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Currently, cancer is the second leading cause of death in Europe1. Globally, lung cancer 
is by far the most common cause of cancer-related deaths, and is by itself the 5th leading 
cause of death worldwide2,3. In the Netherlands, incidence rates in women are increasing, 
and although incidences in men are declining, the total number of new patients per year 
is expected to continue to increase due to the aging population4.  

Lung cancer can be divided in two main histological types, small cell lung cancer and non-
small cell lung cancer (NSCLC). About 80% of lung cancers are classified as NSCLC. Overall, 
NSCLC has a poor prognosis, with 5 year survival rates of about 17%2. 

NSCLC is staged using the TNM-classification as proposed by the International Association 
for the Study of Lung Cancer (IASLC)5. With the TNM-classification, tumors are classified 
based on size and extension (T), spread to regional lymph nodes (N) and the presence 
of distant metastases (M). This classification divides patient into different stages, which 
provide information on prognosis and appropriate treatment options. In 2010, the 
updated 7th edition of the TNM-classification came into effect. With this new edition, some 
changes were made in the classification, as shown in table 1 and 26. Currently, about 15% 
of NSCLC are diagnosed at stage I2. Historically, the best outcome has been reported for 
this stage, with 5 year overall survival of 50-70%5.

Recently, the results of the National Lung Screening Trial were published7. A total of 
54.454 participants, aged between 55 and 74 years, who had a history of at least 30 pack 
years and, if former smokers, had quit in the previous 15 years, were randomly assigned to 
undergo three annual screenings with either low-dose CT scans or chest radiography. In 
the persons screened with CT scans a relative reduction of lung cancer mortality of 20.0% 
was observed. Guidelines in the United States now recommend lung cancer screening for 
adults who are at high risk for lung cancer, defined as persons 55 to 74 years of age with 
a minimum smoking history of ≥ 30 pack-years, who currently smoke or have quit in the 
past 15 years and who are in relatively good health8,9. The NELSON study (Nederlands 
Leuvens Longkanker Screenings Onderzoek) is designed to study the benefits for lung 
cancer screening in the Dutch and Belgian populations, and results are expected shortly10. 
A subsequent pooled analysis of European CT-screening studies will further clarify the role 
of CT-screening for early stage NSCLC in Europe. In the National Lung Screening Trial, 55% 
of lung cancers were diagnosed at stage I as compared to 15% of lung cancers detected 
outside screening studies2,11. Therefore with lung cancer screening the proportion of lung 
cancers diagnosed at an earlier stage is likely to increase in the future. 
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Table 1: Changes in the 7th edition of the TNM-classification

Changes in TNM-classification 7th edition
T T1 ≤2 cm     T1a

>2 cm but ≤ 3 cm     T1b
T2 >3 cm but ≤5 cm     T2a

>5 cm but ≤7 cm     T2b
>7 cm     T3

T4 Nodules in same lobe     T3
Malignant pleural 
or pericardial effusion

    M1a

N No changes
M M1 Nodules in ipsilateral lobe     T4

M1 Contralateral nodules / 
pleural dissemination

    M1a

M1 Distant metastasis     M1b

Table 2: Staging in the 7th edition of the TNM-classification

TNM 7th edition - staging
Stage          T               N              M
IA 1a-1b 0 0
IB 2a 0 0
IIA 2b 0 0

1a-2a 1 0
IIB 2b 1 0

3 0 0
IIIA 1a-2b 1 0

3 1-2 0
4 0-1 0

IIIB 4 2 0
1-4 3 0

IV 1-4 0-3 1a-1b
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The guideline-recommended treatment for early stage (stage I-II) NSCLC is an anatomical 
surgical resection, preferably a lobectomy12,13. The evidence supporting use of surgery is 
mainly based on long-term experience and observational studies13. The 30- and 90-day 
mortality rates after surgery vary widely between multicenter randomized controlled trials 
with rates of between <2% and 3%, and Dutch national registries with rates of between 
5.4% and 9.3%, respectively14. Furthermore, several studies on surgery for patients with 
early stage NSCLC have reported diminished health-related quality of life in the first 6 
months after surgery in patients aged 70 years or over, with a failure to return to baseline 
quality of life levels, especially in patients with poorer pre-treatment quality of life15–17.

As smoking and age are the major risk factors for development of NSCLC, many patients 
have co-morbidities that are tobacco-related18. These patients undergoing surgery for 
early stage NSCLC experience excess mortality in follow-up, probably related to these 
co-morbidities. This excess mortality can be expressed using conditional survival, which 
estimates the likelihood of further survival for patients who have already survived for a 
certain duration after treatment as compared to the general population. For all patients 
treated with surgery for stage I NSCLC, conditional survival was <80%, but for patients 
aged 60 years or older, it does it not exceed 70%. Even at 10 years after treatment, patients 
continue to experience excess mortality as compared to the general population19,20. Due 
to the above mentioned co-morbidities in patients diagnosed with early stage NSCLC and 
risks associated with surgical resection, many elderly patients do not undergo surgical 
resection. In the Netherlands, only 15% of patients aged 80 years or older undergo surgery 
as compared to 88% in patients aged 50-64 years and 67% of patients aged 65-7918. Until 
recently, the only potentially curative alternative to surgical resection was conventional 
radiotherapy, with daily treatment required for several weeks, and with only modest 
improvement of survival21. Consequently, many elderly inoperable patients with early 
stage NSCLC were left untreated22. 

Technological advances have facilitated the use of stereotactic ablative radiotherapy 
(SABR) for extracranial tumors. SABR involves the delivery of a high dose of radiation 
to precisely target the tumor, while minimizing doses to surrounding healthy tissues23. 
With SABR, doses between 50 and 60 Gy can be delivered in a limited number of 
fractions, compared to usually around 30 fractions used in conventional radiotherapy. 
This hypofractionation greatly increases the biological effective dose compared to that 
of conventional radiotherapy. No randomized controlled trials have been published 
comparing SABR with conventional radiotherapy. However, the limited studies directly 
comparing both treatments suggest a survival advantage of SABR over conventional 
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radiotherapy24,25. 

Studies on the results of SABR are traditionally published on medically inoperable 
patients who are no candidates for the standard surgical treatment. However, even in 
these frail patients, excellent outcomes have been achieved. As a biologically effective 
dose (BED) of >100Gy10 has been shown to be associated with local control rates of 90% 
or more, guidelines of the European Society of Medical Oncology recommended the use 
of a BED of >100Gy10

12,26,27
. Furthermore, treatment related toxicity is usually mild, with 

most studies reporting late toxicities ≥grade 3 in less than 10% of patients28. With good 
results reported in medically inoperable patients, SABR is increasingly being evaluated as 
an option in patients with operable early stage NSCLC. Three randomized controlled trials 
were set up in order to compare SABR to either lobectomy or sublobar resection in these 
patients, however all three trials closed prematurely due to poor accrual29. In the absence 
of evidence from randomized controlled trials, many questions still exist on the role SABR 
can play for operable patients or so-called ‘borderline’ operable patients who are at high 
risk for complications following surgery. 
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Outline of this thesis

Chapter 2 and 3 provide an overview of recent advances in radiotherapy and highlight 
the role of SABR in the treatment of medically inoperable patients with early stage NSCLC. 
An important difference between surgery and SABR is that a pathological diagnosis is 
always available after surgery, while this may not be the case with SABR. Although the 
risk of benign disease in the Netherlands is small in patients staged with 18FDG PET- and 
CT-scans, questions have been raised whether results published in SABR patients have 
been inflated by the inclusion of patients with benign disease. In Chapter 4, we analyzed 
patients treated with SABR either with or without pathological confirmation of malignancy, 
to investigate whether or not it is likely that SABR results are biased by the inclusion of 
benign lesions. In Chapter 5, we investigated the outcomes of SABR in operable patients 
by retrospectively identifying patients who were potentially operable. 

Propensity score matching allows the creation of groups with similar baseline 
characteristics, such as age and co-morbidity index. In Chapter 6 and 7 this type of 
matching is used to compare outcomes in patients with early stage NSCLC treated with 
either SABR or lobectomy. 

It is increasingly believed that patients should play an active role in their health care, so 
called shared-decision making30,31. With this increased patient engagement, objective and 
good quality health care information on treatment choices plays a vital role. In Chapter 8, 
we investigated the quality of online health care information on SABR in several countries.  
Nowadays, more fit patients undergo SABR. Therefor more emphasis is placed on follow-
up after treatment, as these patients will have longer survival as they have less competing 
causes of mortality. Furthermore, patients might be eligible for salvage for recurrences 
or second primary lung cancers. In Chapter 9 we analyze local recurrences and second 
primary lung cancers in patients treated with SABR in order to help determine optimal 
follow-up post SABR. In Chapter 10 we describe the feasibility of salvage surgery in 
patients who were initially treated with SABR for early stage NSCLC and who experienced 
local recurrence. 
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