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Introduction

Pulmonary metastasectomy is increasingly used as local 
treatment for lung only metastases of solid tumors in stage 
IV disease to increase overall survival (OS) or at least to 
interrupt further malignant spread from the lungs to other 
organs. Lymph node (LN) dissection is well established 
in primary lung cancer surgery and has important impact 
on the patient’s prognosis (1,2). LN removal during 
pulmonary metastasectomy is not generally accepted by the 
European Society of Thoracic Surgeons (ESTS) members. 
A 2008 survey amongst ESTS members revealed that only 
32.2% surgeons perform LN dissection/excision during 
metastasectomy and systematic dissection is performed 
only from 13% of all responders (3). There is a widespread 

debate and discussion regarding various strategies ranging 
from radical LN dissection in every case to sampling of 
enlarged LNs to no removal at all (2). Arguments for not 
performing any LN removal are in most part related to 
the stage of the disease, which is stage IV; and a further 
upstaging beyond stage IV after detection of LNI to 
something like a “stage V” is not possible. Furthermore, 
the next step in the disease progress is the dissemination 
of tumor cells from the lung metastasis (LM) into regional 
LNs and it cannot be controlled or hindered by surgical 
means. Moreover, there is additional morbidity related 
with LN dissection (4) and may provide no survival benefit. 
Henceforth, the further course of the LN disease and 
prognosis is left in the hands of the patient’s destiny. On the 
contrary, there is the hypothesis, that lung metastases as a 
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sole tumor manifestation occurring, with some amount of 
disease-free survival after removal of the primary tumor, 
is not a stage IV but rather more similar to a “(multiple) 
stage I” of the primary tumor. And understandably, in this 
case a cure is achievable by performing radical resection 
of these metastases. In contrast to the belief 30 years ago, 
that lung metastases are incapable of dissemination and 
every new metastasis originates from the remaining cells 
of the primary tumor, today it is well accepted that these 
lung metastases are capable of local, lymphatic as well as 
hematogenous invasion, proliferation and dissemination 
(5,6).

Anatomy of the pulmonary lymphatic system

Most wedge resections as well as enucleations fail to 
successfully address the lymphatics surrounding the 
LM and these are thereby left fully or partially intact, 
serving as a site for possible recurrence. A lobectomy or a 
pneumonectomy would be an easier alternative ensuring 
the successful removal of the related lymphatics, but 
disadvantageously a large amount of healthy lung tissue has 
to be sacrificed. To confront this problem and decide better 
resection fields, a thorough understanding of the pulmonary 
lymphatic system is fundamental.

The lungs contain a large number of lymphatic 
capillaries located between the alveolar walls and the 
interlobular, pleural, peribronchial and perivascular 
connective sheets (Figure 1) (7). This lymphatic system is 
regarded as a visceral pleural network or parenchymatous 
peribronchovascular plexus (8). These lymphatic capillaries 
drain into lymph vessels, ‘‘collectors’’, which contain 

smooth muscles and one-way valves (9). The segments 
between two valves are called lymphangions and function 
as a small pump, facilitating forward movement of the 
fluid, while preventing retrograde flow. The visceral 
pleura lymphatic collectors travel along the surface of the 
lung and anastomose with the lymphatic collectors of the 
peribronchovascular plexus (bronchial lymphatics) at the 
lung hilum (8). Along their way, many lymphatic collectors 
flow into LNs located variably within the lung and the 
mediastinum. Many of them make the pulmonary, hilar and 
mediastinal LN chains. Each LN chain acts as a functional 
unit and may anastomose with the neighboring ones (10). At 
the end, bronchial lymphatics drain the pulmonary lymph 
into the venous blood circulation directly by anastomosing 
into the internal jugulo-subclavian venous confluence (11), 
or indirectly after connecting with the thoracic duct (12). 

One may interpret that malignant nodules in the lungs 
are always surrounded by lymph vessels and tumor cell 
distribution may happen in every direction around the 
lesion, but with a preference to existing lymphatic flow 
directions along bronchovascular structures to regional 
LNs and randomly to mediastinal or distant LNs and 
finally into the venous blood system. Consequently, the 
following considerations need to be made: (I) safety 
margins need to be adapted in accordance to the risk for 
lymph vessel involvement (LVI); (II) Wedge resection or 
enucleation is inadequate to remove lymphatic structures 
even in combination with radical lymphadenectomy (LAD); 
(III) LNI indicate LVI as well and consequently requires 
anatomical lung resection to remove the lymphatic link 
between lesion and involved LN.

Extrapulmonary lymphatic connections exist from 
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Figure 1 H&E stained histologic sections of a rectum cancer lung metastasis demonstrating lymph vessel involvement. (A) 4× magnification 
of the main metastasis (arrow 1) and a chain of tumor tissue in lymphatic vessels surrounding a small pulmonary artery branch (arrow 2). (B) 
10× magnification demonstrating tumor tissue inside small lymph vessels (arrows) along a larger pulmonary artery branch.
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tracheal bifurcation to the pulmonary ligament and some 
traverse the diaphragm (13) or the hiatal orifice and connect 
with the aortic LNs of the celiac region or continue into 
the origin of the thoracic duct (14). Transdiaphragmatic 
lymphatic connections are also present through the 
pulmonary ligament. These and the thoracic duct itself may 
allow tumor cell spread from renal cell cancer (RCC) or 
colorectal cancer (CRC) liver metastases into mediastinal 
LNs without involvement of lung tissue (15-17). 

Frequency of lymphatic involvement during 
metastasectomy

Publications report that LNI rate ranges from 5% to 32% 
(5,18,19). Due to differences in reporting and treatment, 
a comparison between various publications is difficult. In 
order to better assess and reach prognostic conclusions, the 
LNI has to be homogenously reported, and the technique 
used for LN evaluation must be reported in extent. The 
discrepancy in the preoperative LN evaluation arise as some 
authors rely only on CT scan (20) whereas others included 
PET scan, EBUS or mediastinoscopy into preoperative 
work-up to exclude N2-N3 disease, thereby decreasing the 
intraoperative “unexpected” findings (21). LN sampling or 
systematic dissection techniques can vary between authors 
or even between surgeons in the same team contributing 
to a publication (22). The number of evaluated nodes are 
directly associated with the odds ratio of positive nodes 
in non-small cell lung cancer until 16 extrapulmonary 
examined nodes (1) and we may expect the same correlation 
for lung metastases. That implies that the true incidence of 
LNI can only be detected after radical dissection. This may 
explain the difference of LNI rate between the international 
registry of lung metastases (5%) (18) where a LN sampling 
or systematic dissection was not performed, in contrast 
to the higher rates by the second group (32%) (19) where 
all patients received a radical LAD. Unexpected LNI rate 
was 17% in a newer publication including LAD or LN  
sampling (23). Other authors did not exclude patients with 
known mediastinal LNI from pulmonary metastasectomy 
and thus reported expected and unexpected involvement 
rates of 44–46.6% (24,25). 

Also, noteworthy is the different local infiltration 
and spread of pulmonary metastases between different 
histological cancer subtypes as well as between LNI and 
LVI (L1). When radical LN dissection is performed, on 
average, sarcomas report the lowest rates (10%) whereas 
epithelial tumors like breast cancer, CRC (20%) and RCC 

(30%) illustrate the highest rates (6,23,26-29). 

Prognostic impact of lymph node involvement

Involvement of intrapulmonary, hilar and mediastinal 
LNs may either represent distant metastases, a lymphatic 
retroperitoneal or mediastinal spread from the primary 
or they originate out from the lung metastases (17). 
A large series including 245 patients with pulmonary 
metastasectomy and radical LAD demonstrated impaired 
survival for patients with N1 LNI as compared to no LNI 
as well as a worse survival for N1+2 LNI in relation to the 
N0 or N1 group (19). This implies a sequential spread 
from the pulmonary lesion to N1 and later N2 positions 
with worsening prognosis. For the whole group after R0 
metastasectomy the median survival was 63.9, 32.7 and 
20.4 months with N0, N1 and N1+2 LNI respectively (19).  
Significant prognostic deterioration for N+ patients as 
compared to N0 patients has been reported by many 
authors (23,24,26,29,30,31). In a French collective, LNI 
appeared as a significant prognostic factor in both the 
univariate and multivariate analyses with a survival of 94 
months in N0 and 42 months in N+ patients (P<0.0001; OR 
=0.573) (24). A retrospective Analysis on RCC metastases 
revealed a 35% rate of LNI and a significant survival 
difference of 19 vs. 102 months (P<0.001) when LN were 
involved (32). In a series with 175 patients with pulmonary 
metastasectomy for RCC metastases, LNI was a significant 
prognostic factor in univariate and multivariate analysis. 
The hazard ratio for mediastinal LNI was 3.6 (P=0.004). 
The authors used LNI as one of five possible risk factors 
to score patients into intermediate prognostic group (27). 
In another small series (n=28), surgical resection of single 
LM from different primaries showed superior survival in 
the group with lobectomy compared to sublobar resection 
and also less locoregional recurrences when combined with 
LAD (33).

In a statement on behalf of the ESTS regarding LN 
involvement during pulmonary metastasectomy, the 
working group stated that there is no doubt that prognosis 
is impaired by additional LNI and the best practice would 
be to exclude, as far as possible, these patients from lung 
surgery (5).

Risk factors for lymph node involvement

There is still lacking consensus when to perform a 
lymphadenectomy during a pulmonary metastasectomy. 
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Central position of the NSCLC lesion is one of the well-
known factors with increased risk for LNI, and has also 
been described for lung metastases (33). In these patients, a 
lymphadenectomy might be worth the consideration. There 
was a significant difference between LNI rates of peripheral 
versus central CRC pulmonary metastatic locations (18.7% 
and 62.5%, respectively; P=0.032) (Figures 1 and 2) (34). 
Furthermore, a higher LNI rate was described for multiple 
CRC metastases in contrast to single metastasis (59% and 
44%, respectively; P=0.01) (22). However, one must take 
into consideration the fact that the authors did not exclude 
N2 disease for lung metastasectomy and this possible 
selection bias could play a pivotal role in the results. 
Rectal primary tumor (vs. colon primary tumor), multiple 
pulmonary lesions and extended lung resection to achieve 
a tumor-free margins were associated with LNI in a study 
from 2014 (20). Extended lung resections were performed 
in centrally located and large metastases (20).

Influence on detection rate

The number of examined LNs proportionally increase the 
detection rate of LN metastases in NSCLC (1). However, a 
comparable number of LN evaluations does not exist in cases 
of lung metastasectomy. There is evidence that radical LN 
dissection increases the number of patients with unexpected 
LN involvement (22). The prognosis of cN0 patients with 
LAD and no LN involvement was significantly better than 

the prognosis of those without LAD in a study with 429 
cases (29). These underline a pseudo stage migration effect 
from thorough LN examination. The same correlation 
was described by others for CRC LM and uncertain LN 
examination compared with LN dissection (22). 

Prognostic influence of lymph node dissection

As the negative prognostic impact of LNI has been reported 
in many studies, the logical consequence is that LAD 
reduces mediastinal recurrence and increase survival rate. 
Winter et al. (32) evaluated RCC patients with and without 
radical LN dissection with matched pairs analysis and found 
a trend for improved survival in the group undergoing 
LN dissection (P=0.068) (32). In a study of 160 CRC LM 
cases undergoing radical LN dissection (n=60) and no LN 
dissection (n=100), there was no and 23% LN recurrence 
at follow-up (35). One may deduce, that LN recurrence can 
be prevented by radical removal of ipsilateral LNs. 

Another study by Hamaji et al. (36) describes LNI as a 
prognostic marker. The authors evaluated CRC patients 
after pulmonary metastasectomy and divided them in 3 
groups: patients that underwent systematic nodal dissection 
(LND) with LNI, LND but no LNI, and no LND. The 
5-year survival was 20.7%, 49.3% and 48.3%, respectively 
and the corresponding median survivals were 34, 58.5 and 
52 months, respectively. LNI significantly correlated with 
poor prognosis in both univariate and multivariate analyses 

Figure 2 CT scan of an isolated CRC lung metastases in the left lower lobe with interlobar attachment to the upper lobe. Lower lobe 
resection with LAD revealed a 5.2 cm adenocarcinoma of colorectal origin with L1 and V1 and intrapulmonary and hilar LNI. CRC, 
colorectal cancer; LAD, lymphadenectomy; LNI, lymph node involvement.

B CA
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(P=0.047 and P=0.0027, respectively). LN recurrence 
occurred at follow-up in all groups. In the LND group with 
LNI, 8 of 40 patients (20%) experienced LN recurrence 
after a median of 42 months, while in LND without LNI, 
33 of 279 (11.8%) patients developed LN recurrence after a 
median of 106 months and in the no LND group 18 of 199 
(9%) patients with LN recurrence were found. All together 
LNI was a risk factor for LN recurrence at follow-up (HR 
2.46) (36). As the authors defined LND as harvesting LNs 
from well-defined locations instead of enbloc dissection of 
stations this paper is difficult to interpret. Especially the 
frequency of LN recurrence at former dissected positions 
3/8 is unusual. Unfortunately, they did not compare 
outcome between the LND and the non-LND groups, but 
stated that LND is necessary for prognostic purposes. 

Contrasting to the aforementioned study results, 
Londero et al. (37) reports of no additional advantage in 
terms of survival and recurrence from lymphadenectomy 
after pulmonary metastasectomy. He analyzed 181 patients 
after pulmonary metastasectomy with 47.5% undergoing 
LAE whereas the others did not have any lymph nodes 
explored. They did not find any significant difference in 
the 5-year OS (P=0.87) or the 5-year cumulative incidence 
of recurrence (P=0.07) between the two groups (37). 
Unfortunately, these results are inconclusive as the patients 
have been grouped into larger tumors requiring anatomical 
resection with LAE and small peripheral lesions requiring 
wedge resection without LAE. Further the authors 
included a wide range of methods for LN removal from 
nodal sampling to lobe specific dissection of 2 LN stations. 
Therefore, it is not difficult to assume that selection bias 
and inadequate lymphadenectomy prevented the authors 
from finding significant differences between the groups. 
Shiono et al. (38) extracted 683 lobectomy cases from the 
Metastatic Lung Tumor Study Group of Japan database. 
While the 5-year survival rate with increasing levels of 
LNI decreased: no LNI (53.8%), up to hilar LNI (39.4%) 
and up to mediastinal LNs (30.8%), respectively, they 
found no survival difference between various extents of LN 
removal during lobectomy. As this study included more 
than 10 different tumor types, the results remain difficult 
to interpret. The authors concluded that LN dissection or 
sampling is necessary to provide prognostic information tor 
determining postoperative treatment (38).

Recommendations

According to the ESTS Textbook, some authors state that 

patients with thoracic nodal disease can be excluded from 
pulmonary metastasectomy with intent to cure (39). The 
routine intra-operative assessment of thoracic nodes during 
metastasectomy should be encouraged, in case of negative 
preoperative node evaluation. According to the German 
Guidelines for RCC, resectable lung metastases should be 
resected with systematic LN dissection, due to frequent LN 
metastasis (Recommendation Grade B, Level of Evidence 3).  
No clear recommendations concerning LAD during 
pulmonary metastasectomy exist neither in other German 
Guidelines, nor in current ESMO-, NCCN- or ESTS-
Guidelines.

Recommendations to future study projects

To identify the real benefit of lymphadenectomy during 
pulmonary metastasectomy, it seems necessary to exclude 
common confounders.  A prospective,  randomized 
study concerning pulmonary metastasectomy has been 
impossible in the past and will not be applicable for 
more detailed questions like lymphadenectomy in the 
future. Therefore, a multi-centric or a nationwide data 
acquisition of metastasectomy patients in a registry is 
needed. Based on one histologic entity with a single 
lesion the analysis of OS, disease specific survival and rate 
of recurrence (local, mediastinal, distant) can be stratified 
with or without systematic LAE. The mode of resection 
(anatomical vs. non-anatomical) the use of laser and 
LNI are some other important variables that need to be  
considered. 

Summary

LNI is a prognostic factor and is associated with 
decreased survival after pulmonary metastasectomy 
in many retrospective studies. The detection rate of 
additional unexpected LN metastases during pulmonary 
metastasectomy increases with the radicality of intrathoracic 
LN removal, allows more precise prognosis and tailored 
additional antitumor therapy. Few authors accepted patients 
with known N2 disease for pulmonary metastasectomy 
but positive survival rates after additional radical LAE 
were reported (24,25). Clearance of mediastinal LNs is a 
prerequisite to prevent undetected LN metastases. Due 
to the lacking evidence, it is not obligatory in medicolegal 
terms to perform LAD with metastasectomy. This should 
be conducted in further studies and larger-scale projects to 
provide future evidence. 
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