
Outcomes after Contralateral Anatomic Surgical
Resection in Multiple Lung Cancer
Alex Fourdrain1 Patrick Bagan1,2 Olivier Georges1 Sophie Lafitte1 Florence De Dominicis1

Jonathan Meynier3 Pascal Berna1

1Department of Thoracic Surgery, Amiens University Hospital,
Amiens, France

2Department of Thoracic and Vascular Surgery, Victor Dupouy
Hospital, Argenteuil, France

3Department of Biostatistics, Clinical Research and Innovation
Directorate, Amiens University Hospital, Amiens, France

Thorac Cardiovasc Surg 2021;69:373–379.

Address for correspondence Alex Fourdrain, MD, Department of
Thoracic Surgery, Amiens University Hospital, F-80054 Amiens,
France (e-mail: fourdrain.alex@chu-amiens.fr).

Introduction

Surgical anatomic lung resection with systematic lymph
node dissection is the recommended treatment for early-
stage non-small cell lung cancer, with an estimated postop-

erative mortality of �2.8% at 30 days and 5.4% at 90 days.1

Second or multiple primary lung cancer was first described
in 1924 by Beyreuther,2 and its current incidence is estimat-
ed at 0.2 to 20% of cases.3 Martini and Melamed proposed a
spatiotemporal pathology-based classification in 1975 to
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Abstract Background Patients treated surgically for lung cancer may present synchronous or
metachronous lung cancers. The aim of this study was to evaluate outcomes after
a second contralateral anatomic surgical resection for lung cancer.
Methods We performed a retrospective two-center study, based on a prospective
indexed database. Included patients were treated surgically by bilateral anatomic
surgical resection for a second primary lung cancer. We excluded nonanatomic
resections, benign lesions, and ipsilateral second surgical resections.
Results Between January 2011 and September 2018, 55 patients underwent contra-
lateral anatomic surgical resections for lung cancer, mostly for metachronous cancers.
The first surgical resection was a lobectomy in most cases (45 lobectomies: 81.8%, 9
segmentectomies: 16.4%, and 1 bilobectomy: 1.8%), and a video-assisted thoracic
surgery (VATS) procedure was used in 23 cases (41.8%). Themean interval between the
operations was 38 months, and lobectomy was less frequent for the second surgical
resection (35 lobectomies: 63.6% and 20 segmentectomies: 36.4%), with VATS
procedures performed in 41 cases (74.5%). Ninety-day mortality was 10.9% (n¼ 6),
and 3-year survival was 77%. Risk factor analysis identified the number of resected
segments during the second intervention or the total number of resected segments,
extent of resection (lobectomy vs. segmentectomy), surgical approach (thoracotomy
vs. VATS), tumor stage, and nodal involvement as potential prognostic factors for long-
term survival.
Conclusion A second contralateral anatomic surgical resection for multiple primary
lung cancer is possible, with a higher early mortality rate, but acceptable long-term
survival, and should be indicated for carefully selected patients.
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distinguish between synchronous and metachronous multi-
ple primary lung cancers and between these cancers and
metastasis.4 Based on these criteria, recent studies have
suggested that the incidence of a second synchronous lung
cancer is 4.5% of cases,5 whereas the incidence of a second
metachronous lung cancer is 5 to 10% of cases.6 There are
currently no well-defined guidelines concerning the care
strategy for these patients, and the type of treatment may
differ according to the specialty of the consultant,7 although
repeat surgery seems to be the best option in eligible
patients.8 In this study, we evaluated early postoperative
morbidity andmortality, and long-term survival outcomes in
patients treated for multiple primary lung cancer by sequen-
tial bilateral anatomic surgical resection.

Patients and Methods

Patients
We performed a retrospective study at two centers in our
country, over an 8-year period, from January 2011 to Septem-
ber 2018.We included all consecutive cases of patients treated
surgically by anatomic resection for bilateral multiple lung
cancer (synchronous or metachronous) identified by analysis
of the multidisciplinary meeting decision in our institutional
indexed database. We excluded patients treated by nonana-
tomic sublobar resection,patients treated for indicationsother
than primary lung cancer (benign tumors, secondary cancer
lesions), and patients with multiple primary tumors on the
same side as the initial intervention. As an observational
retrospective study based on an indexed prospective database
(ref. DRCI-T38), patients’ data were already anonymized and
were used in accordance with our Institutional Review Board
policy, without requirement for a supplemental ethic commit-
tee consent. A signed informed consent was obtained from
every patient registered in this database.

Open approach procedures were performed with postero-
lateral thoracotomy in the fifth intercostal space, with half
section of the posterior part of the latissimus dorsimuscle and
preservation of the serratus anterior muscle. Video-assisted
thoracic surgery (VATS)-based procedures were performed
fully endoscopically with an anterior approach to the hilum
placing all three ports in the seventh intercostal space.

Study Outcomes
The main outcome measures were early postoperative mor-
tality after contralateral anatomic lung resection (evaluated
90 days after surgery) and overall survival. The secondary
outcome measures analyzed were postoperative morbidity
and risk factors affecting long-term survival after contralat-
eral anatomic lung resection.

Statistical Analysis
Continuous patient variables are expressed as the
mean� standard deviation, and dichotomous or categorical
variables are expressed as frequencies and percentages.
Statistical analysis was performed with SAS software (ver-
sion 9.4, SAS Institute Inc., Cary, North Carolina, United
States). Lung cancer stage was determined according to the

eighth edition of the American Joint Committee on Cancer
manual for TNM status. Early postoperative mortality is
expressed as a frequency and percentage, and long-term
survival was estimated with Kaplan–Meier’s curves. Risk
factors for long-term survival were investigated by univari-
ate Cox-model regression analysis. The threshold for statis-
tical significance was set at p � 0.05.

Results

Patient Characteristics
Fifty-five patients met the inclusion criteria for this study.
The characteristics of these patients are summarized
in ►Table 1. The rates of VATS approach (74.5 vs. 41.8%, p
� 0.001), and segmental resection (16.4 vs. 36.4%, p¼ 0.02),
were higher for the second surgical resection than for the
first. The pathologicalfindings for the two surgical resections

Table 1 Patient characteristics

Characteristics Value n (%) or
mean� SD

First surgery

Side of the first intervention 30 right (53.7%)–25
left (46.3%)

VATS approach 23 (41.8%)

Segmentectomy 9 (16.4%)

Lobectomy 45 (81.8%)

Bilobectomy 1 (1.8%)

Mean number of segments resected 3.7� 1.2

Comorbidities before second surgery

Age at second surgery 65.9� 8.6

Male 41 (74.5%)

Prior ENT cancer 7 (12.7%)

Type 2 diabetes 5 (9.1%)

Cardiac arrhythmia 4 (7.3%)

Ischemic heart disease 7 (12.7%)

BMI 25.4� 5.1

Albumin (g/L) 38.9� 5.3

Prealbumin (g/L) 0.27� 0.07

Interval between operations

Interval between resections (mo) 38.4� 40

Preoperative FEV1 (%) 74.4� 17.6

Predicted postoperative FEV1 (%) 56.1� 15.5

Second surgery

VATS approach 41 (74.5%)

Segmentectomy 20 (36.4%)

Lobectomy 35 (63.6%)

Number of segments resected 3.4� 1.3

Total number of resected segments 7.1� 1.7

Abbreviations: BMI, body mass index; ENT, ear, nose, and throat; FEV1,
forced expiratory volume in 1 second; SD, standard deviation; VATS,
video-assisted thoracoscopic surgery.
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are displayed in ►Table 2. The proportion of patients under-
going surgery for metachronous multiple lung cancer was
higher than the proportion of patients with synchronous
multiple lung cancer. Adenocarcinoma predominated, and a
concordance of histological subtype was observed in 42
patients (76.4%) (►Table 3). Complete resection (R0) was
achieved in all patients, and 11 patients receivedmultimodal
treatment (20%). The mode and time frame for chemothera-
py and/or radiotherapy are summarized in ►Table 3.

Early and Late Postoperative Outcomes
Early postoperative mortality was assessed in 6 of 55
patients (10.9%) within 90 days of surgery. The causes of
death were postoperative pneumonia and its consequences
in five patients (9.1%), and early postoperative acute respi-
ratory distress syndrome in one patient (1.8%). The results,

including those for postoperative morbidity are summarized
in ►Table 4.

Overall survival was estimated at 83.4% at 1 year, 77% at
3 years, and 72.7% at 5 years; median overall survival was not
reached, for a median duration of follow-up of 28 months
(range: 0–95 months) (►Fig. 1). The cause of death was lung

Table 2 Pathological findings

Characteristics Number of patients, n (%)

First surgery

Histology

Adenocarcinoma 41 (74.5%)

Squamous cell carcinoma 11 (20%)

Other 3 (5.5%)

T stage

T1 37 (67.3%)

T2 13 (23.6%)

T3 3 (5.5%)

T4 2 (3.6%)

N and M stages

N0 48 (87.3%)

N1 2 (3.6%)

N2 5 (9.1%)

M1 2 (3.6%)

Second surgery

Histology

Adenocarcinoma 41 (74.5%)

Squamous cell carcinoma 7 (12.7%)

Other 7 (12.7%)

T stage

T1 43 (78.2%)

T2 10 (18.2%)

T3 2 (3.6%)

T4 0 (0%)

N and M stages

N0 52 (94.5%)

N1 1 (1.8%)

N2 2 (3.6%)

M1 2 (3.6%)

Table 3 Chronology of multiple primary lung cancer and the
multimodal treatment administered

Characteristics Number of
patients, n (%)

Chronology of multiple lung cancer

Metachronous 28 (50.9%)

Synchronous 25 (45.5%)

Metastatic (M1a-tumor in
contralateral lung)

2 (3.6%)

Histology subtype concordance rate 42 (76.4%)

AdenoCa–AdenoCa 36 (65.5%)

SCC–SCC 6 (10.9%)

AdenoCa–other 5 (9.1%)

SCC–other 6 (10.9%)

Other 2 (3.6%)

Multimodal treatment

First surgery, neoadjuvant
ChemoTx (synchronous)

1 (1.8%)

First surgery, neoadjuvant
ChemoTx (metachronous)

1 (1.8%)

First surgery adjuvant
ChemoTx for �T2b or
Nþ (metachronous)

8 (14.5%)

Interval ChemoTx (synchronous) 1 (1.8%)

Second surgery, adjuvant
ChemoTx for �T2b or Nþ

5 (9.1%)

Abbreviations: AdenoCa, adenocarcinoma; ChemoTx, chemotherapy;
SCC, squamous cell carcinoma.

Table 4 Postoperativemorbidity andmortality after contralateral
surgery

Characteristics Number of patients,
n (%)/value (%)

Pneumonia 13 (23.6%)

Need for bronchoscopy 13 (23.6%)

Reintubation 4 (7.3%)

Cardiac arrhythmia 5 (9.1%)

Bronchopleural fistula 2 (3.6%)

Laryngeal paralysis 4 (7.3%)

Chest tube duration 6.7� 6.2 d

Length of stay 9.2� 6.3 d

30-d mortality 5 (9.1%)

90-d mortality 6 (10.9%)
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cancer recurrence in two of the six patients who died more
than 90 days after surgery. Disease-free survival was esti-
mated at 79.9% at 1 year, 63.8% at 3 years, and 63.8% at 5
years: median disease-free survival was not reached, for a
median duration of follow-up of 23 months (range: 0–95
months) (►Fig. 2).

Analysis of Risk Factors for Long-Term Overall Survival
All patients were followed up. Univariate Cox-model regres-
sion analysis showed that overall survival outcomes were
worse for patients undergoing surgery for advanced-stage
lung cancers at the second resection than for those under-
going a second resection for a stage T1 tumor (for T2 stage:
odds ratio [OR]¼ 5.08 [95% confidence interval, CI: 1.51–
17.11]; for T3 stage: OR¼ 3.49 [95% CI: 0.42–29.01],
p¼ 0.03). Patients without pathologic node involvement
tended to have a better prognosis (OR¼ 0.30 [95% CI:
0.07–1.36], p¼ 0.12) (►Table 5). A limited extent of paren-
chymal resection, including a smaller total number of seg-
ments resected, tended to have a favorable impact on overall
survival (OR¼ 1.30 [95% CI: 0.95–1.79], p¼ 0.10). Overall
survival was also tended to be better in patients treated by
segmentectomy at the second resection than in those treated
by lobectomy (OR¼ 6.46 [95% CI: 0.83–50.22], p¼ 0.07)
(►Table 5). The use of a VATS approach also tended to be

associated with better overall survival (OR¼ 2.99 [95% CI:
0.96–9.29], p¼ 0.06) (►Table 5).

Discussion

Several authors have reported early and late outcomes in
patientswithmultiplesynchronous5,9–13ormetachronous14–16

lung cancers. These studies evaluated ipsilateral and contralat-
eral multiple primary lung cancers, often considering data for
both these situations, but few studies have specifically
described outcomes following contralateral surgical resec-
tion.12,17–20 De Leyn et al reported results for a cohort of 36
patients treated by bilateral lung resection for lung cancer,
including 10 patients undergoing bilateral anatomic resection
(lobectomy). They reported an early postoperative mortality of
2.8% and a 5-year survival rate of 38%17 (►Table 6). Shah et al
reportedresultsforacohortof47patients, including11bilateral
anatomic resections (6 lobectomy/segmentectomy and 5
lobectomy/lobectomy), with an early postoperative mortality
of 2% and a3-year survival rate of 35%18 (►Table 6). Hattori et al
reported an early postoperativemortality of 23.9% and a 5-year
survival rate of 61.7% for a cohort of 21 patients, all treated by
bilateral lobectomy19 (►Table 6). A larger cohort (88 patients)
studiedbyYanget al, including39bilateral anatomic resections,
had an early postoperative mortality of 0% and 3- and 5-year

Fig. 1 Overall survival following second contralateral anatomic surgical resections for lung cancer.
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survival rates of 84.5 and 75%, respectively20 (►Table 6). Our
results were consistent with these previous findings for higher
proportions of anatomic resection, with an early postoperative
mortality of double or almost triple that for thefirst resection,1

andanoverall survivalof77%at3yearsand72.7%at5yearsafter
bilateral anatomical resection (►Table 6). The previous retro-

spective studies did not assess differences in long-term survival
between anatomic and nonanatomic resections for bilateral
primary lung cancer, despite the reported trend toward better
survival in patients undergoing anatomic resections.17,18,20 A
recent study involvingapropensityscoreanalysisof454pairsof
matched patients revealed better long-term survival outcomes
forpatients treatedbybilateral lobectomythan for thosetreated
by sublobectomy, particularly for stage I multiple primary lung
cancer, following a first resection performed by lobectomy in
85% of patients, and including mostly bilateral lesions (80 vs.
20% ipsilateral).21 However, the proportions of anatomic seg-
mentectomy and nonanatomic sublobar resection among the
interventions were unknown for the sublobectomy group.21

Only Hattori et al have analyzed the risk factors of in-
hospital death (early postoperative mortality). They identi-
fied age older than 70 years, higher tumor stage, right lower
lobectomy, and bilateral lower lobectomy as factors inde-
pendently associatedwith a poor prognosis.19 Thefindings of
our univariate analysis suggest that impaired lung function
and a larger total number of resected segments are also risk
factors for in-hospital death.

Yang et al found that age, sex, tumor size, nodal stage, extent
of surgery (lobectomy vs. sublobectomy), year of diagnosis,
histologic type, and pathologic stage of the initial cancer were
prognostic predictors of long-termsurvival inmultiple primary

Fig. 2 Disease-free survival following second contralateral anatomic surgical resections for lung cancer.

Table 5 Analysis of risk factors for overall survival

Prognostic factor for OS p-Value, hazard ratio (95% CI)

Small total number
of resected segments

p¼ 0.10, 1.30 (0.95–1.79)

Segmental resection
(vs. lobar)

p¼ 0.07, 6.46 (0.83–50.22)

VATS for second surgery p¼ 0.06, 2.99 (0.96–9.29)

Tumor stage after
second surgery

p¼ 0.03

T1 1

T2 5.08 (1.51–17.11)

T3 3.49 (0.42–29.01)

No nodal involvement
(vs. nodal involvement)

p¼ 0.12, 0.30 (0.07–1.36)

Abbreviations: CI, confidence interval; VATS, video-assisted thoraco-
scopic surgery.
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lungcancer.21This studybyYangetal is thelargest performedto
date, but the proportions of anatomic/nonanatomic resections
werenotdetailed in the sublobectomygroup,preoperative lung
function tests and intraoperative lymphadenectomy were not
reported, and 20% of the patients in the cohort were treated for
ipsilateral lesions.20 Some previous studies focused specifically
on bilateral surgery for multiple primary lung cancer, with
much smaller population samples, and found no differences in
survival between resection types or histologic features.17,19

However, Yang et al found that a higher tumor or nodal stage,
the presence of more than two pulmonary lesions, and similar
histologic features between the multiple primary lung cancers
were negative prognostic factors for long-term survival in a
cohort of 88 patients including 39 bilateral anatomic resec-
tions.20 Our results are consistent with these findings, as they
indicateapoorerprognosis inpatientswithhigher tumorstages
and nodal involvement, in a cohort of 55 patients treated by
bilateral anatomic resection with systematic lymph node dis-
section. We also present new data concerning the impact of
surgical approach, highlighting the positive prognostic value of
VATS resection, and of a smaller number of resected segments
at second surgery or cumulative, limited anatomic resection
(favoring anatomic segmental over lobar resection).

The sequence of surgery in case of synchronous multiple
primary lung cancer has not been studied. If a segmentectomy
and a contralateral lobectomy are both required, our institu-
tional strategy is toperformthesegmentectomyasthefirst lung
resection, to preserve lung function prior to the lobar resection,
and to decrease the incidence of postoperative complications.

Based on our results and those of previous studies, patient
selection appears to be crucial when considering bilateral
multiple primary lung cancer surgery. A meticulous multi-
modal preoperative nodal assessment is required, and the
importance of minimally invasive surgery and sublobar
anatomic resection approaches in multiple primary lung
cancer surgery should be stressed.

This study has several strengths and limitations. Its main
limitation is the small sample size, with only 55 patients
evaluated, which made it possible to perform a univariate
logistic regressionanalysis of risk factors, but not amultivariate
analysis. Nevertheless, unlike many other published studies, it
included a homogeneous cohort, with all patients treated
bilaterally for multiple primary lung cancer (synchronous or

metachronous), by anatomic resectionwith systematic radical
lymphnode dissection. A second limitation is the retrospective
design of the study, leading to potential biases, which were
minimized by the use of a prospective indexed databasewith a
follow-up rate of 100% and evaluation at two centers. Another
limitationwas themerging into a single cohort of synchronous
and metachronous lung cancers, defined according to the
Martini and Melamed criteria,4 as these two types of cancers
may have different outcomes. Moreover, we had too few data
for molecular biology evaluations in these patients, and such
studiesmaybecomeessential in the future, tomovebeyond the
current dichotomous criteria, which have been in place for
40 years.22 Finally, we report the early and late outcomes of a
strategy of repeat surgery for bilateral lesions. A comparison of
our data with those for a multimodal approach (stereotactic
ablative body radiotherapy or percutaneous ablative techni-
ques)wouldhave given a certain perspective to our results, but
recent reports have suggested that outcomes are better for
repeat surgery strategies.8

In conclusion, a second, contralateral anatomic surgical
resection for synchronous or metachronous lung cancer is
possible, with a higher early mortality rate than for the first
resection, but acceptable long-term survival. The identification
of risk factorsshouldmake itpossible toselectpatientscarefully,
through meticulous preoperative evaluation, and to propose
minimally invasive surgery and sublobar anatomic resection
approaches for multiple primary lung cancer resection.
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