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      Background

      
				Sentinel lymph node biopsy (SLNB) using blue dye is becoming
				popular in Indonesia given that knowledge on new anatomical landmarks involving
				intercostobrachial and medial pectoral nodes have replaced the need for radioisotope
				tracers. This study aimed to evaluate the utility of the proposed landmark involving
				intercostobrachial and medial pectoral nodes to determine axillary lymph node status
				during SLNB.			


       


      Methods

      
				A prospective study was conducted involving 55 patients with early-stage
				breast cancer who had clinically negative lymph nodes (T1–T2, cN0) between 2018 and
				2019 at Cipto Mangunkusumo Hospital. During SLNB, methylene blue 1% was injected at
				the subareolar area to identify intercostobrachial and medial pectoral nodes followed
				by axillary lymph node dissection (ALND). Histopathological results of sentinel nodes
				(SNs) were then compared to those of other axillary nodes.			


       


      Results

      
				SNs were identified in 54 patients (98%), 33 (61%) of whom had both
				intercostobrachial and medial pectoral SNs. Among patients with SNs, there were 1
				patient without intercostobrachial SNs, 10 patients without medial pectoral SNs, and
				1 patient with medial pectoral SNs but no intercostobrachial SNs. Accordingly, SNs
				had a negative predictive value (NPV) of 96.77% for axillary metastasis (95% confidence
				interval = 81.54–99.51), with a false negative rate of 4.7%. No serious adverse events
				was observed.			


       


      Conclusions

      
				The high identification rate and NPV, as well as the low false negative
				rate of the new anatomical landmark involving intercostobrachial and medial pectoral
				nodes during SLNB, suggest its reliability in determining axillary lymph node status.			
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				Sentinel lymph node biopsy (SLNB), a minimally
				invasive procedure, has been shown to accurately
				stage the axilla and promote lesser morbidity
				compared to axillary lymph node dissection (ALND).1
				The mapping method has been among the most
				important factors affecting the identification rate
				and false negative rate of SLNB in breast cancer. A
				combination of lymphoscintigraphy, blue dye, and
				intraoperative gamma probe for SLNB has currently
				been considered the gold standard for detecting
				sentinel nodes (SNs) in early-stage breast cancer.2,3
				In Indonesia, however, SLNB for breast cancer has
				yet to become popular considering several factors,
				including patient characteristics (most already had the
				advanced-stage disease), unclear recommendations,
				and limited facilities for radioisotope use due to high
				costs and unavailability in most cancer centers. The
				aforementioned factors are compounded by the fact
				that Indonesia consists of many islands, making access
				to cancer centers even more difficult.4 All such factors
				contributed to the difficulty in the application
				of SLNB. Hence, studies that attempt to address the
				aforementioned limitations in performing SLNB are
				imperative.4,5	


			
				New knowledge on the proposed landmark
				involving intercostobrachial and medial pectoral
				nodes as the first group of axillary lymph nodes that
				receive lymphatic flow from the primary tumor has
				allowed the utilization of a blue dye as a single tracer
				for detecting SNs. Lymphatic drainage from the
				primary tumor has been suggested to consecutively
				spread in a stepwise fashion to the intercostobrachial
				and medial pectoral nodes. Several blue dyes, such
				as patent blue, isosulfan blue, and methylene blue,
				have been commonly used in SLNB to map the axillary
				lymph nodes. Considering its better accessibility and
				considerably lower allergic risk compared to other
				blue dyes, some cancer centers have preferred to use
				methylene blue. The present study primarily aimed
				to evaluate the utility of SLNB for breast cancer
				using methylene blue to predict axillary lymph nodes
				metastasis based on the proposed landmark involving
				intercostobrachial and medial pectoral nodes.						




			 

      
        METHODS

      


			
			 

			
				This prospective study included a total of 55
				patients with clinically N0 breast cancer, among
				whom 20 and 35 had T1 and T2 disease, respectively,
				who received treatment at the Surgical Oncology
				Subdivision, Department of Surgery, Cipto
				Mangunkusumo Hospital from August 2018 to
				March 2019. Malignancy was diagnosed through an
				ultrasound-guided core biopsy of the breast tumor.
				All patients had no history of previous surgery on their
				ipsilateral breast. Preoperative N0 axillary lymph node
				status was confirmed through physical examination
				and ultrasound. Patients with distant metastases
				found during the initial staging workup and a history of
				allergic response to blue dye were excluded. This study
				was approved by the Ethics Committee of the Faculty
				of Medicine, Universitas Indonesia, with registration
				number 0771/UN2.F1/ETIK/2018. All patients were
				informed regarding the SLNB procedure and provided
				informed consent.


			
				To avoid bias during SLNB assessment using
				blue dye, only one surgeon with more than 2.5 years
				of experience in breast surgery participated in the
				research. The included surgeon had already obtained
				internal validation in performing SLNB, including
				20 SLNB procedures with identification rates above
				95% and false negative rates below 5%. All patients
				underwent either breast-conserving surgery (BCS) or
				mastectomy for local control of the primary tumor.
				Mastectomy was performed for patients with an
				estimated defect size after wide excision exceeding
				20% of the breast size when multicentricity was
				observed, and as preferred by the patient.


			
				SLNB was performed using 1.5 ml methylene blue
				1% injected at the subareolar site, followed by a 5-min
				massage around the injection site to allow the blue
				dye to fill the lymphatic channels into the axillary
				area. Blue lymphatic channels were meticulously
				traced down to the SNs guided by the area around the
				intercostobrachial nerve (intercostobrachial nodes)
				and medial pectoral bundle (medial pectoral nodes) as
				an anatomical landmark (Figures 1 and 2).
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							Figure 1.
						
						
							Schematic view of the sentinel node (SN) locations
							(intercostobrachial and medial pectoral nodes) in the right
							axillary region						
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							Figure 2.
						
						
							(a) Methylene blue dye; (b) SLNB was performed
							using a 3-cm3 syringe with 1.5 cm3 of methylene blue 1%
							injected at the subareolar region; (c) breast appearance
							after methylene blue dye injection; (d) SLNB using a separate
							axillary incision in breast-conserving surgery; (e) SLNB during
							mastectomy; blue-stained SN (arrow); (f) SN specimen.
							SLNB=sentinel lymph node biopsy; SN=sentinel node						
					

				

				 

				


			
				Level I–II ALND was then performed after
				completing all procedures. During axillary dissection,
				SNs were identified and removed. Non-sentinel nodes
				(NSNs) were defined as lymph nodes harvested
				during ALND that were not classified as SNs.
				SNs and dissected axillary specimens underwent
				histopathologic evaluation, after which metastasis
				rates were compared.						



       

      
        RESULTS

      


			
			 

			
				Patient characteristics

			
				Fifty-five patients with early-stage breast cancer
				included herein, >60% had T2 tumor (size 2–5 cm).
				Majority of the patients underwent mastectomy for
				the primary tumor (74%). Four patients who were
				formerly scheduled to undergo BCS procedure were
				intraoperatively converted to mastectomy due to
				persistent positive margins after reasonable surgical
				attempts. Primary breast tumors were most commonly
				located in the upper lateral quadrant (30.9%), with
				only one patient have a primary tumor located in the
				axillary tail of the breast. Patient characteristics and
				the median number of detected intercostobrachial
				and medial pectoral nodes, as well as the number
				of NSNs, collected following axillary dissection are
				summarized in Table 1.


				
				 

				
					
						
							Table 1.
						
						
							Subject characteristics
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					Sentinel and non-sentinel lymph node characteristics

				
				After SLNB, SNs were identified in 54 of 55 patients
				(SN identification rate 98%), with more than 75% of them
				having more than one SN. Among patients determined
				to have SNs, all except one case had intercostobrachial
				SNs, all of which were consistently located around
				the intercostobrachial nerve and superficially located
				within the axillary fat just below the clavipectoral
				fascia. Medial pectoral nodes were less frequent than
				intercostobrachial nodes. Among 34 patients with
				medial pectoral nodes, 20 patients had partially blue-stained
				SNs, the identification of which was guided
				by the blue lymphatic channels toward the nodes.
				The blue lymphatic channel was observed starting
				from the direction of the primary tumor through the
				intercostobrachial region and then toward the medial
				pectoral region.




			
				The number of patients with intercostobrachial
				nodes, medial pectoral nodes, and both are presented
				in Figure 3. After SNs were identified, ALND was
				performed to search for other remaining NSLNs.
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							Figure 3.
						
						
							Patients flowchart for (N = 3)
							recruitment and SN assessment
							to predict axillary metastasis.
							SNs=sentinel nodes; NSNs=non-sentinel
							nodes						
					

				

				 

				

			
				Approximately half of all patients with T1–T2 breast
				cancer showed no axillary lymph node metastasis for
				both SNs and NSNs. Among 24 patients with axillary
				lymph node metastasis, 21 patients (88%) definitely
				required axillary lymph node dissection given that
				only 3 patients had metastases confined to the SNs,
				while the rest exhibited metastasis to NSNs. Only
				one NSN metastasis was observed in the SN-negative
				group, resulting in a negative predictive value (NPV)
				of 96.77% (95% confidence interval = 81.54–99.51) and
				false negative rate of 4.7%. Figure 3 and Table 2 show
				the recruitment of patients and the relationship
				between SNs and NSNs.


				
				 

				
					
						
							Table 2.
						
						
							Relationship between sentinel and non-sentinel
							lymph nodes						
					

				

				
					
					
					[image: 29-3-4008_Table 2.]
					
				

				 

				

				 

				
					Complications

				
				No systemic anaphylactic reactions and
				postoperative complications related to the subdermal
				injection of methylene blue, such as allergic reactions
				and skin and parenchymal necrosis, occurred
				throughout the study. Patients who underwent BCS
				exhibited blue skin staining in the skin around the
				injection site, which remained for approximately 1–2
				months after the procedure.						


			 

      
        DISCUSSION

      


			
			 

			
				Blue dye SN biopsy using the new anatomical
				landmark involving intercostobrachial and medial
				pectoral nodes has transformed surgical staging in
				the management of the axillary regional basin among
				patients with breast cancer.6 Among 55 patients
				with early-stage breast cancer included herein, 98%
				and 61% had intercostobrachial and medial pectoral
				nodes, respectively. Only one patient had medial
				pectoral nodes without any intercostobrachial SNs.
				This supports the notion that lymphatic metastasis
				from the primary tumor consecutively spreads in a
				stepwise fashion to the intercostobrachial and medial
				pectoral nodes. Ong Kong Wee, who proposed a new
				concept of lymphatic spread from the primary tumor
				to the axillary lymph nodes, revealed a consecutive
				pattern of SN drainage starting from the breast to
				the intercostobrachial region and then finally to the
				medial pectoral nodal stations.7 This further supports
				the identification of SNs around the intercostobrachial
				nerve as the first station. This new concept will make
				SN detection using blue dye as a single tracer much
				easier.	


			
				The proposed method failed to detect SNs from
				either the intercostobrachial or medial pectoral nodes
				in only one patient who was a 50-year-old female with
				a tumor size of 5 cm in the upper outer quadrant close
				to the axilla. A more lateral tumor location had been
				found to promote a higher possibility of lymphatic
				channel blockage toward the axillary region.
				Accordingly, the aforementioned patient had been
				the only one to have a tumor located on the axillary
				tail of the right breast. The AMAROS trial showed that
				older age, larger tumor sizes, identification method,
				and surgeon experience may affect SNs detection
				rates.8	


			
				All SLNB procedures utilized herein were
				performed by injecting 1.5 cm3 of methylene blue 1%
				around the subareolar region. Current anatomical
				knowledge of breast lymphatics introduced by Sappey9
				revealed that the breast lymphatic network collects
				into the subareolar plexus and then drains toward the
				axilla via collecting lymphatic vessels. This description
				has been adopted by most anatomists and has become
				the theoretical basis for subareolar injection of dyes
				and/or isotopes for lymphatic mapping as part of
				SLNB for breast cancer.9 Nonetheless, controversies
				still exist over the role of the subareolar plexus in
				lymphatic mapping. The FRANSENODE trial suggested
				that the introduction of mapping agents into the
				subareolar and peritumoral sites produced a similar
				SN identification rate.10 The advantages of subareolar
				injections include less pain, rapid blue dye uptake,
				avoiding blue dye overlap with tumors, and the
				ability to inject impalpable lesions without the need
				for additional preoperative imaging.8 Several studies
				have also reported that subareolar and periareolar
				injections promote higher SLN identification rates
				compared to peritumoral injections.9–12	


			
				The optimal methylene blue dosage for SLNB
				remains controversial, with the most commonly used
				dosages being 2 and 5 ml.13,14 Accordingly, Brahma
				et al,5 who used 5 ml of methylene blue injected at
				the subareolar or peritumoral areas, obtained an SN
				detection rate of 91.7%. The present study obtained
				a comparable identification rate using 1.5 cm3 of
				methylene blue injected at the subareolar area. To
				determine the optimal methylene blue dose for SNB,
				however, a well-designed study is needed.	


			
				Apart from the excellent identification rate
				(98%), the current study also obtained a high NPV
				(96.77%) with a low false negative rate (4.7%), a result
				consistent with those obtained from other centers
				across Indonesia, such as the Dharmais Cancer
				Hospital (identification rate of 91.7% and NPV of 90%).5
				Moreover, a study by Nandu and Chaudhari15 found a
				similar SN identification rate (100%) and NPV (85.7%).
				The identification rate and false negative value
				obtained herein are considered acceptable according
				to the 2000 American Society of Breast Surgeons
				guidelines (identification rate for SLNB ≥85% and false
				negative rate ≤5%).16	


			
				Among patients included herein, only one
				developed metastasis in the axilla, although this
				was not detected in the SNs. Moreover, the only
				patient with a false negative result in this study was
				a 70-year-old female with a tumor size of 5 cm, one
				identified SN, preoperative biopsy results showing no
				special type invasive carcinoma, and triple negative
				molecular subtype. Given that only one SN had been
				found in this patient, a higher false negative rate may
				be expected. Several studies have stated that the
				number of detected SNs was one of the significant
				factors influencing false negative rates during SLNB. A
				study by Kim et al17 showed that the optimal number
				of SNs that needed to be found was two nodes. The
				current study had a false negative rate of 4.7%, which
				is considered acceptable, and identified at least three
				SNs on average, which can be considered an optimal
				number for reducing false negative rates.	


			
				A total of 30 patients whose SNs were negative
				were also free from regional metastases based on
				axillary node dissection results. This indicated that
				in most cases, SLNB using methylene blue dye was
				reliable in determining axillary lymph node status
				without dissection, thereby reducing post dissection
				morbidities, such as lymphedema, arm paraesthesia,
				and other morbidities. This high identification rate and
				NPV along with the low false negative rate of SLNB
				using methylene blue prevented both unnecessary
				axillary dissection and neglect of patients with lymph
				node metastases. At present, most of the studies that
				had assessed the efficacy of SLNB in pathologically
				free axilla (pN0) also reinforced the favorable impact
				of SLNB on morbidity and equivalent oncological
				outcomes.6,18,19	


			
				Several blue dyes, such as patent blue, isosulfan
				blue, and methylene blue, have been frequently used
				to map the axillary lymph node during SLNB.2,18 Among
				such dyes, methylene blue has been considered to
				have a lower allergic risk and better accessibility in
				some cancer centers across Indonesia. Accordingly,
				none of the patients who underwent SLNB using
				methylene blue in this study developed postoperative
				complications, including allergic reactions and skin
				and parenchymal necrosis. The only methylene
				blue-related skin change noted herein was skin
				discoloration around the injection sites that remained
				for less than 2 months. However, Brahma et al5
				reported that among their patients, two experienced
				skin necrosis around the methylene blue injection
				site, while none experienced anaphylactic reactions.
				One study showed that the incidence of allergic
				reaction following injection of methylene blue was
				between 0.06% and 2.7%.20 Other studies have shown
				that methylene blue was safe blue dye with only few
				cases developing anaphylaxis.20,21 Accordingly, none of
				the patients included herein developed anaphylactic
				reaction. These results demonstrate that methylene
				blue is generally a safe blue dye for mapping SNs in
				breast cancer.	


			
				Currently, neoadjuvant treatment has been
				increasingly utilized as the preferred therapeutic
				option for advanced and high-risk early-stage breast
				cancer.22 Given that chemotherapy may adversely
				affect the lymphatic channel, using methylene blue for
				SLNB in such settings needs to be explored in future
				research. Furthermore, the clinical impact of micro-and
				macrometastases on detected SNs remains to be
				elucidated.	


			
				The current study has several limitations. First,
				only a limited number of patients had been included
				considering that most of our patients already had
				advanced-stage breast cancer upon diagnosis. SLNB
				is typically indicated for T1 and T2 breast cancer
				with clinically N0 disease. Second, the identification
				technique only relied on blue or non-blue nodes as the
				criteria for identifying SNs without exploring other
				suspicious non-blue nodes. SNs may not always appear
				as a blue node and can occasionally present as a non-blue
				node with an apparent blue lymphatic channel
				around it. This usually occurs during peritumoral
				lymphatic blockage by tumor cells, which prevents the
				blue dye from staining the SNs.	


			
				In conclusion, the current study revealed that
				applying the proposed anatomical landmark involving
				intercostobrachial and medial pectoral nodes
				during SLNB using methylene blue promoted a high
				identification rate and NPV with low false negative
				rate, thereby suggesting its reliability in determining
				axillary lymph node status.									
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Characteristic

n (%) (N = 55)

Age (years), mean (SD)

50.56 (13.20)

<40 16 (29)
>40 39 (71)
Tumor size (cm), median (min—max) 3 (0-5)
<2 20 (36)
25 35 (64)
Location of primary tumor
Superolateral 17 (31)
Superomedial 10 (18)
Inferolateral 9 (16)
Inferomedial 10 (18)
Central 9 (16)
Histology subtype
Invasive NST 44 (80)
Lobular invasive 8 (15)
Others 3(5)
Molecular subtype
Luminal A 19 (35)
Luminal B 14 (25)
HER2 11 (20)
Triple negative 11 (20)
Operation type
BCS 14 (26)
MRM 41 (74)
Number of SNs, median (min—max) 3(0-5)
Intercostobrachial nodes 2 (0-3)
Medial pectoral nodes 1(0-3)
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Number of SNs with metastases, (n) 23
Number of both SNs and NSNs with 20
metastases, (n)
SD=standard deviation; NST=no special type; HER2=human

epidermal growth factor receptor 2; BCS=breast-conserving surgery;
MRM=modified radical mastectomy; SNs=sentinel nodes; NSNs=non

sentinel nodes
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