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What are the implications of the revised N staging system for

surgery?
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Abstract: Malignant pleural mesothelioma has a poor prognosis and an average survival of 12-18 months
despite treatment. One of the unique features of this malignancy is development of diffuse nodules inside
the pleural cavity which lead to an irregular lymph node metastasis pattern in the chest cavity. Lymph
node staging of mesothelioma was the same as Lung Cancer lymph node staging. It was recently revised to
include unique intrathoracic involvement sites (internal mammary, peridiaphragmatic, pericardial fat pad and
intercostal lymph nodes) in mesothelioma and ipsilateral mediastinal and intrapulmonary lymph nodes were
grouped as N1. The preoperative invasive lymph node staging is inadequate and almost 40% are understaged
in clinical NO patients and 30% in N1 patients. Invasive mediastinal staging with cervical mediastinoscopy,
endobronchial ultrasound or endoscopic ultrasound are used, however pericardial, posterior intercostal and
internal mammary lymph nodes are inaccessible. Invasive preoperative mediastinal staging is important
to stratify patients for appropriate treatment. The number and sites of potential lymph node involvement
in mesothelioma is much higher and widespread than lung cancer. Thus, the technique and principles of
lymphadenectomy or sampling in lung cancer is obviously not enough in mesothelioma. Long term survival
difference is less than 10% in patients with bronchopulmonary or ipsilateral mediastinal and extrapleural
lymph node involvement compared with those without lymph node involvement. The revised N staging

system emphasizes the importance of preoperative invasive mediastinal staging, broadens surgical indications

without dramatic improvements in survival.
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Past and current lymph node staging for
mesothelioma

Malignant pleural mesothelioma (MPM) is an intrathoracic
malignancy with unique features. MPM has a poor
prognosis and an average survival of 12-18 months
despite treatment (1,2). One of the unique features of this
malignancy is the widespread development of nodules inside
the pleural cavity, with a tendency to form tumor islands
over the diaphragm and the costophrenic sulcus mainly due
to gravity. Diffuse nodules inside the pleural cavity leads to
a chaotic and irregular lymph node metastasis pattern which
involves the entire chest cavity.
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Metastasis to hilar and intrapulmonary lymph nodes was
observed in MPM in the initial studies. In a 1988 report
from the Canadian Tumor Reference Center, in 77 autopsy
cases with MPM, 34 had metastasis to bronchopulmonary,
hilar or mediastinal lymph nodes (3). In surgically managed
157 patients, mediastinal lymph node metastasis was found
in 52% of the patients (4).

Lymph node staging in 1995 International staging system
for MPM was exactly the same as Lung Cancer lymph node
staging (Table 1) (5). In the recent recommendations for N
staging, the unique intrathoracic involvement sites (internal
mammary, peridiaphragmatic, pericardial fat pad and
intercostal lymph nodes) in MPM were stated for the first time
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Table 1 The 1995 International Lymph Node Staging for
Mesothelioma [adopted from (5)]

Regional lymph  Definition

nodes (N)

Nx Regional lymph nodes cannot be assessed

NO No regional lymph node metastases

N1 Metastases in the ipsilateral
bronchopulmonary or hilar lymph nodes

N2 Metastases in the subcarinal or ipsilateral
mediastinal lymph nodes, including the
ipsilateral internal mammary nodes

N3 Metastases in the contralateral mediastinal,

contralateral internal mammary, ipsilateral, or
contralateral supraclavicular lymph node

Table 2 Final Recommendations for N descriptors for the Eighth
Edition of the AJCC/UICC Staging Handbook [adopted from (6)]

Regional lymph  Definition

nodes (N)

Nx Regional lymph nodes cannot be assessed

NO No regional lymph node metastases

N1 Metastases in the ipsilateral
bronchopulmonary, hilar, or mediastinal
(including the internal mammary,
peridiaphragmatic, pericardial fat pad, or
intercostal lymph nodes) lymph nodes

N2 Metastases in the contralateral

bronchopulmonary, hilar, or mediastinal
lymph nodes or ipsilateral or contralateral
supraclavicular lymph nodes

AJCC/UICC, American Joint Committee on Cancer/Union for
International Cancer Control.

in the N1 category. The current recommendations decrease
lymph node groupings from 4 to 3 and are shown in 7able 2 (6).

Besides the international efforts, several centers with
experience in MPM surgery and treatment proposed more
simplified lymph node staging systems in MPM. These were
similar to the initial staging system, as intrapleural lymph
nodes were categorized as N1 where as extrapleural lymph
nodes were categorized as N2. In a recent study involving
529 patients with epithelioid MPM who underwent
extrapleural pneumonectomy (EPP), lymph node staging
showed separate survival curves with worsening survival from

NO to N3. Further analysis of patients with both N1 and N2
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involvement showed that these patients had a survival worse
than patients with only N2 station involvement (3).

Pattern of lymph node involvement in
mesothelioma

Pleural fluid is mainly absorbed through the lymphatics
in the parietal pleura. Limited absorption occurs through
visceral pleura. Animal studies were performed using near
infrared fluorescent lymph tracer injected to the pleural
space of rats and pigs. It was noted that lymphatic drainage
of both pleural cavities as a sentinel lymph node were to
the highest mediastinal lymph node station (station 1 as
described in Lung Cancer lymph node map) initially (7).
However this was followed by lymphatic spreading to other
intrathoracic and extrathoracic lymph nodes (8).

In a 2006 report by Edwards et 4/, out of 92 patients
who underwent EPP, 35 had N2 involvement (9). In
those patients, 17 had positive lymph nodes inaccessible
to mediastinoscopy. The sites were paraesophageal (n=7),
pulmonary ligament (n=1), internal mammary (n=2),
pericardial (n=3) and peridiaphragmatic (n=3). Similar
results were reported in 53 patients. Diaphragmatic and
internal mammary lymph nodes were the common sites of
involvement in N2 positive patients (10). Another study
was presented at the World Lung Cancer Conference by
Friedberg showing involvement of posterior intercostal
lymph nodes as a poor prognostic factor and also presence
of posterior intercostal lymph node involvement in almost
half of 48 patients (11).

Computed tomography (CT) analysis of 750 patients
(91 with MPM) for different clinical purposes showed
that pathologic size (>10 mm diameter) cardiophrenic and
extrapleural lymph nodes were present in 26 and 68% of the
patients with MPM which were significantly more frequent
than other patients (12).

Computed tomographic views of internal mammary,
intercostal, peridiaphragmatic and pericardial lymph nodes
are shown in Figures 1-4.

The initial report showing poor outcomes in patients
with extrapleural and mediastinal lymph node involvement
was published in 1993 (13). The poor prognostic impact
of extrapleural lymph node involvement resulted in several
studies analyzing the outcomes of pretreatment mediastinal
staging techniques for MPM.

In one of the earliest reports, cervical mediastinoscopy

was found to be superior to CT staging of mediastinal
lymph nodes in MPM (14).
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Figure 1 Left sided mesothelioma with minimal pleural
thickening, but involvement of internal mammary lymph node

(white arrow).

Figure 2 A posterior paravertebral lymph node (white arrow)
usually bulging inside the intercostal muscle. If the endothoracic
fascia is not opened surgically, these lymph nodes cannot be

explored and sampled.

A report from Egypt showed that 6 of 14 patients
with positive mediastinal lymph nodes also had N1
involvement (10). In one of the largest reports (529
patients) by Sugarbaker, 136 patients (26%) had concurrent
N1 and N2 involvement, whereas only 45 (9%) had
isolated N2 involvement (3). Additionally, de Perrot and
colleagues showed a negative predictive value of only
68% for mediastinoscopy in the preoperative staging of
MPM (15). Despite this low negative predictive value for
mediastinoscopy, Pilling and colleagues advocated for
pretreatment mediastinoscopy, as extrapleural lymph node
involvement lead to a dismal median survival of 4.4 months,
whereas those without lymph node involvement had a
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Figure 3 An antecrural lymph node involvement (white arrow).
Peridiaphragmatic lymph nodes are usually difficult to interpret if
they are not enlarged. Enlargement of cardiophrenic lymph nodes

were evident in 26% of mesothelioma patients.

Figure 4 An enlarged pericardial lymph node (white arrow). It is
one of the rare locations for mesothelioma and is inaccessible with

standard methods.

median survival of 16.4 months (16). In the same study, 15
of 17 patients with extrapleural lymph node involvement
could have been diagnosed preoperatively with cervical
mediastinoscopy. Thus the authors recommended a cervical
mediastinoscopy for all MPM patients who would undergo
a surgical treatment (16).

Transesophageal endoscopic ultrasound guided fine
needle aspiration was also found to be reliable in mediastinal
lymph node staging of MPM (17). In 21 patients, 4 were
found to have mediastinal lymph node metastasis with
endoscopic ultrasound-fine needle aspiration (EUS-FNA)
and in remaining 17 patients, only 1 had a positive lymph
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node following surgical resection through thoracotomy.
Sensitivity and specificity of EUS FNA were found to be
80% and 100% respectively. EUS FNA was also reported
in 6 patients with MPM, of which 8 sites were sampled, 4
subcarinal, 3 aortopulmonary window and 1 paraesophageal.
2 were found to be positive for tumor and 2 were missed
due to technical errors (18). There are other reports of
patients that can be diagnosed with plain transbronchial
needle aspiration biopsy using a 21-gauge needle for
subcarinal and paratracheal lymph nodes and subsequent
cytologic and immunohistochemical analysis or under

endobronchial ultrasound (EBUS) guidance (19,20).

Surgical implications of the revised lymph node
staging system

IASLC Mesothelioma Staging Project was an important
collaboration with contributions from 29 centers around
the world. Data of 3,519 patients were submitted with 1,566
patients entered prospectively. In the final analysis, 1,322
patients had clinical N data and 851 patients had pathologic
N data (6). When patients were staged based on the 7th
edition of AJCC, clinical N stages were similar to each other
with survivals ranging from 19 to 14.5 months between
NO and N3 stages. However in the pathologic staging N1
and N2 had a median survival of 16.9 and 17.4 months
whereas pathologic NO patients had a median survival of 24
months. Additionally single or multiple station involvement,
involvement of only N1, only N2 or concurrent involvement
of both stations resulted in similar survival rates.

In a recent multicentric retrospective study from France
including 99 patients who underwent EPP showed that
lymph node involvement and also ratio of metastatic lymph
nodes (>13%) were prognostic (21). The site or total
number of lymph nodes involved were not prognostic. The
median survival was almost halved (12.7 versus 22.4 months)
in case of lymph node involvement and it was significantly
shortened (11.7 versus 19.9 months) if ratio of metastatic
lymph nodes to total number of lymph nodes was >13%.

There are three main issues with all of these studies and
the newly proposed lymph node staging system in MPM.

As a first issue, in the JASLC Mesothelioma Project
only 22% of the tumors in 1,029 patients had clinically
involved lymph nodes, however following surgery 321
of 851 (38%) had lymph node metastasis which shows
significant deficiencies in preoperative lymph node staging.
In this database only 56% of the clinically staged patients
had PET scan and 6% underwent a mediastinoscopy (3).
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The preoperative invasive staging is inadequate and almost
40% are understaged in clinical NO patients and 30% in
N1 patients. It is recommended to use invasive mediastinal
staging with cervical mediastinoscopy, EBUS or EUS,
however it is also apparent that pericardial and internal
mammary lymph nodes are inaccessible even with these
methods. Invasive preoperative mediastinal staging is
important to stratify patients for appropriate treatment,
because we currently have more effective treatments that
can be used in a neoadjuvant protocol. In the randomized
study using three chemotherapeutic agents (Bevacizumab,
Pemetrexed and Cisplatin), 18.8 months median survival
was observed with a 50% response rate (1).

Pathologic staging of lymph nodes are only obtained
with invasive staging or during surgical resection, however
the standards of lymphadenectomy or lymph node sampling
in MPM surgery are not well described. Surgical technique
has an impact on lymph node staging. In patients who
undergo extended pleurectomy decortication (PD) or
EPP, mediastinal staging is more thoroughly performed,
whereas in case of a partial PD lymph node staging is
limited which leads to a bias in survival outcomes (22).
Our study addressing transition of surgical technique
from EPP predominant to a PD predominant practice
showed that our intraoperative lymph node staging rate
dropped from 70% to 64%, but this did not translate to
any survival disadvantage. When significant amount of
gross disease is left behind, especially in the mediastinum,
mediastinal lymph node staging is obviously hampered.
The technique (sampling versus dissection) and principles
of lymphadenectomy or sampling (which stations and how
many lymph nodes) is not standardized in MPM surgery.
The number and sites of potential lymph node involvement
in MPM is much higher and widespread than lung cancer.
The current staging system does not address this issue.

Third issue is the heterogeneity of survival in patients with
lymph node involvement. Tumor thickness was proposed as a
predictor of mediastinal lymph node involvement and survival
in 65 patients who underwent radiation treatment and
surgery (23). These patients had very thick tumors from 2.4
to 21 cm. Hazard ratio was 2.1, but 95% confidence interval
was wide (1.07 to 4.33). In our study in 196 patients with a
median tumor thickness of 2.1 c¢m, there was no cut off point
for tumor thickness, presence of thickening was associated
with poor survival (24). Almost 10% of the patients with
bronchopulmonary or ipsilateral mediastinal and extrapleural
lymph node involvement survive more than 5 years. On the
other hand patients without lymph node involvement have a
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Figure 5 A patients with right sided mesothelioma and
involvement of ipsilateral mediastinal, internal mammary and
contralateral paratracheal lymph nodes (white arrow). This
clinical situation is an absolute contraindication for any surgical

intervention.

S-year survival of 12-18%. Thus the difference is not very
high. Based on the newly proposed staging system even
if the patient has an ipsilateral mediastinal lymph node
metastasis, he/she can be offered multimodality treatment
including surgery that would lead to a median survival of
17 to 21 months. Contralateral lymph node involvement
appears to be an absolute contraindication for surgery, as it
has a very poor prognosis with no 5-year survivors (Figure 5).

In conclusion, the revised N staging system emphasizes
the importance of preoperative invasive mediastinal
staging, broadens surgical indications without dramatic
improvements in survival. It shows that addition of surgery
leads to a S-year survival rate of 10% even in case of
ipsilateral mediastinal, intrapulmonary or extrapulmonary
lymph node metastasis. It appears that if invasive
mediastinal staging is adopted, neoadjuvant treatment
options will be more frequently utilized in MPM.
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