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ABSTRACT

Approximately 15%-25% of breast lymphatic drainage passes through the internal thoracic
(internal mammary) lymphatic system, draining the inner quadrants of the breast. This
study aimed to use lymphosonography to identify sentinel lymph nodes (SLNs) in the
axillary and internal thoracic lymphatic systems in patients with breast cancer. Seventy-nine
patients received subcutaneous ultrasound contrast agent injections around the tumor.
Lymphosonography was used to identify SLNs. In 14 of the 79 patients (17.7%), the tumor
was located in the inner quadrant of the breast. Lymphosonography identified 217 SLNs in
79 patients, averaging 2.7 SLNs per patient. The 217 identified SLNs in the 79 patients were
located in the axillary lymphatic system; none were located in the internal thoracic (internal
mammary) lymphatic system, although it was expected in two to four patients (i.e., 4-11
SLNs). These results implied that SLNs associated with breast cancer are predominantly
located in the axillary lymphatic system.

Keywords: Breast Neoplasms; Contrast Media; Lymph Nodes; Lymphatic System;
Ultrasonography

INTRODUCTION

Our group designed a study to use ultrasound (US) imaging to identify sentinel lymph nodes
(SLNs) in patients with breast cancer who undergo surgical excision. The objective of this
study was to compare standard of care methods for lymphatic mapping (i.e., blue dye and/
or radioactive tracer) with lymphosonography, which uses contrast-enhanced US (CEUS)

to track US contrast agents (UCAs) injected subcutaneously around the tumor area for
lymphatic mapping.

The UCA used in this study was Sonazoid (GE Healthcare, Oslo, Norway), a
reticuloendothelial-specific agent, which means that the UCA is captured by macrophages
and stays in the SLNs, not moving forward to secondary and tertiary lymph nodes (LNs)
[1-3]. This characteristic provides an important advantage for the lymphatic mapping and
identification of SLN [1].
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METHODS

During the development of the study methodology, there were several discussions between
the research team and clinical team to determine the most ethical way to address the clinical
approach in the case of the research modality (i.e., lymphosonography) finding more and/

or different SLNs than the standard of care, which was one of the objectives of our study. The
final decision was that if lymphosonography revealed different SLNs located in the axillary
region close to the standard axillary surgical excision, the clinical team would also extract
those SLNs. There was also agreement that any SLNs found by lymphosonography located

in the internal thoracic (internal mammary) lymphatic system would be observed and the
findings were communicated to the clinical team, who would then determine the expansion
of the radiation field to include the locations where the internal thoracic lymphatic system
was located. Based on the literature, it was expected that 15%-25% of patients with tumors
located in the inner quadrants of the breast were expected to have draining SLNs located in
the internal thoracic (internal mammary) lymphatic system [4-8]. This study was approved by
the IRB and FDA (NCT:02652923; IND:127,419). The 79 patients underwent US examination
of the axillary lymphatic system and the internal thoracic lymphatic system to locate all SLNs,
even for patients with tumors located in the outer quadrants of the breast. Of the 79 patients
enrolled, 14 patients (17.7%) had tumors in the inner quadrant of the breast. Surprisingly,
none of the patients had SLNs in the internal thoracic (internal mammary) lymphatic system.

This observation creates an interesting conundrum, in which there appears to be a difference
between anatomical and physiological expectations of lymphatic drainage in the breast.

Breast lymphatic system

The SLN concept theorizes that in tumors with regional lymphatic metastatic potential,
metastatic cells will spread through the lymphatic system, with the SLN, the first LN in

the lymphatic chain (LC), being the first to receive metastatic cells [9-13]. Therefore, if

the SLN contains metastatic cells, the remaining LNs are considered potentially positive
for metastatic disease; the same is true for benign SLNs and the remaining LNs [9,11,12].
Determining regional LN involvement is used to guide treatment selection and remains the
most powerful predictor of recurrence and survival in breast cancer patients [1,14-19].

The lymphatic drainage of the breast moves 75%-85% of the drainage through the axillary
LNs, with an average of 20-30 LN in the axillary region [4-7]. The axillary LNs are divided
for surgical purposes into six groups: axillary vein, external mammary, scapular, central,
infraclavicular, and interpectoral (Rotter nodes) groups, in which the groups are named
according to their relationship to the pectoralis minor muscle [6]. The remaining 15%-25%
of the breast lymphatic drainage passes through the lymphatic system along the perforating
branches of the internal mammary artery and enters the parasternal group (internal thoracic
[internal mammary] LNs), draining the inner quadrants of the breast [6]. The internal
thoracic (internal mammary) LNs are usually small, approximately 3.0 mm, with 3-5 LNs
found on either side of the sternum. These LNs drain not only the inner quadrants of the
breast but also the anterior chest wall, anterior portion of the diaphragm, upper portion of
the rectus sheath and muscle, and superior portion of the liver [4]. Based on the lymphatic
drainage system described above, the internal thoracic (internal mammary) system is
expected to be part of the lymphatic system to drain the inner quadrants of the breast.
However, this was not the case in the present clinical study.
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RESULTS

Pre-clinical studies of the lymphosonography technique performed by our group using a
Sinclair swine model with naturally occurring melanoma tumors showed that the UCAs used
as lymphatic tracers in lymphosonography remain restricted to SLNs that do not progress in
the lymphatic system to secondary and tertiary LNs [2,3,20,21]. The study from which the
data discussed here were acquired represents the translation of our group into a clinical trial
evaluating lymphosonography in patients with breast cancer scheduled to undergo surgical
excision [22,23]. Subcutaneous UCA injection was performed around the tumor area to
precisely identify the lymphatic system that drains the tumor.

A total of 86 patients scheduled for breast cancer surgery with SLN excision were enrolled, and
79 completed this study between March 2017 and January 2022. Written informed consent was
obtained from all enrolled patients. Among the 79 patients, 47 patients had tumors located

in the right breast (59.5%), and 32 had tumors located in the left breast (40.5%). The mean
tumor size at the time of diagnosis was 1.8 cm (range, 0.3-9.7 cm). Most of the patients had
tumors located in the upper outer quadrant (n = 57; 72.2%), 8 had tumors located in the lower
outer quadrant (10.1%), 12 had tumors located in the upper inner quadrant (15.2%), and 2 had
tumors located in the lower inner quadrant (2.5%). Therefore, in 65 of the 79 patients (82.3%),
the tumor was located in the outer quadrant of the breast, and in 14 of the 79 patients (17.7%),
the tumor was located in the inner quadrant of the breast. Therefore, for the 14 patients with
tumors located in the inner quadrants of the breast, we expected that 2—4 patients would

have SLNs in the internal thoracic (internal mammary) lymphatic system. The demographics,
tumor location, and tumor type of the patients are summarized in Table 1.

Table 1. Demographics, tumor location, and tumor type of the patients

Subjects Values (n = 79)
Sex

Female 79 (100)
Age (yr), mean (range) 61 (27-84)
Side

Right 47 (59.5)

Left 32 (40.5)
Location

Upper outer quadrant 57 (72.2)

Lower outer quadrant 8(10.1)

Upper inner quadrant 12 (15.2)

Lower inner quadrant 2(2.5)
Tumor size (cm), mean (range) 1.8 (0.3-9.7)
Tumor type

Invasive ductal carcinoma 62 (78.5)

Ductal carcinoma in situ 5(6.3)

Invasive lobular carcinoma 11 (13.9)

Papillary carcinoma 1(1.3)
Stage: tumor (T)

T1 67 (84.9)

T2 8(10.1)

T3 2 (2.5)

T4 2 (2.5)
Stage: node (N)

NO 61 (77.3)

N1 14 (17.7)

N2 2 (2.5)

N3 2 (2.5)

Values are presented as number (%) unless otherwise indicated.
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The US examination consisted of the B-mode of the tumor to determine its location and
size. Subsequently, UCA Sonazoid (GE Healthcare), a reticuloendothelial-specific agent (1-3),
was injected subcutaneously around the tumor area at the 12, 3, 6, and 9 o’clock positions
(0.25 mL per position for a total of 1 mL). After injections, the site was massaged for 5

min to accelerate the uptake of UCA into the lymphatic system. CEUS was then performed
(i.e., lymphosonography) to identify the number, location, and course of the LCs and SLNs
using Cadence Pulse Sequencing (CPS; Siemens Healthineers, Mountain View, USA) on an
S3000 HELX scanner (Siemens Healthineers) with a high-frequency, broad-bandwidth (4-9
MHz) linear array probe (9L4). Imaging parameters, i.e., focal zone, scanning depth, and
time-gain compensation, were adjusted individually to optimize the visualization of the
target region (SLN or LC). No compounding or other image-processing techniques were
applied. Sagittal and transverse still images and digital clips were acquired during the US
examination. A radiologist (PM) with more than 12 years of experience in CEUS performed
the US examinations.

Lymphosonography identified 217 SLNs in 79 patients, averaging 2.7 SLNs per patient. The
location and size measurements of all identified SLNs were recorded, and US images were
acquired for all SLNs. Figure 1shows an example of dual-image CEUS and B-mode of an SLN. The
217 SLNs identified in the 79 patients were located in the axillary lymphatic system; none of the
SLNs identified in this study were in the internal thoracic (internal mammary) lymphatic system.

The focus of the study was on the identification of SLNs that were connected with the tumor
area, and the detection of microbubbles in any type of CEUS enhancement inside the SLN
was used to determine it as an SLN connected with the tumor area without attempting to
characterize the SLN morphology using CEUS enhancement patterns.

The main limitation of this study is the small number of patients with tumors located in
the inner quadrants of the breast (14/79) and that the excision of LNs located in the internal
thoracic (internal mammary) lymphatic system is not part of the standard of care, with

the use of an extended radiotherapy window being the current treatment when there is
suspicious LN involvement of the internal thoracic (internal mammary) lymphatic system.

Figure 1. Example of a study case. The patient is a 53-year-old female diagnosed with an invasive lobular
carcinoma located in the right breast at the 12 o’clock position, measuring 1.2 cm. Dual-image contrast-enhanced
ultrasound and B-mode of the sentinel lymph node (arrow).
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The results of this study indicated that SLNs associated with breast cancer are located in
the axillary lymphatic system. This suggests that LNs in the internal thoracic (internal
mammary) lymphatic system are part of the secondary and tertiary lymphatic systems.

DISCUSSION

Although the literature [4-8] states that patients with tumors located in the inner quadrants
of the breast would have SLNs located in the internal thoracic (internal mammary) lymphatic
system, our study using lymphosonography to identify SLNs showed that none of the

SLNs were located in the internal thoracic (internal mammary) lymphatic system. These
results suggest that the internal thoracic (internal mammary) lymphatic system may not

be a primary lymphatic drainage system, especially since the UCA properties of being a
reticuloendothelial-specific agent, meaning that the UCA is captured by macrophages and
stays in the SLNs not moving forward to secondary and tertiary LNs, which appears to be

the case with the internal thoracic (internal mammary) lymphatic system. This may have
important clinical implications regarding the importance of the internal thoracic (internal
mammary) lymphatic system in the breast lymphatic drainage system pathway. Multicenter
studies with large sample sizes, including large numbers of inner breast cancers, are required
to confirm these findings.
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