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Introduction

The presence of metastatic nodal disease has been shown 
to be the most important predictor of long-term disease-
specific survival after surgical resection for non-small cell 
lung cancer (NSCLC) (1). Five-year overall survival is 
65.7% for pathologic node negative “N0” patients and only 
36.4% for patients with mediastinal “N2” disease (2).

To date, complete dissection with mediastinal stations 
has been proposed as the most accurate way of fully staging 
a patient with lung cancer, especially NSCLC (3). However, 
given the lack of a standardized recommendation for 
adequate lymphadenectomy and variable surgeon practices, 
only 50–60% of patients ultimately undergo complete 
dissection (4,5). Additionally, up to 40% of “node negative” 
patients who undergo complete resection relapse within 
24 months after surgery, suggesting initial understaging of 

disease (1). Disease recurrence among patients with early 
stage disease underscores the need to improve surgical and 
histologic nodal staging to identify patients who may benefit 
from adjuvant treatments.

One of the keys to improving nodal staging is to 
advance our understanding of the lymphatic drainage 
in the thoracic cavity. This would also help in our 
understanding of the tumor-immune microenvironment, 
which is believed to play a role in the prognosis of early 
stage lung cancer (6). Tumor-draining lymph nodes are the 
sites at which antitumor immune responses are initiated (7) 
and are the preferential site of initial tumor metastases (8).  
This article will review the anatomy of the pulmonary 
lymphatic system, patterns of nodal metastasis in NSCLC, 
and opportunities for improvement in the clinical and 
pathologic detection of lymphatic spread of lung cancer. 
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Methods

This narrative review was conducted via a literature search 
in the PubMed database utilizing the following keywords: 
lung cancer, lymphatic, drainage. Both original research and 
review articles were considered for inclusion in this paper. 

Anatomic patterns of pulmonary lymphatic 
drainage

The pulmonary lymphatic system is composed of vessels 
with a single lymphatic endothelial cell wall with a 
discontinuous basement membrane. Lymphatic channels 
transport antigens and antigen-presenting cells from 
peripheral lung tissue to lymph nodes and aid in the 
clearance of interstitial fluid. Within lung tissue, lymphatic 
channels frequently course in parallel to major airways and 
bronchioles as well as near intralobular arterioles and veins. 
Only about 3.6–19% of alveoli within the lung parenchyma 
are associated with lymphatic structures (9). The lung 
surface is additionally drained by a subpleural lymphatic 
network. 

The lymphatic system of the lungs can be divided into 
the superficial (or pleural) and deep systems (10), with 
the former representing the main drainage system for 

the pulmonary segments. These two draining systems 
frequently intersect before terminating in tracheobronchial 
or hilar nodes. These nodes are clinically designated as 
level N1, or level 10, lymph nodes and intraparenchymal 
lymphatic drainage to these hilar nodes are typically 
thought to result in subsequent drainage to mediastinal, or 
N2, lymph nodes (11). 

H o w e v e r ,  d i r e c t  l y m p h a t i c  d r a i n a g e  f r o m 
intraparenchymal lymphatics to mediastinal lymph 
nodes has also been described. Historical descriptions 
of so-called “skip” lymphatic drainage to N2 nodes was 
published as early as 1932 by Rouvière et al. (12) and 
subsequently demonstrated in cadaveric studies by Riquet 
et al. (13). Direct drainage from peripheral lung tissue 
to the mediastinal nodes was seen after dye injection in 
almost 25% of lymphatic vessels. Despite the limitations 
of cadaveric lymphatic mapping studies, an approximately 
20–38% rate of “skip” metastases in lung cancer is observed 
in current literature (11).

More recent cadaveric studies (13,14), as summarized 
in Table 1, have supported these findings of routes that 
directly drain to the mediastinum, providing a possible 
explanation for the clinical observation of “skip” metastases 
to N2 level nodes seen in lung cancer. Multiple studies 
have demonstrated that the highest percentage of direct 

Table 1 Studies examining lung SLN mapping techniques

Trial Year Tracer
Method of 
injection

# of patients Patient population SLN ID rate Accuracy

Isosulfan blue dye

Little et al. (15) 1999 Isosulfan blue Transpleural 36 NSCLC 47% –

Radiocolloid

Liptay et al. (16) 2000 Tc-99 sulfur colloid Transpleural 52 Suspected NSCLC 82% 94%

Rzyman et al. (17) 2006 Tc (albumin, sulfur, Nanocis, 
and tin) colloid

Transpleural 110 Clinical N0 NSCLC 100% 95%

Liptay et al. (18) 2009 Tc-99 sulfur colloid Transpleural 46 Stage I NSCLC 61.5% 83.3%

Nomori et al. (19) 2009 Tc-99 tin colloid Transthoracic 104 Stage I NSCLC 81% –

NIR

Yamashita et al. (20) 2012 ICG Transpleural 61 Clinical N0 disease 80.3% 78.7%

Moroga et al. (21) 2012 ICG Transpleural 20 Stage IA NSCLC 80% –

Gilmore et al. (22) 2013 ICG Transpleural 38 Suspected stage I/II 
NSCLC

100%** 100%**

Hachey et al. (23) 2017 ICG Transbronchial 12 Stage I NSCLC 80% –

**, at optimized dose. SNL, sentinel lymph node; ICG, indocyanine green; NSCLC, non-small cell lung cancer; NIR, near infrared imaging.
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mediastinal drainage is seen in the right lung, with over 
half of these direct drainage pathways observed in the right 
upper lobe (10,14). 

Ndiaye et al. also demonstrated pathways of drainage into 
the thoracic duct from the apical segment of the right upper 
lobe (14). In these studies, the right middle lobe also has 
pathways draining directly to the mediastinum in 18.6% of 
injected pathways (13) to 37.5% (14) of injected segments. 

The visceral or subpleural lymphatic pathway, which is 
associated with draining lymph from the surface of lung 
parenchyma, was first studied more closely by Fourdrain  
et al. (24). This study, while small (n=20), provided evidence 
that lymphatic drainage of the peripheral lower lobes could 
follow an intersegmental pathway, possibly affected by the 
anatomy of each individual’s fissure. 

In addition to the pulmonary lymphatic anatomy 
described above, additional de novo lymphangiogenesis, or 
new vessel formation in the lungs, is observed in patients 
with chronic obstructive pulmonary disease (COPD), 
present in 40–70% of patients with a lung cancer diagnosis 
(25,26). Histologic analysis of tissue biopsies in patients 
with advanced COPD demonstrates a 133% increase 
in the number of alveolar parenchymal lymphatics 
compared to tissues of never-smoking patients without 
COPD. Lymphangiogenesis in COPD is associated with 
upregulation of chemokine ligand CCL21, which binds 
to activated dendritic cells within the lymphatics, and 
chemokine receptor D6, which degrades inflammatory 
chemokines and clears the endothelial walls of lymphatic 
vessels. Expression of CCL21 and D6 within lymphatic 
vessels is thought to facilitate the migration of CCR7-
expressing immune cells to lymph nodes for antigen-
presentation (27). The lymphatic remodeling seen in 
chronic lung disease may set the stage for lymphatic 
metastases, as NSCLC is known to express CCR7 and 
VEGF, triggering further lymphangiogenesis in the tumor 
microenvironment.

Patterns of nodal metastasis in NSCLC

The accuracy of preoperative lung cancer staging with 
PET/CT and mediastinal staging with mediastinoscopy and 
endobronchial ultrasound continues to improve and lend 
insight into patterns of nodal spread in NSCLC. However, 
rates of upstaging after lobectomy for clinical stage I lung 
cancer range from 8.5–27.5% and efforts to optimize nodal 
staging at the time of definitive surgery remain critical to 
identifying patients with missed metastatic disease (2,28,29).

A 2017 study by Lilo et al. (30) compared detection of 
nodal disease by PET/CT and endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS-TBNA) 
and highlighted the continued importance of obtaining 
histology to confirm mediastinal disease. While only 
41.9% of PET positive lymph nodes were malignant, 
EBUS-TBNA identified an additional 7.4% malignant 
lymph nodes among PET-negative nodes. The sensitivity, 
specificity, and positive and negative predictive values of 
EBUS-TBNA cytology reported in this study were 90%, 
100%, 100% and 88.9%. Additional real-world evaluations 
of EBUS-TBNA reveal that 33.3% of false negative EBUS 
cases with NSCLC could be attributed to non-sampling 
of EBUS-accessible lymph nodes that were later obtained 
at the time of surgery (31). A number of these pathologic 
positive nodes, which included both hilar and mediastinal 
nodal stations, were not PET-avid on preoperative 
imaging. The study findings underscore the need for a 
more systematic protocol for EBUS-TBNA lymph node 
sampling.

The direct pathways of lymphatic drainage previously 
mentioned could be associated with the prevalence 
of skip metastases. Studies which have systematically 
sampled nodes have demonstrated the presence of tumor 
in N2 nodal stations without affecting the N1 nodes. 
In Bille et al. (2), patients with clinically node negative 
early stage NSCLC underwent anatomic resection and 
lymphadenectomy with resection of at least 2 mediastinal 
stations, always including level 7. For right-sided tumors, 
sampling included lymph node stations 2 or 4R and/or 8 or 
9. For left-sided tumors, sampling included stations 5 or 6 
and/or stations 8 or 9. Among these early stage cancers, the 
incidence of N1 and N2 disease were 8 and 9 percent, with 
“skip” metastases (N2 lymph node involvement without 
N1 involvement) identified in 34% of patients. In addition, 
16% of pathologic N2 patients in the study had mediastinal 
nodal metastases beyond lobe-specific drainage patterns. 
Overall, studies such as this have supported systemic lymph 
node sampling even in stage I NSCLC given the prevalence 
of these “skip metastases.” 

In contrast, in a cohort of 1,047 patients, the ACOSOG 
Z0040 trial demonstrated that in 22.4% of patients who 
were previously deemed N0, occult micrometastases 
were found on further immunohistochemical analysis. 
This pattern was also associated with a worse prognosis 
and overall survival. In addition, this study also found 
no difference in long-term survival between patients 
with early stage NSCLC (T1 or T2, N0 or N1 non-
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hilar) who underwent mediastinal lymph node dissection 
versus sampling (4). More recent studies (32,33) have 
demonstrated similar results, with improved disease-free 
survival with radical lymph node dissection, though no 
improvement in overall survival. In the setting of this shift in 
recommendations from complete lymph node dissection (3)  
and towards a more targeted surgical staging for NSCLC, 
the importance of having a reliable SLN detection 
methodology to help guide the lymph node sampling 
process becomes vital. 

SLN mapping in lung cancer

While there is ongoing controversy regarding the adequacy 
of lymph node sampling versus complete lymphadenectomy 
in lung cancer staging, identification of tumor-associated 
SLN has also been an area of clinical interest. Some cancers, 
such as breast (34) and melanoma (35), spread through 
the lymphatic system and have well-established patterns 
of spread to SLNs. The concept of SLN biopsy suggests 
that sampling the first tumor-draining lymph nodes for 
pathologic analysis can help identify patients who would 
benefit from adjuvant chemotherapy in addition to limiting 
the potential morbidity of extensive lymphadenectomy. 
Studying these patterns of drainage in vivo, especially in 
patients with diagnosed lung cancer, poses its own set of 
challenges. 

Isosulfan blue dye

Isosulfan blue, which is lipophilic and quickly taken up by 
the lymphatic system, has been demonstrated to provide 
reliable identification of SLNs in breast cancer (23) and 
melanomas (35). This mapping technique was first used 
for detection of SLN in lung cancer by Little et al. in 
1999 (15). Early studies were only able to identify SLN in 
approximately 50% of patients (Table 2, Figure 1), attributed 
to the intraoperative learning curve associated with its 
use, but a high specificity for predicting N0 disease. The 
difficulty of differentiating between isosulfan blue dye and 
anthracotic nodes, along with the low success rate in this 
initial study, has largely precluded further developments in 
this area. 

Radioisotope

SLN identification utilizing radioisotopes requires 
preoperative CT guided injection of a radiocolloid, which 

occurs between 6–24 h prior to surgery (36,37). In a study 
by Liptay et al. in 2000 (16), the team utilized a radioisotope 
for SLN identification with sensitivity of over 80%, more 
accurate than the isosulfan blue dye (Table 2). In 2009, 
this group published the first multicenter trial which 
ultimately demonstrated an identification rate of 61.5% 
and accuracy of 83.3% for SLN identification (18). Rzyman 
et al. (17) presented a series of a larger sample size of 
patients undergoing radiocolloid lymphatic mapping with 
SLN biopsy. When combined with immunohistochemical 
staining, this had a sensitivity of 97% and NPV of 93% 
to identify SLN, approaching 90% and 95% respectively, 
which is the accepted standard for clinical use in melanoma 
and breast cancer. Per this study, the mapping procedure 
added only 5–8 minutes to the operation time. Nomori 
et al. (19) published a series of 104 patients with clinical 
stage I NSCLC who underwent major lung resection and 
mediastinal lymph node dissection. Utilizing Tc-99 tin 
radiocolloid, this study was able to identify ex vivo a SLN in 
81% of patients. 

Some of the difficulties associated with this technique 
were illustrated by the study conducted by Liptay et al. (18), 
including: technical failure, aerosolization of radioactivity, 
and the shine-through effect. The shine-through effect, 
where signal saturation from the primary tumor bleeds 
into the surrounding area, also can make it difficult to 
identify smaller foci of nearby signal (37). Other difficulties 
associated with this technique include dissection which 
causes extravasation of blood that can contaminate the area 
being measured for radiocolloid. In addition, when the 
central tumor is close to the lymph nodes, placement of the 
probe in proximity to the injection site becomes difficult. 
The variability of SLN identification has led to more recent 
studies focusing on techniques which help mitigate some 
of these aforementioned difficulties while ensuring a more 
consistent SLN identification rate. 

Near infrared imaging (NIR)

NIR is another technique for real-time intraoperative visual 
mapping utilizing a fluorescent tracer, indocyanine green 
(ICG). When compared to radioisotope tracers, NIR has 
lower absorption, scatter, and tissue autofluorescence within 
the NIR spectrum (22,23,37), which along with reduced 
radioactivity effect on patients and surgeons (20), makes it 
ideal for intraoperative imaging. Studies have demonstrated 
SLN identification rate of 80–100% (21-23) utilizing this 
technique (Table 2). Yamashita et al. reported an 80.3% 
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SLN identification rate, Gilmore et al. reported a 100% 
SLN identification rate with an optimized ICG dose, and 
Moroga et al. reported an 80% SLN identification rate with 
a false negative of 0% in a retrospective study comparing 
patients who underwent segmentectomy with and without 
SLN biopsy utilizing NIR. More recently, Hachey et al. 
in a series of 12 patients with T1N0 NSCLC, reported an 
80% SLN detection rate with the addition of navigational 
bronchoscopy (NB) for guidance (23). This study utilized 

a pre-operative chest CT or PET/CT scan to identify 
the lesion of interest and with NB, guide the injection 
of ICG to the deep margin of the lesion. Following 
injection, this ICG “tattoo” was able to be visualized with 
NIR and removed during lung resection. Overall, these 
studies demonstrated a consistent success rate with SLN 
identification. They also reported similar patterns of SLN 
based on tumor location, though with enough variability as 
to warrant the need for intraoperative SLN mapping. 

Table 2 Anatomic studies with direct lymphatic drainage of lung segments to mediastinal nodes 

Topol et al. (10)1, % Riquet et al. (13)1, % Ndiaye et al. (14)2,3, %

Right

Upper 6.00 36.40 56.30

Apical 2.40 16.70 28.10

Posterior – 10.60 9.40

Anterior 3.60 9.10 21.90

Middle 3.60 18.60 37.50

Lateral – 14.00 18.80

Medial 3.60 4.70 16.70

Lower 3.60 22.40 29.40

Superior – 6.00 –

Medial basal 3.60 – 5.90

Anterior basal – 1.50 –

Lateral basal – 1.50 5.90

Posterior basal – 7.50 17.70

Left

Upper 7.20 33.60 –

Apicoposterior 1.20 13.90

Anterior 2.40 7.40

Superior lingular 1.20 6.60

Inferior lingular 2.40 5.70

Lower 0 16.10 –

Superior – 5.10

Medial basal – –

Anterior basal – 1.70

Lateral basal – 3.40

Posterior basal – 5.90
1, direct drainage pathways/pathways injected; 2, number of segments with direct drainage pathways/segments injected; 3, study only 
included right lung segments. 
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A major limitation with utilizing NIR is frequent spillage 
of ICG during injection, which can increase the background 
signal, similar to the shine-through effect reported with 
the radiocolloids. Furthermore, the injection can only 
be performed once, as this also increases the background 
signal. 

Conclusions

The lymphatic drainage of lung cancer has implications 
in both the diagnosis and treatment of early stage lung 
cancer. As we come to better understand the mechanisms 
driving the spread of tumor through the lymphatic system 
and the ways in which it interacts with the surrounding 
environment, we become better equipped to develop 
technologies that can improve both detection and 
interventions. As imaging modalities such as PET/CT 
and EBUS continue to improve, systematic approaches 
to nodal sampling by EBUS-TBNA, as described by 
Murthi et al. (31), provide a constructive next step in 
defining quality outcomes in the use of this staging 
technology. Another possible extension of intraoperative 
near-infrared lymphatic mapping includes studying the 
feasibility of NIR SLN detection using the da Vinci 
Surgical System (Intuitive Inc., Sunnyvale, CA, USA) 
which has integrated fluorescence detection via “Firefly” 

mode, a method which has been studied in cancers of the 
gastrointestinal tract (38-40).

As presented in a review by Kachala et al.  (41), 
improvements in lymph node imaging naturally leads to 
greater possibilities in lymph node targeted therapies. Some 
of these modalities include: herpes virus (42), oncolytic 
viruses (43), and adoptive T-cell therapy (41). While these 
methods are being studied largely within pre-clinical 
models, they provide a taste of the therapeutic possibilities 
when combining improved detection with targeted therapy. 

Ultimately, as we attempt to improve the long-term 
disease-specific survival after surgical resection for NSCLC, 
understanding the lymphatic drainage of these tumors can 
help us develop better targeted diagnostic and therapeutic 
interventions. 
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