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Abstract

Objective: The objective of this study was to assess the results of completion pneumonectomy performed for non-small cell lung cancer,

classified as second primary or recurrence/metastasis. Methods: From 1982 to 2000, 59 patients underwent completion pneumonectomy for

lung cancer, classified second primary or recurrence/metastasis according to a modified form of Martini’s criteria, after a mean interval from

first resection of 60 months for second primary lung cancers and 19 months for recurrences/metastases. Results: Operative mortality was

3.4% and complications occurred in 30% of patients. Five-year survival rate for completely resected patients was 25% (median 20 months).

No significant difference in long-term survival was detected between second primary and recurrent tumors; survival was not adversely

affected by a resection interval of less than 2 years or less than 12 months. Conclusions: Completion pneumonectomy for non-small cell lung

cancer is a safe surgical procedure in experienced hands; long-term survival is acceptable and the best results are obtained for stage I lung

cancer. Distinction between second primary lung cancer and recurrence failed to demonstrate a prognostic value. q 2002 Elsevier Science

B.V. All rights reserved.
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1. Introduction

Completion pneumonectomy (CP) for non-small cell lung

cancer (NSCLC) may be required for a second primary lung

cancer (2nd Pr.), a local recurrence or a lung to lung metas-

tasis. The risk of developing a 2nd Pr. is approximately 2%

per patient per year in early stage lung cancer [1] while the

frequency of recurrence in the same area as the first site of

failure after resection ranges from 3 to 9% for stage IA [2,3]

to 32% for stage IIIA with positive surgical margins [4].

Although it is difficult to distinguish a new cancer from a

recurrence or a lung to lung metastasis when the histology is

the same, some criteria have been developed [5].

Technical difficulties, although substantial, are not

considered per se a limiting factor to perform a CP. The

limiting factor, when distant metastases are absent and the

tumor is resectable, is the functional status of the patient; if

his/her cardiopulmonary reserve is enough, a CP can be

performed. We reviewed our experience with this operation

for lung cancer and evaluated early- and long-term results.

2. Materials and methods

From 1982 through 2000, 59 patients underwent a CP for

NSCLC out of 85 who had a CP for any reason in our

Division. These patients represent 6% of pneumonectomies

performed during the same period for NSCLC. There were

57 males and two females, mean age was 62 years (range

41–79). First resection was on the right side in 32 patients

(14 upper lobectomies, 11 lower lobectomies, 5 bi-lobec-

tomies, one middle lobectomy plus wedge resection and one

wedge resection) and on the left side in 27 patients (15 upper

lobectomies, 10 lower lobectomies, one resesction of

lingula and one wedge resection); resection was considered

complete in all patients but two operated on in other institu-

tions. We used the criteria proposed by Martini [5] to distin-

guish a 2nd Pr. cancer from a local recurrence/metastasis. A

2nd Pr. was a tumor of a different histology or if histology

was the same, the disease-free interval between cancers was

at least 2 years or the second cancer was in a different lobe

but with no cancer in common lymphatics or extrapulmon-
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ary metastasis at time of diagnosis. However, when the

cancer of the same histology appeared on the bronchial

stump or on the margins of parenchymal resection of

lobar resections, we considered it a local recurrence even

2 years after the resection. All patients were carefully re-

staged by means of a computed tomogrpahy (CT) scan of

the chest, abdomen and brain and a bone scintigraphy.

Pulmonary function tests and when required, a lung perfu-

sion scintiscan and occasionally an oxygen consumption

test, were obtained to ascertain whether they could tolerate

the complete removal of the residual lung and only patients

with a predicted postoperative Fev1 of more than 1.0 L and

acceptable cardiac function underwent CP. Mediastino-

scopy was performed not routinely, but to exclude N3

disease or in case CT scan demonstrated accessible mediast-

inal nodes with a diameter larger than 1 cm. According to

Martini’s (modified) criteria, 32 patients had a CP for a 2nd

Pr. and 27 for a local recurrence/metastasis (19 recurrences

and eight metastases of which two were multiple); recur-

rences were hilar and on the bronchial stump in 10 cases,

into lung parenchima in five cases, involving chest wall in

three cases and diaphragm in one case). Mean interval

between the first resection and CP was 38 months overall

(range 5–304); the interval was 60 months (range 6–304) for

2nd Pr. and 19 months (range 5–84) for local recurrences/

metastases (P ¼ 0:01 Mann–Whitney test). In 37 patients,

the cancer reappeared less than 2 years after the first resec-

tion and in 22 patients after more than 2 years. CP was on

the right side in 31 cases and on the left in 28 cases. At first

resection 43 patients were in stage IA-B, nine in stage II A–

B and seven in stage IIIA. Histology at first resection was

epidermoid carcinoma in 32 cases, adenocarcinoma in 25

cases, diffuse bronchioloalveolar carcinoma in one case and

carcinoid in one case. Radiation therapy for R1 disease had

been administered in two patients with an N0 disease oper-

ated on in other institutions but data on doses and fields

employed were not available. Follow up of the patients

who survived CP was complete, mean follow up was 28

months (range 2–160) . The Kaplan–Meier method was

used to calculate the expected survival rates after CP and

the data included operative mortality; statistical significance

was calculated with the log-rank test and a P less than 0.05

was considered significant. Survival analysis was performed

for the entire group of patients, for 2nd Pr. and recurrence,

for stage, and for interval from first resection to CP for

completely resected patients.

3. Results

CP was performed through a posterolateral approach even

in those patients who had an anterolateral thoracotomy at

first resection and a rib was sometimes removed. Intraper-

icardial approach to pulmonary vessels was obtained in

most patients, even if occasionally an extrapericardial liga-

ture was possible, mainly in patients with previous lower

lobectomy. Extrapleural dissection was sometimes required;

generally patients with a previous upper lobectomy had

dense scar tissue around the pulmonary artery and main

bronchus, making the resection more difficult. The resection

was also difficult in those two patients who had previous

radiation therapy although the pericardial cavity had not

been completely obliterated. CP was associated with chest

wall resection in seven patients, carinal resection in two

patients and pericardial resection in another two (in one

case associated to marginal left atrial resection). The bron-

chial stump was always hand-sutured and reinforced with a

pedicled pericardial fat pad in most cases, in two cases a flap

of the serratus anterior muscle, that was not transected at

previous anterolatreral toracothomy, was used to reinforce

the bronchial stump. Chest wall reconstruction was

performed using a 2 mm thick PTFE patch. Intraoperative

mean blood loss was 743 ml (range 270–2650 ml) and 32

patients required intra or postoperative blood transfusions

(mean 3 units of packed cells), although no one needed

reoperation for bleeding. The mean resection time was

167 minutes (range 90–240).

Complications occurred in 18 patients (30%); there were

13 medical complications (atrial fibrillation in nine, respira-

tory failure in two, pericarditis in one and pulmonary edema

in one) and eight surgical intra or postoperative complica-

tions (chylothorax in one, intraoperative massive bleeding

from aorta in one, hemorrage from azygous cross laceration

in two, left recurrent section in one, broncopleural fistula in

one, empyema in one, incomplete wound dehiscence in

one), there was no difference in the complication rates

between the right and left sides. Operative mortality was

3.4% (2/59). One patient died intraoperatively after cardiac

arrest due to acute myocardial infarction as detected by

autopsy, the other died a few hours after CP due to massive

bleeding from the right main pulmonary artery related to

slipping of the tie. Six patients had an incomplete resection

due to R1 disease in four cases (one carcinoma in situ and

two mucosal residual disease on bronchial stump, one on

left atrial resection margin) and R2 disease in two cases (one

vertebral body and one esophagus); all cases of incomplete

resection were in the group with a local recurrence of

disease, five out of the six patients refused further adjuvant

treatment (mean survival time 132 days) and the patient

with a carcinoma in situ was followed-up until death for

distant recurrence after 61 months. At CP, eight patients

were in stage IA–B, 25 in stage IIA–B, 25 in stage IIIA–B

(11 for N2 disease) and one in stage IV for a single brain

metastasis; all stage I patients had a second primary lung

cancer. Histology at CP was different from the first resection

for five patients in the 2nd Pr. group; so we had 33 epider-

moid carcinomas, 25 adenocarcinomas and one diffuse

bronchiolo-alveolar carcinoma. Completely resected

patients with a N2 disease underwent radiation therapy on

mediastinum. Cumulative 3- and 5-year survival rates were

34.5 and 23% overall. For completely resected patients,

survival rates were 38 and 25% overall (Fig. 1), while the
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rates were 42 and 30% for patients with a 2nd Pr. and 28 and

14% for the recurrence/metastasis group (P ¼ 0:2) (Fig. 2).

Survival by stage in completely resected patients showed a

3- and 5-year survival of 71.5% for stage I, 32 and 20% for

stage II , 35 and 15% for stage III (P ¼ 0:03) (Fig. 3). In

completely resected patients in whom the cancer reappeared

less, or more, than 2 years after the first operation, the

cumulative 3- and 5-year survival rates were 33–27%, and

44–24%, respectively (P ¼ NS) overall. They were 40%

and 43–26% (P ¼ NS) for 2nd Pr. lung cancer only.

Again patients who had the recurrence less, or more, than

12 months after the first resection did not have a signifi-

cantly different 5-year survival rate (14 versus 19%).

4. Discussion

CP for lung cancer is an uncommon procedure performed

both for second primary lung cancer and local recurrence. It

is a technically demanding procedure in which massive

intraoperative bleeding can occur accounting for most

cases of intraoperative mortality [6–8]. To overcome the

increased risk of massive haemorrhage, intrapericardial

control of pulmonary vessels is usually recommended, and

there are other technical artifices well known to experienced

thoracic surgeons which achieve safe control of pulmonary

vessels [6,8,9]. Reported operative mortality ranges from 0

to 15.2% [10], although in most reports it is below 10%, and

in our experience it is 3.4%. Our rate of mortality is compar-

able to the operative mortality of standard pneumonectomy

[11]. Although morbidity is not higher than for standard

pneumonectomy, postoperative bleeding is common [8]

and the most dreaded complication, broncopleural fistula,

is best prevented by bronchial stump coverage, even with

skeletal muscles in cases of previous radiation therapy.

Bleeding was greater than usual in most of our patients,

although no one required rethoracotomy, and a bronco-

pleural fistula occurred only in one patient. Five-year survi-

val was 25% in completely resected patients, and was not

significantly different between patients operated on for a

second primary lung cancer or a local recurrence, and this

is in agreement with data reported by others [12,13]

although a more favourable trend is shown for 2nd Pr.;

our data are comparable with those of McGovern et al. [7]

and Al-Kattan et al. [14], who reported a 5-year survival of

26.5 and 23%, respectively. A significant difference was

present by stage, although the difference was not significant

when stages II and III were compared. It is known that
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Fig. 1. Cumulative survival rate for all completely resected patients.
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controversy exists concerning the disease-free interval to be

used to distinguish a local recurrence from a second primary

lung cancer in cases of identical histology. Moreover,

according to Massard [15], in stage IIIA patients the distinc-

tion between a hilar node recurrence or locally advanced

2nd Pr. cannot be easily stated in all cases. Although 2, 3

or 5 years have been considered the optimal interval

[5,16,17] to separate a 2nd Pr. from a local recurrence or

metastasis, no general agreement has been reached and

other methods such as flow cytometry or DNA ploidity

analysis have been suggested [18]. In a recent paper [19]

it was shown that for 2nd Pr. survival was negatively

affected by a resection interval of less than 2 years; these

data confirm those reported by Rosengart et al. [20], who

found a significantly lower 5-year survival rate in patients in

whom the interval between two primary lesions was shorter

than 2 years. A disease-free interval longer than 2 years was

associated with significantly better survival in a group of

patients with a local recurrence who were treated by radia-

tion therapy by Yano [21]. In our patients we found no

difference when comparing patients in whom the new

cancer appeared after less or more than 2 years, either in

patients with a 2nd Pr. or with a recurrence. Although a

cancer occurring after 2 years is usually considered a 2nd

Pr., there are cases which are probably recurrences with a

very long doubling time [22] and it is for this reason that we

considered those cases occurring on the bronchial stump or

in the area of a previous sublobar resection (wedge or

segmental resection) to be local recurrences, even after a

time span longer than 2 years. It has been reported [22] that

these late recurrence cancers with a long doubling time have

an inherently good prognosis. But, looking at our data, we

cannot agree with Lenner [22] that perhaps the prognosis is

directly related to the length of the resection interval regard-

less of whether it is a 2ndPr. or a recurrent cancer. Recently

Otha et al. [23] considered the role of microvessel density

on outcome in patients with recurrent lung cancer and

concluded that in patients with recurrence the mean vessel

density was significantly higher than in those without recur-

rence; interestingly, patients who survived longer after CP

had a lower vessel density when compared to other patients.

Due to the small sample of patients, no definitive conclusion

can be drawn from this study, although we agree with the

authors that further investigations on that subject should be

conducted. In the same paper, the authors report that

patients who survived for a long period had a disease free

interval of longer than 12 months, but in our patients with a

local recurrence, no difference was detected even when an

interval of 12 months was chosen. Radiation therapy as an

alternative form of treatment for local recurrence fails to

obtain results better than surgery and Yano [21] reported a

5-year survival of 8.5% in a group of patients with a local

recurrence treated by radiation therapy and chemo/radiation

therapy but a 0% 3-year survival in non-responder patients.

In conclusion, CP is a safe surgical procedure in the hands

of an experienced thoracic surgeon. Long-term survival is

really satisfactory only for stage I patients, although for

higher stages it can be considered acceptable if we consider

the poor results of alternative treatments and the operative

mortality rate; distinction between a 2nd Pr. and a recur-

rence does not seem to influence the prognosis. So the

problem is to evaluate the patients for a complete resection.

After resection of a low stage lung cancer, an intensive

follow-up might allow to detect a new lung cancer in an

early stage thus allowing a curative CP to be performed.

Resection interval does not seem to influence long-term

survival although the small number of patients does not

allow to draw definitive conclusions.
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