19 18 22

≥10 4 5 3

LVI status

Level 1 393 390 435

0.03Level 2 76 99 68

Level 3 28 18 25

Table 1: Characteristics of patients underwent sentinel lymph node biopsy 
(SLNB).

HER2-Pve: Human Epidermal Growth Factor Recptor 2-Positive; TNBC: Triple-
Negative Breast Cancer; LN: Lymph Node; LVI: Lymphovascular Invasion
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by Kaplan-Meier. Log-Rank (Mantel-Cox) test was used to compare 
survival outcomes. Cox proportional-hazards regression model 
was employed to estimate Hazard Ratio (HR) and 95% Confidence 
Intervals (CI). Pearson’s correlate co efficiency and Multiple Linear 
Regressions (MLR) were used to assess correlation between SLNs 
status and clinical parameters. A two-sided P value less than 0.05was 
considered significant.

Results
Of Allen rolled patients with cN0 primary disease, 190 accepted 

SLNB followed by ALND. The IRs of Method A, B and C were 94.8% 
(55/58), 95% (57/60) and 94.4% (68/72) (χ²=0.0006, p=0.9997). FNRs 
were 4.35% (2/46), 6.12% (3/49) and 5.26% (3/57) (χ²=0.15, p=0.93). 

No significant difference was found between three groups of patients in 
N0~3 distributions (χ²=2.97, p=0.56). Skin necrosis happened in one 
case with Method A and no other complication was found. Afterward, 
ALND was applied only for patients with micro or macro metastasis 
in SLNs. By October 2015, additional 1581 patients adopted SLNB for 
their lymph node staging and the characteristics of successful patients 
were summarized in Table 1. The IRs of three methods were 97.5% 
(497/510), 96.8% (507/524) and 96.5% (528/547) (χ²=0.01, p=0.99). 
Because ALND was not mandatory, FNRs were inferred from limited 
results and they were discriminately 4.9% (18/365), 4.4% (16/367) 
and 4.6% (18/390). No significant different was found between three 
groups (χ²=0.14, p=0.93). Also, we evaluated FNR of chest CT for SLN 
and found significant difference between three grades (FNRs of grade 

Figure 1: In unenhanced chest CT, axillary lymph nodes were graded according to their imaging features. Green arrow marked representative lymph nodes. 
“Normal” node was shown in panel “a” and means nodes were thought without metastasis and it was featured with diameter less than 2cm and clear margin and 
clear corticomedullary demarcations. “Suspicious” node was shown in panel “b” and means metastasis could not be excluded and their characteristics were clear 
margin and unclear corticomedullary demarcations or a diameter more than 2cm. As pointed out by green arrow, the lymph node was displayed in consecutive 8 
layers and pathologically identified as a false negative metastatic node. “Typical” node means metastasis was the first consideration and displayed in panel “c”. It 
was featured with unclear margin and corticomedullary demarcations and a diameter more than 1cm. “Suspicious” and “typical” nodes were applied to Core Needle 
Biopsy (CNB) under ultrasound guidance if they were found in ultrasound.

Figure 2: Lymphatic mapping using method C for a 36-year-old patient. In panel “a”, all possible incisions were designed and green arrows pointed out the only 
injection location with method C (2ml of 1% MB was used to inject into the parenchyma at the projection point of tumor around the areola) and the surface landmark 
of “suspicious” sentinel node guided by unenhanced chest CT. Panel “b” and “c” and “d” showed blue lymphatic vessel and sentinel node dyed by methylene 
blue. In panel “d”, the first and the fourth lymph nodes were proved metastasis with breast carcinoma and the fourth node was found with palpation guided by CT.
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1 to 3 were 5.66%, 2.78% and 0; p<0.0001). Further, no difference was 
found in N0~3 distributions (χ²=2.67, p=0.85) and in complications, 
such as skin necrosis (χ²=3.72, p=0.16), sensory defects (χ²=0.91, 
p=0.63) and edema (χ²=2.02, p=0.36).

Additionally, LVI displayed strong correlation with SLN status 
and auxiliary staging and chest CT. Pearson’s co efficiencies were 0.59 
and 0.73 and 0.449 (p<0.001). Besides, it showed weak correlation 
with tumor size and histopathology (0.08 and 0.10, p=0.01) and no 
correlation with cancer subtype (-0.03, p=0.44). In this study, MLR 
identified that LVI was a determining factor for lymph node status (β 
=0.68, 95% CI 0.599~0.76, p<0.001). Grade of lymph nodes in images 
of unenhanced chest CT and tumor grade were both revealed a weak 
effect on lymph node metastasis and their β values were 0.25 (95% CI 
0.18~0.32, p<0.001) and 0.06 (95% CI 0.001~0.12, p=0.046). During 
follow-up, there are 16 patients found enlarged auxiliary lymph nodes 
when compared with before and these nodes were identified chronic 
inflammation by core needle biopsy.

In the present dataset, survival outcomes of patients treated with 
SLNB and a median follow-up of 42 months (range 8 to 113 months) 
were analyzed to compare three methods. There was no difference 
either in their DFS (χ²=0.44, p=0.51) or OS (χ²=0.004, p=0.95).Most of 
clinical characteristics, including tumor stage, LVI and unenhanced 
chest CT, showed no influence on survival of these patients, while 
lymph node stage always significantly influenced their DFS and 
OS (χ²=14.33, p<0.001; χ²=32.89, p<0.001; Figure 3). Multivariate 
analysis showed similar results in line with the above results. Cox 
proportional-hazards regression found that only lymph node status 
significantly influence DFS and OS and their HR were 2.06 (95% CI 
1.39~3.06, p<0.001) and 4.37 (95% CI 2.28~8.38, p<0.001).

Discussion
In 1994, Sentinel Lymph Node Biopsy (SLNB) was reported by 

Giuliani and colleagues that it was firstly considered to be a potential 
method to replace ALND [21]. Now, SLNB has undoubtedly 
recognized as the standard procedure for cN0breast cancer. But the 
existing method of SLNB needs improvement. For the sake of limited 
financial and health resources, the most widely used technique might 
take account of both safe and convenient. MB mapping method was 

convenient and proved not as accurate as combined with radioisotope. 
We adopted unenhanced chest CT to assist SLNB using only MB as 
the tracer. In China, unenhanced chest CT was cheap, convenient and 
mandatory for breast cancer patients to excluding lung metastasis and 
this test was included in the social insurance system. FNR is an index 
of SLNB for quality control and it was influenced by surgical skills, 
tracer and injection method [8,22]. For the purpose of limit FNR, we 
used unenhanced chest CT to locate suspected LNs pre-operatively to 
assist SLNB. According to the featured criterion of LNs in CT images, 
we could easily grade LNs and find SLNs with MB mapping during 
surgery. When the LN was graded 3 in CT images, no false negative 
node was found. 

At the beginning of SLNB in our institution, 190 cases were 
adopted SLNB followed by ALND. FNR and IR were both similar 
between three doctors. IRs was more than 90%and FNRs were all 
less than 7%. The possible bias of surgical skill between doctors 
in this study could be excluded. In the context of tracers, MB was 
profoundly proved safe and easily obtainable for almost all patients 
over the world. MB caused serious toxic adverse events only when 
it was administered with high dose of 7.5mg/kg [23]. During SLNB, 
we used only 2ml of 1% MB and its safety has been established even 
if the patient was pregnant [24]. MB was commonly injected around 
the areola under the skin from 2006 because IR of this method was 
reported to be higher. However, as previously reported [25], FNR 
of parenchyma injection was lower than superficial injection and it 
was safer since superficial injection might cause skin necrosis [26]. 
In our results, both IR and FNR of parenchyma injection showed no 
difference with superficial injection (χ²=0.05 and 0.18, p=0.97 and 
0.91) and it didn’t cause skin necrosis. Both of pathologic N-stage 
distribution and complications showed no difference between three 
methods for SLNB (χ²=2.67 and 6.75, p=0.85 and 0.35).

Limitations of the Study
After all, there are several drawbacks in this study. Firstly, it 

was a retrospective study. However, patients involved in this study 
were arranged consecutively by their doctors. SLNB has become the 
standard procedure for early breast cancer, it is impossible to do any 
randomized prospective study to get the true FNR. Until now, there is 

Figure 3: Lymph node status showed significant influence on DFS and OS of patients with SLNB.
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no other tracer on a par with MB. A lot of clinical researches compared 
tracers with MB, but they are more expensive than MB, such a sin 
do cyanine green and enhancement agent [27]. Secondly, enhanced 
CT scan could significantly improve the accuracy of evaluation 
of LNs, but it is expensive and not convenient. Thirdly, there were 
significant different distribution in subtypes and LVI status (Table 
1). This was due to pathology development because the “unknown” 
status was most seen in patients treated by the second doctor and she 
was the senior surgeon. In view of SNB technology and survival, the 
shortcomings did not affect successful rate and excellent survival.

Conclusion
As reported previously, the only positive SLN rarely happened in 

the fourth SLN [28] and the total number of SLNs harvested during 
surgery will markedly limit FNR. Moreover, Axel’s son and colleagues 
suggested that less than 5 LNs during ALND increased auxiliary 
recurrence and decreased 5-year OS [29]. So, we supposed that 3~5 
of SLNs were the optimal number for accuracy and safety of SLNB. 
It has been found that parenchyma injection of MB caused undefined 
mass [9]. We considered that 4ml of1% MB was too much and 2ml of 
1% MB used in this study did not cause any mass during follow-up. 
After all, we believe MB is a reliable and most convenient tracer for 
SLNB and it will allow maximizing breast cancer patients benefitting 
from SLNB. Unenhanced chest CT could be an efficacious assistance 
to improve SLNB using only MB injected in only one location and 
this might be an alternative “standard” procedure in developing 
countries.
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