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Abstract Background: The optimal treatment of elderly patients with early-stage nonesmall-

cell lung cancer (NSCLC) remains elusive. Still, the introduction of video-assisted thoracic

surgery (VATS) and stereotactic body radiotherapy (SBRT) may have led to more elderly

receiving treatment and improved median overall survival (OS).

Materials and methods: We analysed data from the Netherlands Cancer Registry of 2168 pa-

tients �65 years with clinical stage I NSCLC and distinguished two periods: 2004e2008 (A)

and 2009e2013 (B). The analyses focussed on treatment patterns and median OS for patients

receiving surgery, radiotherapy or neither surgery nor radiotherapy. Furthermore, we

explored the influence of the application of VATS and SBRT.

Results: The resection rate did not differ between the periods A and B (51% versus 53%;

p Z 0.37), despite significantly more VATS procedures in the latter period (0% versus 32%;

p < 0.001). Application of radiotherapy increased (26% versus 33%; p Z 0.001), especially

SBRT (3% versus 63%; p < 0.001). The proportion of patients receiving neither therapy

decreased (23% versus 14%; p < 0.001). Median OS for all patients significantly improved
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(31 versus 42 months; p Z 0.001), and also for those receiving radiotherapy (23 versus 33

months; p Z 0.02), but not significantly for surgical patients (65 versus 74 months;

p Z 0.16). Still, in multivariable analysis, surgical patients had an increased risk of death in

period A compared with period B (hazard ratio [HR] 1.20; 95% confidence interval [CI],

1.01e1.43); this was not the case for patients receiving radiotherapy (HR 1.19; 95% CI,

0.99e1.43). Five-year OS was 57% for surgical patients and 23% for those receiving radio-

therapy.

Conclusion: In elderly patients with stage I NSCLC, the use of surgery remained constant, that

of radiotherapy increased and fewer patients received neither treatment over the years. Median

OS improved for all patients; surgery was associated with the highest long-term OS.

ª 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Lung cancer is the leading cause of cancer death

worldwide [1] and in the Netherlands [2]. The highest

incidence rates are found among women aged 65e69

years and among men aged 70e74 years [3]. On the basis

of demographic developments, the absolute number of

new cases of lung cancer in the Netherlands is expected

to increase by 46% for men and 24% for women between

2015 and 2040 [4]. Only small improvements in overall
survival (OS) have been reported so far. Driessen et al.

found that 5-year relative survival for patients �70 years

in the Netherlands had increased from 12% in

1990e1994 to 16% in 2010e2014 [5].

Surgery offers the best potential cure for early-stage

nonesmall-cell lung cancer (NSCLC). It is not always

offered, however, to elderly patients in view of their

advanced age and comorbidities [6]. In a study by Palma
et al., 38% of 875 patients �75 years with stage I

NSCLC did not receive any form of treatment [7]. The

outcome of surgery can potentially be improved by

video-assisted thoracic surgery (VATS) [8]. In previous

studies, VATS was superior to thoracotomy in terms of

postoperative morbidity, even in octogenarians [9e11].

For patients who are inoperable because of comorbid-

ities, radiotherapy is an alternative treatment with
curative intent [8]. Shirvani et al. reported that stereo-

tactic body radiotherapy (SBRT) offers better long-term

OS than external beam radiotherapy [12]. SBRT makes

use of high doses of radiation in a limited number of

fractions, thereby avoiding damage to organs close to

the tumour [13]. In a study by Haasbeek et al., the

application of SBRT in Dutch patients �75 years with

stage I NSCLC was associated with a 9-month
improvement in OS over the period 2001e2009 [8].

New technologies, such as VATS and SBRT, have

gained acceptance by now. The question is, however,

whether treatment is offered to more elderly patients

now and whether the OS has improved. To answer this

question, we performed a study evaluating changes in

treatment patterns and OS for patients �65 years with

clinical stage I NSCLC.
2. Materials and methods

Population-based data from the southern region of the

Netherlands Cancer Registry (NCR) were used. This

region covers 2.4 million inhabitants (15% of the Dutch

population). The NCR records data of all patients newly

diagnosed with cancer. The NCR automatically receives

notifications of all newly diagnosed malignancies from

the nationwide network and registry of histopathology

and cytopathology in the Netherlands. Additional
sources are radiotherapy institutes and the Dutch na-

tional registry of hospital discharge. These data are

supplemented with data from medical records, including

patient characteristics (such as age, sex and comorbid-

ities) and tumour characteristics (such as the date of

diagnosis, tumour type, histology, stage and treatment).

The type of surgery is recorded in the database, whereas

details of radiotherapy such as dose or fraction are
missing. We selected data from the southern region

because information on comorbidities is routinely

collected in this region only. Information on vital status

was obtained from the population registries network.

Cause of death was not available. Follow-up data were

complete until February 2017.

We retrieved data of all patients �65 years diagnosed

between 2004 and 2013 with clinical stage I NSCLC,
according to the International Union Against Cancer

tumour-node-metastasis (TNM) edition 6 and 7 (from

2010 onwards). Treatment patterns and median OS were

assessed for two periods: 2004e2008 (period A) and

2009e2013 (period B). In 2004, fluorodeoxyglucose

positron emission tomography (FDG-PET) scanning

has been incorporated in the national guideline for

NSCLC in the Netherlands. PET scans were introduced
gradually in the Netherlands and became a more com-

mon practice between 2005 and 2008. Endoscopic ul-

trasound/endobronchial ultrasound has become more

common in daily clinical practice since 2010 and was

incorporated in the national guideline in 2011. In the

Netherlands, SBRT became available in 2003 and

became widespread after 2007 [8]. In 2006, the first

VATS lobectomy was performed in the Netherlands
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[14]. Treatment was classified as surgery, including

thoracotomy and VATS; radiotherapy, including con-

ventional radiotherapy and SBRT or neither of these.

Patients in the latter category were offered chemo-

therapy, targeted therapy or best supportive care. De-

mographic variables retrieved were age and sex. Age was

dichotomised as 65e74 years and �75 years. Comor-

bidities were grouped as cardiac, vascular, pulmonary,
diabetes or previous malignancy. Tumour characteris-

tics included clinical tumour stage, histology (adeno-

carcinoma, squamous cell carcinoma and other) and the

presence or absence of histopathologic confirmation.

Dutch national radiotherapy guidelines indicate that

patients without pathologic confirmation receive radio-

therapy in case of (a) a new or growing lesion on

computed tomography scans with characteristics of
malignancy; (b) a high risk for developing lung cancer

based on age and smoking history and (c) an FDG-

PETepositive lesion [15]. The probability of benign

disease in these patients is only 4.3% [16]. Criteria to

perform lung surgery were in accordance with the Dutch

practice guidelines for the treatment of NSCLC [17].

2.1. Statistical analysis

Baseline differences between the two treatment periods

on one hand and the three treatment groups on the other

hand were compared using the c2 test. Kaplan-Meier

estimates of median OS were calculated, and the log-
rank test was used to detect significant differences.

Specific factors associated with an increased hazard

ratio (HR) of death were determined with Cox regres-

sion analysis. A number of candidate factors were

selected on the basis of a statistically significant associ-

ation with an increased HR of death in previous studies.

These were age [12], sex [12], clinical tumour stage [7],

histopathologic confirmation [7] and a more recent
period in time [7,8]. In addition, the following factors

expected to be associated were included: cardiac,
Fig. 1. CONSORT diagram of patients and primary treatment. NSC

surgery; SBRT, stereotactic body radiotherapy.
vascular and pulmonary comorbidities; a history of

diabetes and a previous malignancy. An HR > 1.0 with

a 95% confidence interval (CI) completely > 1.0 in-

dicates a significant worse outcome. All statistical tests

were two sided, and p � 0.05 was considered to indicate

statistical significance. Statistical analyses were per-

formed using SPSS statistical software (SPSS, version

22; Chicago, IL).

3. Results

Between 2004 and 2013, a total of 2168 patients �65

years (1068 in period A and 1100 in period B) with
clinical stage I NSCLC were diagnosed in the southern

region of the Netherlands (Fig. 1). In period A, no

VATS resections were performed and SBRT was offered

to nine patients. The mean age was 73.8 (standard de-

viation 5.7) years, and 30% were female. Median follow-

up was 37 months for the entire group and 52 months,

29 months and 12 months for patients receiving surgery,

radiotherapy and neither treatment, respectively.
Surgical patients were younger and had statistically

significant less often cardiac, vascular and pulmonary

comorbidities than patients in the other groups. Patho-

logical upstaging was documented for 206 patients

(18%) after surgery; cT1-2 became pT3-4 in 52 patients,

and cN0 became pN1-2 in 171 patients. Seventeen pa-

tients were upstaged to pT3-4 and pN1-2. Adjuvant

treatment was administered to 92 upstaged patients
(45%); 61 patients received chemotherapy, 26 received

radiotherapy, four underwent chemoradiation and one

patient was treated with targeted therapy. No histo-

pathologic proof of malignancy was obtained in 72% of

patients receiving radiotherapy and 68% of patients

receiving neither treatment.

The analysis results are consistent generally with a

trend towards greater proportions of patients with
comorbidities in period B (Table 1). The proportion of

surgical patients with cardiac and pulmonary
LC, nonesmall-cell lung cancer; VATS, video-assisted thoracic



Table 1
Baseline characteristics of patients �65 years with clinical stage I NSCLC treated with surgery, radiotherapy or neither.

Characteristics Surgery Radiotherapy Neither

Period A

(n Z 543)

Period B

(n Z 584)

Period A

(n Z 281)

Period B

(n Z 365)

Period A

(n Z 244)

Period B

(n Z 151)

Age, n (%)

65e74 years 418 (77) 412 (71) 105 (37) 166 (46) 94 (39) 45 (30)

�75 years 125 (23) 172 (29) 176 (63) 199 (54) 150 (62) 106 (70)

Male sex, n (%) 391 (72) 395 (68) 209 (74) 234 (64) 173 (71) 108 (72)

Comorbidities, n (%)

Cardiac 171 (32) 206 (35) 108 (38) 151 (41) 88 (36) 76 (50)

Vascular 128 (24) 144 (25) 86 (31) 122 (33) 68 (28) 44 (29)

Pulmonary 176 (33) 210 (36) 165 (59) 212 (58) 115 (47) 73 (48)

Diabetes 78 (14) 90 (15) 51 (18) 69 (19) 40 (16) 27 (18)

Previous malignancy 93 (17) 150 (26) 58 (21) 106 (29) 56 (23) 37 (25)

Unknown 13 (2) 45 (8) 7 (3) 19 (5) 6 (3) 8 (3)

cT stage, n (%)

1 234 (43) 298 (51) 53 (19) 172 (47) 23 (9) 28 (19)

2 245 (45) 235 (40) 103 (37) 98 (27) 109 (45) 56 (37)

Unknown 64 (12) 51 (9) 125 (44) 95 (26) 112 (46) 67 (44)

Histology pretreatment

Adenocarcinoma 251 (46) 228 (39) 68 (24) 70 (19) 64 (26) 30 (20)

Squamous cell carcinoma 192 (35) 261 (45) 29 (10) 62 (17) 15 (6) 18 (12)

Other 100 (18) 95 (16) 184 (66) 233 (64) 165 (68) 103 (68)

Histopathologic confirmation, n (%) 543 (100) 584 (100) 90 (32) 92 (25) 83 (34) 45 (30)

NSCLC, nonesmall-cell lung cancer.

Statistics in bold indicate a statistical significant difference between period A and B (p � 0.05).
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comorbidities, as well as a previous malignancy, had

even significantly increased. An ageing phenomenon was

seen: 23% of surgical patients in period A were aged �75

years versus 29% in period B (p Z 0.01). The opposite

held for patients receiving radiotherapy: 63% of patients

in period A were aged �75 years versus 54% in period B

(p Z 0.04).
The resection rate did not differ between the periods

A and B (p Z 0.37, Fig. 2), although in period B, almost

one-third of surgical patients had been treated with

VATS, versus nil in period A (p < 0.001). The appli-

cation of radiotherapy had increased (p Z 0.001),

especially SBRT (3% versus63%; p < 0.001). In period

B, fewer patients than in period A had received neither

treatment modality (p < 0.001).
The estimated median OS time for surgery, radio-

therapy and neither therapy, respectively, was 69

months, 29 months and 12 months (p < 0.001). Long-
Fig. 2. Treatment patterns among patients �65 years with clinical

stage I NSCLC diagnosed between 2004 and 2013. NSCLC,

nonesmall-cell lung cancer.
term OS was better for patients who underwent surgery

(p < 0.001; Fig. 3).

Fig. 4 shows KaplaneMeier estimates of the OS in

either time period. The median OS for all patients had

increased from 31 months to 42 months (p Z 0.001) and

that for surgical patients, from 65 months to 74 months

(p Z 0.16). The 2-year and 5-year OS for surgical pa-
tients was 75% and 52%, respectively, in period A, and

had improved to 78% and 57%, respectively, in period B,

albeit not statistically significantly. For patients receiving

radiotherapy, the median OS was 23 months in period A

and 33 months in period B (p Z 0.02). Their 2-year and

5-year OS had improved statistically significantly from

48% and 21%, respectively, in period A, to 66% and 23%,

respectively, in period B. The median OS for patients
receiving neither treatment had declined from 12 months

in period A to 11 months in period B (p Z 0.98).

The adjusted hazard of death had increased over time

among all patients �75 years (HR 1.49; 95% CI,

1.34e1.66), as well as among all individual subgroups of

patients �75 years (Table 2). Hazards of death had also

increased in all patients with cardiac and pulmonary

comorbidities, diabetes and a previous malignancy, as
well as in the subgroup of surgical patients. Among all

patients, no histopathologic proof of malignancy was

associated with an increased risk of death (HR 1.64;

95% CI, 1.43e1.87). The opposite was true for patients

receiving radiotherapy (HR 0.76; 95% CI, 0.61e0.94).

For all patients, treatment in period A was associated

with a higher hazard of death in comparison with period

B. This held for the subgroup of surgical patients as



Fig. 3. Overall survival for patients �65 years with clinical stage I

NSCLC by primary treatment (2004e2013). NSCLC, nonesmall-

cell lung cancer.
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well but not for patients receiving radiotherapy. Uni-
variable analysis of clinical T stage demonstrated that

T2 disease was associated with an increased risk of death

in all patients, as well as the subgroups of patients

receiving surgery and radiotherapy.

4. Discussion

This study demonstrates a shift in treatment pattern and

median OS between 2004 and 2013 in patients �65 years

with clinical stage I NSCLC. The resection rate remained

constant over time, although the latter period was char-

acterised by a fair number of VATS procedures, versus nil

in the former period. The proportion of patients receiving

radiotherapy, especially the application of SBRT, had

increased significantly in the latter period, and therefore,
the proportion of patients receiving neither therapy

decreased. The median OS in the total patient population

had significantly increased. In surgical patients, the me-

dian OS and the 2-year and 5-year OS were higher

compared with those receiving radiotherapy.

Although not statistically significant, the median OS of

patients who underwent surgery had improved with 9

months in the latter 4-year period. Use of surgery
remained constant between the timeperiods,while surgical

patients were treated at a higher age, and the comorbidity

burden had increased in the latter period. Pulmonary and

cardiac comorbidities, as well as higher age, are associated
with higher mortality rates and lower OS rates in NSCLC

patients [9,18]. The risk of death had increased in surgical

patients with pulmonary and cardiac comorbidities, which

might explainwhy theOShadnot statistically significantly

improved. Still, after adjustment for the factors in the

multivariable model, statistical significance of OS

improvement was shown as surgical treatment in periodA

was associated with an increased risk of death. The
increased adjusted risk of death in periodA is likely due to

the fact that no VATS procedures were performed during

this period. Indeed, Zhang et al. showed significant better

long-term OS rates after VATS in a meta-analysis on

studies comparing open lobectomywith VATS lobectomy

for early-stage NSCLC [19].

Median OS improved with 10 months for patients

receiving radiotherapy, which is in accordance with an
almost 10-month improvement reported in a previous

study among elderly patients [8]. This cannot be solely

ascribed to the introduction of SBRT as the risk of death

for these patients was not higher in the earlier period in

which SBRT was virtually unavailable. Significant im-

provements in OS disappear over time after adjustment

for the factors in the multivariable model. In addition,

patients receiving radiotherapy in period A were signifi-
cantly older than those in period B.As expected, older age

was associated with an increased risk of death in all

treatment groups. Because SBRT was associated with a

better OS than conventional radiotherapy in multiple

studies [7,12], the improved OSmight in part be explained

by the combination of SBRT and lower age of patients in

period B. It would be interesting to examine which sub-

group of patients benefits the most from SBRT in a future
trial. The finding that in period B fewer patients received

neither therapy can perhaps be ascribed to the increase in

the proportion of patients receiving radiotherapy. In a

study by Palma et al., the introduction of SBRT had

enhanced the accessibility of curative treatment for pa-

tients with stage I NSCLC �75 years and reduced the

number of untreated patients by 12% [7].

A significantly higher median OS was found for
surgical patients compared with those receiving radio-

therapy (69 versus 29 months). Puri et al. compared

surgery with SBRT in 117,618 patients with clinical

stage I NSCLC. The long-term OS was significantly

better in surgical patients (68 months versus 33 months,

p < 0.001), even in a propensity-matched comparison

(62 months versus 33 months, p < 0.001) [20]. The re-

sults from randomised control trials are inconclusive,
however, and additional randomised studies should

answer the question whether SBRT is a valid alternative

for elderly patients with operable stage I NSCLC [21].

The results of this study must be seen in the context

of its strengths and limitations. The main strength is the

large sample size and the availability of information on

comorbidities, which is often lacking in other studies

comparing treatment modalities [7,8]. Furthermore, the
patient population truly reflected clinical practice; it did



Fig. 4. Overall survival for patients �65 years with clinical stage I NSCLC by time period. (A) All patients; (B) surgical patients; (C)

patients treated with radiotherapy; (D) neither therapy. NSCLC, nonesmall-cell lung cancer.
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not consist of selected, relatively fit patients, which is

often the case in clinical trials. Better patient selection

could have influenced the OS outcome as surgical pa-

tients became older over time and had an increased

comorbidity burden, while outcomes improved.
Therefore, unidentified or unrecorded factors, such as

pulmonary function and performance status, probably

have played a role in selecting patients for surgery.

Poorer pulmonary function and performance status

have been found associated with worse OS [9,18], and



Table 2
Multivariable analysis of factors associated with an increased hazard of death for elderly patients with clinical stage I NSCLC by primary

treatment.

Characteristics All patients Surgery Radiotherapy Neither

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

Age

65e74 years 1 (ref) 1 (ref) 1 (ref) 1 (ref)

�75 years 1.49 1.34e1.66 1.33 1.12e1.58 1.25 1.04e1.49 1.35 1.07e1.69

Gender

Female 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Male 1.15 1.03e1.29 1.27 1.06e1.53 1.00 0.82e1.21 1.11 0.87e1.40
Comorbidities

Cardiac 1.22 1.10e1.35 1.21 1.03e1.42 1.25 1.04e1.49 1.03 0.83e1.27

Vascular 1.09 0.98e1.22 1.06 0.89e1.26 1.06 0.89e1.28 1.25 0.99e1.57

Pulmonary 1.19 1.07e1.32 1.20 1.02e1.41 1.20 1.01e1.44 1.10 0.89e1.36
Diabetes 1.14 1.00e1.30 1.29 1.05e1.59 1.27 1.02e1.58 0.96 0.72e1.26

Previous malignancy 1.16 1.03e1.30 1.42 1.19e1.71 0.93 0.76e1.14 1.00 0.78e1.28

Histology pretreatment

Adenocarcinoma 0.91 0.79e1.05 0.90 0.72e1.12 1.11 0.87e1.42 0.95 0.70e1.28

Squamous cell carcinoma 0.85 0.74e0.99 1.02 0.81e1.27 0.96 0.74e1.24 0.90 0.59e1.38

Other 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Histopathologic confirmation

Yes 1 (ref) 1 (ref) 1 (ref)

No 1.64 1.43e1.87 0.76 0.61e0.94 0.98 0.74e1.31

Period

2004e2008 1.23 1.10e1.37 1.20 1.01e1.43 1.19 0.99e1.43 1.03 0.82e1.29
2009e2013 1 (ref) 1 (ref) 1 (ref) 1 (ref)

cT stagea

1 1 (ref) 1 (ref) 1 (ref) 1 (ref)

2 1.53 1.36e1.72 1.39 1.18e1.63 1.50 1.22e1.85 1.14 0.83e1.58

NSCLC, nonesmall-cell lung cancer; HR, hazard ratio; CI, confidence interval.

Statistics in bold indicate a statistical significant difference.
a Owing to too many unknown cases (514), cT stage is not included in the multivariable analysis. The results shown for cT stage are from a

univariable analysis.
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treatment choice will partially depend on these and

other patient characteristics (‘confounding by indica-

tion’). Patients receiving radiotherapy became younger,

which probably also contributed to better outcomes.

Stage migration has probably occurred because of the
introduction of TNM edition 7 in 2010. This may have

beneficially affected the OS rate of patients in period

B as from then on, stage I did no longer include tumours

larger than 5 cm. No histopathologic proof of malig-

nancy was obtained in 72% and 68% of patients

receiving radiotherapy and neither treatment, respec-

tively. Although these percentages are high, it reflects

Dutch clinical practice. A high comorbidity burden or
poor performance status may be reasons for deciding

not to obtain histopathologic proof of malignancy, as

well as the probability of benign disease of only 4.3% if

patients met multiple criteria as described previously

[16]. The observational design is a limitation of this

study, and causal relationships between treatment type

and OS cannot be proven. Furthermore, follow-up was

completed until February 2017, which implies that 5-
year follow-up was not complete for most of the patients

diagnosed in 2012e2013. Another limitation is the fact

that recurrence rates and causes of death are unknown.

In conclusion, this study provides a realistic overview

of the current treatment patterns and OS among
patients with stage I NSCLC in daily clinical practice in

the Netherlands. The median OS improved over time for

patients �65 years. The increased application of SBRT

is promising and could be associated with improved OS

and a lower proportion of patients receiving neither
treatment. Surgery was still associated with the highest

long-term OS and should, therefore, be preferred for

relatively fit elderly patients. SBRT seems an appro-

priate alternative for inoperable patients.
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