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Abstract. Breast cancer remains the leading cause of cancer 
mortality worldwide, despite a significant decline in death 
rates due to early detection. The majority of cancer mortalities 
are due to the metastasis of tumor cells to other organs. Metas-
tasis or tumor cell dissemination occurs via the hematogenous 
and lymphatic systems. For many carcinomas, the dissemina-
tion of tumor cells via lymphatic drainage of the tumor is 
the most common metastatic route. Such lymphatic drainage 
collects at the regional lymph nodes and the dissection and 
pathological examination of these nodes for lodged cancer 
cells is the gold standard procedure to detect metastasis. The 
present report provides an overview of the lymphatic system 
and its clinical significance as a prognostic factor, in addition 
to the interactions between the primary tumor and its micro-
environment, and the influence of genomic subtypes on the 
resulting organ‑specific pattern of tumor cell dissemination. It 
also examines the seemingly protracted asymptomatic period, 
during which the disseminated cells remain dormant, leading 
to the manifestation of metastasis decades after the successful 
treatment of the primary tumor.
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1. Introduction

Breast cancer is the most commonly diagnosed malignancy 
worldwide, with an estimated 1.7 million cases diagnosed 
in 2012 (1). The incidence rate for the USA in 2013 alone 
was ~232,340 cases, accounting for 29% of all new cancer 
cases among females (2). Early diagnosis via mammographic 
screening, and implementation of post-surgical systemic 
adjuvant therapy has led to a significant decrease in breast 
cancer mortalities in developed countries. However, breast 
cancer remains the leading cause of cancer death despite these 
advances, with ~90% of these mortalities being due to metas-
tasis of tumor cells to other organs. The median survival rate 
of females with metastatic disease is only 2-3 years (3). One of 
the most critical steps in identifying metastasis and staging 
a newly diagnosed patient with breast cancer is determining 
whether the cancer has spread to the regional lymph nodes. 
Regional lymph nodes are the primary sites of lymphatic 
drainage from all areas of the breast, and the extent of their 
involvement in breast cancer is considered to be a strong 
predictor of recurrences and survival. Therefore, the lymphatic 
system is important in metastasis. This study reviews the 
lymphatic system and the cellular composition of the lymph 
fluid, and discusses their relevance in breast cancer metastasis 
and as sources for therapeutic targets.

2. The lymphatic system and lymph formation

The lymphatic and blood circulatory systems complement one 
another in the maintenance of body tissue homeostasis. The 
lymphatic system regulates tissue fluid balance and facilitates 
interstitial protein transport. Extravasated plasma and proteins 
from blood capillaries are collected in the interstitial space, 
forming the lymph fluid, and returned to the blood circulation. 
Therefore, the biochemical composition and color of lymph 
varies depending on the location and permeability of the 
lymphatic vessel involved. In general, the protein composition 
of the lymph is comparable to that of interstitial fluid, and is 
less concentrated than blood plasma (4). The lymphatic system 
may be divided into five sections based on size and function-
ality: The lymphatic capillaries, lymphatic collecting vessels, 
lymph nodes, lymphatic trunks and ducts.

The lymphatic capillaries drain the net exudate and 
facilitate convective protein transport through the interstitium. 
They possess irregular and wider lumen when compared 
with vascular capillaries, and are closely associated with the 
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adjacent interstitial areas. These blind-ended structures are 
comprised of a single layer of endothelial cells and a discon-
tinuous basement membrane of 10-50 µm in diameter (5). The 
luminal and abluminal surfaces of these cells have invagina-
tions and cytoplasmic vesicles. The extensive superimposition 
of endothelial cells forms clefts of interendothelial junctions 
that act as valves, aiding in the transendothelial transport 
of molecules of 10-25 nm in diameter into the lumen. Tight 
junctions and adherens junctions are infrequent, and repre-
sent focal points of adhesion. Anchoring filaments of fine 
stranded fibrillin tether endothelial cells to the extracel-
lular matrix (ECM). An increase in interstitial fluid volume 
causes the sensitive anchoring filament to exert tension on 
the lymphatic capillaries, thereby opening the intercellular 
junctions and increasing the luminal volume. As fluid enters 
the lumen and decreases the pressure difference across the 
vessel wall, the junctions begin to close, preventing retrograde 
flow into the interstitium. While the majority of the fluids 
are reabsorbed into post‑capillary venules, a small net fluid 
flux into the tissues occurs due to the hydrostatic and osmotic 
pressure gradients created by the extravasated proteins. The 
lymphatic system and ECM maintain the fluid equilibrium. 
The composition and organization of the ECM determines the 
elasticity and hydration of the tissues. Therefore, damage to 
the ECM leads to lymphatic dysfunction due to the alterations 
of the interstitium (6).

The lymph subsequently flows into lymphatic collecting 
vessels that are >200 µm in diameter and are not tethered to 
the ECM. The vessels are composed of three layers of cells, 
with a similar composition to arterial walls (7). The adven-
titia is comprised of fibroblasts, connective tissue and nerves. 
The media is formed from smooth muscle that supports the 
circumferential hoop stress, intermixed with collagen and 
elastic fibers that are lined by an intimal layer of endothelial 
cells. Retrograde flow of lymph is prevented via unidirectional 
valves, and the segments of collecting lymphatics between 
the valves are termed lymphangions. Lymphangions serve as 
contractile compartments that work in conjunction with the 
valves to facilitate propulsion of lymph, at ~10 µm/sec, into 
the subsequent lymphangion compartment against a pressure 
gradient. They contract cyclically at a rate of 1-15 times/minute, 
a result of the intrinsic wall motion generated via the stimulus 
of smooth muscle cells and the compression caused by arte-
rial pulsations and skeletal muscle contraction. However, 
lymphangions are also prone to regulation via prostaglandins 
and thromboxane. The lymphatic collecting vessels are classi-
fied as prenodal (afferent) or postnodal (efferent) lymphatics to 
denote the direction of lymph flow via the lymph nodes.

Lymph nodes are surrounded by a thick capsule and are 
compartmentalized into narrow fluid crevices via connective 
tissue trabeculae (8). The structure is organized into the cortex, 
medulla and sinuses. The cortex is further differentiated into 
the periphery, containing lymphatic nodules composed of 
B-lymphocytes that are concentrated in the primary follicles 
and germinal centers, and the deep cortex, which contains the 
T‑lymphocytes. Specialized postcapillary venules termed high 
endothelial venules (HEVs) are localized to the cortex. These 
HEVs express ligands that direct the flow of lymphocytes 
from blood into the appropriate part of the lymph node. The 
medulla contains cords comprised of plasma cells. Lymph 

sinuses containing lymphocytes and macrophages form the 
inner core of the lymph node. Lymph, along with lymphocytes, 
antigen processing macrophages and dendritic cells, flows 
into the subcapsular sinus of the lymph nodes via the afferent 
lymphatic collecting vessels. Afferent lymphatic vessels 
predominate, resulting in the substantial deceleration of lymph 
flow, thereby allowing the aforementioned macrophages and 
lymphocytes to cleanse and filter lymph of foreign debris and 
bacteria (9). Hence, lymph nodes are important components 
of the immune system and are considered to be the secondary 
center of the immune response. The lymph subsequently exits 
the lymph node at its hilus via the efferent lymphatic collecting 
vessels. The drained materials are routed to efferent vessels, 
where they exit the lymph node and proceed through lymphatic 
circulation to main collecting ducts, the lymphatic trunks, and 
finally anastomose with the vascular system via the junction of 
the left jugular and subclavian veins.

3. The lymphatic system and metastasis

The inherent characteristics of the lymphatic physiology serve 
as the primary route for tumor cell metastasis. The increasing 
size of the tumor triggers a rise in the intratumoral interstitial 
fluid pressure, and interstitial fluid is released as the system 
attempts to achieve homeostasis. Unlike the vascular vessels, 
the lymphatic vessels are highly permeable; the flow rate is 
approximately 100-500x slower, and coupled with lesser 
shearing stresses due to vasodilation. Therefore, the lymphatic 
route is superior in facilitating tumor cell dissemination (10). 
Distinguishing between lymphatic endothelial and systemic 
endothelial cells via immunohistochemical staining has 
allowed studies to confirm tumor cell dispersion via afferent 
lymphatics and lymphangiogenesis, and implicates the 
lymphatics as the most significant metastatic route (11).

Metastasis is a complex and inefficient process, which 
requires sequential regulation of a number of biological steps 
prior to the presentation of overt disease. This involves tumor 
cell dissociation, angiogenesis of the primary tumor, intravasa-
tion, survival and diffusion through the systemic and lymphatic 
circulation, adhesion to organ walls, extravasation, establish-
ment of metastatic foci at the organ parenchyma, and finally, 
manifestation of clinically apparent metastasis via the genera-
tion of secondary tumors (12). Although mechanisms such as 
angiogenesis occur during normal physiological conditions, 
the stringent regulation that typically leads to the cessation of 
the processes malfunctions during malignant invasion, thereby 
allowing superfluous events to persist despite the detrimental 
outcome. Hematogenous dissemination is considered to be the 
predominant avenue for metastasis, however, this is dependent 
upon the origin of the primary tumor, and it is possible that the 
circulating tumor cells may favor the lymphogenic and trans-
coelomic routes. Breast tumors, in particular, preferentially 
utilize the lymphatic system for tumor cell dissemination.

A salient aspect of metastasis is the potential of many 
tumor types to preferentially colonize various organs. 
Breast cancer cells possess an organ-specific pattern of 
dissemination and metastasize to bone (47‑60%) (13), and 
subsequently to the liver (19-20%) (14), lung (16-34%) (15), 
and brain (10-16%) (16). The tumor cells migrate from the 
primary tumor to the sentinel lymph node. However, no direct 
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lymphatic routes to the preferred target organs have been 
identified, therefore the tumor cells eventually exit via the 
efferent lymphatic vessels and utilize the venous system or the 
nascent blood vessels that serve lymph nodes to merge with 
the systemic circulation. While this was previously considered 
to be a passive process (17), studies have revealed that chemo-
kine receptors C-X-C chemokine receptor type 4 and C-C 
chemokine receptor type 7 are overexpressed in organs that 
are primary targets for metastasis (liver, bone and lungs), and 
may promote migration of their ligands, C-X-C motif chemo-
kine 12/stromal cell-derived factor 1α and chemokine (C-C 
Motif) ligand 21 (18). Additionally, studies have suggested that 
the primary tumor secretes vascular endothelial growth factor 
(VEGF) A and other soluble factors to define a pre‑metastatic 
niche in the target organs, thereby demarcating where the 
tumor cells should preferentially metastasize (19).

However, studies have indicated that, while patients exhib-
iting metastasis appear to have an elevated relapse risk, this 
does not ensure recurrent disease (20). Paget (21) explains this 
phenomenon with the suggestion of the ‘seed and soil’ hypoth-
esis, emphasizing the interactions of the tumor cells and the 
microenvironment of the target organ for the establishment of 
metastasis. Furthermore, while metastasis to distant organs is 
a rapid process in other cancers, breast cancer metastasis may 
manifest decades after the successful treatment of the primary 
tumor. Studies that have modeled dormancy mathemati-
cally have revealed that the protracted asymptomatic period 
possesses intermittent growth punctuated with periods of quies-
cence (22). This indicates that the tumor cells and the target 
organ microenvironment evolve to attain malignancy. These 
tumor cells may exist as solitary dormant cells, pre-angiogenic 
metastasis and vascularized metastasis, simultaneously. Soli-
tary dormant cells undergo reversible quiescence by employing 
redundant mechanisms to avoid apoptosis, including activa-
tion of the Hedgehog pathway, dysregulation of transforming 
growth factor-β and other anti-apoptotic proteins including 
B-cell lymphoma 2 (23). These cells are assisted in quiescence 
via interactions with the target organ ECM, and involvement 
of urokinase-type plasminogen activator receptor, epidermal 
growth factor receptor, extracellular signal-regulated kinases 
and p38 regulation (24,25). This state of dormancy renders 
immunity to these cells, as chemotherapy agents target rapidly 
proliferating cells. Preangiogenic metastasis involves avas-
cular tumors that exhibit high proliferation rates, which are 
offset by elevated apoptosis. However, inhibition of the potent 
angiogenesis inhibitor, thrombospondin, allows this avascular 
metastasis to undergo drastic alterations and progress to a 
highly vascularized and rapidly proliferating tumor (26).

Organ‑specific metastasis, tumor dormancy and recurrence 
were further influenced by the disease biology. Recently, new 
understanding of this biology using cDNA microarrays has 
revealed that breast cancer is heterogeneous and comprised 
of distinct entities with different metastatic patterns, which 
lead to varying prognoses. These molecular entities may 
be termed basal-like, luminal-A, luminal-B, and human 
epidermal growth factor receptor 2 (HER2)‑positive (27,28). 
The basal-like tumors are significantly associated with a 
poor prognosis as they are characterized by triple‑negative 
hormone receptors [i.e., estrogen receptor (ER) negative, 
progesterone receptor (PR) negative, and HER2 negative]. 

These tumors preferentially metastasize to the brain, lung 
and distant lymph nodes, in addition to liver and bone, 
albeit at a significantly lower rate (29). Investigations that 
examined metastasis to axillary lymph nodes resulted in 
equivocal conclusions. Furthermore, basal-like subtypes tend 
to recur sooner, have a negative prognosis and a significantly 
shorter survival following metastasis. The luminal subtype 
is the most frequently diagnosed and is further divided into 
luminal-A and luminal-B on the basis of their characteristics. 
Luminal-A tumors tend to be hormone receptor-positive and 
demonstrate low proliferative activity. They are associated 
with the lowest risk of lymph node metastasis and locore-
gional recurrence (30). Luminal-B tumors are predominantly 
ER-positive tumors and exhibit highly proliferative activity. 
Luminal-B tumors also tend to have poorer prognosis 
compared with luminal-A tumors, and are associated with 
the highest locoregional recurrence rate. The two luminal 
subtypes preferentially metastasize to bone (31). HER2‑posi-
tive subtypes are represented by tumors with high expression 
of the ERBB2 gene and tend to be poorly differentiated (27), 
of a higher grade and more likely to involve axillary lymph 
nodes. HER2‑positive tumors are associated with a signifi-
cantly higher rate of brain, liver and lung metastases. While 
HER2 subtypes tend to exhibit aggressive phenotypes and 
present with the worst metastasis survival rates (32), they are 
amenable to targeted therapy.

4. Lymphangiogenesis and lymphatic metastasis

While the promoting effect of angiogenesis and vascular-
ization of the tumor in the progression of the disease is 
well documented, there is little information with regard to 
lymphangiogenesis and its function in metastasis. Certain 
studies have indicated that the tumors are devoid of lymphatic 
vessels, while others have suggested that tumors invade and 
destroy lymphatic vessels (33). Furthermore, other studies 
have indicated that tumor cells may induce lymphangiogen-
esis, some form of lymphatic sprouting, or hyperplasia in close 
proximity to the periphery of the tumors (17). Therefore, the 
pertinent question is whether lymphangiogenesis is neces-
sary for lymphatic metastasis. Although it is possible for 
lymphatic metastasis to occur via preexisting vessels that were 
incorporated into the tumors, there is evidence to suggest that 
increased lymphatic vessel density due to lymphangiogenesis 
significantly improves metastasis (34).

The utilization of lymphangiogenesis promoting factors 
as markers has facilitated the examination of tumors to deter-
mine the existence of an intratumoral lymphatic network. 
For instance, VEGF-C has previously been demonstrated 
to stimulate the growth of lymphatic vascular endothelium, 
which has been observed to be overexpressed in breast cancer 
cells. Stimulation by VEGF-A and C has also been implicated 
in lymphangiogenesis and correlated with sentinel node 
metastasis (35). Animal xenograph studies utilized lymphatic 
vessel endothelial hyaluronan receptor (LYVE-1), a marker 
of lymphatic endothelium, to demonstrate that VEGF-C 
potently increased intratumoral lymphangiogenesis. The study 
concluded that lymphangiogenesis was positively and strongly 
correlated to lymph node and lung metastasis (36). Elevated 
levels of the receptor tyrosine kinase Tie-2 and its ligands, 
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angiopoietin-1 and angiopoietin-2, have also been implicated 
in facilitating lymphatic metastasis (37).

The formation of an intratumoral lymphatic network 
may promote metastatic tumor spread by creating increased 
opportunities for metastatic tumor cells to exit the primary 
tumor site, whether fully functional in fluid transport or 
not. Recent studies have implicated aggressive tumors in 
furthering lymphangiogenesis and thereby facilitating the 
metastatic process (38). Tumor invasiveness has been shown 
to be associated with the expression of the VEGF angiogenic 
growth factor family, particularly VEGF-C and VEGF-D. 
An upregulation of its cognate receptor tyrosine kinase, 
VEGF receptor 3 (VEGFR3), has been detected in periph-
eral cancer cells, as well as in blood vessel endothelium. 
The VEGFR3 receptor is generally located on the lymphatic 
endothelium and is therefore considered to be a viable marker 
for intratumoral lymphatic networks. Overexpression of this 
receptor has been implicated in lymph node metastasis and 
a negative prognosis (39). However, it lacks lymphatic vessel 
specificity in human cancer, as tumor blood vessels may also 
express VEGFR3.

Nevertheless, studies have directly implicated VEGF-C 
and VEGF-D in lymphatic metastasis (40,41). Animal studies 
have demonstrated that tumors overexpressing these proteins 
have higher rates of tumor lymphangiogenesis and metastasis. 
It was concluded that the overexpression of VEGF‑C was 
positively correlated with tumor incidence; however, it did not 
appear to affect tumor volume, angiogenesis or transition from 
adenoma to carcinoma (42). VEGF-C may promote metastasis 
by increasing the number of lymphatic vessels in the vicinity 
of tumor cells, thereby facilitating the dissemination of tumor 
cells from the primary tumor site (43,44). The growth rate 
of the tumor, angiogenesis and the formation of metastases 
appear to be promoted by VEGF-D (45). However, other 
studies conducted to investigate the association of VEGF-C 
and VEGF-D expression with metastasis have resulted in 
contradictory conclusions (46,47). These ambiguous results 
may be attributed to tumor microenvironment variations, 
including degrees of proteolytic processing, dissimilarities in 
tumor tissues, and interactions with other lymphangiogenic 
factors.

5. Clinical significance of the lymphatic system

Tumor size and axillary lymph node status are independent 
measures of prognosis (48). However, it is an established 
fact that tumor size is directly proportional to the number of 
axillary lymph nodes affected by metastasis (49). The 5-year 
survival rates improved markedly from 45.5 to 96.3% when 
tumor size decreased from 5 to 2 cm (48).

Lymph nodes act as a reservoir for tumor cells to take root 
and form metastatic tumors. Therefore, the extent of lymph 
node involvement and regional lymph node status is consid-
ered to be crucial in patient prognosis (50). The dissection 
and assessment of the axillary lymph nodes (ALND) is an 
essential and routine component in the process of staging and 
determination of adjuvant therapy modalities. The National 
Surgical Adjuvant Bowel and Breast Project B-04 trial 
randomized patients to radical mastectomy (including the 
removal of breast tissue, axillary lymph nodes and pectoralis 

muscles), total mastectomy (with axillary lymph nodes and 
pectoralis muscles left intact) or total mastectomy with axil-
lary radiation. The two cohorts that did not receive ALND had 
an 18.6% increased risk of developing axillary lymph node 
metastasis compared with the cohort that received radical 
mastectomy treatment (51). Additionally, studies have revealed 
that ALND reduces axillary node metastases recurrence 
risk by 1‑3% (52). However, ALND may result in significant 
postoperative morbidity (60%) and severe complications, 
including lymphedema of the arm, seroma, sensory numb-
ness, paresthesia, pain and infection (53). Lymphedema is 
of particular concern, as it occurs in 6-30% of patients, and 
no curative therapy is available (54). Furthermore, with the 
advent of improved screening modalities, breast cancer is 
now being diagnosed and treated at an early stage, prior to 
lymph node metastasis. However, as ALND is an established 
procedure (55), it is conducted irrelevant of metastatic status, 
potentially jeopardizing patient health unnecessarily (56,57).

These issues compelled the investigation of procedures 
capable of precisely staging disease progression, and inducing 
fewer side effects. Studies examining the potential of the 
sentinel node biopsy (SNB) indicated that it may be an effective 
alternative for ALND (58). Radioactive technetium (Tc99m), 
isosulfan or methylene blue is injected into the breast, and the 
first one to four lymph nodes that absorb the dye are removed 
and evaluated. The probability of tumor cell dissemination to 
the axillary nodes is <10% if the SNB analysis is negative. 
SNB accurately determines the axillary nodal status, is cost 
effective and is correlated with a shorter postoperative time; 
however, the sensitivity of the procedure is inconsistent, and it 
is associated with a false negative rate average of 8.5% across 
69 studies including 10,454 patients (59).

Imaging techniques such as positron emission tomog-
raphy (PET), magnetic resonance imaging (MRI) and 
computed tomography (CT) perfusion have also been inves-
tigated with regard to their ability to determine axillary node 
metastasis. PET utilizes a radiolabeled glucose analogue that 
allows the visualization of abnormal metabolic features asso-
ciated with malignancy, based on the enhanced glycolytic rate, 
and therefore heightened tracer uptake, of malignant tissues 
compared with surrounding benign tissues (60). CT utilizes 
ionizing radiation as the basis of image contrast and provides 
anatomical imaging. MRI relies on the magnetic resonance 
characteristics of hydrogen nuclei to distinguish between 
soft tissues and pathologies, thereby providing information 
regarding size and morphology. A number of studies have used 
these techniques in conjunction to improve accuracy. PET 
combined with CT allows for precise anatomical localization 
of abnormalities (61). However, PET combined with MRI, 
while associated with fewer adverse events, led to a lower 
sensitivity and specificity than SNB (62). Furthermore, the 
clinical significance of these modalities is yet to be established. 

Fluorescent labeling of LYVE-1, a lymphatic endothelial 
cell receptor that lines lymphatic vessels, is the most widely 
used technique for the assessment of tumor cell migration 
via the lymphatic system (63). However, in vivo application 
of this process is prone to cytotoxicity, immune responses, 
photobleaching, blinking or strong light scattering, and back-
ground auto‑fluorescence. The advent of nanotechnology has 
introduced an alternate fluorescence technique that labels 
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disseminated tumor cells. However, while nanomaterial, such 
as quantum dots, allow for long-term tracking, they have the 
propensity to undergo endocytosis by lymph node macro-
phages and therefore are not useful for depicting lymphatic 
drainage (64). When utilized simultaneously, these techniques 
may provide valuable information.

The significance of lymphangiogenesis and its contribu-
tion towards metastasis has become more apparent over 
recent decades due to the identification of lymphatic specific 
biomarkers that are absent or expressed at relatively low levels 
in vascular endothelium (65). These include podoplanin, 
LYVE-1, prospero homeobox protein 1 (PROX1), β-chemokine 
receptor D6 (66) and macrophage mannose receptor (67). 
Podoplanin, a glomerular podocyte membrane mucoprotein, 
is expressed solely on lymphatic capillary endothelium (68). 
LYVE-1 is a CD44 homolog that is involved in hyaluronan 
homeostasis or in the regulation of cellular trafficking to the 
lymph nodes (69). PROX1 is a homeobox transcription factor 
that induces lymphatic, lineage‑specific differentiation and that 
is essential for the embryonic development of the lymphatic 
system from the blood vascular system (70).

In 2007, gene expression profiling‑based assays, including 
Oncotype DX, Prosigna (PAM50), MammaPrint and 
Mammostrat, were used to measure gene activity in primary 
tumor cells (71). Oncotype DX utilizes four genomic markers 
(ER, PR, HER2 and Ki-67) to generate predictions and classify 
patients according to recurrence risk (72). Prosigna (PAM50) 
utilizes 50 classifier genes and five control genes to identify 
the five intrinsic subtypes of breast cancer (73). MammaP-
rint utilizes a 70‑gene panel and is the first FDA‑approved, 
commercialized microarray‑based multigene assay designed 
to individualize treatment (74). Mammostrat uses an index of 
five independent markers in conjunction with histopathological 
information to provide insight into cell proliferation and the 
hormone receptor status of a tumor (75). While these assays 
include the status of the lymph node in their recurrence score, 
they only assess the early metastatic potential of the tumors, 
and have not demonstrated improved outcomes.

6. Conclusion

The purpose of this investigation was to provide understanding 
of breast cancer metastasis and the underlying mechanisms 
of the lymphatic system in facilitating the progression of the 
disease. It provided an overview of the lymphatic system, the 
interactions between the primary tumor and the microenvi-
ronment as well as the influence of genomic subtypes on the 
resulting organ‑specific pattern of tumor cell dissemination. 
The seemingly protracted asymptomatic period during which 
the disseminated cells remain dormant, leading to the mani-
festation of metastasis decades after the successful treatment 
of the primary tumor was also discussed as well as the clinical 
significance of the lymphatic system as a prognostic factor and 
the biomarkers that have been discovered thus far.

Characterization of the lymphatic system is essential in 
order to provide insight into significant predictive associations 
with metastatic risk. A combination of the currently identified 
biomarkers may be utilized to elucidate associations between 
lymphatic vessel density, lymphatic metastasis to distant 
organs and the resultant prognosis of breast cancer.
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