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Background. The purpose of this study was to examine
he prognostic impact of occult disease after extrapleural
neumonectomy for malignant mesothelioma.
Methods. We reviewed the resection margin and node

pecimens from 41 consecutive patients undergoing ex-
rapleural pneumonectomy for malignant pleural me-
othelioma in different institutions between 1985 and
004. The specimens were reassessed by immunohisto-
hemical staining with anticalretinin and antimesothelin
onoclonal antibodies, and results were used to draw
aplan–Meier survival curves and perform Cox regres-

ion analyses.
Results. Histologic examination showed 34 epithelioid,

 biphasic, and 3 sarcomatoid subtypes. Results of post-
perative TNM staging were that 14 patients were in
tage I, 6 were in stage II, and 21 were in stage III. One
atient died during the early postoperative period. Me-
ian survival was 13 months. Survival was affected by
onepithelial histologic type (p � 0.001), TNM stage (p �
.007), positive resection margins (p � 0.002), and N

isease (p � 0.01). Immunohistochemistry revealed oc-
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ult positive resection margins in 6 patients, not corre-
ated with T stage. Microscopic N disease was discovered
n 5 patients, of whom 2 had their nodes retrieved
hrough cervical mediastinoscopy. No correlation with
odal diameter was found. In all patients microscopic N
isease could have been accessible through mediastinos-
opy. Overall, the presence of occult disease was diag-
osed in 5 new patients and influenced survival more

han any other variable, both at univariate (p < 0.001) and
ultivariate Cox regression analysis (p < 0.0001; odds

atio, 5.4; 95% confidence interval, 3 to 15).
Conclusions. In malignant pleural mesothelioma, the

resence of occult disease in resection margins and
ymph nodes can be identified by immunohistochemistry
nd significantly influences the prognosis. Cervical me-
iastinoscopy is useful in all patients considered for
adical resection, but all specimens should be processed
ith immunohistochemical staining.

(Ann Thorac Surg 2008;85:1740–6)

© 2008 by The Society of Thoracic Surgeons
alignant pleural mesothelioma is a rare, highly
aggressive tumour with a very poor prognosis

1–3]. Despite extensive surgical removal provided by
xtrapleural pneumonectomy, patients relapsed rap-
dly. Therefore, most treatment regimens have focused
n radiation therapy, chemotherapy and immunother-
py multimodality treatment [4], or neoadjuvant che-
otherapy [5].
According to these observations it is conceivable that

ome residual tumor may persist in spite of aggressive
nd extended surgery. In malignant pleural mesotheli-
ma, the main sites of recurrence are represented by
ither local or mediastinal intrathoracic seeding [6].
hese tumoral nests are likely located in proximity of
esection margins or in mediastinal nodes not adequately

ccepted for publication Jan 28, 2008.

ddress correspondence to Dr Mineo, Cattedra di Chirurgia Toracica,
niversità degli Studi di Roma Tor Vergata, Policlinico Universitario Tor
ssessed at the time of thoracotomy. Indeed, positive
esection margins and mediastinal lymph node metasta-
es have been identified as poor prognostic factors in
any published series [3–12]. However, some patients

xperience a poor outcome despite a histologically
roven complete surgical resection. We have recently

nvestigated the role of occult residual or micrometas-
ases in lung neoplasms detected by immunohisto-
hemistry, and we found that their evidence may
ustify unpredictable recurrence patterns [13]. There-
ore, we have extended our observations to malignant
leural mesothelioma.
The aim of the present study was to examine, in a

roup of patients undergoing extrapleural pneumonec-
omy, the prognostic impact of occult disease in resection

argins and mediastinal lymph nodes identified after
mmunohistochemical staining with anticalretinin and
ntimesothelin monoclonal antibodies [14]. The role of
reoperative cervical mediastinoscopy in patient selec-
ion was also investigated.
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atients and Methods

atients
rom 1985 to 2004 inclusive, 41 consecutive patients, 30
en and 11 women, median age 58 � 12 years (range, 41

o 70 years), intentionally underwent radical extrapleural
neumonectomy (24 right and 17 left) in different insti-

utions. All clinical, laboratory, and histologic data were
etrospectively reviewed.

Permission for this retrospective study and authoriza-
ion for tissue samples reanalysis was obtained from the
nstitutional review boards of each institution where the
perations were performed.
Patients considered eligible for extrapleural pneumo-

ectomy were those with a confirmed preoperative diag-
osis of malignant pleural mesothelioma at stage T1

hrough T3 according to the International Mesothelioma
nterest Group [8], with a Karnofsky index equal to or
reater than 90%, and without major organ dysfunction.
hysiologic reasons for inoperability were a predicted
ostoperative forced expiratory volume in 1 second less

han 40% of the predicted value or less than 1 L and
vidence of contralateral hypoperfused lung (less than
5% of the right or 45% on the left). Other criteria of
xclusion were room air arterial partial pressure of car-
on dioxide greater than 45 mm Hg or arterial partial
ressure of oxygen less than 65 mm Hg, an estimated
ardiac ejection fraction less than 0.45, or right ventricu-
ar dilatation.

All patients had undergone computed tomographic scan
f the thorax and upper abdomen and contrast-enhanced
agnetic resonance imaging. This study group population
as gathered before the arrival of a positron emission

omography scanner. Resectability was defined by tumor
onfined to one hemithorax, with the absence of mediasti-
al organ or full-thickness pericardial or myocardial in-
olvement, absence of diffuse or multifocal chest wall dis-
ase, transdiaphragmatic extension, or spread directly into
he spine, hence excluding stage T4 disease. Preoperative
ervical mediastinoscopy was performed whenever com-
uted tomographic scan evidenced enlarged upper medi-
stinal lymph nodes (a maximum diameter greater than 15
m). The evidence of positive mediastinal lymph nodes
as considered an absolute exclusion criterion for ex-

rapleural pneumonectomy.

urgical Technique
riefly, extrapleural pneumonectomy was performed

hrough an extended posterolateral thoracotomy, in most
ases through the sixth intercostal space with a counter-
ncision in the eighth one. The procedure included en
loc excision of the lung, pleura, hemipericardium, and
emidiaphragm. The pleura was bluntly dissected along

he extrapleural plane, saving the endothoracic fascia
henever possible. In sites of localized infiltration and of
revious biopsies, the chest wall was excised en bloc with

he specimen or subsequently resected. The mediastinal
leura was dissected from the apex toward the hilum.
he pericardium was opened and widely excised on both
he anterior and posterior sides. Vessels and bronchus s

ats.ctsnetjournalsDownloaded from 
ere approached as in any intrapericardial pneumonec-
omy and sutured using stapling devices. The diaphragm
as completely separated from the peritoneum and re-

ected at its insertion to the chest wall. Incidental peri-
oneal tears were sutured. The diaphragm was replaced
y a Gore-Tex dual mesh (W.L. Gore & Assoc, Flagstaff,
Z), and the pericardium was reconstructed with a
ore-Tex patch (W.L. Gore & Assoc). Patients found to
ave a multicentric macroscopic invasion of the chest
all or mediastinal structures were not resected. All
ediastinal lymph nodes were routinely resected to

llow accurate surgical staging of the disease.

onventional Pathologic Examination
uring the immediate postoperative period, each speci-
en was routinely processed as follows. First, the sur-

eon conducted a gross examination immediately after
he procedure, indicating potential areas of incomplete
esection. Second, the pathologist macroscopically eval-
ated the specimen to determine any areas with obvious
vidence of residual tumor, paying special attention to
he sites indicated by the surgeon. Third, each suspect
rea was separately embedded in wax and stained for
icroscopic examination with traditional hematoxylin

nd eosin. In addition, approximately 20 sections were
andomly taken from each specimen in correspondence
f selected pleural sites: anterior, lateral, and posterior
ostophrenic sinus, pericardiophrenic sinus, anterior and
osterior mediastinal pleura, and vertebral groove. The
ronchial stump, pericardium, and diaphragm were rou-

inely examined for microscopic margins. A positive
argin was used to target direct adjuvant radiation

reatment. Each lymph node was embedded in wax and
ections were stained with hematoxylin and eosin for
icroscopic examination to determine the presence of
etastatic tumor. All embedded samples were stored

nd were available for future reanalysis.

djuvant Therapy
djuvant chemotherapy and radiotherapy always fol-

owed the surgical procedure. The chemotherapy regi-
en usually consisted of four to six cycles of cisplatin

100 mg/m2) given at day 15, and etoposide (120 mg/m2)
dministered on days 1, 2, and 3 or, since 1996, gemcit-
bine (1 g/m2) administered on days 1, 8, and 15. Cispla-
in was infused for 1 hour after intravenous hyperhydra-
ion with 2,000 mL of saline solution plus potassium
hloride. Etoposide or gemcitabine were administered as
30-minute intravenous infusion diluted with 250 mL of

aline solution. Treatment was discontinued in case of
isease progression or intolerable toxicity. Functional
ssessment (ie, complete and differential blood cell
ounts, urea nitrogen, creatinine clearance, bilirubin, and
iver enzymes) was repeated before each cycle. Dose
eduction and delay in therapy were established accord-
ng to hematologic and nonhematologic toxicity, scored
ccording to the common toxicity criteria (from 0 � no
oxicity to 4 � maximal toxicity) [11]. Chemotherapy was

tarted between 4 and 10 weeks after extrapleural pneu-
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onectomy depending on the postoperative recovery.
reatment was repeated every 4 weeks.
Radiation therapy usually followed the cycles of che-
otherapy. External beam radiotherapy was delivered
ith an energy ranging from 4 to 15 MV. The total

adiation doses to the hemithorax and mediastinum were
sually 30 and 40 Gy, respectively, divided into 1.5 Gy

ractions. A boost dose (14 Gy in 2 Gy fractions) was
lways delivered to areas with gross residual disease or
ositive resection margins, and to metastatic lymph
odes.

linical Follow-Up
henever possible, clinical outcome was directly as-

essed during a dedicated session of follow-up outpatient
linic. Alternatively, basic information was retrieved by
edical records or general practitioner or patients’ inter-

iews by telephone call. Cross-sectional contact for all
urviving patients was performed on September 2006.
ecause clinical symptoms and radiographic studies
vailable during the beginning of the study period were
ot sensitive enough to accurately diagnose early recur-
ence, the disease-free interval was not evaluated. There-
ore, survival was the major end point of this study. The
urvival duration was measured from the date of ex-
rapleural pneumonectomy until the date of the patient’s
ast follow-up contact or death.

mmunohistochemical Studies
ll the included specimens for resection margin assess-
ent and all extrapleural nodes available from these

atients were reviewed after immunohistochemical

able 1. Univariate Analysis of Main Clinicopathologic Varia

ariable

ge (�65 vs � 65)
ex (male vs female)
erformance status (90 vs 100)
igarette use (yes vs no)
sbestos exposure (yes vs no)
hest pain (yes vs no)
yspnea (yes vs no)
ough (yes vs no)
ide (right vs left)
hemotherapy regimen (etoposide vs gemcitabine)
inal histology (sarcomatoid and biphasic vs epithelial)
athologic T stage (T3 vs T2 vs T1)
tage (III vs II vs I)
esection margins conventional staining (positive vs negative)
esection margins immunohistochemistry staining (positive vs
disease conventional staining (positive vs negative)
disease immunohistochemistry staining (positive vs negative)

esection margin and N disease conventional staining (positive
negative)

esection margin and N disease immunohistochemistry stainin
(positive vs negative)
Analysis for 40 patients.

ats.ctsnetjournalsDownloaded from 
taining with anticalretinin and antimesothelin monoclo-
al antibodies. Immunostaining was performed on for-
alin-fixed, paraffin-embedded tissue sections using the

vidin-biotin-peroxidase method. Appropriate sections
ere cut 4 �m thick and air-dried overnight at 37°C.
ections were then stripped of paraffin with xylene and
ehydrated in titrated ethanol series. Endogenous perox-
dase activity was blocked with a 10-minute immersion in
.3% hydrogen peroxide in methanol, followed by a
ingle wash in phosphate-buffered saline solution (pH
.4). The primary antibodies used in each case were the
ollowing: anticalretinin antibody (Swant, Bellinzona,
witzerland; 1:1,500 dilution) and the mesothelin 5B2
onoclonal antibody (Novocastra Laboratories, New-

astle-upon-Tyne, UK; 1:20 dilution). The immunostain-
ng was developed using 3,3=-diaminobenzidine as the
hromogen. Negative control sections included nonim-
une mouse or rabbit serum as a substitute for the

rimary antibody. Immunoreactivity was scored as neg-
tive (no immunostaining) or positive by an experienced
athologist (A.B.). Cases were considered positive when-
ver both antigens were detected in at least five cells
emonstrating positive immunostaining and morphol-
gy compatible with mesothelioma.

tatistical Analysis
eassessed lymph node status was used to draw new
aplan–Meier survival curves. Univariate analysis was
erformed by means of the Kaplan–Meier life-table
ethod to determine the effects of demographic and

athologic variables. Variables included age greater or
ess than 65 years, side of tumor, sex, smoking history,

Frequency Median Survival (mo)a p Value

10 vs 31 12 vs 15 0.07
26 vs 15 11 vs 14 0.38
12 vs 29 11 vs 15 0.12
27 vs 14 13 vs 13 0.78
31 vs 10 12 vs 13 0.55
23 vs 18 14 vs 12 0.41
30 vs 11 11 vs 13 0.65
15 vs 26 13 vs 13 0.87
24 vs 17 11 vs 14 0.55
15 vs 26 12 vs 14 0.44
7 vs 34 8 vs 19 0.001

9 vs 12 vs 20 9 vs 10 vs 19 0.26
21 vs 6 vs 14 8 vs 10 vs 20 0.007

16 vs 25 12 vs 19 0.002
tive) 22 vs 19 9 vs 22 �0.0001

12 vs 29 10 vs 19 0.01
17 vs 24 8 vs 21 0.001
24 vs 17 9 vs 23 0.001

29 vs 12 8 vs �36 �0.0001
bles

nega

vs

g
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sbestos exposure, chest pain, dyspnea, cough, cell type
epithelial versus biphasic and sarcomatous), involved
esection margins, and N stage. Significance was evalu-
ted with the log rank test and less than 0.05 was
onsidered the threshold value. Significant variables at
nivariate analysis were entered into Cox regression
nalysis to select the most predictive ones.

esults

istologic examination revealed 34 epithelioid, 4 bipha-
ic, and 3 sarcomatoid subtypes. All primitive tumors
ere positive for either calretinin or mesothelin. Preop-

rative cervical mediastinoscopy was performed in 10 of
hese patients. In this setting, the lymph node mean
iameter was 1.7 � 0.6 cm: none showed microscopic
vidence of N disease, although two were fond to be
ositive at subsequent thoracotomy. Results of postoper-
tive TNM staging were that 14 patients were in stage I,
were in stage II, and 21 were in stage III. Distribution of
stage and N disease as well as main prognostic factors

nvestigated are summarized in Table 1.
We experienced only one 30-day perioperative mortal-

ty caused by pulmonary embolism. This patient was
xcluded from the survival analysis. The median fol-
ow-up interval was 14 months (range, 0.2 to 44 months)
ith a median survival of 13 months. Twenty-eight pa-

able 2. Patients’ Distribution Pattern of Residual Disease
n Resection Margins Evaluated With Conventional
ematoxylin and Eosin Staining and Immunohistochemistry

ariable

Resection
Margin

Assessment
H&E

(no. patients)

Further
Residual

Assessment
IHC

(no. patients)

T1 stage (n � 19) 8 5
T2 stage (n � 12) 5 1
T3 stage (n � 10) 3 . . .
osterior parietal pleuraa 2 1
osterior costophrenic sinus 3 1
ertebral groove 2 . . .
ateral parietal pleura 2 . . .
ateral costophrenic sinus 4 . . .
nterior parietal pleura 2 1
nterior costophrenic sinus 4 1
ericardiophrenic sinus 1 . . .
nterior mediastinal pleura 3 . . .
osterior mediastinal pleura 4 . . .
hest wall 2 . . .
ronchial stump 3 1
ericardium 3 1
iaphragm 2 1
OTAL (n � 41) 16 6

Patients with more than one site.
l
&E � hematoxylin and eosin staining; IHC � immunohisto-

hemistry.

ats.ctsnetjournalsDownloaded from 
ients (68%) died of disease after a local (n � 21 of 28,
5%) or distant relapse (n � 7 of 28, 25%). Another 2 died
f pulmonary failure subsequent to acute pneumonia.
ain prognostic variables, including age greater than or

qual to 65 years, cigarette use, asbestos exposure, chest
ain, dyspnea, cough, side of tumor, and chemotherapy
egimen did not significantly associate with survival
uration. Univariate analysis identified four significant
ariables associated with poorer prognosis: nonepithelial
istology (p � 0.001), TNM stage (p � 0.007), positive
esection margins (p � 0.002), and N disease (p � 0.01).

The 16 patients with positive resection margins had a
-year survival of 13% compared with the 25 patients
ith negative resection margins who had a 2-year sur-

ival of 49%. Furthermore, the 12 patients with metastatic
ymph nodes and the 29 with negative nodes presented a
-year survival of 8% and 44%, respectively.
Immunohistochemistry allowed the identification of 6

atients with occult positive resection margins (Tables 1,
), thus increasing the prognostic significance of the
ariable (p � 0.0001; Fig 1). No significant superiority
etween antigens was detected (data not shown). The
edian postoperative survival of patients with microin-

ltration of resection margins was 9 months (95% confi-
ence interval, 7.5 to 10.4), significantly less than those
ithout residual disease, which was 22 months (95%

onfidence interval, 20.6 to 31.0). Interestingly, the prob-
bility of discovering occult metastases was not corre-

ig 1. Resection margin revised by immunohistochemistry (IHC).
verall survival curve according to positive (R�) or negative (R�)

esection margin assessed with conventional hematoxylin and eosin
H&E) staining and with immunohistochemistry.
ated with a higher T stage (Table 2) in contrast with the
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xpectation that the more elevated the T stage the greater
he possibility of leaving tumor cells. The costophrenic
inus, either anterior or posterior, represented the most
requent site of occult residual disease (Table 2).

Microscopic N disease was discovered in 5 patients. All
hese patients presented at least one positive station
ocated in the upper mediastinum that could have been
eached by cervical mediastinoscopy (Table 3). Interest-
ngly, in 2 of these patients, the lymph nodes harvested
uring cervical mediastinoscopy were negative at con-
entional staining but revealed positivity after immuno-
istochemical reassessment. The presence of metastases
as not correlated with lymph node size: negative node
edian diameter was not significantly different from the

ositive ones (Table 3). The survival curve according to
he immunohistochemical N disease reassessment was

ore significant (p � 0.001; Fig 2). The median postop-
rative survival of patients with lymph node metastases
as 8 months (95% confidence interval, 6.3 to 9.4) signif-

cantly less than those without node metastases, which
as 21 months (95% confidence interval, 19.6 to 29.0).
Combining the two variables reassessed by immuno-

istochemistry, we discovered 5 new patients with occult
isease, 2 patients with positive resection margin only, 1
ith positive node only, and 2 with both. The other 2
atients with newly discovered resection margin had
ositive lymph nodes at conventional staining, and the
emaining 2 with nodal micrometastases had already
ielded positive results at resection margin evaluation. In
his way the significance reached a very high level in
verall survival (p � 0.0001; Table 1). Figure 3 showed
hat patients found positive (margin plus nodes) only at
mmunostaining have a similar survival to those positive
t conventional technique.
At Cox regression analysis, the combined resection
argin and nodal status reassessed by immunohisto-

hemistry was selected as the most significant prognos-
icator (p � 0.0001; odds ratio, 5.4; 95% confidence inter-

able 3. Patients’ Nodal Disease Pattern Evaluated With Con
nd Immunohistochemistry

Nodal Assessme

No. Patients Size (

disease negative (patients) 29
disease positive (patients) 12

etrieved by mediastinoscopy . . .
Upper tracheala 1
Lower tracheala 2
Subcarinala 5
Anterior mediastinala 3
Paraesophageala 2

Patients with more than one station. b These 2 patients had other p

&E � hematoxylin and eosin staining; IHC � immunohistochemist
al, 3 to 15). i

ats.ctsnetjournalsDownloaded from 
omment

xtrapleural pneumonectomy remains a cornerstone of
he multimodality treatment of malignant pleural me-
othelioma. This is valid for the classic trimodality ap-
roach pioneered by Sugarbaker and colleagues [15], for

he neoadjuvant chemotherapy strategy proposed by
eder and associates [5], and for the intensity-
odulated adjuvant radiotherapy established by Rice

nd coworkers [16]. Nonetheless, results achieved are not
et satisfying, and median survival is quite low. In the

ional Hematoxylin and Eosin Staining

&E
Further Nodal Metastases Discovered by

IHC

n � SD, cm) No. Patients Size (mean � SD, cm)

0.2 . . . . . .
0.9 5 1.1 � 0.5

. . . 2 1.5 � 0.6
0.3 4 1.2 � 0.4
0.2 5 1.3 � 0.3
0.4 . . . . . .
0.3 . . . . . .
0.2 2b 1.2 � 0.3

stations accessible to mediastinoscopy.

SD � standard deviation.

ig 2. N disease revised by immunohistochemistry (IHC). Overall
urvival curve according to N positive (N�) or negative (N�) dis-
ase assessed with hematoxylin and eosin (H&E) staining and with
vent

nt H

mea

1.1 �

1.3 �

1.2 �

1.5 �

1.6 �

1.2 �

1.2 �

ositive
mmunohistochemistry.
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arge series of 176 patients reported by Sugarbaker and
ssociates [4], the general median survival time was 19
onths. Nonepithelial histologic subtype, residual tumor

t the resection margins, and extrapleural metastatic
ymph nodes are indicated as the main reasons for the
ailure of extrapleural pneumonectomy [3–12].

On the basis of recent progress in immunohistochem-
cal techniques for detection of occult neoplastic disease
nd analogous experiences in other neoplasms [13], we
ecided to reassess infiltration of resection margins and

ymph node metastasis. Indications from the literature
14] have led us to use monoclonal antibodies against
pecific mesothelioma markers such as calretinin and
esothelin. The resection margin evaluation of an ex-

rapleural pneumonectomy per se represents a great
hallenge. In fact, the surface to be examined is so
xtended that even the most accurate pathologic exami-
ation cannot be considered totally reliable. According to
ugarbaker and colleagues [4], we have already adopted
compromise solution by selecting areas with obvious
acroscopic infiltration, with a high infiltration risk (ie,

ronchus, pericardium, diaphragm), and some specific
reas of the parietal pleura for classic microscopic stud-
es. The same paraffin-embedded specimens were reas-
essed with immunohistochemistry for the present study.

In our series, the traditional histologic examination
lready evidenced the positive resection margin and the
odal status, together with the histologic type, as the sole
ignificant prognostic factors. Nevertheless, the reassess-

ig 3. Conventional versus positive only at immunohistochemistry
IHC�). Overall survival curve according to combined resection
argin and N disease positive (H&E�) or negative (H&E�) at he-
atoxylin and eosin (H&E) staining compared with patients found

ositive only at immunostaining. Survival curve has a similar trend.
ent with immunohistochemistry contributed to demon- m

ats.ctsnetjournalsDownloaded from 
trate the presence of occult disease in 5 new patients,
hich represented almost 15% of our study group. The

urvival curve, according to the new reassessment, was
ore significant (p � 0.0001). Interestingly, we found that

he probability of discovering occult metastases was not
orrelated with a higher T stage. This contradicts the
iffuse opinion that a more elevated T stage may increase

he risk of leaving tumoral cells. We tried to explain this
pparent paradox by the fact that a lower T stage may
avor a less full-thickness resection, increasing the pos-
ibility of leaving tumor areas. Indeed, the anterior or
osterior costophrenic sinus, which is the more difficult
ite to access by lateral thoracotomy, was the most
requent site of occult residual disease.

Extrapleural lymph node metastases are detectable
rom 28% to 52% of all the patients undergoing extended
urgery [4, 6, 11, 12, 15] and are related to a significantly
oorer prognosis after radical resection [4, 6, 12, 17]. In
ur series, they represented 15%, increasing to 34% when
sing immunohistochemical staining.
In accordance with Prenzel and coworkers [18], we also

ound that the long-axis diameter of lymph nodes con-
aining metastatic tumor is not significantly different
rom those free of tumor. Because lymph node size is not
ignificantly different when involved by metastatic me-
othelioma, preoperative imaging using size criteria will
e unreliable for staging extrapleural lymph node metas-

asis, and this justifies the low results in patient selection
chieved by positron emission tomography [19, 20]. Thus,
e reaffirmed the role of preoperative cervical mediasti-
oscopy in patient candidates to extended radical resec-

ion in malignant pleural mesothelioma. Most positive
ediastinal lymph nodes are accessible to mediastinos-

opy [6, 9, 21]. On the other hand, the probability of
ositive nodes not accessible to mediastinoscopy is quite

ow [4, 22]. In our series, in all patients metastatic lymph
odes were located in the upper mediastinum. Thus, they
ould all have potentially been accessible to mediastinos-
opy. We also found that the use of immunohistochem-
cal staining can improve the diagnostic accuracy of the
est.

We acknowledge some limitations in our study. The
ain limitation relies on its retrospective nature and the

elatively limited sample size. However, it must be noted
hat immunohistochemistry reassessment of all speci-

ens was achieved in a limited period with the same
echnique and by the same pathologist. Moreover, al-
hough the study covers a period of 20 years and multi-

odality treatments are slightly different owing to the
ong time span, the surgical procedure was performed
ccording to the same criteria and by the same surgeon.
nother limitation can be represented by the method in
ssessing resection margins, but this is the same method
sed in other qualified institutions.
In conclusion, we affirm that extrapleural pneumonec-

omy can be performed with an acceptable low mortality
ate in multimodality therapy of selected patients with
alignant pleural mesothelioma. The detection of occult

isease in resection margins and N disease may allow a

ore accurate prediction of survival, thus influencing
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urveillance and therapeutic strategies. Because N dis-
ase is a clear contraindication to mesothelioma resec-
ion, all patients considered for potential radical resec-
ion should undergo preoperative routine cervical

ediastinoscopy and all specimens should be processed
ith immunohistochemical techniques.
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