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A B S T R A C T

Objectives: Resection is the standard treatment for stage I non-small cell lung cancer (NSCLC) in operable pa-
tients. Stereotactic body radiotherapy (SBRT) is recommended for inoperable patients. A shift from surgery to
SBRT is expected in elderly patients due to increased frailty and competing risks. We assessed the current in-
fluence of age on treatment decision-making and overall survival (OS).
Materials and methods: We performed a retrospective cohort study using data from patients with clinical stage I
NSCLC diagnosed in 2012–2016 and treated with lobectomy, segmentectomy, wedge resection, or SBRT, re-
trieved from the Netherlands Cancer Registry. Patient characteristics and OS were compared between SBRT and
(sub)lobar resection for patients aged 18−79 and ≥80 years.
Results and Conclusion: 8764 patients treated with lobectomy (n=4648), segmentectomy (n= 122), wedge
resection (n=272), or SBRT (n= 3722) were included. In 2012–2016, SBRT was increasingly used for octo-
genarians and younger patients from 75.3% to 83.7% and from 30.8% to 43.2%, respectively. Five-year OS in the
whole population was 70% after surgery versus 39% after SBRT and 50% versus 27% in octogenarians. After
correction for age, gender, year of diagnosis, and clinical T-stage, OS was equal after lobectomy and SBRT in the
first 2 years after diagnosis. However, after> 2 years, OS was better after lobectomy than after SBRT.

SBRT is the prevailing treatment in octogenarians with stage I NSCLC. While surgery is associated with better
OS than SBRT, factors other than treatment modality (e.g. comorbidity) may have had a significant impact on
survival. The wider application of SBRT in octogenarians likely reflects the frailty of this group. Registries and
trials are required to identify key determinants of frailty in this specific population to improve patient selection
for surgery or SBRT.

1. Introduction

Anatomical surgical resection is considered the standard treatment
for stage I non-small cell lung cancer (NSCLC) in medically operable
patients [1,2]. Historically, patients received conventional radiotherapy
if considered inoperable, frequently being elderly patients with co-
morbidities or impaired pulmonary function. However, radiotherapy
for these patients was associated with only a modest survival benefit
compared to best supportive care due to a high local recurrence rate

[3,4]. Due to the moderate survival rates and the side effects of con-
ventional radiotherapy, 32% of elderly patients (≥75 years) with early-
stage NSCLC did not receive treatment with curative intent in 2001 in
the Netherlands [5]. After the introduction of stereotactic body radio-
therapy (SBRT) as a potential curative treatment of NSCLC in 2003, the
proportion of Dutch elderly patients undergoing non-curative treatment
decreased to 19% around 2013 [6]. The recent phase 3 CHISEL trial
confirmed the effectiveness and superiority of SBRT over conventional
radiotherapy in inoperable early-stage NSCLC [7]. Also in the
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population aged ≥80 years, the effectiveness and safety of SBRT were
demonstrated [8]. Since surgery is associated with a risk of post-
operative complications up to 30% and increasing procedure-related
mortality in the elderly population [9–11], we hypothesized that
treatment for stage I NSCLC has shifted from surgery to SBRT in this
patient group. Since the proportion of patients aged ≥80 years and
diagnosed with stage I NSCLC has currently increased to 12% in the
Netherlands [12], effort is needed to understand the influence of old
age on treatment decision-making and survival. For this purpose, we
reviewed data from the Netherlands Cancer Registry (NCR) in the
period 2012-2016 and compared treatment decisions and survival
among the octogenarian population with stage I NSCLC with those
among the population aged 18−79 years.

2. Materials and methods

2.1. The Netherlands Cancer Registry

The NCR collects data on all cancer patients diagnosed in the
Netherlands. It is notified of newly diagnosed malignancies by the na-
tional automated pathological archive and of hospital discharge diag-
noses. Data on demographics, diagnosis, staging, and treatment is ex-
tracted from medical records by NCR personnel. Survival status is
updated annually via a computerized link with the national civil reg-
istry. This study was approved by the NCR Privacy Review Board. In
accordance with the regulations of the Central Committee on Research
involving Human Subjects, this type of study did not require approval
from an ethics committee in the Netherlands.

2.2. Patient population

Data from 11,802 patients diagnosed with clinical stage I NSCLC
from 1 January 2012 to 31 December 2016 were retrospectively re-
trieved from the NCR. The study population consisted of patients who
were treated either with SBRT or (sub)lobar resection with curative
intent for stage I NSCLC based on the 7th edition of the Union for
International Cancer Control TNM classification [13]. Diagnosis of
stage I NSCLC was generally based on positron emission tomography
(PET) and/or computed tomography (CT) findings, preferably con-
firmed by histology or cytology. The following patients were excluded:
age< 18 years (n=4); synchronous (n= 738) or metachronous tu-
mours (n= 552); patients treated with best supportive care (n=805),
chemotherapy or chemoradiotherapy (n=119), neoadjuvant treat-
ment before surgery (n= 26), conventionally fractionated radiotherapy
(n=314), bi-lobectomy or pneumonectomy (n=442), or other sur-
gical/bronchoscopic intervention (e.g. endoluminal laser therapy,
cryotherapy, etc.) (n= 38). After exclusion, 8764 patients were eligible
for analysis.

2.3. Statistical analysis

Study size was determined by a convenience sample, anticipating
more than 200 octogenarians who were operated. Patients were stra-
tified by age (18−59, 60−69, 70−79, ≥80 years), gender, TNM
clinical T-stage (cT; 1A, 1B, 2A), and year of diagnosis. Parameters
predictive of treatment choice were assessed by tabulations and tested
for significance with chi-square testing. Patients undergoing resection
were subdivided in age groups 18−79 years and ≥80 years to in-
vestigate the influence of age ≥80 years on surgical extent, surgical
approach, delivery of systemic adjuvant therapy, and postoperative 90-
day mortality.

Overall survival (OS) was calculated from day of diagnosis until day
of death or 1 February 2019 using Kaplan-Meier analysis. Differences in
survival between patients treated by SBRT or surgery were plotted,
stratified by age group.

Multivariable survival analysis was performed using proportional

hazards regression analysis, to compare lobectomy versus SBRT, seg-
mentectomy, and wedge resection. Covariates included in the regres-
sion model were age, gender, cT, and year of diagnosis. One additional
model was constructed to compare video-assisted thoracoscopic surgery
(VATS) and open resections, with conversions designated as VATS. A
second additional model was developed to compare tumours with and
without pathological confirmation of malignancy in patients treated
with SBRT. Prognostic impact is represented by hazard ratios (HR) and
95% confidence intervals (CI). The proportional hazards assumption
was tested with log-log plots and appeared to be violated for the vari-
able treatment as the hazard ratio between SBRT and surgery varied
considerably over time since diagnosis. This issue was resolved by ap-
plying stratified models to assess the prognostic impact of treatment in
the first two years versus later years. P-values< 0.05 were considered
statistically significant. All analyses were performed in Stata V14
(College Station, TX, USA).

3. Results

3.1. Patient characteristics

A total of 8764 patients were included. Patient characteristics are
shown in Table 1. The median age was 74 years for patients treated
with SBRT and 66 years for patients receiving a resection. Patients with
larger tumours underwent a lobectomy more frequently, whereas sub-
lobar resections were mainly performed for T1a tumours. Of the 3722
SBRT patients, 1800 (48%) were pathologically confirmed (data not
shown). Among all patients who had either a (sub)lobar resection or
SBRT for stage I NSCLC, the proportion of patients receiving SBRT in-
creased from 36.1% in 2012 to 48.5% in 2016. In the age groups
18−79 years and ≥80 years, the proportion of patients receiving SBRT
in this period increased from 30.8% to 43.2% and from 75.3% to
83.7%, respectively (data not shown separately).

Table 2 shows characteristics for surgically treated patients when
stratified based on age (18−79 years versus ≥80 years). There was no
significant difference in the proportion of sublobar resections (10.2%
versus 7.7%), nor in the proportion of resections performed with VATS
(83.7% versus 77.8%) for octogenarians versus younger patients. The
percentages of postsurgical pathological upstaging to stage II or higher
were similar in the octogenarian and younger population (20.9% versus
20.7%). Upstaging after sublobar resections is less common than after
lobectomies (10.4% versus 21.6%). After postsurgical pathological ex-
amination, 12.5% of patients aged 18-79 years and 3.3% of patients
aged ≥80 years received adjuvant chemotherapy or radiotherapy
combined with chemotherapy. 90-day mortality after surgery was

Table 1
Patient characteristics.

SBRT Sublobar resection Lobectomy

n % n % n % P-value

Age 18−59 317 20.2 92 5.8 1164 74.0 <0.001
60−69 962 32.5 148 5.0 1848 62.5
70−79 1548 49.6 132 4.2 1443 46.2
≥80 895 80.6 22 2.0 193 17.4

Gender Men 2110 44.8 167 3.5 2429 51.6 <0.001
Women 1612 39.7 227 5.6 2219 54.7

cT 1A 1860 47.3 289 7.3 1784 45.4 <0.001
1B 1012 43.4 65 2.8 1253 53.8
2A 850 34.0 40 1.6 1611 64.4

Year 2012 540 36.1 70 4.7 885 59.2 <0.001
2013 630 38.2 72 4.4 946 57.4
2014 705 41.6 79 4.7 912 53.8
2015 884 45.5 77 4.0 980 50.5
2016 963 48.5 96 4.8 925 46.6

Total 3722 394 4648

Abbreviations: cT, clinical T-stage; SBRT, stereotactic body radiotherapy.
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0.6%, 1.8%, 2.2% and 6.1% for age groups 18-59, 60-79, 70-79 and
≥80 years old, respectively.

3.2. Overall survival by treatment

In total, 3357 of 8764 (38%) patients had died and median follow-
up for censored patients was 48 months. Five-year OS was 70% for
surgery (i.e. lobectomy and sublobar resection) versus 39% for SBRT.
Fig. 1a-d shows survival curves for both treatments, stratified by age
group. In all age categories, five-year OS was significantly better for
surgery compared to SBRT: 80% versus 56%, 73% versus 46%, 62%
versus 39%, and 50% versus 27% for age groups 18-59, 60-79, 70-79
and ≥80 years, respectively. Median survival was 46 months for all

SBRT patients. Median survival was not reached among all operated
patients (70% survived longer than 60 months). For octogenarians,
median survival was 58 months after surgery and 37 months after
SBRT. Fig. 1d shows an initial higher mortality rate after a (sub)lobar
resection among octogenarians. However, after 14 months, survival is
better after a (sub)lobar resection in this age group.

Table 3 shows a major difference in hazard ratios between the
univariable and the two multivariable analyses. In the first period, 0−2
years after diagnosis, survival after lobectomy does not differ from
SBRT (HR 0.99, 95% CI 0.89-1.11). Prognosis after wedge resection is
significantly worse compared to lobectomy (HR 1.96, 95% CI 1.08-
3.58), whereas results of segmentectomy are similar (HR 1.29, 95% CI
0.93-1.79). In the second period,> 2 years after diagnosis, survival is

Table 2
Characteristics of patients undergoing (sub)lobar resection, stratified by age groups 18-79 years and ≥80 years.

Age 18−79 Age ≥80

Sublobar resection Lobectomy Sublobar resection Lobectomy

n % n % n % n %

Surgical approach VATS 269 72.3 3486 81.9 21 95.5 159 82.4
Open 103 27.7 969 18.1 1 4.5 34 17.6

Surgical extent (sublobar resections) Wedge resection 257 69.1 – – 15 68.2 – –
Segmentectomy 115 30.9 – – 7 31.8 – –

p-stage I 333 89.5 3495 78.5 20 90.9 150 77.7
≥II 39 10.5 960 21.5 2 9.1 43 22.3

Systemic adjuvant therapy 19 5.1 586 13.2 1 4.5 6 3.1
Mortality POM90 3 0.8 74 1.7 2 9.1 11 5.7
Total 372 4455 22 193

Abbreviations: POM90, 90-day postoperative mortality; p-stage, pathological stage; SBRT, stereotactic body radiotherapy; VATS, video-assisted thoracoscopic sur-
gery.

Fig. 1. a-d. Overall survival by treatment, stratified by age group.
a) 18−59; b) 60−69; c) 70−79; d) ≥80 years.
Abbreviations: SBRT, stereotactic body radiotherapy.

J.C. de Ruiter, et al. Lung Cancer 144 (2020) 64–70

66



clearly worse after SBRT (HR 2.43, 95% CI 2.19-2.71). The poorer
survival in octogenarians was more pronounced in the second period:
HR 1.33 (95% CI 1.09-1.64) in period 1 versus HR 2.58 (95% CI 2.12-
3.15) in period 2. Additional analyses (data not shown) revealed similar
survival after thoracoscopic versus open surgery (HR 0.98, 95% CI 0.87-
1.11) and poorer survival in SBRT cases with pathological confirmation
of lung cancer compared to SBRT cases without pathological con-
firmation (HR 1.22, 95% CI 1.11-1.33).

4. Discussion

4.1. Main outcomes

Our study shows that age is an important determinant for treatment
choice for patients with stage I NSCLC. Surgery is clearly preferred in
younger patients, while SBRT is the most common treatment among
octogenarians. However, our results show that even among octogen-
arians, survival is considerably better after surgery. Unfortunately,
treatment results cannot readily be compared in observational studies
due to confounding by indication. Fit patients will be selected for sur-
gery, while frail patients are more likely to be treated with SBRT. The
major limitation of our analyses is that we could not control for var-
iation in comorbidity, pulmonary function, and performance status.
However, even if this information was available, disparity between
treatment groups cannot fully be resolved by propensity score metho-
dology [14].

In contrast, survival outcomes after SBRT may be overrated due to
two factors. First, SBRT was mainly performed for cT1a tumours,
whereas cT2a tumours were more often treated with a lobectomy.
Secondly, only 48% of patients treated with SBRT had pathological
confirmation of malignancy, against 100% for the surgical series. With
the possible inclusion of benign lesions, survival after SBRT might be
biased and overestimated. Our data showed that among patients treated
with SBRT, there was a survival deficit for patients with pathology-
verified malignancy, which is concordant with a recent meta-analysis
by IJsseldijk et al. [15]. The high proportion of SBRT-treated patients
without pathological confirmation might be explained by the ESMO
guideline stating that treatment is warranted when the risk of malig-
nancy is over 85% based on PET-CT findings [1,16,17].

4.2. Surgical strategies for octogenarians

Old age (≥80 years) was not associated with increases in sublobar
resections and resections performed with VATS compared to younger
patients. When a (sub)lobar resection was performed, lobectomy was
the preferred type of resection (89.8% of operated patients aged ≥80

years). Sublobar resections were mainly performed for cT1a tumours.
VATS was the preferred technique if a surgical procedure was per-
formed (83.7% of procedures in patients aged ≥80 years).

Although a sublobar resection leads to more remaining lung par-
enchyma, more lung function preservation, and better perioperative
outcomes compared to a lobectomy [18,19], octogenarians did not have
sublobar resections more often than younger patients. Sublobar resec-
tions, in particular wedge resections, might be inferior to lobectomies
as a result of inadequate intrapulmonary lymph node dissection,
leading to higher cancer-specific mortality [20,21]. However, in pa-
tients with cT1a tumours, the intrapulmonary lymph node dissection
might have a smaller impact because of the relatively small risk of
nodal upstaging in these tumours [22].

In contrast, in this study we observed equal survival after sublobar
resections (wedge resection and segmentectomy) and lobectomies on
the long term (after> 2 years of follow-up). The worse survival seen in
the first 2 years after wedge resection might be explained by con-
founding by indication, because more patients with a poor baseline
prognosis might have been selected for this type of resection. This as-
sumption is supported by a meta-analysis comparing lobectomy and
sublobar resection, which concluded that survival after a sublobar re-
section was worse in the whole patient population, but that comparable
survival rates were achieved in patients who could have tolerated either
operation [23]. The favourable long-term results suggest that a sub-
lobar resection (preferably an anatomical segmentectomy) should be
considered in patients who are unfit to undergo a lobectomy. Hence, it
seems remarkable that sublobar resections, especially segmentectomies,
were not increasingly performed in elderly patients with more co-
morbidity compared to younger patients. It is likely that due to the
introduction of SBRT, patients who are unfit for a lobectomy were re-
ferred for SBRT instead of a sublobar resection. Whether this policy is
commendable remains to be elucidated. Retrospective studies showed
considerably better outcomes after sublobar resection compared to
SBRT [24,25], however, results from randomized trials are needed for
treatment guidance in patients who cannot tolerate a lobectomy.

VATS resection was not more common among octogenarians. This
might be explained by the fact that surgical approach is mainly de-
termined by the location of the lesion [26]. VATS was not associated
with improved survival compared to open procedures, which is in ac-
cordance with results from a propensity score analysis by Yang et al.
[27]. Yet, literature suggests that VATS should be preferred over a
thoracotomy because of a shorter hospital stay, less postoperative pain,
and a better quality of life in the first year after operation among pa-
tients undergoing VATS [27,28]. Currently, the effectiveness, cost-ef-
fectiveness, and acceptability of VATS lobectomy versus open surgery
are being studied in the VIOLET trial [NCT03521375], which is

Table 3
Multivariable survival analysis, stratified by time since diagnosis.

Univariable Multivariable 0−2 years Multivariable > 2 years

HR 95% CI HR 95% CI HR 95% CI

Age 18−59 1 1 1
60−69 1.64 1.45−1.85 1.24 1.04−1.49 1.57 1.32−1.86
70−79 2.52 2.24−2.84 1.23 1.03−1.46 2.01 1.69−2.38
≥80 3.86 3.38−4.40 1.33 1.09−1.64 2.58 2.12−3.15

Gender Men 1 1 1
Women 0.67 0.62−0.71 0.95 0.86−1.05 0.83 0.75−0.91

Year 0.98 0.95−1.01 0.98 0.95−1.01 0.96 0.92−1.00
cT 1A 1 1 1

1B 1.18 1.08−1.28 1.03 0.91−1.17 1.11 0.99−1.25
2A 1.51 1.40−1.64 1.11 0.99−1.25 1.43 1.28−1.61

Treatment Lobectomy 1 1 1
Segmentectomy 0.82 0.56−1.20 1.29 0.93−1.79 1.05 0.64−1.72
Wedge resection 1.10 0.88−1.38 1.96 1.08−3.58 1.11 0.80−1.54
SBRT 2.48 2.31−2.66 0.99 0.89−1.11 2.43 2.19−2.71

Abbreviations: HR, hazard ratio; CI, confidence interval; cT, clinical T-stage; SBRT, stereotactic body radiotherapy.
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expected to be completed in September 2020.
In case of postsurgical pathological upstaging to a stage II or higher,

guidelines advise systemic adjuvant therapy to increase cancer-specific
survival probability [29]. However, systemic adjuvant treatment was
considerably less frequently used among octogenarians compared to the
younger population, probably due to worse tolerance in case of severe
comorbidity, a poor performance score, or by refusal of the patient,
which is more frequently encountered in the elderly population [30].
Therefore, the impact of a systematic lymph node examination is
smaller with regard to the use of adjuvant chemotherapy in the elderly
population compared to younger patients. However, it may improve
local control.

4.3. Survival

We compared absolute survival between surgical resection and
SBRT and found a considerable survival difference between the two
modalities, which was similar in all age groups. Among octogenarians,
five-year OS was 50% after surgery. Studies performed in Japan [31]
and Italy [32] reported higher survival rates of 57.5% and 60%, re-
spectively. In contrast, a nationwide study in the USA reported a five-
year OS of 40% after surgery [33]. The variation in survival rates may
be explained by differences in patient selection for surgical resection.
Stringent selection criteria for surgery will yield better survival in the
surgery subgroup but may reduce survival in the overall series of pa-
tients with stage I NSCLC.

Octogenarians had a worse survival and were less often treated with
surgery when compared to younger age groups, which likely reflects the
frailty of this population with competing risks. The fact that the survival
difference between surgical resection and SBRT remained constant with
increasing age, suggests that the selection of elderly patients for sur-
gical resection was performed properly in the Netherlands. However,
patient selection for either surgical resection or SBRT could possibly be
improved with future research investigating key determinants of frailty
in the octogenarian population.

So far, no studies have been published comparing surgical resection
and SBRT in the octogenarian population. In a population with a mean
age of 75 years, Shirvani et al. found similar results, showing that SBRT
was associated with a better OS in the first six months after diagnosis,
but with worse survival thereafter [34]. Detillon et al. also reported
results supporting better long-term outcome after surgery in patients
aged ≥65 years [35]. The initial higher mortality in octogenarians
undergoing surgical resection is concordant with an earlier reported
association between age and postoperative mortality [9]. The excess
mortality might be explained by the increased prevalence of cardio-
pulmonary comorbidity in elderly patients, putting them at higher risk
of death from complications [9,36]. Therefore, the risk of complications
should be carefully weighed against the possible benefit of surgery on
the long term, based on the condition and preferences of the patient.

Several phase III randomized trials have been initiated in order to
make a proper comparison between surgery and SBRT in patients with
operable early-stage NSCLC: the ROSEL trial [NCT00687986], the
STARS trial [NCT00840749], and the ACOSOG Z4099 trial
[NCT01336894] compared outcomes between the two treatment
modalities for patients with resectable and operable early-stage NSCLC,
but all three studies failed to complete accrual. Results from three
prospective randomized trials (STABLE-MATES, POSTILV, and VALOR)
are expected in 2024, 2026 and 2027, respectively. However, it is not
clear whether these randomized studies will have sufficient patient
inclusion for results to be published over at least 4–7 years. For in-
stance, the SABRTOOTH study [NCT02629458], a study comparing
SABR and surgery in high risk patients with stage I NSCLC, had diffi-
culties in accrual due to patient preferences. Patients preferred one
treatment over the other, making it not feasible to conduct a large
randomized controlled trial in the United Kingdom. Moreover, only the
VALOR trial includes solely anatomical resections (lobectomies and

segmentectomies; no wedge resections). Finally, to enable a valid
comparison between these two treatment options among specific pa-
tient subgroups (e.g. octogenarians), registration and analysis of de-
tailed prospective observational data is necessary, using modern
methodology such as propensity matching.

4.4. Strengths and weaknesses

The main strength of this study is that it is population-based, in-
cluding 8764 patients among which 215 surgically treated octogenar-
ians. These real world data give a good reflection of Dutch clinical
practice. Nonetheless, comparison of absolute survival rates might be
confounded by differences in baseline prognosis between patients
treated with a resection or SBRT. Fit patients are selected for surgery,
while patients receiving SBRT are often inoperable due to comorbid-
ities, poor pulmonary function, and a poor performance score, factors
that are associated with an inferior prognosis [37]. After correction for
age, gender, incidence year, and clinical T-stage, the difference in
survival rates between surgery and SBRT decreased, confirming the
existence of prognostic disparity between the two groups regardless of
the treatment given and probably reflecting the transition of operable
patients with minor comorbidity to the SBRT group in time. However,
further adjustment for prognostic factors was not possible, since in-
formation on comorbidity, performance status and complications is not
registered in the NCR database. Consequently, proper comparison of
survival outcome after surgery and SBRT was not feasible. Moreover,
progression-free survival could not be estimated, since no data on re-
currences were available from the NCR database. Finally, information
from the Dutch Central Bureau of Statistics on cause of death was not
available due to privacy restrictions, making it impossible to differ-
entiate between cancer-specific death and death from other causes.
Therefore, we were unable to study the differences in (non-)cancer-
related mortality between the surgery and SBRT group.

5. Conclusions

In conclusion, SBRT has become the prevailing treatment for octo-
genarians with stage I NSCLC. While surgical resection is associated
with better survival than SBRT, factors other than the treatment mod-
ality, such as comorbidity, pulmonary function, and performance score,
may have had significant impact on survival. The wider application of
SBRT in octogenarians likely reflects the frailty of this age group with
competing risks. Dedicated clinical registries and prospective trials are
required to identify key determinants of frailty in this specific popula-
tion in order to improve patient selection for SBRT or surgery.
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