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Background and purpose: Surgery is considered the treatment of choice for early-stage non-small cell lung
cancer (NSCLC). Patients with poor pulmonary function or other comorbidities are treated with radiother-
apy. The objective of this investigation is to compare the 3-year survival of two early-stage NSCLC pop-
ulations treated in two different hospitals, either by surgical resection (lobectomy) or by individualized
high-dose accelerated radiotherapy, after matching patients by propensity scoring analysis.
Methods: A retrospective comparative study has been performed on two series of consecutive patients
with cytohistological diagnosis of NSCLC, clinically staged IA by means of PET-scan (radiotherapy group)
and pathologically staged IA (surgery group).
Results: A total of 157 cases were initially selected for the analysis (110 operated and 47 treated by radio-
therapy). Patients in the radiotherapy group were older, with higher comorbidity and lower FEV1% with
3-years probability of survival for operated patients higher than that found for patients treated by radio-
therapy. After matching by propensity scoring (using age and FEV1%), differences disappear and 3-years
probability of survival had no statistical differences.
Conclusions: Although this is a non-randomized retrospective analysis, we have not found 3-years sur-
vival differences after matching cases between surgery and radiotherapy. Nevertheless, data presented
here support the continuous investigation for non-surgical alternatives in this disease.

� 2010 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 97 (2010) 413–417
Surgery, within some subsets followed by chemotherapy, is
considered the treatment of choice for early-stage non-small cell
lung cancer (NSCLC) [1]. Patients with poor pulmonary function,
which is the most frequent comorbidity due to the association be-
tween COPD and lung cancer [2], and/or other comorbidities are
treated with radiotherapy. As a consequence of this case selection
bias, patient’s outcomes after radiation therapy are not directly
comparable to the ones after surgery.

The objective of this investigation is to compare the 3-year sur-
vival of two early-stage NSCLC populations treated in two different
hospitals, either by surgical resection (lobectomy) at Salamanca
University Hospital by individualized high-dose accelerated radio-
therapy at Maastro Clinic, after matching patients by propensity
scoring analysis.
d Ltd. All rights reserved.

, Salamanca University Hos-
in.
Patients and methods

Design

This is a retrospective comparative study on prospectively re-
corded data, after matching cases by propensity scoring analysis.

Study population

The series of surgically treated cases has been taken from all
consecutive cases operated by lobectomy at the Thoracic Surgery
Service of the Salamanca University Hospital between January
1994 and April 2007. Selection criteria for inclusion in the analysis
consisted of preoperative diagnosis of NSCLC and pathological
staging of T1N0M0. Therefore, no patients with induction therapy
(radio and/or chemotherapy) were included in this series.

Radiotherapy patients with medically inoperable pathology-
proven clinical staging T1N0M0 and T2N0M0 were treated at
MAASTRO clinic in the period from September 2005 until April
2007. Patients had not received prior thoracic radiation or chemo-
therapy. All the patients had to have a moderate to good lung

http://dx.doi.org/10.1016/j.radonc.2010.08.016
mailto:mfjl@usal.es
http://dx.doi.org/10.1016/j.radonc.2010.08.016
http://www.sciencedirect.com/science/journal/01678140
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414 Surgery vs radiotherapy in stage I NSCLC
function (a forced expiratory volume in 1 s (FEV1) P 30% of pre-
dicted value and a carbon monoxide diffusing capacity
(DLCO) P 30%).

Both in surgical and radiotherapy cases, all studied variables
and outcomes were defined and recorded prospectively on a cus-
tomised computerized database. At the time of gathering data for
this report, two investigators (GV and AvB) reviewed both dat-
abases for inconsistencies and updating survival data.

Informed consent with regard to treatment was obtained from
all the patients in both the centres.
Preoperative staging work-up, functional evaluation criteria and
perioperative management in surgical series of cases

Perioperative management was uniform for all cases along the
study period and it has been previously described in detail [3].
Shortly, cases were selected for surgical therapy if no major comor-
bidity encompassing a worse prognosis than lung cancer was
found, and predicted postoperative FEV1 (ppoFEV1) was over 30%
of its theoretical value for sex, age and height. DLCO was routinely
measured starting January 2007. Up to that date, it was indicated
only in patients with a ppoFEV1 < 40% or findings of interstitial
lung disease at CT scan.

Clinical staging work-up for all the surgical patients was per-
formed by a thorough interview with the patient and clinical
examination, bronchoscopy and full-body CT scan. In patients with
mediastinal lymph nodes of 1 cm of diameter or larger, mediasti-
noscopy was indicated. Starting January 2003, PET scan was per-
formed in patients with enlarged mediastinal lymph nodes and
invasive mediastinal staging was indicated if FDG uptake was sug-
gestive of mediastinal lymph node metastases.

At surgery, all the patients were approached by a posterior mus-
cle-sparing or a small axillary thoracotomy, at surgeon’s choice. All
the cases were operated on by or under supervision of a scrubbed
senior thoracic surgeon and a lobectomy with systematic lymph
node dissection was always performed.
Radiotherapy treatment

Radiotherapy patients with medically inoperable cytohistology
proven clinical stage I NSCLC (T1N0M0 and T2N0M0) were treated
at MAASTRO clinic in the period from September 2005 until April
2007. Eligibility for this therapy included only patients who had
not received prior thoracic radiation or chemotherapy.

A treatment-planning PET-CT scan was performed with intrave-
nous contrast if the kidney function allowed, before start of radia-
tion on a PET-CT-simulator (Biograph; SOMATOM Sensation 16
with an ECAT ACCEL PET scanner, Siemens).

Delineation was based on fused PET-CT images and performed
by the Radiation Oncologist using a standard clinical delineation
protocol [5]. The Gross Tumor Volume (GTV) consisted of the pri-
mary tumor, which is the CT-based volume. No elective hilar or
mediastinal irradiation was carried out. The Clinical Target Volume
(CTV) was defined as the GTV with a margin of 5 mm, whereas an-
other 10 mm margin was added for the Planning Target Volume
(PTV). For the calculation of the mean lung dose (MLD), the volume
of both lungs minus the GTV was considered [6].

A 3D conformal treatment plan was calculated (XiO, Computer
Medical System, Inc.) according to the International Commission
on Radiation Units and Measurements guidelines [7] using a Fast
Fourier Transform convolution algorithm for inhomogeneity cor-
rections. Patients were irradiated on a linear accelerator (Elekta
SL 15, Elekta, Crawley, UK or Siemens Oncor, Siemens Medical
Solutions, Concord, CA). Treatment verification was performed
using Electronic Portal Imaging Device measurements [8].
An individualized dose-escalation scheme was used for all the
patients, as described earlier by our group [5,10]. For all the pa-
tients the radiation dose was individually escalated until a dose-
limiting normal tissue constraint was reached: a maximal mean
lung dose (MLD) of 19.0 ± 1.0 Gray (Gy), a maximal dose for the
spinal cord of 54.0 ± 0.5 Gy, maximal dose to the great vessels or
main bronchi of 70.2 Gy and for the plexus brachialis of 66 Gy
was applied [9]. No specific esophageal dose constraint was used,
as acute esophagitis was not considered to be dose-limiting with
radiation alone [5,10]. The maximal allowed Total Tumor Dose
(TTD) was 79.2 Gy in twice daily (BID) fractions of 1.8 Gy with an
interfraction interval of at least 8-h as described earlier [11]. Dur-
ing radiation treatment, patients were seen weekly by the Radia-
tion Oncologist to treat the radiation-related complaints.
Endpoints

Survival status of the patients (alive or dead by any cause) was
evaluated in July 2009 in both series of cases. In the surgical group,
follow-up visits were done at the patient’s closest Pulmonology or
Oncology department and periodical phone calls from the Thoracic
Surgery Department to the patient, relatives or family physician
served to inform them on the patient’s health status. In the radiother-
apy patients, follow-up was done by the Pulmonologist and/or Radi-
ation Oncologist according to the national guidelines [4].
Furthermore, survival was updated using the ‘‘Gemeentelijke Basis
Administratie” system, a decentralized population registration sys-
tem containing information about all inhabitants of The Netherlands.
Data analysis

After normality tests, continuous variables in both series of
cases: age, FEV1%, BMI and Charlson comorbidity index [12] were
compared either by Student T-test or by Wilcoxon rank-sum test.

Patient selection bias was addressed by constructing propensity
scores [13,14] in order to match patients who were treated by sur-
gery and those who were treated by radiotherapy. Before matching
patients, logistic regression model was developed (using bootstrap
resampling technique) to evaluate the clinical variables related to
the type of treatment. The variables used in the model were: age,
clinical T-status, FEV1% and Charlson Comorbidity Index. All vari-
ables were known for all patients.

Variables related to the type of treatment with a p < 0.05 at lo-
gistic regression analysis were used in the matching process. Pairs
of comparable cases were created using propensity-scoring algo-
rithms (matching method was 1:1 nearest neighbour, without
replacement).

Survival of the patients was evaluated by Kaplan–Meier estima-
tion and the survivor functions of the different groups of cases were
compared by the log-rank test. Also the incidence rate ratios and its
95% CI limits for both types of therapy were calculated. Survival
analysis was performed twice. First, all the cases were considered
and then, only matched pairs of cases treated either by surgery or
radiotherapy were analysed. Thirty-day mortality of both series of
cases was included in the survival analysis. All calculations and
graphics were performed using Stata 11.0 (StataCorp, Texas, USA)
after implementing the user-written psmatch2 module.

Results

A total of 157 consecutive cases of stage I were initially selected
for the analysis (110 operated and 47 treated by radiotherapy).
Demographics, clinical characteristics and treatment characters
of both series of cases can be found in Table 1. Patients in the radio-
therapy group were older (p = 0.02), with higher Charlson’s comor-
bidity index (p = 0.0002) and lower FEV1% (p < 0.0001). No



Table 1
Demographics, clinical characteristics and treatment characters of both series of
cases.

Radiotherapy Surgery p
Values

Nr. of cases 47 110 –
Female/male 11/36 11/99 –
cT1/T2 28/19 110/0 –
Age (mean, S.D.) 68.5 (10.5) 64.5 (9.4) 0.025
Charlson index (mean, S.D.) 2.4 (1.3) 1.5 (1.1) 0.0002
FEV1% (mean, S.D.) 53.9 (17) 86.2 (22.2) <0.0001
Median radiotherapy dose

prescribed (range)
79.2 Gy
(50.4–79.2 Gy)

NA

Percentage of patients receiving
the prescribed dose

95.7% (45/47) NA
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differences were found between groups about the histology type.
30-day mortality was 1.9% (2 cases) after lobectomy and 2.1% (1
case) after completion of radiotherapy treatment.

Comparing the survival of the total group of patients, 36 month
probability of survival for operated patients was 0.78 (95%CI: 0.67–
0.85) higher than that found for the patients treated by radiother-
apy 0.44 (95%CI: 0.28–0.58) log-rank p = 0.0004. The incidence rate
ratio was 2.57 (95%CI: 1.54–4.29, p = 0.002). On logistic regression
analysis, age, clinical T-status and FEV1% were related to the type
of treatment (p < 0.001, all variables) and were used to calculate
propensity scoring indexes, while Charlson’s comorbidity score
was only marginally related (p = 0.06). After matching by propen-
sity scoring, 28 pairs of cases were available for survival analysis.
Fig. 1. Comparison of age (A) and FEV1% (B) between surgery and radiotherapy

Fig. 2. Kaplan–Meier survival estimates and long-rank comparison. (A) Data correspondi
lines represent surgically treated patients in both figures.
In this subset of matched cases, the differences of age disappeared.
Mean age was 68 (S.D. 1.52) in the surgical group and 68.6 (S.D:
1.64) in the group of cases treated by radiotherapy (p = 0.79).
FEV1% was still lower in the radiotherapy group (mean 51.9; S.D.
3.37 vs mean 62.4, S.D. 2 in the surgical subset; p = 0.01) but differ-
ences decreased when compared to the values found in the series
before matching cases. Comparison of age and FEV1% between sur-
gery and radiotherapy series before and after propensity score
matching are presented in Fig. 1.

After the matching process, 36-month probability of survival
was 0.73 (95%CI: 0.49–0.87) for the operated cases and 0.56
(95%CI: 0.33–0-73) for the radiated subset of patients; with no sta-
tistical differences after log-rank test (p = 0.56). The incidence rate
ratio for the matched patients was 0.99 (95%CI: 0.41–2.37;
p = 0.50).

Survival curves for both the entire populations and for the
matched cases are presented in Fig. 2A and B, respectively.
Discussion

In the absence of randomized clinical trials, lobectomy with
mediastinal lymph node dissection is considered the treatment of
choice in early-stage NSCLC [1]. Recent technical developments,
such as video-assisted procedures [15], and improvements in per-
ioperative care have decreased surgical mortality and nowadays
30-day mortality after lobectomy is expected to be around 2%
[16]. We found similar results in our series with treatment-related
mortality between 1.9% for lobectomy and 2.1% for radiotherapy.
Unfortunately, the majority of newly diagnosed NSCLC cases
series of cases before and after propensity score matching of the patients.

ng to the entire population of patients before matching. (B) Matched patients. Solid
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cannot be operated on due to the local or distant spread [17] or pa-
tient’s comorbidity.

Concerning effectiveness of surgical therapy, the IASLC Lung
Cancer Staging Project [18] reported 5-year survival rates of 77%
and 71%, after radical excision of pT1N0 tumors of 2 cm or smaller
(pT1a; n = 1816 patients) and tumors between 2 and 3 cm, respec-
tively (pT1b; n = 1653 patients). Corresponding 5-year survival
rates for pathologically staged T2N0 tumors measuring 3–5 cm
(pT2a; n = 2822), 5–7 cm (pT2b; n = 825), and greater than 7 cm
(pT2c; n = 364) were 58%, 49%, and 35%, respectively (p < 0.0001).
When examining survival rates according to clinical stage instead
of pathological stage, the 5-year survival rates were as low as
53% for T1a and 26% for T2c tumors.

Several surgical techniques, anatomical or wedge segmentec-
tomy have been proposed as an alternative to lobectomy for the
treatment of T1 and small T2 tumors with apparently favourable
results [19] but their convenience has been debated due to the evi-
dence of lung volume reduction effect of lobectomy in emphysema
patients [20,21].

Conventional radiation therapy was the preferred treatment in
patients with stage I NSCLC who were unfit to undergo surgery
or who declined surgery. This is, however, a less attractive alterna-
tive to surgery in operable patients as the mean-reported crude lo-
cal recurrence rates are as high as 70%, resulting in a three year
overall and cause-specific survival of only 34% and 39%, respec-
tively [22]. Conventional radiotherapy involves daily treatment
sessions over a 5–7 week period, and inadequate local tumor con-
trol is mainly the result of insufficiently high-doses, and target
miss caused by tumor mobility [23].

Several techniques have been introduced to improve the out-
come in radiotherapy for NSCLC, including dose-escalation and
accelerated radiotherapy to overcome repopulation. In a systematic
review of the literature [24], the authors found 26 non-randomised
studies reporting 3-year cancer-specific survival ranging from 22%
to 56%, they concluded that better outcomes are seen in patients
with T1 tumors treated by continuous hyperfractionated acceler-
ated radiotherapy (CHART) or conventionally fractionated doses of
60 Gy or more. More recently, phase II studies on stereotactic radio-
therapy (SRT) have shown 3-year cancer-specific survival ranging
72–88%, while overall survival was worse in the series due to a high
mortality rate as a consequence of associated diseases [25–29]. The
study by Onishi et al. [30] is a multi-institutional retrospective anal-
ysis. The authors included in their review nearly 100 patients who
were deemed operable but refused surgery. In this subset, the 5-year
overall survival rate observed after a biologically effective dose of
100 Gy was 70.8%, equivalent to the outcome after surgery.

The literature comparing the effectiveness of radiotherapy and
surgery is scanty and usually biased since patients treated by
radiotherapy are considered medically non-operable [24] or
refused surgical treatment. Recently Grills et al. [31] published a
study in a cohort of stage I patients ineligible for anatomical lobec-
tomy, they found no differences in loco regional recurrence or
cause-specific survival between SRT and wedge resection.

In this report, we have evaluated long term survival of two com-
parable series of patients receiving surgery or individualized high-
dose hyperfractionated accelerated radiotherapy. All radiotherapy
patients underwent a plannings PET-CT scan, since PET-CT might
improve the delineation of the GTV and in selected cases allows
dose-escalation [32,33]. All surgery patients were p-N0 after lym-
phadenectomy. For calculating the propensity score indexes we
used only variables related to the treatment type in logistic regres-
sion analysis: age, stage I-A and FEV1%.

The applied schedule combines a short overall treatment time
in order to decrease the effect of accelerated proliferation of tumor
cells, which typically occurs at about 4 weeks of radiotherapy, with
a high radiation dose that is tailored to a predicted probability of
pneumonitis. This schedule allows the delivery of very high biolog-
ical doses to the tumor with a low incidence of side effects [11]. For
example, the biological equivalent of the classical 60 Gy delivered
in 30 fractions in 6 weeks is only about 48 Gy, while the 79.2 Gy in
44 fractions in 4.5 weeks as used in this series, is equivalent to
71 Gy, or otherwise said, the presently delivered 79.2 Gy in
4.4 weeks is the same for the tumor as approximately 100 Gy given
in 50 fractions in 10 weeks, but with the same toxicity to the nor-
mal tissues as 79 Gy. The biological equivalent of the fractionation
regimen used in this series comes close to doses as used in stereo-
tactic body radiation series, but can also be used in centrally lo-
cated tumors.

The relatively small number of cases treated by radiotherapy is
one of the limitations of this study. Besides we have to acknowl-
edge several limitations in our study. The first one is the different
criteria followed to select patients for surgery in both the centres
since some of the cases from each group could have been treated
in a different way if he would have been evaluated in the other
centre. Due to the characteristics of the study we cannot control
this limitation. The type of protocol for clinical staging was also dif-
ferent. While all the cases in the radiotherapy group underwent
PET-CT for staging and treatment planning, only a minority of cases
in the surgical group were staged by PET. According to this, the
accuracy of the clinical mediastinal staging in the surgical group
was lower and some cases could have been misclassified in stage
IA, but all the patients underwent a lynphadenectomy and were
pathological N0. Moreover the lack of preoperative surgical staging
in the radiotherapy group is also an important limitation of our
study but as a recent paper points out among operable and even
marginal patients surgical or endobronquial ultrasonography stag-
ing is essential both for prognosis and for treatment planning [34].

As we have commented before, overall survival is lower than
cancer-related in the published series of cases treated by radio-
therapy. In our investigation, death due to any cause was the se-
lected end point. This seems to be reasonable due to the fact that
it is a retrospective analysis in different types of cases included
in each group and the different follow-up protocols.

We cannot conclude from our data that both the studied thera-
pies have comparable effectiveness in the treatment of clinical
stage I NSCLC because the number of cases is not enough and some
systematic non-controllable bias could have affected our investiga-
tion. Nevertheless, data presented here support the continuous
investigation for non-surgical alternatives in this disease, as the
two phase III trials that are ongoing, comparing SRT with surgery
for patients with stage I lung cancer: the Randomized Clinical Trial
of Either Surgery or Stereotactic Radiotherapy for Early Stage (IA)
Lung Cancer (ROSEL) trial in the Netherlands [35] and the Accuray
Cyberknife worldwide trial [36], or to explore the cost-effective-
ness, the best current treatments for NSCLC and the value of addi-
tional research [37].
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