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Abstract

OBJECTIVES: Only patients with a complete resection of non-small-cell lung cancer (NSCLC) may expect long-term survival. Despite
the recent progress in imaging and induction therapy, a thoracotomy may remain exploratory or with incomplete resection (R2). Our
purpose was to revisit these situations.

METHODS: A total of 5305 patients who underwent surgery for NSCLC between 1980 and 2009 were reviewed. We compared the epi-
demiology, pathology, causes and prognosis characteristics of exploratory thoracotomy (ET) and R2 resections.

RESULTS: ET and R2 resections were observed in 223 (4%) and 197 (4%) patients, respectively. The frequency of ET decreased with
time, while the frequency of R2 resection remained almost stable. The indications for ET and R2 resections were not significantly differ-
ent. In comparison with ET, R2 resections were characterized by a significantly higher frequency of induction therapy (22 vs 17%,
P < 10−3), adenocarcinomas (49 vs 15%, P < 10−6), T1–T2 (53 vs 29%, P < 10−6) and N0–N1 extension (67 vs 42%, P = 10−6). R2 resections
were also characterized by a higher rate of postoperative complications (19.1 vs 9.9%, P = 0.014), with no significant difference in post-
operative mortality (6.9 vs 4.9%, P = non significant). R2 resections resulted in a higher 5-year survival compared with ET (11.1 vs 1.2%,
P = 10−3). There was no long-term survivor after ET, except during the last decade.

CONCLUSIONS: ET and R2 remain unavoidable. In comparison with ET, R2 resection is associated with a higher rate of postoperative
complications, but a higher long-term survival.
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INTRODUCTION

Non-small-cell lung cancer (NSCLC) is the leading cause of
cancer-related mortality in the western world [1]. Its manage-
ment has undergone a rapid evolution over the last decade, but
its prognosis showed only a slight improvement, with 5-year sur-
vival rates increasing from 15 to 17% in population-based
studies [2]. Due to the lack of screening protocols and the con-
stant improvement of imaging techniques, 40–50% of newly
diagnosed NSCLC are now classified as metastatic stages. At the
same time, only patients who benefit from a local treatment,
using surgery, chemoradiotherapy or a combination of both,
may expect 5-year survival rates ranging from 20 to 80% [1].
Therefore, the possibility of obtaining local treatment through
complete surgical resection remains of tremendous importance
and may be considered even in advanced disease due to
tumoural, lymphatic or metastatic extension, either as a first-line
therapy or after induction treatments.

However, despite the improvement in imaging techniques,
tumoural extension may be preoperatively underestimated.
A surgical procedure scheduled with curative intent may ultim-
ately be limited to an exploratory thoracotomy (ET) because of
intraoperatively established non-resectability or an incomplete
resection (R2) due to the impossibility of removing the whole
tumour, resulting in a macroscopic part of the tumour remaining
[3]. Aiming to help the surgeons in their choice while facing
uncertain resections, we sought to analyse the indications for ET
and R2, their evolution over time and the prognosis associated
with these unexpected conditions.

PATIENTS AND METHODS

All clinical records of patients who underwent surgery for NSCLC
between January 1980 and December 2009 in the Thoracic
Surgery Department of Georges Pompidou European Hospital
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(Paris) and Cedar Surgery Centre (Bois Guillaume) were
reviewed. The preoperative diagnostic work-up included chest
X-ray, bronchoscopy, computed tomography scan of the chest,
spirometry, lung perfusion scan and a thorough search for
distant metastases (including positron emission tomography in
recent years). Supplemental examinations were performed
according to tumour location (i.e. magnetic resonance imaging
for vascular and bone infiltration, and ultrasound oesophago-
scopy for oesophageal infiltration, etc.). Mediastinoscopy was
routinely performed to exclude N3 disease and to confirm N2
involvement in some patients included in various induction
therapy protocols depending on the referring centre. Initial evi-
dence of N3 disease and multiple distant metastases precluded
surgery. The staging system was the International Staging System
for NSCLC recently modified concerning the T and M [1]. For
mediastinal lymph node involvement, the classification of
Mountain and Dresler was used [4]. All patients deemed suitable
for surgery underwent a thoracotomy.

In case of unexpected tumoural or nodal extension diagnosed
during thoracotomy, the surgeon remains the sole decision-
maker in choosing between performing a doubtful resection
(risking R1 or R2 resections) and closing the chest (performing
an ET). Resection margins were routinely controlled by peri-
operative frozen section studies when technically feasible.
Resection was classified as R0 if complete, R1 if microscopic
tumour was found on the edge of the operative specimen and
R2 if gross residual disease was left behind after surgical excision
of the tumour. R2 resections usually concern a small amount of
tumour remaining on a non-resectable structure, or if a larger
resection was deemed functionally unacceptable. R2 resections
should be distinguished from debulking, which was not routinely
performed.

Altogether, 5707 patients underwent thoracotomy with cura-
tive intent during the mentioned period. Patients with R1 resec-
tion (n = 264) and oligometastastic disease (M1b, n = 138) were
excluded from the study. The overall population included 5305
patients. R0 resections, ET and R2 resections were performed in
4885 (92%), 223 (4%) and 197 (4%) patients, respectively.

Postoperatively, ET and R2 patients were treated by chemo-
therapy, radiation therapy or with a combination of both, de-
pending on the type of neoadjuvant therapy and the cause of
unsuccessful surgery. Three decades were considered: 1980–89,
1990–99 and 2000–09. We particularly analysed and compared
the epidemiology, pathology and prognotic characteristics of ET
and R2 patients treated during these periods.
The study was approved by the French Thoracic Surgery

Society Ethic Committee (CERC-SFCTCV) that waived need for
informed consent. Follow-up information was obtained from the
hospital case records, from a questionnaire completed by either
the chest physician or the general practitioner or from death cer-
tificates. The main outcome was the overall survival, defined as
the time interval between the date of operation and the date of
death or the last follow-up visit for censored patients. Follow-up
was completed for 5116 (96.4%) patients. The mean duration of
follow-up was 94 months for patients still alive. Actuarial survival
curves were estimated by the Kaplan–Meier method. Statistical
comparisons between survival distributions were made using the
log-rank test. All data analyses were conducted with the two-
sided test: a P-value <0.05 was considered as statistically signifi-
cant. The statistical software used for the analysis was SEM
(Statistiques Épidémiologie Médecine), (Anticancer Centre Jean
Perrin, Clermont-Ferrand, France) [5].

RESULTS

The main demographic and surgical characteristics of the
patients are summarized in Table 1. According to the period of
time, the proportion of ET decreased, while the proportion of
R0 resections increased and the proportion of R2 resections
remained stable (P < 10−6). Induction therapy was more fre-
quently performed in ET (n = 39, 18%) and R2 (n = 43, 22%) than
in R0 patients (n = 624, 13%, P < 10−3). In case of surgical resec-
tion, its extension differed slightly, with R2 patients undergoing
more wedge resections and segmentectomy (n = 42, 21%) than
R0 patients (n = 378, 8%, P < 10−6). Postoperative complications

Table 1: Demographic and surgical characteristics

ET (n = 223) R2 (n = 197) R0 (n = 4885) Total (n = 5305) P-value

Male 191 (86%) 164 (83%) 3951 (81%) 4306 (81%) 0.150
Age 62.6 ± 10 59 ± 11 61.9 ± 10 <10−6 (R2 vs R0)
Perioda

1980–1989 97 (8%) 35 (3%) 1096 (89%) 1228 (100%) <10−6

1990–1999 89 (4%) 97 (5%) 1934 (91%) 2120 (100%)
2000–2009 37 (2%) 65 (3%) 1855 (95%) 1957 (100%)

Smoker 194 (87%) 172 (87%) 4383 (90%) 4749 (90%) 0.013
Previous cancer history 23 (10%) 33 (17%) 1000 (21%) 1056 (20%) <10−3

Induction treatment 39 (18%) 43 (22%) 624 (13%) 706 (13%) <10−3

Resectionb <10−6

Sublobar 42 (21%) 378 (8%) 420 (8%)
Lobectomy 104 (53%) 2933 (60%) 3037 (57%)

Pneumonectomy 51 (26%) 1574 (32%) 1625 (31%)
Postoperative mortality 11 (4.9%) 15 (6.9%) 180 (3.7%) 206 (3.9%) 0.014
Postoperative complications 22 (9.9%) 54 (19.1%) 1121 (22.9%) 1197 (22.2%) <10−3

ET: exploratory thoracotomy; R2: incomplete resection thoracotomy.
aThe percentages represent the proportion of patients in each group during a given time period.
bThe sum is >100% due to the 223 patients undergoing exploratory thoracotomy (ET).
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were observed in 22.2% patients and less often after ET (n = 22,
9.9%) than after surgical resection (R2 n = 54, 19.1%; R0 n = 180,
22.2%; P < 10−3). R2 resection showed a higher postoperative
mortality rate (6.9%) compared with ET (4.9%) and R0 resections
(3.7%, P < 10−3).

Pathology and TNM characteristics are shown in Table 2.
Definite histology included 2444 squamous cell carcinomas
(46%), 2180 adenocarcinomas (41%), 419 undifferentiated large
cell carcinomas (8%), 128 adenosquamous (2%) and 134 other
cancers (3%). squamous cell carcinomas were more frequently
associated with ET (n = 97, 44% of ET and 4% of squamous cell
carcinoma patients) than with R2 resections (n = 63, 32% of R2
resections and 2% of squamous cell carcinoma patients).
Adenocarcinomas were more frequently associated with R2 re-
section (n = 96, 49% of R2 resections and 4% of adenocarcinoma
patients) than with ET (n = 33, 15% of ET and 2% of adenocarcin-
oma patients). T1–T2 tumours were more frequent in R2 resec-
tions (n = 79, 53%) than in ET (n = 81, 40%, P < 10−6). Mediastinal
lymph nodes invasion (N2) was more frequent in ET (n = 134,
67%) than in R2 resection (n = 97, 42%, P = 10−6).

The causes of ET and R2 resections are depicted in Table 3
and were not significantly different, except that ET was more

frequently related to both T and N major involvements than R2
resection (15 vs 5%, P < 10−3). T4 involvements leading to R2
resections concerned the oesophagus (n = 2), the pulmonary
artery at its origin (n = 2), the aorta (n = 2), the left atrium (n = 7),
the vertebra and foramen (n = 12), and the superior vena cava
(n = 5, in association with N2 involvement).
Long-term survival curves are shown in Fig. 1. Five-year sur-

vival rates were 1.2, 11.1 and 47.1% for ET, R2 and R0 resections,
respectively. The 5-year survival rate was significantly lower with
ET compared with R2 resection (P = 10−3). The five-year survival
rates concerning ET and R2 according to the cause of those
futile operations are shown in Tables 4 and 5, respectively.
Five-year survival of ET patients was anecdotic (2.5%), except
when the cause was T-involvement and it was during the last
decade. Five-year survival rates of R2 patients ranged between
6.8 and 21.1%, except in the case of both T- and
N-involvements resulting in no 5-year survivors. When compar-
ing the 5-year survival rates of R2 and ET patients, a significant
difference was found in the case of N-involvement (11.1 vs 1.9%,
respectively, P = 0.033) and when the patients did not physiolo-
gically support the demanding resection (19.7 vs 0%, respectively,
P = 0.024).
Patients with first-line ET underwent adjuvant treatment in-

cluding chemotherapy in 46 (21%) cases, radiation therapy in 55
(25%) or a combination of both in 61 (27%). Despite these
medical treatments, none of them were long-term survivors.
Patients with first-line R2 resection underwent adjuvant therapy
including chemotherapy in 29 cases (15%), radiation therapy in
58 (29%) or a combination of both in 29 (15%). Combining R2
resection and adjuvant treatment led to a median survival of 14
months, and a 5-year survival rate of 12.9%.

DISCUSSION

On one hand, this study demonstrates that the rate of ET is de-
creasing over time, down to 2% of thoracotomies and that this

Table 2: Pathological classification and TNM extension

ET (n = 223) R2 (n = 197) R0 (n = 4885) Total (n = 5305) P-value

Histology <10−6

Squamous cell 97 (44%) 63 (32%) 2284 (47%) 2444 (46%)
Adenocarcinoma 33 (15%) 96 (49%) 2051 (42%) 2180 (41%)
Large cell 27 (12%) 22 (11%) 370 (8%) 419 (8%)
Adenosquamous 0 (0%) 8 (4%) 120 (2%) 128 (2%)
Miscellanousa 66 (29%) 8 (4%) 60 (1%) 134 (3%)

Tumour <10−6

pT1 10 (4%)b 23 (13%) 1456 (31%) 1489 (30%)
pT2 71 (35%) 56 (40%) 2337 (55%) 2464 (54%)
pT3 23 (11%) 68 (31%) 912 (13%) 1003 (14%)
pT4 101 (49%) 50 (17%) 180 (1%) 331 (3%)

Nodes 10−6

pN0 51 (23%)c 74 (43%) 2864 (59%) 2989 (56%)
pN1 14 (7%) 26 (15%) 937 (19%) 977 (18%)
pN2 134 (67%) 97 (42%) 1085 (22%) 1316 (25%)

ET: exploratory thoracotomy; R2: incomplete resection thoracotomy.
aInclude pathological reports with a diagnosis of primary non-small-cell lung cancer but with no mention of the subtype.
bEighteen patients were not available.
cTwenty-four patients were not available.

Table 3: Causes of exploratory thoracotomy (ET) and
incomplete (R2) resections

ET
(n = 223)

R2
(n = 197)

ET + R2
(n = 420)

P-value

T-related 67 (30%) 76 (39%) 143 (34%) 0.076
N-related 55 (25%) 55 (28%) 110 (26%) 0.48
T + N-related 34 (15%) 10 (5%) 44 (11%) 0.00061
Pleura
involvement

51 (23%) 37 (19%) 88 (21%) 0.28

Pulmonary
function

16 (7%) 19 (10%) 35 (8%) 0.21
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indication was more frequent in squamous cell carcinoma and
concomitant large T + N involvements. It also demonstrates that
ET resulted in postoperative complications and mortality in 10
and 5% of the cases, respectively, with no long-term survival. On
the other hand, R2 resection was observed in 3% of thoracoto-
mies. R2 resection was more frequent in adenocarcinoma and
T1–T2 tumours and resulted in postoperative complications and
mortality in 20 and 7% of the cases, respectively, with a 5-year
survival rate of 11%, up to 15% if adjuvant treatments were per-
formed, and 21% in the last decade.
R2 resections and ET proceed from the same failure to assess

the complete resectability of the tumour preoperatively. The
recent improvements in medical imaging and preoperative
staging explain why the rate of ET has dropped over the last
decades [6]. The influence of induction therapy in clinically
advanced cases remains questionable, as it alters the preopera-
tive staging [7] and perioperative assessment of surgical margins
[8], and may explain the stable rate of R2 resections over time.
As multidisciplinary tumour boards have been widely spread
over the last decade and are now mandatory before scheduling
the surgical resection of an NSCLC, the increased use of

Figure 1: Long-term survival of exploratory thoracotomy (curve 1), R2
(curve 2) and R0 (curve 3) resections (P = 10–3).

Table 4: Survival of exploratory thoracotomy (ET) according to selected characteristics

Number Median survival (months) 5-year survival (%) 10-year survival (%)

Cause of ET
T 67 10 2.5 2.5
N 55 10 1.9 0
T + N 34 8 0 0
Pleura 51 12 0 0
Miscellaneous 14 10 0 0

Induction therapy
Yes 39 10 0 0
No 184 10 1.5 0.8

Period
1980–89 97 8 1.2 0
1990–99 89 12 0 0
2000–09 37 12 5.1 0

T = T3 and T4 involvement; N = N2 involvement. Difference in survival according to the periods of time is significant (P = 0.013).

Table 5: Survival of incomplete (R2) resections according to selected characteristics

Number Median survival (months) 5-year survival (%) 10-year survival (%)

Cause of R2 resection
T 76 12 10.6 8.9
N 55 14 11.1 2.2
T + N 10 14 0 0
Pleura 37 13 11.2 2.8
Miscellaneous 19 23 19.7 0

Induction therapy
Yes 43 15 8.5 4.2
No 154 13 11.5 4.6

Period
1980–89 35 10 11.9 5.9
1990–99 97 13 11.1 4.5
2000–09 65 15 10.9 3.6

T = T3 and T4 involvement; N = N2 involvement. Differences in survival according to the periods of time (P = 0.70) and induction therapy (P = 0. 75) were
not significant.
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induction therapy counterbalances the improvement of medical
imaging, resulting in a stable rate of R2 resections, thus arguing
for a better assessment of first-line resectability during these
meetings.

ET remains a major pitfall of the surgical management of
NSCLC. In 1990, the French Society of Thoracic and
Cardiovascular Surgery found 2962 ET for lung cancer, repre-
senting 11.7% of 25 591 operations performed over 10 years,
with a significant decrease in the rate of ET over time [9]. Wada
et al. [10] reported the same decrease in a period running from
1976 to 1990. More recently, Steinbaum et al. [11] noticed that
more than one half of their ET could have been avoided by the
refinement of imaging criteria and a judicious surgical approach
to N2 disease. It is commonly accepted that the frequency of ET
should be 1% or less [12].

Despite improvements in medical imaging and appropriate clin-
ical staging, one must admit that some patients still undergo ET or
R2 resection currently. Beyond surgical series, the survival of
NSCLC patients should be considered as a whole from the time of
diagnosis. Otherwise, strong selection bias could lead to a dramat-
ic but futile improvement in surgical results, associated with stag-
nation in the survival of the overall population, as recently
suggested by an exhaustive population-based analysis [2].
Therefore, despite the increasing frequency of R0 resection due to
better operability assessment, ET and R2 resections still exist in un-
expected cases, as witness to an aggressive surgical management.

ET is associated with a high rate of postoperative complication
without any long-term survival. This poor prognosis is even
worse than that of patients exclusively treated with chemoradia-
tion who benefit from a 5-year survival rate of 20% in Stage
IIIA-N2 disease [13]. Aside from medical complications, the psy-
chological role of the absence of resection may be underesti-
mated during the postoperative course. The diagnosis of NSCLC
has been associated with a high rate of depression, leading in
some cases to patients committing suicide within the first month
[14]. This depression has been shown to exist preoperatively and
to continue postoperatively [15]. In fact, the postoperative course
of ET is often characterized by patients’ resignation, tending to
helplessness and hopelessness, and suggesting that the absence of
resection after an initial hope may contribute to depress the
patient. As the links between psychological behaviour, psychiatric
disorders and outcome of NSCLC have already been outlined [16],
this postoperative resignation may darken the prognosis, and
patients undergoing ET should benefit from early palliative care.

It is commonly considered that R2 resection causes unneces-
sary pain, impairs the quality of life, and postpones subsequent
radiation and/or chemotherapy, with no therapeutic advantage
when compared with ET, and no 5-year survival [12, 17]. This
study may contribute to soften these considerations. Regarding
short-term outcome, the postoperative mortality reported here
is similar between ET and R2, similar to the postoperative mor-
tality reported by Debevec et al. [18], and slightly higher than
those recommended by Ginsberg et al. [19] for R0 resection.
Regarding long-term outcome, this study suggests that R2 resec-
tion leads to better 5-year survival than ET in every case of T or
N uncompleted resection, contradicting previous reports [12, 17].
The only exception is when the uncompleted resection affects
both T and N2, resulting in the absence of long-term survival.

The boundaries between R0, R1 and R2 resections can be
subtle and depend on small details in the anatomical extension
of the tumour and lymph nodes [20–22]. Therefore, when the
surgical exploration reveals an unexpected extension of NSCLC,

the thoracic surgeon faces a dilemma, between performing the
resection and risking R2 resection, and closing the chest and
facing an adverse outcome. Our findings suggest that doubtful
resection could be advocated when the unexpected extension
involves either the tumour or the nodes, whereas ET should be
preferred when the unexpected extension affects both the
tumour and the nodes.
However, this study has several limitations. The first is its retro-

spective and non-randomized design. The inclusion of patients
with unexpected tumour extension in a prospective trial and
their subsequent randomization between doubtful resection vs
ET, are hard to conceive from both ethical and practical points
of view. In this setting, a large retrospective study may still be in-
formative, as the one-eyed man being king in the kingdom of
the blind. The second limitation is the lack of precision in the
elements arguing for a doubtful resection or an ET. This ambigu-
ity reflects the reality of surgical management, with some sur-
geons being reluctant to risk R2 resection, and their
counterparts refusing the shadow of an ET. We hope this study
will help thoracic surgeons when facing this Hobson’s choice.

Conflict of interest: none declared.
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