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ABSTRACT
Background: Little information on the natural history of patients with localized NSCLC is available
since many of the studies covering the subject lack information on pathological confirmation, staging
procedures and comorbidity. No randomized studies have compared SBRT with no treatment for
patients with localized NSCLC. The purpose of this study was to evaluate whether SBRT has influence
on overall survival for patients with localized NSCLC and investigate the effect of baseline ventilatory
lung function on overall survival.
Material and methods: From 2007 to 2013, 136 patients treated with SBRT at Odense University
Hospital were prospectively recorded. The thoracic SBRT consisted of three fractions of 15–22Gy deliv-
ered in 9 days. For comparison, a national group of 73 untreated patients in the same time period was
extracted from the Danish Lung Cancer Registry. All patients had histologically/cytologically proven
NSCLC T1-2N0M0 with a tumour diameter �5 cm.
Results: The 5-year relative survival was 44% versus 7% for the SBRT and untreated groups, respect-
ively. In a propensity score matched comparison the median overall survival was 47 months versus 11
months for the SBRT and untreated groups, respectively (p< .05). On multivariate analysis, SBRT was
significantly associated with improved prognosis while ECOG performance status 2þ and tumour diam-
eter �3 cm significantly predicted poorer prognosis. Severe to very severe reduction of forced expira-
tory volume in one second (FEV1) did not predict poorer survival for the SBRT treated patients with
localized NSCLC.
Conclusions: SBRT offers more favourable survival than no treatment for patients with localized
NSCLC. Performance status of 0–1, tumour diameter less than 3 cm and SBRT predicted improved sur-
vival. SBRT should not be withheld for patients with localized NSCLC based on poor ventilatory lung
function.
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Introduction

Lung cancer is the leading cause of cancer-related death
among both men and women [1]. Despite the poor progno-
sis of lung cancer some patients may be cured if the disease
is diagnosed in an early stage. Lobectomy remains the
cornerstone of treatment for patients with localized non-
small cell lung cancer (NSCLC) [2,3]. However, some patients
refuse surgery or are medically inoperable due to comorbid-
ities, advanced age or poor performance status. According to
guidelines stereotactic body radiation therapy (SBRT) is rec-
ommended for this group of patients [4,5].

Several investigators have reported excellent local control
rates with SBRT similar to those seen with surgery [6–8].
Before the introduction of SBRT, conventional radiotherapy
(convRT) was used, but many patients were not fit for a
schedule of radiotherapy using many fractions. SBRT to
patients with localized NSCLC gave similar local control rates
and survival compared with high dose convRT in a retro-
spective study [9]. The randomized phase II SPACE study
compared SBRT (66Gy in three fractions) with convRT (70 Gy

in 35 fractions) and no difference in survival was found [10].
Only limited data of untreated patients with localized NSCLC
are available. Many of the previously published studies on
the natural history lack information on pathological confirm-
ation, staging procedures and comorbidity. These studies
have demonstrated poor overall survival [11–13], but no
randomized study of SBRT versus no treatment has been
conducted. Although SBRT offers excellent local tumour con-
trol, it remains unclear if all patients with localized NSCLC
benefit from the treatment.

Up to 75% of all patients treated with SBRT for a localized
NSCLC had spirometry results suggesting chronic obstructive
lung disease (COPD), and COPD is the most common reason
for medically inoperability [14]. COPD itself has severe prog-
nosis, and the survival for COPD patients declines with
poorer ventilatory capacity. The impact on survival for
patients treated with SBRT for localized NSCLC with poor
ventilatory capacity has not been fully investigated.

The present retrospective study was conducted to investi-
gate the survival of patients with localized NSCLC treated
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with SBRT compared with patients who received no treat-
ment for the lung cancer. Additionally, the study investigates
the effect of baseline ventilatory lung function estimated by
forced expiratory volume in 1 s (FEV1) on overall survival in
patients with localized NSCLC.

Material and methods

The analysis was constructed as a descriptive observational
study. Two cohorts of patients with localized NSCLC were
established. All patients were diagnosed with histologically or
cytologically proven T1-2N0M0 NSCLC with a tumour diam-
eter of maximum 5 cm.

Setting

Data of one cohort (SBRT group) were obtained from con-
secutive patients with localized NSCLC treated with SBRT at
the Department of Oncology at Odense University Hospital,
Denmark. The patients were referred from the Region of
Southern Denmark and the Region of Zealand for treatment
with SBRT. A national control group of untreated patients
(NoTx group) was extracted from the Danish Lung Cancer
Registry (DLCR). The DLCR database was established in 2000
and contains information on patients’ demographic, TNM
stage, histology, FEV1, ECOG performance status (PS),
Charlson Comorbidity Index (CCI), diagnostic procedures and
total pack years of tobacco consumption [15].

All patients were diagnosed with localized NSCLC in the
period of January 2007–December 2013. According to the
6th edition of TNM Classification of malignant tumours,
patients in the NoTx group with tumour diameter >5 cm
could have been classified as T2 [16]. The charts from
patients diagnosed prior to 2010 with T2 tumours were
reviewed to exclude patients with tumour sizes exceeding
5 cm. Additional data on tumour measures, if needed, were
obtained by contacting the local department of respiratory
medicine (DRM) that diagnosed the patients. Patients were
excluded from further analyses in this study if no reply at the
date of analyses.

Ventilatory lung function

Only FEV1 was available for analyses. FEV1 values in DLCR
database were reported from the local DRM. For the SBRT
group, the FEV1 values were recorded at the first fraction of
SBRT. The predicted values of FEV1 (FEV1%pred) were calcu-
lated from the Global Lung Function Initiative reference
equations [17]. To facilitate interpretation of the data, the
FEV1 was graded 1–5 as proposed by Quanjer et al. [18] for
patients with bronchial obstruction. The FEV1 z-score defined
by the lower limit of normality is signifying the number of
standard deviations from the mean predicted value of FEV1
and is unbiased by sex, age, height and ethnic groups. Grade
1, none or mild reduction; z-score ��2, grade 2, moderate
reduction; z-score ��2.5 to <�2, grade 3, moderately
severe reduction; z-score ��3 to <�2.5, grade 4, severe

reduction; z-score ��4 to <�3 and grade 5, very severe
reduction; z-score <�4.

Patients

Data from the SBRT group were obtained from patients’
charts and radiation therapy plans. The pretreatment evalu-
ation for patients treated with SBRT included complete clin-
ical examination incl. ECOG PS, chest X-ray, CT scan of the
chest and upper abdomen and measurement of lung func-
tion. The tumour diameter was obtained from the radiation
therapy plan.

A review of records identified 136 patients with localized
NSCLC treated with SBRT. Eighty-nine patients were consid-
ered medically inoperable, 41 patients were considered best
treated by SBRT due to age, frailty or comorbidity and six
patients denied surgery. All were treated with SBRT as
described previously [9]. In summary, SBRT consisted of three
fractions of radiotherapy. Prior to October 2008, the gross
tumour volume (GTV) was treated to a total central dose of
45 Gy and the planning target volume (PTV) treated to 30Gy.
After October 2008, the GTV was treated to 66Gy and the
PTV treated to 45Gy. The treatment duration was maximum
9 days.

For the national NoTx group, 126 untreated patients with
localized NSCLC in stage T1–T2N0M0 diagnosed from 2007
to 2013 were identified in DLCR. The tumour diameter was
obtained for the patients’ charts or by contacting the local
DRM. Of these, eight had tumour diameter >5 cm and nine
patients had unreported tumour diameter. One hundred and
nine patients thus remained in the cohort of untreated
patients. To exclude patients ineligible for SBRT, 36 patients
who survived less than one month after establishing the
diagnosis of NSCLC, were excluded leaving the NoTx group
consisting of 73 patients for further analyses. The patients in
the NoTx group did not receive any surgery, antineoplastic
agents or radiotherapy. The untreated patients were not
necessarily considered medically inoperable. Twenty-five
patients denied any kind of treatment, eight patients received
observation management only and 14 patients were too frail
to receive treatment. Four patients had concurrent cancer and
were not considered for treatment for the localized NSCLC,
and for 22 patients the reason for missing referral to the
department of oncology to receive SBRT was not stated.

Information on comorbidity using the Danish National
Patient Registry containing data on all intervention related to
diagnostic evaluation and treatment for somatic patient
admission in Denmark was extracted from DLCR for both
groups. Lung cancer diagnosis was excluded from the scor-
ing. The classification of comorbidity was done according to
CCI. Patients were grouped as 0–1, 2–3 or 4þ comorbid
conditions.

Follow-up

Follow-up was performed for patients in the SBRT group 5
weeks after treatment, then every third months in a 2-year
period and finally in 6-month intervals the next 3 years. The
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follow-up included medical history, clinical examination,
chest X-ray (standard prior to 2010) or CT-scan of chest and
upper abdomen (after 2010) and measurement of lung func-
tion. The patients in the NoTx group did not have a planned
follow-up programme. However, some patients attended
regular visit at the local DRM to detect and palliate symp-
toms of the lung cancer, for example, dyspnoea and pain.

Statistical methods

The primary endpoint of the study was overall survival (OS).
The survival rates were calculated from the date of malignant
pathology diagnosis. OS was defined as the time to death
from any cause including lung cancer. The OS of the study
population to that of the general Danish population by
means of methods from relative survival (RS) was conducted.
The survival outcomes of the study populations were ana-
lysed for men and women separately in comparison with the
expected survival of the general population in which each
patient was matched to a control with the same sex and age
in the year of NSCLC diagnosis. Population tables from the
Danish Statistics (www.statistikbanken.dk/HISB9) were used.
All medical documentation for both groups was reviewed for
survival status. All data were analysed 1st of June 2017.
Univariate analyses were used to compare the two groups.
Means/medians were compared using T-test/Mann–Whitney
test. Group proportions were compared using Fisher’s exact

test. Multivariable analyses used Cox regression to explore if
any of the variables influenced overall survival. Propensity
score matching (PSM) was performed to reduce confounding
between the groups. The PSM was done utilizing the near-
est-neighbour methodology without replacement. The sur-
vival analyses were calculated using the Kaplan–Meier
method for both the unmatched and matched comparisons
of patients. The log rank test was used for testing differences
in survival rates. Secondary PSM analyses stratified by FEV1
reduction grade into to two groups (FEV1 reduction grade
1–3 versus FEV1 reduction grade 4–5) were performed. In all
the analyses, a two-tailed p value of <0.05 was considered to
be statistically significant.

Results

In the SBRT group 136 patients were enrolled and 73
patients in the NoTx group. The median potential follow-up
time was 70.1 months (41–123 months) and 84.4 months
(41–124 months) for the SBRT and NoTx groups, respectively.
Patients in the NoTx group were older (p< .001), had fewer
PET/CT scans performed as a staging procedure (p< .001)
and were less likely to have been diagnosed with adenocar-
cinoma (p¼ .004). Median FEV1 and FEV1 z-score was 1.42
versus 1.42 L and �2.47 versus �2.13 in the SBRT and NoTx
groups, respectively. Further details of baseline characteristics
are described in Table 1. In the study population, the fraction

Table 1. Patients’ characteristics.

All patients (n¼ 209) NoTx group (n¼ 73) SBRT group (n¼ 136) p Value

Sex .77
Female 113 (54%) 38 (52%) 75 (55%)
Male 96 (46%) 35 (48%) 61 (45%)
Age (years) <.001
Mean (range) 74.4 (49–90) 77.8 (54–89) 72.5 (49–90)
ECOG PS .88
0–1 95 (47%) 31 (46%) 64 (47%)
2þ 109 (53%) 37 (54%) 72 (53%)
CCI .23
0–1 104 (50%) 33 (45%) 71 (53%)
2–3 67 (32%) 29 (40%) 38 (28%)
4þ 37 (18%) 11 (15%) 26 (19%)
Tumour diameter mean .58
cm (range) 3.0 (0.7–5.0) 3.0 (0.7–5.0) 3.1 (1.2–5.0)
Histology/cytology .004
Adenocarcinoma 101 (48%) 24 (33%) 77 (57%)
Squamous cell carcinoma 68 (33%) 30 (41%) 38 (28%)
Other 40 (19%) 19 (26%) 21 (15%)
Pack years .77
Number of packyears (range) 41 (0–180) 42 (0–180) 41 (0–130)
Lung function
FEV1 (L), median 1.42 (0.27–3.83) 1.42 (0.39–3.27) 1.42 (0.27–3.83) .85
FEV1%pred, median 61 (12–142) 60 (15–105) 57 (12–127) .29
FEV1 z-score, median �2.38 (�5.54 to 1.47) �2.13 (�4.73 to 0.29) �2.47 (�5.54 to 1.47) .09
Year of diagnosis <.001
2007–2009 60 29 (48%) 31 (52%)
2010–2011 60 26 (43%) 34 (57%)
2012–2013 89 18 (20%) 71 (80%)
Staging procedures
Bronchoscopy 111 (53%) 44 (60%) 67 (50%) .15
CT of thorax 207 (99%) 71 (97%) 136 (100%) .12
PET/CT 180 (86%) 47 (64%) 133 (98%) <.001
EBUS/mediastinoscopy 83 (40%) 20 (27%) 63 (46%) .01

ECOG PS, Eastern Cooperative Oncology Group definition of performance status; CCI, Charlson Comorbidity Index; FEV1, forced expiratory volume in 1 s; FEV1%,-
FEV1 of expected.
Missing data: Packyears for 19 patients, PS for five patients, CCI for one patient, FEV1 and FEV1%pred for 15 and 19 patients. All patients with missing data are
in the untreated group except one patient with unreported CCI in the SBRT group.
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of patients who received SBRT increased from 52% in
2007–2009, to 57% in 2010–2011, and 80% in 2012–2013.

As illustrated in Figure 1 the median OS (mOS) was 47.8
versus 11.6 months for the SBRT and NoTx groups, respect-
ively (p< .001). The observed 1-year OS was 87% versus 48%
and the 5-year OS was 35% versus 5% in the SBRT and NoTx
groups, respectively. No difference in mOS was observed in
the NoTx group between patients with or without PET/CT as
a staging procedure; 12.5 versus 9.8 months, respectively
(p¼ .12). Subgroup analysis for the NoTx group was per-
formed according to the five different reasons for patients
not receiving treatment and there was no statistically signifi-
cant difference in mOS; for example, 12.8 months for patients
who refused treatment and 10.1 months for patients where
reason for missing referral was not stated. (p¼ .65). The
expected 1-year survival and 5-year survival were 96% versus
94% and 80% versus 70% for the SBRT and NoTx groups,
respectively. At 1 year and 5 years after NSCLC diagnosis the
RS was 90% versus 51% and 44% versus 7% for the SBRT
and NoTx groups, respectively. A multivariable Cox regression
analysis of overall survival for the total study population indi-
cated that pack years, adenocarcinoma, FEV1 reduction
grade, sex and CCI did not statistical significantly influence
survival. SBRT was a significant factor and associated with
improved prognosis with a hazard ratio (HR)¼ 0.25 (95% CI:
0.17–0.35), while ECOG performance status 2þ with HR
¼1.64 (95% CI: 1.18–2.27) and tumour diameter >3 cm with
HR ¼1.72 (95% CI: 1.24–2.38) also were significant factors but
associated with poorer prognosis (Table 2). The diagnostic
procedure of a PET/CT was associated with improved prog-
nosis in univariate analysis, but was not found to be a signifi-
cant factor in multivariate analysis.

PSM identified 44 patients from each group. Ten insuffi-
cient matches were observed. The groups were matched on
three clinical co-variables known to be related to overall sur-
vival: age, FEV1 z-score and sex. Baseline characteristics after
PSM in the two groups were well balanced; mean age of
76.3 versus 76.1 years, FEV1 z-score of �2.23 versus �2.34,
and 22 versus 22 women, the SBRT and NoTx groups,
respectively. In the matched comparison no statistically
significant differences in tobacco consumption, CCI and
tumour size were observed; 41 versus 41 packyears (p¼ .88),

2 versus 2 (p¼ .91) and 3.1 versus 3.0 cm (p¼ .71) in the
SBRT and NoTx groups, respectively. However, more patients
in the SBRT group had adenocarcinomas 23 versus 14
patients in the SBRT and NoTx group, respectively (p¼ .04).
As illustrated in Figure 2, there was a statistically significant
difference in mOS in the matched comparison, 47 versus 11
months in the SBRT and NoTx groups, respectively (p< .001).
Secondary analyses showed that the survival for patients
with FEV1 reduction grade 1–3 was affected significantly by
SBRT treatment with HR ¼0.39 (95% CI: 0.22–0.68) after PSM.
There was also a statistically significant difference in survival
for patients with FEV1 reduction grade 4–5 with SBRT com-
pared with the NoTx group with a HR ¼0.16 (95% CI:
0.05–0.49) after PSM.

According to information available in medical records
none of the patients treated with SBRT experienced acute
grade 3þ toxicity or SBRT related death. The most common
side effects were skin rash, rib fracture, cough and radio-
logical pneumonitis/fibrosis without clinical symptoms. Fifty-
one patients had recurrence of NSCLC after treatment with
SBRT. Of these, 21 patients did not receive any salvage
treatment, 22 patients received palliative treatment (RT,
chemotherapy or tyrosine kinase inhibitor) and eight patients
received curative treatment (SBRT, chemo-radiotherapy or
lobectomy). There was no statistically significant difference in
mOS for patients without and with treatment, 21.3 versus
37.4 months respectively (p¼ .40).

Discussion

The current data set represents a large single-institutional
cohort of patients with localized NSCLC treated with SBRT
compared with a national cohort extracted from DLCR of
patient with localized NSCLC without treatment. In summary,
the survival was more favourable among patients treated
with SBRT compared with patients who did not receive any
treatment. In total, there was a 75% lower mortality rate
among patients with localized NSCLC treated with SBRT com-
pared with patients without treatment. The median overall
survival was approximately 3 years longer for SBRT treated
patients and the relative survival at 5 years was 44% for the
SBRT group and 7% for the NoTx group. Severe to very
severe reduction of FEV1 (FEV1 reduction grade 4–5) did not
predict for poorer survival for SBRT treated patients with
localized NSCLC compared to patients with FEV1 reduction
grade 1–3.

Wao et al. conducted a systematic review of the natural
history of patients with confirmed diagnosis of lung cancer
without active treatment and found that patients with local-
ized NSCLC had a median OS of 11.9 months [19]. Many of
the included studies in this review were not analysed in the
era of SBRT and hence comparison to patients treated with
SBRT can be difficult. However, the present study compared
survival in localized NSCLC patients with or without SBRT in
the same time period and found similar poor OS for
untreated patients. In most of the previous studies compar-
ing SBRT with no treatment, staging procedures were not
stated [11–13,19–21]. Some studies were conducted in the

Figure 1. Kaplan–Meier survival curves of overall survival for the SBRT group
and the NoTx group before PSM.
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PET era, but it was not stated how many patients had PET or
mediastinal staging performed. In the present study, full
information on staging procedures was available in both
groups of patients with cytologically/histologically proven
localized NSCLC. Fewer patients had PET/CT performed in the
NoTx group (64%), but it did not affect the overall survival
for the untreated patients. Some of the studies on natural
history of patients with localized lung cancer had no informa-
tion on treatment to specific symptoms with, for example,
palliative radiotherapy. In the present study, the patients in
the NoTx group did not receive any kind of oncologic treat-
ment including palliative treatment. The present study also
took changes in IASLC TNM Classification into consideration.
Any misclassification in both groups is thus considered to be
slight.

It is a weakness of the study that the reason for not being
referred to treatment is not known for all of the untreated
patients. One-third of the patients in the untreated group
refused treatment. However, this study showed that patients
in the NoTx group had the same prognosis regardless of
lacking information of no referral to treatment or the patients
refused treatment. Patients in the untreated group were not
necessarily evaluated for surgery. Thus, these patients may

have been in better medical condition than those who were
treated with SBRT and the median overall survival may be
overestimated. The propensity score matching was con-
ducted in an attempt to control for unrecognized confound-
ers. However, unbalances may have persisted in the nature
of a retrospective study. Shirvani et al. also performed pro-
pensity score matching in elderly patients with localized
NSCLC and found no statistically significant difference in
overall survival in patients treated with lobectomy and SBRT,
and that untreated patients had poor outcome [22]. In a pre-
vious study on localized NSCLC there was no statistically sig-
nificant difference between a Charlson Comorbidity Index
score in SBRT and untreated patients, and that patients with
higher Charlson Comorbidity Index score still benefit for
SBRT suggesting that lung cancer is the main driver for death
in this population [21]. The same was observed in the pre-
sent study with no differences in CCI between the NoTx and
SBRT groups. Evaluating 5-year survival using relative survival
as a measure was therefore advantageous compared with
disease-free survival and overall survival because it accounted
for competing causes of death like comorbidity by adjusting
for the general survival rate for that same age and date of
diagnosis. Often, the reported causes of death in population
based studies are not consistent. Given the median age of
NSCLC diagnosis (74 years) and the competing risk of death
from comorbidities, relative survival may be a better measure
of survival since it is not required to know the cause of death
for calculation. The relative 5-year survival of 44% and 7% for
the SBRT and untreated groups provides valuable informa-
tion for the patients and the clinicians. The relative survival
in the SBRT group being much less than 100% is probably
partly due to tumour control is not obtained in all patients.
However, patients diagnosed with smoking related cancers
may also experience excess mortality compared to the gen-
eral population due to other smoking related conditions.

In a study of Henderson et al. baseline pulmonary func-
tion in terms of low FEV1 did not predict for decreased sur-
vival for patients with localized NSCLC treated with SBRT.
However, an increase in baseline FEV1 predicted three times
higher risk of death after treatment [23]. Stephans et al. also

Table 2. Proportional hazards model for mortality among the total study population in univariate and multivariate models.

Univariate model Multivariate model

HR p Value 95% CI HR p Value 95% CI

Age 1.02 .01 1.01–1.04 – – –
SBRT 0.27 <.001 0.20–0.38 0.25 <.001 0.17–0.35
T-diameter �3 cm 1.35 .06 0.98–1.84 1.64 .003 1.18–2.27
Male sex 0.98 .66 0.72–1.34 – – –
ECOG PS 2þ 1.55 .01 1.12–2.14 1.72 .001 1.24–2.38
Packyears 1.00 .71 0.99–1.01 – – –
FEV1 reduction grade – – –
1 none to mild (reference) 1.00 – –
2 moderate 1.06 .82 0.65–1.73
3 moderate severely 0.99 .97 0.62–1.58
4 severe 0.88 .61 0.55–1.41
5 very severe 0.92 .78 0.51–1.66

Adenocarcinoma 0.87 .39 0.64–1.19 – – –
PET/CT scan 0.37 <.001 0.24–0.56 – – –
Charlson Comorbidity Index
CCI 0–1 (reference) 1.00 – –
CCI 2–3 1.33 .11 0.94–1.89
CCI >3 1.22 .35 0.80–1.86

Figure 2. Kaplan–Meier survival curves of overall survival for the SBRT group
and the NoTx group after PSM.
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found that lower baseline FEV1%pred had better survival
than the total study group [24]. In the latter study, height,
age and gender were also included in order to reduce poten-
tial confounding. Both studies found that patients considered
medically inoperable who had the highest baseline FEV1
often suffered and died from cardiac comorbid conditions. In
the present study, FEV1 reduction grades did not have statis-
tically significant influence on OS. However, the patients with
FEV1 reduction grade 4–5 did benefit more from SBRT com-
pared to patients with FEV1 reduction grade 1–3. The Cox
regression analyses have been repeated with FEV1%pred as a
continuous variable and FEV1-reduction still did not have
influence on overall survival (data not shown). These results
may indicate that other comorbid conditions than COPD may
account for the survival difference of SBRT treated patients
with localized NSCLC. Klement et al. found that CCI did not
predict the risk of early death and all patients should be
offered SBRT despite of comorbid conditions [25]. Klement
et al. also found that ECOG PS was significantly associated
with early death and suggested that a possible solution for
longer overall survival could be a comprehensive geriatric
assessment (CGA). The relative survival for both groups of
patients in this study suggests that not only lung cancer
death is the main driver for mortality, but may also be
explained by the frailty of both groups. Therefore, a CGA
might improve overall survival.

In conclusion, there was a significant difference in overall
survival favouring SBRT to no treatment in patients with
localized NSCLC. Performance status of 0–1, tumour size less
than 3 cm in diameter and SBRT predicted improved progno-
sis. SBRT should not be withheld for patients with localized
NSCLC based on low baseline FEV1%pred.
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