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Summary 

Lung cancer has the highest mortality rate of all cancers. Only early stage NSCLC is 

eligible for surgical resection. Despite of the development and improvements of 

multimodality treatment in the last thirty years, survival rates are disappointing, even 

after radical resection of early stage disease (5-year survival rates of 36-73%). Currently 

available adjuvant chemotherapy only provides a modest survival benefit. These 

unsatisfactory survival rates illustrate the need for further research to improve NSCLC 

treatment.

The epidermal growth factor receptor (EGFR) is overexpressed or mutated in several solid 

tumours, including NSCLC. Such mutations predominantly occur in adenocarcinoma 

and are more common in females, nonsmokers and patients with Asian ethnicity. 

Inhibition of the EGF receptor can impede tumour growth and can induce objective 

responses. Erlotinib is a small-molecule EGFR tyrosine kinase inhibitor (EGFR-TKI). It 

blocks the tyrosine kinase domain of EGFR, thereby inhibiting downstream signaling 

pathways involved in tumour cell proliferation, angiogenesis, invasion and metastasis, 

and prevention of apoptosis. It can be orally administered and has a relatively mild 

toxicity profile. It has shown to be effective in patients with advanced NSCLC and is 

approved for treatment of patients with advanced (chemotherapy-refractory) NSCLC.

We designed a multicenter phase II trial with preoperative EGFR-TKI (erlotinib) 

treatment, in which patients with early stage NSCLC and eligible for surgical resection, 

received erlotinib (150 mg once daily per os) for a period of 3 weeks before surgery. 

Chapter 2 describes an unusual case of a patient with stage IIIa NSCLC who was unable 

to receive chemoradiation due to earlier radiation treatment, and who therefore was 

treated with neoadjuvant erlotinib  and surgical resection. She showed a remarkable 

response to erlotinib.

In Chapter 3 the main results of the phase II study are reported. The 15 first included 

patients were selected (apart from other general inclusion criteria) for having two of 

the following features: female, adenocarcinoma, nonsmoker, Asian ethnicity. This 

clinical (phenotype) selection theoretically leads to a study population with a higher 

prevalence of EGFR-mutations (“enriched population”). This was followed by the accrual 

of 45 unselected patients. Response was measured with CT and FDG-PET/CT scans after 

3 weeks of treatment, and pathologic examination after surgical resection. Toxicity in 

general was mild but common, and mostly related to the skin (62%). However, seven 

patients (12%) stopped erlotinib treatment prematurely due to toxicity. No unexpected 

complications occurred during surgery. Pathologic examination showed more than 
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50% necrosis of the tumour in 14 patients (23%), of whom three (5%) had more than 

95% necrosis. The response rate in the selected or ‘enriched’ population was 38%. EGFR-

mutations were present in 7 patients, of which 5 were from the enriched population. 

However, pathologic response was only seen in 3 of 7 patients with an EGFR-mutation. 

The use of erlotinib in a preoperative setting was concluded to be safe, without adverse 

effect on subsequent surgical treatment, and sufficiently active to deserve further 

testing in a phase III trial.

Radiological response as measured by repeated CT-scan after 3 weeks of treatment did 

not correspond to histopathological response in this study. In fact, even near-complete 

pathological response was not detected on CT-scan. Metabolic response measured 

on FDG-PET/CT scan was more helpful to identify response to erlotinib, but did not 

exactly correspond to the extent of histopathological regression of the tumour. In 

search of more reliable biomarkers and selection criteria for EGFR-TKI treatment, we 

analyzed factors associated with response or resistance to EGFR-TKI’s who could serve 

this purpose. In Chapter 4 FDG-PET/CT scanning was evaluated as an early biomarker 

of response during the first week of treatment. In 23 patients participating in the 

phase II study, a second PET-CT scan was obtained within one week (3-7 days) after 

start of erlotinib treatment, and compared to the baseline scan to determine metabolic 

response. Metabolic response was present in 6 patients (26%), and corresponded to 

pathological response. Although the sample size was small, these results suggest that 

PET-CT could be useful as a selection method early during EGFR-TKI treatment. 

Furthermore, we explored biomarkers in serum of patients treated with EGFR-TKIs. In 

Chapter 5 we report the results of a retrospective study in which soluble EGFR (sEGFR) 

levels and CEA levels were measured in serum of 102 patients, mainly stage IV disease, 

who were treated with an EGFR-TKI (gefitinib or erlotinib). sEGFR is a proteolytically 

cleaved form of the extra-cellular domain of the EGFR, and - hypothetically - could be a 

surrogate marker for the number of activated receptors that are susceptible for inhibition. 

CEA is involved in cell-to-cell adhesion and, when over-expressed on the cell surface, it 

is thought to play a role in tumorigenesis. We found that sEGFR baseline levels above 

55 μg/l were associated with longer survival in these patients treated with EGFR-TKIs. 

The one-armed design and retrospective nature of the study prohibit differentiation 

between a prognostic and predictive value, but needs further investigation. Patients 

with CEA baseline levels below 12.6 μg/l showed a non-significant trend toward longer 

survival. This could well be an expression of its negative prognostic value, in accordance 

to other results from the literature. 

In Chapter 6 we determined whether concentrations of TGFα, ARG, IGF1, IGFBP3, or 

the IGF1:IGFBP3 ratio measured in serum were predictive of response to EGFR-TKI 
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treatment. Sixty-one patients with advanced NSCLC who were treated with EGFR-TKIs 

(gefitinib or erlotinib) were matched to 63 patients with advanced NSCLC who did not 

receive EGFR-TKIs, and disease specific survival of both groups were compared. TGFα 

and ARG are both ligands of the EGF receptor, and over-expression is associated with 

resistance to EGFR-TKI. The IGF1 receptor (IGF1R) is known to cross-talk with the EGFR 

and is thereby thought to influence the EGFR targeting by TKIs. IGF1 is the main ligand 

of IGF1R, and IGFBP3 regulates the bioavailability of IGF1. We found that low TGFα levels 

and high ARG levels were associated with better survival in patients treated with EGFR-

TKIs compared to untreated patients. IGFBP3 revealed to be a prognostic factor rather 

than a predictive factor. The combination of TGFα and ARG as a predictive marker, their 

optimal cutoff and their additive value to existing predictors of response to EGFR-TKIs 

needs further (prospective) investigation.

The second part of the thesis focuses on patients with NSCLC of the superior sulcus 

(SST). 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. Achieving local control is therefore an important treatment goal, 

albeit challenging due to the proximity of vital structures. Traditionally, these tumours 

were treated with radiotherapy and surgery. In the last thirty years multimodality 

treatment for locally advanced NSCLC has been further improved. Currently, concurrent 

chemoradiotherapy has become the standard of care and the role of surgery has 

changed. We know that some patients do benefit from additional surgery, but adequate 

selection is necessary to let the potential benefit of (local) disease control weigh up 

against its morbidity and mortality. 

There is no international consensus about the optimal treatment scheme for concurrent 

chemoradiotherapy. A common scheme 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 and daily cisplatin of 6mg/m2.

Chapter 7 focuses on the process of patient selection for trimodality treatment in 

patients with SST. Of 52 patients presenting with this tumour from 1994-2004, treatment 

choices as well as treatment results were retrieved. At time of diagnosis, almost a quarter 

of all patients revealed to have stage IV disease, and received palliative treatment. Of 

M0 patients, 30% (25% of total) was able to endure neoadjuvant treatment and surgery, 

but only 7 patients (17%) received the optimal treatment scheme of concurrent CRT 

and surgery. Patients ineligible for trimodality treatment were classified as medically 

ineligible (20%) e.g. due to comorbidity or insufficient performance status, or technically 
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irresectable (50%). Pathological complete response was detected in 47% of resection 

specimens.

In Chapter 8 the rationale for subsequent surgery after concurrent chemoradiotherapy 

is discussed. High percentages of pathologic complete response (pCR) raise the question 

whether the additive value of surgical resection weighs up against its morbidity and 

mortality risk. From the 85 patients with SST that were treated in our hospital from 

1994-2006, 38 patients were eligible to undergo neoadjuvant (combined modality) 

treatment, and 22 of these patients underwent surgical resection. Pathologic complete 

response was found in 13 of 22 patients. When neoadjuvant treatment consisted of 

concurrent CRT, pCR was detected in 10 of 17 patients. None of these complete 

responses was recognized at preoperative CT-scan. Although the 5-year survival rate 

after trimodality treatment was noticeably higher when pCR was reached (56% vs 

17%), this was not statistically significant. We concluded that in this relatively small 

population we could not detect a statistical survival benefit of pCR. Furthermore, pCR 

was not detectable preoperatively, prohibiting relevant decision-making regarding 

whether or not to perform subsequent surgery. 

Since there is no international consensus about the optimal treatment scheme for 

concurrent chemoradiotherapy, in Chapter 9 we evaluated the results of patients 

treated with high-dose radiotherapy and daily low-dose cisplatin in two referral centres 

in the Netherlands. From a total of 115 patients, this report focused on the 49 patients 

who received concurrent CRT, as neoadjuvant or definitive treatment. In 30 patients 

receiving CRT only, acute severe toxicity was present in 20% (6/30 pts), all esophageal 

toxicity. One patient died during the course of treatment due to neutropenic sepsis. 

Nineteen of 49 patients subsequently underwent surgical resection. Ten of these 19 

patients had a pCR. Local control was excellent and there was no postoperative mortality. 

Acute severe toxicity occurred in nine of 19 patients (pneumonia with respiratory 

failure, subarachnoidal bleeding, chylothorax, pain). Late severe toxicity occurred in 

three patients after 4-8 years, consisting of osteo-radionecrosis of chest wall (scapula 

and ribs) and damage to the brachial plexus with dysfunction of the hand. In review of 

the literature, the percentage and degree of acute toxicity were mostly comparable to 

toxicity that is seen after full-dose chemotherapy with 45Gy radiotherapy; we saw more 

esophageal and less hematological toxicity. Late severe toxicity after CRT and surgery 

however is a drawback of this effective treatment schedule. This illustrates the need to 

not only focus on pCR rates and oncologic outcome, but also on further optimization 

of radiotherapy techniques to improve long-term safety and (reconstructive) surgical 

strategies to ensure optimal wound healing and tissue functionality. 
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