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CHAPTER 1
General introduction  

and outline of the thesis
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In the Netherlands, almost 11.000 patients are diagnosed with lung cancer each year. 

The incidence of lung cancer is strongly related to cigarette smoking, with a relative risk 

of long-term smoking of about 20. Variations in the habit of cigarette smoking in the 

Netherlands have resulted in a decreasing incidence of lung cancer in men, while the 

incidence in women is still rising [www.cbs.nl]. Lung cancer has the highest mortality 

of all cancers, with an overall 5-year survival rate of less than 20%, mostly because early 

stage disease is often asymptomatic and the diagnosis is obtained mostly in advanced 

stages [www.rivm.nl; www.ikcnet.nl].

Of all patients presenting with lung cancer, about 80% have non-small cell lung 

cancer (NSCLC). The pathological differentiation between small cell lung cancer 

(SCLC) and NSCLC is important for the course of treatment: SCLC is typically treated 

with chemotherapy and radiotherapy, while patients with (early stage) NSCLC can be 

eligible for surgery. 

NSCLC is further staged according to the TNM system. As a revised edition (7th edition) 

was introduced only recently [1], in most chapters of this thesis the 6th edition was used. 
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 Deaths / N MST 5-year
IA 1168 / 3666 119 73%
IB 2231 / 4426 70 54%
IIA 306 / 562 54 48%
IIB 1951 / 2982 33 38%
IIIA 2348 / 3091 23 25%
IIIB 838 / 1042 16 19%
IV 146 / 183 18 21% 

Figure 1: Survival according to pathologic TNM stage (6th edition). Reproduced with permission from J 
Thorac Oncol 2007; 2:706-714, Copyright Wolters Kluwer Health
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Early-stage NSCLC
In early stage NSCLC, surgery is the preferred treatment for fit patients. Most patients 

undergo lobectomy with lymph node sampling or dissection, while pneumonectomy 

may be necessary for central tumours and sublobar resections can be an option for 

patients with limited pulmonary reserve. In the absence of nodal involvement (pT1-

2N0), surgery alone is adequate treatment for most patients. However, if hilar or 

mediastinal staging reveals N1-2 disease, adjuvant systemic treatment is indicated. 

In general, in patients with early stage disease, even after a radical resection, survival is 

disappointing with 5-year survival rates of 54-73% for node-negative patients and 38-

48% for patients with N1 disease. 

Historically, trials of adjuvant chemotherapy after surgery had not demonstrated a 

consistent survival benefit, leaving doubt about its value in relation to the associated 

toxicities. This changed after publication of the trial by the International Adjuvant 

Lung cancer Trial collaborative group (IALT) in 2004, showing improved survival after 

cisplatin-based adjuvant chemotherapy among patients with completely resected 

NSCLC.

The recently updated NSCLC Collaborative Group meta-analysis, combining two meta-

analyses of in total 11107 patients from 33 randomized trials, found an absolute benefit 

of 4% at 5 years. The effect was the strongest for stages II and IIIA [3]. When neoadjuvant 

chemotherapy was used in the neoadjuvant setting, the survival benefit was similar: the 

LU22 study showed a 5-year survival benefit of 5% [4]. Clinical guidelines have mostly 

adapted the adjuvant use of chemotherapy for fit patients with stage II and IIIA NSCLC. 

Nevertheless, the survival benefit is small, and this illustrates the limited efficiency of 

chemotherapy in NSCLC. 

Postoperative radiotherapy (PORT) is not recommended in patients with completely 

resected NSCLC, as was concluded from the Cochrane meta-analysis and meta-analysis 

of individual patient data both published in 2005. It can only be discussed for patients 

with unforeseen N2 disease and those with positive surgical margins [5,6]. 

Continuous effort to improve survival with more effective treatments has led to the 

development of “targeted” agents. For NSCLC, small-molecule biological agents have 

become available affecting growth factor receptors on the cell membrane. An important 

advantage of these agents is that they are more selective than the conventional 

chemotherapy agents, which is reflected in the mild pattern of adverse events. 
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Figure 2: Survival benefit of cisplatin-based adjuvant chemotherapy after R0 resection (IALT)[2]. 
Reproduced with permission from N Engl J Med. 2004 Jan 22;350(4):351-60, Copyright Massachusetts 
Medical Society.
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For NSCLC, especially agents blocking the tyrosine kinase domain of the epidermal 

growth factor receptor (EGFR-TKIs) were expected to be of value, since the vast 

majority of NSCLC tumours are associated with aberrant or over-expressed EGFR 

[7]. Unfortunately, response rates proved to be quite low in unselected populations. 

Although predictive factors for response have been distinguished, completely reliable 

identification of responders in advance is not (yet) possible. Likely responders are 

patients with EGFR mutations, showing response rates up to 70% [8,9]. But also patients 

without EGFR mutations show response rates of nearly 20% with survival benefits of TKI 

treatment [10,11]. However, patient selection is essential to minimize needless toxicity 

and costs, and we need more reliable factors determining response to therapy, before 

these agents can be used in the adjuvant setting.

Locally advanced NSCLC
In locally advanced NSCLC, i.e. tumours involving structures surrounding the lung 

(stage IIIB) and tumours with lymphatic spread to the mediastinal nodes (stage IIIA), 

the primary treatment is chemo- and radiotherapy. Concurrent chemoradiation 

has currently become the standard. Five-year survival rates range from 19-38% [1]. 

In selected patients surgery can be of value as an additional treatment modality, 

principally to improve local control, but careful patient selection is needed. 

Previously, up until the 21st century, patients with stage IIIA-N2 disease were treated 

with induction chemotherapy, followed by surgical resection or definitive radiotherapy, 

depending on downstaging of the mediastinum after induction chemotherapy, medical 

operability of the patient and resectability of the tumour. In the last two decades the 

results of two randomized trials concerning IIIA-N2 disease, together with a large 

meta-analysis proving concurrent chemoradiotherapy to be superior to sequential 

chemoradiotherapy, have changed the standard of care to primarily concurrent 

chemoradiotherapy [12-14].  

A challenging subject in the treatment of locally advanced disease however is the role 

of surgery (indication, results and morbidity). Some patients may benefit from surgical 

resection through optimization of local control, but selection is needed to find the 

optimal balance between potential advantages in local control or survival and the risks 

and morbidity of a resection, especially after chemoradiotherapy.

A similar dilemma applies to superior sulcus tumours or “Pancoast” tumours. These 

are stage IIB-IIIB tumours in the apex of the lung, growing into the chest wall and 

often extending to subclavian vessels, nerve plexus or vertebrae, causing severe pain 

symptoms. Traditionally, these tumours were treated with radiotherapy followed by 
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surgery. In 1992, the first phase III trial using concurrent chemoradiotherapy in NSCLC 

showed that daily low-dose chemotherapy and radiotherapy yielded better survival 

than radiotherapy alone [15]. As chemoradiotherapy regimens were optimized and 

results improved, pathologic (near) complete responses have been described in over 

60% of patients [16]. As a result, the role of surgery was brought up for discussion. 

However, trimodality treatment with surgical resection after chemoradiotherapy is 

associated with favorable local control and survival in selected patients [17]. CRT 

and surgery is therefore still regarded as the preferred treatment for sulcus superior 

tumours, provided that a strict patient selection is performed. A common treatment 

scheme for concurrent chemoradiotherapy has been 3-4 cycles of chemotherapy 

with 45Gy radiotherapy. An alternative scheme is daily low-dose cisplatin with a 

higher radiotherapy dose. In this thesis we describe our experiences with this latter 

combination with a radiotherapy dose of 66Gy. 

This thesis focuses on two comprehensive dilemmas in multimodality treatments 

involving surgery for NSCLC:

• Firstly, radical resection of early stage disease yields disappointing outcome with 

5-year survival rates of 36-73%. Probably, micrometastatic spread at diagnosis is 

the basis of later recurrences in a considerable number of patients with early stage 

disease, but the available adjuvant chemotherapy gives only a modest survival 

benefit. These unsatisfactory survival rates in resectable disease illustrate the need 

for improvement of treatment strategies. (Neo)adjuvant modalities using targeted 

agents may be used for this purpose. The first part of this thesis describes results of 

a phase II trial with preoperative EGFR-TKI (erlotinib) treatment and the search for 

markers associated with response or resistance to EGFR-TKI’s.

• Secondly, in the treatment of patients with locally advanced disease concurrent 

chemoradiotherapy has become the standard and the role of surgery has changed. 

We know that some patients do benefit from additional surgery, but without 

adequate selection the potential benefit will not weigh up against its morbidity and 

mortality. The second part of this thesis describes the process of patient selection 

identifying factors to balance potential advantages in local control and survival and 

on the other hand associated risks and morbidity. 
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Outline of the thesis

To investigate the efficacy of erlotinib in patients with NSCLC and estimate the in vivo 

response we performed a prospective multicenter phase II trial, in which patients with 

early stage NSCLC were treated with preoperative erlotinib. Chapter 2 illustrates the 

potential efficacy of erlotinib as a neoadjuvant agent in locally advanced NSCLC in a 

rare case demanding individualized management. In Chapter 3 the study protocol is 

described and the initial trial results are reported. To improve selection before or early 

during erlotinib treatment we searched for predictive factors of response. Chapter 4 

describes the predictive value of PET/CT for response to erlotinib early during treatment. 

In Chapter 5 and 6 soluble EGFR, ligands of EGFR and ligands of the insulin-like growth 

factor were investigated for their value as biomarkers for response in patients treated 

with an EGFR-TKI. 

The second part of the thesis focuses on patients with locally advanced disease. In 

superior sulcus tumours achieving local control is an important treatment goal. In our 

institution we therefore prefer chemoradiotherapy consisting of a higher radiotherapy 

dose of 66Gy with daily cisplatin of 6mg/m2. Chapter 7 focuses on the population 

of patients presenting with this disease and the portion of patients who are actually 

eligible for this scheme of chemoradiotherapy followed by surgery. It reflects on the 

process of patient selection. Chapter 8 focuses on the rationale for surgical resection 

after concurrent chemoradiotherapy in the light of the considerable probability of 

pathologic complete response. In Chapter 9 the efficacy and safety of this concurrent 

chemoradiotherapy scheme with high-dose radiotherapy and low-dose daily cisplatin 

is described. Long-term results of two reference centers are combined to give a more 

reliable overview of treatment results and patient outcome with the same trimodality 

treatment scheme, focusing on efficacy and morbidity. 
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Table 1: TNM 6th edition

Primary tumour (T)

T1 Tumour ≤3 cm diameter without invasion more proximal than lobar bronchus
T2 Tumour >3 cm diameter OR tumour of any size with any of the following:

Invades visceral pleura; Atelectasis of less than entire lung; Proximal extent at least 
2 cm from carina

T3 Tumour of any size with any of the following:
Invasion of chest wall; Involvement of diaphragm, mediastinal pleura, or 
pericardium; Atelectasis involving entire lung; Proximal extent within 2 cm of 
carina

T4 Tumour of any size with any of the following:
Invasion of mediastinum; Invasion of heart or great vessels; Invasion of trachea or 
esophagus; Invasion of vertebral body or carina; Presence of malignant pleural or 
pericardial effusion; Satellite tumour nodule(s) within same lobe as primary tumour

Nodal involvement (N)

N0 No regional node involvement
N1 Metastasis to ipsilateral hilar and/or ipsilateral peribronchial nodes
N2 Metastasis to ipsilateral mediastinal and/or subcarinal nodes
N3 Metastasis to contralateral mediastinal or hilar nodes OR ipsilateral or contralateral 

scalene or supraclavicular nodes
Metastasis (M)

M0 Distant metastasis absent
M1 Distant metastasis present (includes metastatic tumour nodules in a different lobe 

from the primary tumour)
Stage groupings of TNM subsets

Stage IA T1 N0 M0
Stage IB T2 N0 M0
Stage IIA T1 N1 M0
Stage IIB T2 N1 M0

T3 N0 M0
Stage IIIA T3 N1 M0

T1-3 N2 M0
Stage IIIB Any T N3 M0

T4 Any N M0
Stage IV Any T Any N M1

Adapted from: AJCC Cancer Staging Manual, 6th edition, New York, 2002.
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