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Objective: Breast cancer is the most prevalent cancer in women and can spread to the lymph nodes in the axilla. The sentinel lymph
node is the first lymph node to be targeted for the spread or metastasis of cancer cells involving the lymph nodes. The aim of this study
is to compare the accuracy rate of methylene blue injection into sentinel lymph nodes in early-stage breast cancer patients who have
undergone incisional and excisional biopsies.

Methods: This is a prospective observational study conducted in two general hospitals in West Java, Indonesia. The research subjects
in this study were early-stage breast cancer patients with no lymph node metastasis (NO) who had undergone a biopsy. There were 83
study subjects included in this study. The sentinel lymph node biopsy was taken after injection of methylene blue into the peritumoral
area. Blue nodes in the axilla were marked as positive lymph node biopsy results and sent for histopathology examination.
Results: Patients who underwent excisional biopsy surgery had a sensitivity rate of 85.3% and a specificity of 93.3%, while the
accuracy rate in patients who underwent incisional biopsy surgery had a sensitivity rate of 79.2% and a specificity of 80%.
Conclusion: There was no difference in the accuracy of SLNB using methylene blue in patients with early-stage breast cancer with
NO who had a history of incisional and excisional biopsy.
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Introduction

The status of axillary nodes plays an important role in the management of patients with breast cancer, both for
determining prognosis and subsequent therapy. Sentinel lymph node biopsy (SLNB) is proven to be one of the most
accurate procedures for axillary staging in breast cancer patients. The sentinel lymph node (SLN) is the first lymph node
to be targeted for the spread or metastasis of cancer cells involving the lymph nodes.' The SLN can be detected using
several methods, mainly by injecting a certain substance into the area around the tumor.*

Lymph nodes will perform phagocytosis of all foreign bodies that enter them through afferent vasa, including cancer
cells and materials introduced from outside the body.*® Based on this fact, regional lymphatic flow may be useful to
determine whether the first lymph nodes along the colored lymphatic flow are enlarged due to the phagocytosis process of
cancer cells entering them. It can also be found that contrast enters the lymph nodes of the next station without entering
the first station. Methylene blue itself is a dark blue contrast agent consisting of the chemical bond composition
C16HI18CIN3S, usually used for bacterial or other biological staining. Methylene blue contrast is affordable and does
not cause hypersensitivity reactions or other severe complications except for a little skin necrosis that can be avoided
with the correct stenting technique, especially in cases of breast conserving surgery. Side effects such as discoloration of

urine, stool, and skin at the injection site are temporary and not severe.” '
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The accuracy of methylene blue injection is determined by the presence of blue lymph nodes in the axillary lymphatic
ducts.'>"® The sentinel lymph node biopsy was initiated by infiltrating the skin around the tumor with around 5 cc of 1%
methylene blue. The breast was then massaged for 5 min. After the tumor has been removed, the axillary lymph nodes
will be identified. If there were less than three blue axillary lymph nodes, or sentinel nodes, a biopsy would be
performed. However, if there were more than three, an axillary dissection would be performed.'? The accuracy assessed
was whether the blue axillary lymph nodes with positive histological examination results were metastatic.'* The
sensitivity of SLNB ranged from 77% to 94.5%, with false negativity ranging from 5.5% to 16.7%.>'>1¢

The initial diagnosis of breast cancer is made by a biopsy, either an incisional, excisional, or core biopsy.> Biopsies,
especially large volumes of excisional biopsies, may disrupt the mapping of the lymphatic system. Patients with a history
of excisional biopsy may have had their lymphatic system damaged; therefore, sentinel accumulation into the excised
tumor cavity may occur. Based on this condition, patients with a history of excisional biopsy may not provide an accurate
picture for lymphatic system mapping.>'” A prospective study conducted by Wong, who examined the accuracy of
sentinel lymph node biopsy (SLNB), stated that there was no difference in the level of accuracy in breast cancer patients
who had performed incisional biopsy and core biopsy.*'® Therefore, this study aims to investigate the comparison of the
accuracy rate of methylene blue injection into sentinel lymph nodes in early-stage breast cancer patients who have
undergone incisional biopsy and excisional biopsies.

Materials and Methods

This is a prospective observational study conducted in two general hospitals in West Java, Indonesia, and follows the
STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) guidelines.'**® The research subjects in
this study were early-stage breast cancer patients (cancer not spreading beyond the breast or lymphatic nodes including stage I,
IIA, IIB, and ITTA)*'** with NO (no metastases to nearby lymph nodes) who had undergone a biopsy for the confirmation of their
breast cancer diagnosis at Two General Hospital in West Java, Indonesia, during January—December 2022. Identification of
cancer type and immunohistochemistry in the form of ER, PR, Ki67, and Her2Neu was done after the first biopsy.

The inclusion criteria in this study were patients with early-stage NO breast cancer proven clinically through
ultrasound and physical examination who had undergone incisional biopsy, core biopsy, or excisional biopsy but had
not undergone mastectomy surgery or chemotherapy. The researchers decided that the incisional biopsy and core biopsy
were grouped together as the tumor is still present with minimal disruption to the surrounding tumor’s tissue. We exclude
patients who have a history of allergy to foreign agent injections; patients with impaired renal function; patients who
have previous lymph disorders or disorders, whether caused by cancer or others; patients with a history of previous
surgery in the axillary area; and patients with a history of non-malignant breast disease and requiring surgery in the breast
area under study. The study sample size was calculated using Lemeshow et al’s formula for differences in proportion, and
the minimum sample size needed was 36 patients.*>"**

All patients are scheduled for either breast conserving surgery or mastectomy. When the patient is anesthetized and
the operating field has been prepared, 2 mL of 1% methylene blue is injected in the peritumoral area at 3, 6, 9, and 12
o’clock. Breast massage was performed gently for 5 min. In breast conserving therapy surgery, after tumor removal,
a separate incision is made at the axillary line to locate the sentinel lymph node. In mastectomy surgery, sentinel lymph
nodes are identified after a flap is made superior to the junction of the tip of the pectoralis major with the latissimus dorsi.
Macroscopic identification of blue-stained lymph nodes is performed and all sentinel nodes positive were defined as blue
nodes or lymph nodes with blue lymphatic channels as shown in Figure 1, and then SLNB is performed. All procedures
were performed on axillary lymph node dissection (ALND) levels I-II. The dissected tissue was then sent for
histopathologic examination. After hematoxylin and eosin (H&E) staining of the preparations, histopathological data
were obtained in the form of positive and negative metastatic nodes. The histopathology result was classified as
pathological type classification from the College of American Pathologists version 1.2.0.0.% The differences between
variables were analyzed using chi-square analysis. Sensitivity and specificity measurements were performed to assess the
accuracy of SLNB in incisional and excisional biopsy patients compared with the confirmation of the histopathologic
examination. The statistical analysis was calculated using Statistical Package for the Social Sciences (SPSS) 26 software.
A p value <0.05 indicates a significant relationship.
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Figure | Methylene blue identification at the axillary lymph nodes (A). Positive lymph nodes are shown as blue nodes or blue lymphatic channels. (B). Negative lymph nodes

show no changes in color in the axillary lymph node region.

Results

There were 83 subjects included in this study; the characteristics of the research participant are shown in Table 1, with
the majority of the tumor located at the right breast (65.1%), the group of incisional and excisional biopsies being

Table | Research Participant’s Characteristics

Left breast
Tumor location, n (%)
Lower inner quadrant (LIQ)
Lower outer quadrant (LOQ)
Upper inner quadrant (UIQ)
Upper outer quadrant (UOQ)
Central
Biopsy type, n (%)
Incisional/core biopsy
Excisional biopsy
Histopathology result, n (%)
Invasive carcinoma
Medullary carcinoma
Mucinous carcinoma
Non-special type grade |
Non-special type grade Il
Tumor diameter (mm), mean+SD (range)
SLNB results, n (%)
Positive
Negative
Histopathological examination results, n (%)
Positive
Negative
Interval between biopsy and SLNB (days), mean+SD (range)

Characteristics N=83
Age, meantSD 44.27+69.00
Location, n (%)

Right breast 54 (65.1%)

29 (34.9%)

I (1.2%)
15 (18.1%)
19 (22.9%)
38 (45.8%

10 (12%)

34 (51%)
49 (49%)

I (1.2%)
2 (2.4%)
2 (2.4%)
75 (90.4%)
3 (3.6%)
25.41+8.5 (38)

51 (61.4%)
32 (38.6%)

58 (69.9%)
25 (30.1%)
18.37+8.51 (39)
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Table 2 Association Between the Variables and Histopathology of SLNB Results

Variable Histopathology of SLNB (N=83) | P value*
Positive Negative
Biopsy type, n (%)
Corelincisional biopsy 21 (25.3%) 13 (15.6%) 0.572
Excisional biopsy 30 (36.1%) 19 (23 v%)
Tumor location, n (%)
Lower inner quadrant (LIQ) I (1.2%) 0 0.503
Lower outer quadrant (LOQ) 10 (12%) 5 (6%)
Upper inner quadrant (UIQ) 10 (12%) 9 (10.8%
Upper outer quadrant (UOQ) 22 (26.5%) 16 (19.3%)
Central4/6 4 (4.8%) 6 (7.2%)
Histopathology result, n (%)
Non-special type grade | 51 (61.5%) 24 (28.9%) 0.016
Non-special type grade 2 0 (0%) 3 (3.6%)
Invasive carcinoma 0 (0%) I (1.2%)
Medullary carcinoma 0 (0%) 2 (2.4%)
Mucinous carcinoma 0 (0%) 2 (2.4%)
Tumor diameter, n (%)
<20 mm 20 (24%) 14 (16.9%) 0.428
21-50 mm 31 (37.4%) 18 (21.7%)

Notes: *Chi-square analysis, p value < 0.05 (bolded) indicates a significant relationship.

Table 3 Accuracy of the Sentinel Lymph Nodes Biopsy

SLNB Results Histopathological examination results | Total (n) | Sensitivity (%) | Specificity (%) AUC
Positive Negative

All subjects, n (%)
Positive 48 (57.9%) 3 (3.6%) 51 82.8 88 0.854
Negative 10 (12%) 22 (26.5%) 32

Incisional biopsy, n (%)
Positive 19 (22.9%) 2 (2.4%) 21 79.2 80 0.796
Negative 5 (6%) 8 (9.6%) 13

Excisional biopsy, n (%)
Positive 29 (34.9%) 1 (1.2%) 30 85.3 93.3 0.893
Negative 5 (6%) 14 (16.9%) 19

balanced (51% and 49%), and the majority of the tumor type being non-special type (90.4%). The differences between
intraoperative findings variables based on the histopathology result of SLNB are shown in Table 2. Significant
differences were shown in cancer type with a p value of 0.016. The accuracy of SLNB according to the biopsy type is
shown in Table 3.

Discussion

The most common tumor type is the non-special type (90.4%) in this study, which is more prevalent than in the literature,
and which accounts for the non-special type at 70-75%.%%*" The presence of tumor cells in the lymph nodes is still
a matter of debate, whether it is just a regional progression or an indicator of the systemic spread of malignancy.
However, the presence of lymph node involvement is an indicator of poor prognosis in breast cancer, with a 5-year
survival rate of approximately 28—40%. Axillary lymph node dissection is often performed to stage the cancer and also
aid in malignancy control, thereby improving survival. However, in axillary lymph node dissection performed in patients
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without metastatic lymph nodes (cNO), 70-80% of these patients have pathologically cancer cell-free lymph nodes (pNO),
increasing the risk of unnecessary procedures such as arm lymphedema, axillary sensory impairment, and shoulder
adduction deficits.”* 2

This study found that the accuracy of SNLB compared to the histological examination from the axillary lymph node
dissection showed a sensitivity of 82.8% and a specificity of 88%. This value is slightly different for patients who have
had different types of biopsies. The accuracy of SNLB in patients who had undergone an incisional biopsy was lower,
with a sensitivity of 79.2% and a specificity value of 80%. Meanwhile, the accuracy of SNLB in patients who had
undergone an excisional biopsy was higher, with a sensitivity of 85.3% and a specificity value of 93.3%. This finding is
in line with the Wong et al study, which found that there was no significant difference in the identification of sentinel
lymph nodes or false-negative rates in patients with various biopsy methods.* The findings of Haigh et al are also in line
with the findings in this study, namely that the study by Haigh et al showed that SLNB that was successfully performed
in breast cancer patients was not fixated on the biopsy method, whether it was a core-needle biopsy, an incisional biopsy,
or an excisional biopsy.**** The results of a study by Estourgie et al suggest that excisional biopsy may alter lymphatic
drainage. They conducted a study on 25 female patients who would have undergone an excisional biopsy and had axillary
procedures for further management. A lymphoscintigraphy procedure was performed prior to surgery. After the
procedure, 17 out of 25 lymphoscintigraphy scans showed disruption of the lymphatic drainage pattern.”

This study shows that there is no significant relationship between SLNB and the type of biopsy performed. SLNB
status is a prognostic factor that affects the overall survival rate of patients with breast cancer. Based on research
conducted by Forghani et al, there is no significant difference in lymphatic mapping during SLNB in breast cancer
patients who have undergone excisional biopsy first. This is in accordance with the results of this study, where there is no
significant difference between SLNB results and the type of biopsy performed.'® A study by Alavifard et al also
discussed the relationship between previous excisional biopsies and SLNB. They conducted the study because of the
possibility of lymphatic mapping disorders after an excisional biopsy. However, after a prospective study, they stated that
the sensitivity and predictive value did not experience a significant difference when SLNB was performed using a pre-
operative lymphoscintigram.'* Similar results were also obtained in another study conducted by Maaskant-Braat et al to
explain lymphatic mapping in patients undergoing breast conserving therapy surgery accompanied by axillary staging
using SLNB or ALND. Their study states that lymphatic mapping can still be performed after BCT surgery, although the
identification rate is relatively low." Alavifard et al also reported a case of a 24-year-old woman who had undergone
excisional biopsy surgery on the left breast as a result of invasive ductal carcinoma. She developed a left axillary lump 3
weeks later and underwent SLNB. When the procedure was performed, it was seen that there was no disturbance of
lymphatic mapping in breast cancer cases that had undergone an excisional biopsy.'* The findings in this study are
contradictory to the theory that SLNB in breast cancer will be less accurate after an excisional biopsy of the primary
tumor. This is related to the lymphatic disruption caused by the excisional biopsy itself and the inflammatory changes that
cause this lymphatic mapping failure. In addition, this is also mentioned in the study of Krag et al, who found a 7-fold
increase in the identification of lymph nodes after excisional biopsy.*® Feldman et al’s study also showed false-negative
rates were only present in patients with a previous history of excisional biopsy. However, Feldman et al’s study also
showed an increase in accuracy with minor adjustments to the biopsy protocol, such as changes in the number and
volume of injections.?’

The limitation of this study is that no lymphoscintigram was performed, so the lymphatic mapping pathway could not
be clearly described. Further research is required to investigate lymphatic mapping in patients with previous biopsy
histories. Sentinel lymph node biopsies have been extensively performed in various medical facilities for early-stage
breast cancer patients due to their favorable diagnostic and prognostic value. Although this method has been initiated at
Our General Hospital using methylene blue, it has not yet become routine due to equipment limitations and the
predominance of advanced-stage patients at the hospital. Additionally, the utilization of radiotracer-guided SLNB,
which aids injection in breast cancer patients, is still unfeasible. This limitation hampers the research due to inadequate
facilities for implementing such a method. Further research using a prospective design is required where population
factors can be controlled and confounding factors can be taken into account. A larger sample size for such variables as
tumor size, tumor diameter, type of surgery, history of surgery, and duration of time after biopsy should be considered in
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the future. It is also necessary to conduct research for SLNB identification using dual-tracer guidance to help assess
lymphatic mapping in patients. The use of SLNB for intraoperative diagnosis still needs to be developed by considering
the various factors involved to obtain more favorable prognosis results.

In conclusion, there was no difference in the accuracy of SLNB using methylene blue in patients with early-stage
breast cancer with NO who had a history of incisional or excisional biopsy. Patients who underwent excisional biopsy
surgery had a slightly higher sensitivity rate and higher specificity rate than those who underwent incisional biopsy.
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