
Malignant pleural mesothelioma (MPM) is an aggressive cancer

for which treatment options are limited. The clinical course is

marked by relentless local growth of the tumor, with patients'

deaths most commonly due to cardiac or pulmonary involvement.

In its early stages, MPM remains localized to a single hemithorax

and therapeutic efforts have therefore focused on local treatment

modalities, be it surgical resection, radiotherapy and intrapleural

chemotherapy (1-4). Extrapleural pneumonectomy (EPP) is a radi-
cal surgical approach, which can potentially eradicate macroscopic

disease in selected patients (5). The perioperative outcome of EPP

has improved significantly in recent years, because of better sur-

gical techniques and perioperative care (6, 7). However, the

long-term survival is still unsatisfactory due to high incidence of

recurrence, especially locoregional treatment failure, at the site

of the surgeons' best effort. Recent evidence suggests that im-

provements in locoregional disease control have occurred

through the addition of high dose hemithorax radiation and

more potent chemotherapeutic regimens to EPP (3, 8-10). The
multimodality approach to surgically eradicate gross disease fol-

lowed by additional radiotherapy and/or chemotherapy to control

residual microscopic disease has a strong locoregion al treatment

rationale.

In the current literature, the clinical evidence for disease recur-

rence after EPP is still limited and the predictors of local disease

failure and their impact on subsequent outcome have not been

clearly defined. To address these issues, the outcomes for MPM

patients who underwent EPP were evaluated. The primary

end-point of this study was disease-free survival (DFS), determined

from the time of EPP intervention. Prognostic indicators for local

and overall DFS were statistically analyzed.
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ABSTRACT Background Extrapleural pneumonectomy (EPP) has been used as a treatment option for selected patients with malignant pleural mesothe-

lioma (MPM). The primary end-point of this study was disease-free survival (DFS). Prognostic indicators for local and overall DFS were

statistically analyzed.

Methods Between October 1994 to April 2008, 59 patients who had complete macroscopic cytoreduction after EPP formed the basis of

this report. In recent years, selected patients received adjuvant radiotherapy and pemetrexed combined with cisplatin or carboplatin. The

clinicopathologic data of all patients were prospectively collected in a computerized database. Statistical analysis was performed by using

Kaplan-Meier method and compared using the log-rank test. Cox-regression model was used for multivariate analysis.

Results The mean age at the time of EPP was 59 (S.D. = 8) years. Nineteen patients (32%) experienced perioperative complications. The

median survival was 21 months (range 2 to 104). The local disease recurrence rate was 51%. The median local DFS was 22 months (0 to

73). The overall disease recurrence rate was 64%. The median overall DFS was 18 months (range 0 to 73). In multivariate analysis, epithe-

lial subtype (p = 0.026) and adjuvant radiotherapy (p = 0.023) were independently associated with an improved local DFS. Adjuvant radio-

therapy (p = 0.011) was also independently associated with an improved overall DFS.

Conclusions This study demonstrated that that local disease failure was still a considerable clinical problem following complete EPP. The

data also showed that patients with epithelial histology and receiving adjuvant radiotherapy were associated with an improved disease con-

trol.
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Materials and methods

Between October 1994 to April 2008, 424 patients with a tissue

diagnosis of MPM were treated by a thoracic surgical team, lead by

the same surgeon (B.C.M.). Seventy patients (17%) were selected

for EPP. The criteria for EPP were the extent of disease limited to

the ipsilateral hemithorax with no transdiaphragmatic, transpericar-

dial or extensive chest wall involvement, a good performance sta-

tus, normal renal and liver function tests, adequate cardiac and pul-

monary function assessment. Informed consent was obtained from

all patients prior to surgery. Four patients who died within the

same hospital admission were excluded from this study. Another

seven patients who had positive macroscopic resection margin

were also excluded. The remaining 59 patients who had complete

macroscopic cytoreduction after EPP formed the basis of this re-

port. The clinicopathologic data of all patients were prospectively

collected in a computerized database.

Preoperative assessment

Preoperative assessment included a review of all prior clinical

information, physical examination, serum chemistry and hematolo-

gy, chest X-ray, computed tomography (CT) of the chest and upper

abdomen and pulmonary function testing. Since the year 2000,

positron emission tomography (PET) became available at our insti-

tution. A few patients received preoperative pemetrexed combined

with cisplatin or carboplatin prior to EPP.

Operative techniques

EPP was performed with en bloc resection of the lung, pleurae,

ipsilateral hemi-diaphragm and pericardium. EPP was approached

from an extended posterolateral thoracotomy incision at entire

costal surface of the lung and extending over the apex of the pleu-

ra, mobilizing mediastinal pleura down to the hilum. The main pul-

monary vessels were ligated and divided separately and the

bronchus was stapled. Upon control of these structures it is possi-

ble to continue the dissection anteriorly by entering the pericardi-
um and proceed to the resection of the pericardium and the he-

mi-diaphragm, en bloc with the lung and the parietal pleura. Sys-

tematic mediastinal lymph node dissection was routinely per-

formed and the specimens were submitted for histological exami-

nation. The pericardial and diaphragmatic defects were repaired

with 2 mm Gore-Tex dual mesh?. All tissue specimens were sub-

mitted for histopathological examination.

Postoperative management

Adjuvant radiotherapy following EPP was introduced in 2002,

in an attempt to improve locoregional disease control (3, 10). Pa-

tients were referred to a radiation oncologist for assessment within

6 weeks of surgery. Selection criteria for radiotherapy include good

performance status, adequate residual cardio-pulmonary function

and satisfactory recovery from surgery. Radiotherapy would com-

mence within 12 weeks of surgery. In most of the patients, a

four-beam mixed photon and electron technique was employed,

delivering a total dose of 45 Gy in 25 daily fractions to the entire

hemithorax, ipsilateral mediastinum bed and ipsilateral chest wall.

Chemotherapy was not routinely used as an adjuvant therapy.

However, in recent years some evidence suggested that pemetrexed

plus cisplatin or carboplatin resulted in superior survival time

(11-13). In the present study cohort, a proportion of patients re-

ceived pemetrexed combined with cisplatin or carboplatin.

Follow-up and statistical analysis

All patients were followed prospectively at three-monthly inter-

vals for the first year and six-monthly thereafter until the last time

of contact or death. The follow-up review included clinical exami-

nation and assessment of chest CT scans. If indicated abdominal

CT scans were used to detect any concurrent extrathoracic recur-

rence. The follow-up status was regularly updated in the database

for each patient by a data manager.

The statistical analyses of 11 potential prognostic factors used

local DFS and overall DFS as the primary end-points, determined

from the time of EPP. Disease recurrence was defined as clinical or

radiologic evidence of tumor with or without symptoms. Local dis-

ease recurrence was referred to disease recurrence in the ipsilateral

chest wall, where EPP was performed. Overall disease recurrence

was referred to disease recurrence in lymph nodes, contralateral

chest, abdomen and any other systemic site (14). These prognostic

factors included age, gender, self-reported prior occupational as-

bestos exposure, left side versus right of disease, histopathologic

subtype, presence versus absence of lymph nodes, whether preop-

erative PET was performed, whether preoperative chemotherapy

was given, presence versus absence of perioperative morbidity and

whether postoperative radiotherapy and/or pemetrexed-based

chemotherapy regimens were given. Univariate analysis was per-

formed by using Kaplan-Meier method and compared using the

log-rank test. For multivariate analysis, a Cox-regression (Cox pro-
portional hazards model) with forward stepwise selection of co-

variates and with entering and removing limits of p < 0.10 and p >

0.05 was used. The statistical analyses were performed using SPSS

for Windows (Version 14.5; SPSS GmbH, Munich, Germany). A

significant difference was assumed for p < 0.05.

Results

Patients characteristics

All 59 patients had complete macroscopic cytoreduction follow-

ing EPP. The follow-up was complete, with a median follow-up of

14 months (range 2 to 104). The mean age at the time of EPP was

59 (S.D. = 8) years. There were 47 (80%) male patients. Thir-
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ty-nine patients (66%) had prior occupational asbestos exposure.

Twenty-nine patients (49%) had left-side and 30 patients (51%)

had right-side EPP. Forty-nine patients (83%) had epithelial and 10

patients (17%) had biphasic or sarcomatoid tumors. Twenty-two pa

tients (37% ) had lymph node metastasis. Thirty-seven patients

(67%) had preoperative PET. Five patients (9%) had preoperative

pemetrexed chemotherapy. Twenty-four patients (41%) received

adjuvant ipsilateral radiotherapy and 12 patients (20%) received

pemetrexed combined with either cisplatin or carboplatin postoper-

atively. Nineteen patients (32%) experienced perioperative compli-

cations. In the descending order of frequency, these adverse events

included atrial fibrillation (n = 5), empyema (n = 4), pleural effu-

sion (n = 3), right-side heart failure (n = 2), hemothorax (n = 1),

bronchopulmonary fistula (n = 1), constrictive pericarditis (n = 1),

hydropneumothorax (n = 1) and small bowel herniation through

chest wall (n = 1).

Overall survival and disease-free survival
The median survival was 21 months (range 2 to 104), with actu-

arial 1-, 2-, 3- and 5-year survival of 67%, 45%, 32% and 15%, re-

spectively. Twenty-two patients (37%) remained alive at the last

time of follow-up. The local disease recurrence rate was 51% (n =

30), with 1- and 2-year local DFS of 67% and 40%, respectively.

The local disease recurrence rate was 29% of patients who were fit

enough to tolerate adjuvant radiotherapy. Ten patients (17%) re-

curred within 6 months; 18 patients (31% ) recurred within 12

months and 28 patients (47%) recurred within 24 months. The me-

dian local DFS was 22 months (0 to 73). The overall disease recur-

rence rate was 64% (n = 38), with 1- and 2-year overall DFS of

63% and 30% , respectively. The median overall DFS was 18

months (range 0 to 73). Table 1 demonstrates the patterns of dis-

ease recurrence after EPP in these 59 patients. It shows that the

most common site of treatment failure was in the ipsilateral

hemithorax (51%), followed by abdomen (12%) and contralateral

hemithorax (7%).

Factors affecting local disease-free survival

Eleven clinicopathologic factors were analyzed for their prog-

nostic significance in local DFS. Three clinicopathologic factors

were found to be associated with an improved local DFS in uni-

variate analysis: prior occupational asbestos exposure (p = 0.027),

epithelial histologic subtype (p = 0.004) (Figure 1) and adjuvant ra-

diotherapy (p = 0.005) (Figure 2) (Table 2). Age at the time of

surgery (p = 0.880), gender (p = 0.183), side of disease (p = 0.628),

lymph node involvement (p = 0.288), PET scan (p = 0.081), peri-

operativemorbidity (p =0.722), preoperative pemetrexed chemother-

apy (p = 0.658) and postoperative pemetrexed combination

chemotherapy (p = 0.117) were not significant prognostic indica-

Table 1 Patterns of disease recurrence after extrapleural pneumonectomy for malignant pleural mesothelioma

Ipsilateral hemithorax

Abdomen

Contralateral hemithorax

Other distant sites

Site of disease recurrence

30

7

4

3

No. of patients with recurrence

51

12

7

5

% of all patients (n =59)

79

18

11

8

% of recurrences (n = 38)

Fig.1 Local disease-free survival after complete extrapleural pneumonecto鄄
my for malignant pleural mesothelioma, stratified by histologic subtype (p =
0.004).

Fig.2 Local disease-free survival after complete extrapleural pneumonecto鄄
my for malignant pleural mesothelioma, stratified by adjuvant radiotherapy (p
= 0.005).
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tors for local DFS in the univariate analysis. In multivariate analy-

sis, epithelial subtype (hazard ratio: 4.929; 95% confidence inter-

val: 1.055 - 2.361; p = 0.026) and adjuvant radiotherapy (hazard

ratio: 5.204; 95% confidence interval: 0.140 - 0.861; p = 0.023)

were independently associated with an improved local DFS.

Factors affecting overall disease-free survival

Two clinicopathologic factors were found to be associated with

an improved overall DFS in univariate analysis: epithelial histolog-

ic subtype (p = 0.020) and adjuvant radiotherapy (p = 0.007) (Fig-

ure 3) (Table 2). Age at the time of surgery (p = 0.918), gender (p

= 0.086), asbestos exposure (p = 0.088), side of disease (p =

0.608), lymph node involvement (p = 0.117), PET scan (p =

0.102), perioperative morbidity (p = 0.434), preoperative peme-

trexed chemotherapy (p = 0.912) and postoperative pemetrexed

combination chemotherapy (p = 0.201) were not significant prog-

nostic indicators for overall DFS in the present series. In multivari-

ate analysis, only adjuvant radiotherapy (hazard ratio: 6.513; 95%

confidence interval: 0.177 - 0.797; p = 0.011) was independently

associated with an improved overall DFS.

Discussion

In the United States, data from Surveillance, Epidemiology and

End Results (SEER) showed a steep rise in the MPM incidence

through the 1990s, with a recent leveling off of the rate of increase,

but no evidence that the peak incidence has been passed in this

country (15). Much higher incidence rates are seen in the United

Kingdom and Australia due to the widespread use of asbestos, a

potent inducer of mesothelioma (16). The incidence is expected to

continue to increase in areas of the world, where asbestos use has

not been curtailed (17). There is substantial public interest in recent

years, because millions of people have been exposed to asbestos in

the environment, especially the workplace. The association with

MPM has created considerable medical-legal implications involv-

ing billions of dollars in compensation costs for industry and gov-

ernment.

MPM is a locally aggressive disease. Complete macroscopic cy-

toreduction can only be achieved with EPP. It begins with expo-

sure of the parietal pleura, followed by its dissection from the chest

wall, diaphragm and mediastinum. Mediastinal node dissection is

performed, followed by en bloc resection of the diaphragm, peri-

cardium, lung and pleura. However, despite the best surgical ef-

forts, the cancer recurs and patients eventually die from disease

progression. Many centers have combined EPP with adjuvant ra-

diotherapy and/or systemic chemotherapy (3, 8-10). One of the ad-

vantages with EPP is that the lung has been removed. Consequent-

Table 2 Risk factors for local disease-free survival and overall disease-free survival after complete extrapleural pneumonectomy for malig-

nant pleural mesothelioma

Risk Factor
Multivariate Analysis

Local disease-free survival
Asbestos exposure

Yes vs. no

Histologic subtype

Epithelial vs. non-epithelial

Adjuvant radiotherapy

Yes vs. no

Overall disease-free survival
Histologic subtype

Epithelial vs. non-epithelial

Adjuvant radiotherapy

Yes vs. no

0.027

0.004

0.005

0.020

0.007

–

4.929

5.204

–

6.513

–

1.055–2.361

0.140–0.861

–

0.177 – 0.797

ns

0.026

0.023

ns

0.011

Univariate Analysis
P HR 95% CI P

Fig.3 Overall disease-free survival after complete extrapleural pneumonec鄄
tomy for malignant pleural mesothelioma, stratified by adjuvant radiotherapy
(p = 0.007).
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ly, radiation toxicity is not as limiting as it is for pleurecto-

my/decortication, and higher does can be delivered. Patients who

can undergo complete cytoreductive surgery and tolerate adjuvant

chemoradiation have experienced improved median survival as

compared with historical controls.

The present study demonstrated locoregional recurrence is the

most common cause of treatment failure after complete EPP. The

local disease recurrence rate was 51% and the median local DFS

was 22 months. This could be related to the presence of microscop-

ic residual disease and/or biological aggressiveness of the tumor.

Baldini and co-workers studied the patterns of failure after EPP

with or without adjuvant chemoradiotherapy and found a recur-

rence rate of 54% and a median time to first failure of 19 months

(18). Stewart and colleagues reported a local disease recurrence

rate of 68% and a median time to local disease progression of 21

months after EPP (19). However, it has to be acknowledged that a

direct comparison of recurrence rates between series is difficult as

patient characteristics and treatment protocols may differ.

One of the objectives of this study was to identify clinical and

treatment-related data that influence the risk of treatment failure.

The univariate analysis indicated that a short local DFS was associ-

ated with absence of prior occupational exposure of asbestos,

non-epithelial histologic subtype and not receiving adjuvant radio-

therapy. The association between the absence of prior occupational

exposure of asbestos and reduced local DFS is unclear and this

prognostic factor fell out in the multivariate analysis. A possible

explanation of this correlation is related to both the absence of an

appreciable threshold for asbestos-induced mesothelioma and the

fact that MPM can occur with very low-level exposure (20, 21). It

has been hypothesized that some patients may have higher inherent

susceptibility and these susceptible individuals may suffer from

more aggressive disease (22). Outside this high susceptibility

group, there may be a dose-response relationship between asbestos

fiber burden and the prognosis (22).

This paper confirmed that patients with sarcomatoid or biphasic

histologic subtypes fared as a group less well than patients with ep-

ithelial histology. Stewart et al. also showed that in patients who

underwent EPP, epithelial histology was associated with delayed
disease progression when compared with biphasic subtype (19).

Sugarbaker and colleagues identified that the individuals with ep-

ithelial histology who had no positive lymph nodes and complete

EPP achieved a 46% estimated 5-year survival (2). A limitation of

EPP surgery from a surgical oncologic standpoint has been that the

margin of resection is usually a single tissue plane, which means

that with an aggressive histology, EPP may be insufficient to result

in a reliable cure.

Adjuvant radiotherapy after EPP was described by the Brigham

group in 1997 (18). Thirty-five of 49 patients were given four to

six cycles of postoperative chemotherapy followed by radiation

(median dose 31 Gy). Sixteen irradiated patients developed local

recurrence (18). They noted that many patients developed disease

recurrence in the chest and abdomen despite aggressive therapy.

The relapse in the abdomen was hypothesized to result from the

continuity of the chest and peritoneal cavity after resection of the

diaphragm. This establishment of the continuity of the chest and

abdominal cavities presumably allows tumor cells disseminate in

the abdomen. In the present study, although the most common site

of relapse after EPP was the ipsilateral thorax, 12% of patients pre-

sented with abdominal recurrence. Encouraging results were re-

ported from Memorial Sloan Kettering Cancer Center. From 1995

to 1998, 54 patients underwent EPP followed by adjuvant radio-

therapy (median dose 54 Gy) (3). The median survival was 18

months. Only 7 patients (13%) developed locoregional treatment

failure and in contrast, 35 patients (65%) had distant recurrence,

with the peritoneum and contralateral pleural being the most com-

mon sites (3). The present study demonstrated that adjuvant radio-

therapy was associated with an improved local disease control

compared with patients who did not receive radiotherapy. Howev-

er, outside the setting of a randomized controlled trial, subgroup

analysis comparing the patients with or without adjuvant treat-

ments is fraught with potential biases, in that the beneficial treat-

ment effects may be attenuated by confounding factors, such as pa-

tient selection and performance status that were not revealed by

this comparative analysis.

In conclusion, this study demonstrated that that local disease

failure was still a considerable clinical problem following complete

EPP, occurring in 51% of all patients and in 29% of patients who

were fit enough to tolerate adjuvant radiotherapy. The data also of-

fered insights into the predictors of treatment failure following

complete EPP and showed that patients with epithelial histology

and receiving adjuvant radiotherapy were associated with an im-

proved disease control.
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