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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. 

A
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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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Case history

A 67-year-old never-smoking woman, who had been treated for four malignancies 

in the last 30 years (sarcoma of a lower extremity, bilateral breast cancer, and several 

basal cell carcinomas) presented with a suspect lesion on a chest X-ray. The computed 

tomography (CT) scan showed a density of 2 cm in the apex of the left lower lobe (Fig 

1A) and enlargement of hilar nodes, the subcarinal lymph nodes (Naruke station 7; 

Fig 1B), and left lower para- and pretracheal lymph nodes (Naruke station 4). On [18F] 

fluorodeoxyglucose positron emission tomography (FDG-PET), all lesions showed 

increased [18F]FDG uptake (Fig 2A and 2B). The subcarinal lymph node was punctured 

using endo-esophageal ultrasound guided fine needle aspiration (EUS-FNA), revealing 

a TTF1-positive carcinoma, probably adenocarcinoma on pathological examination 

(Fig 3A, Giemsa stain, 200 x). The fifth primary tumor revealed to be stage III non-small-

cell lung cancer (NSCLC). Mediastinoscopy was performed to assess the feasibility 

of (chemo)radiation, and confirmed the presence of poorly differentiated NSCLC 

metastases in the pretracheal and left paratracheal lymph nodes. Although the right 

paratracheal nodes were tumor negative, radical radiotherapy covering all tumor sites 

in lung and mediastinum was considered impossible due to previous irradiation on the 

chest (mammary carcinoma). 

During our multidisciplinary consultation, two unconventional approaches were 

proposed. First, resection of the small peripherally located tumor by limited resection 

would leave a sufficiently small tumor area to allow radical radiotherapy. Second, 

neoadjuvant treatment with an epidermal growth factor receptor-tyrosine kinase 

inhibitor (EGFR-TKI) was proposed, since an EGFR mutation analysis had revealed 

an exon 19 deletion, indicating that the chance for response to EGFR inhibitors was 

considerably higher than to standard platinum-based chemotherapy. 

Erlotinib was prescribed at a dose of 150 mg daily for a 3-week period and was monitored 

carefully by PET/CT. Adverse effects were confined to mild skin toxicity (grade 1). The 

PET/CT scan after 21 days of treatment showed a striking metabolic response (Figs 

1C, 1D, 2C and 2D). Seven days thereafter, an anatomic resection of the apex of the 

left lower lobe was performed via a muscle sparing lateral thoracotomy. Mediastinal 

lymph nodes were sampled, and all palpable lymph nodes in the subcarinal area were 

dissected. Postoperative recovery was uneventful. Pathological examination of the apex 

of the left lower lobe showed a 1.2 cm rest lesion with strong fibrotic degeneration. No 

vital tumor was initially detected, but additional staining did reveal a microscopic vital 
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rest of 1.5 mm (maximal diameter) in the center of a widespread area of necrosis and 

inflammatory reaction (Fig 3B: haematoxylin-eosin stain, 100 x, circled, vital tumor rest

among lymphocytic infiltrate, proliferation of fibroblasts, collagen deposits, giant cells 

and numerous peripheral foamy macrophages; 3C, high magnification of hematoxylin-

eosin-stained resection specimen, 200 x; and 3D, pankeratin immunostain, 100 x, brown 

color indicates vital tumor cells). All dissected lymph nodes (stations 7,8, 9,10,11,12) were 

free of tumor.

Comments

To our knowledge, this is the first report of a near-complete pathological response 

of locally advanced NSCLC after induction therapy with erlotinib. In this exceptional 

case, previous oncological treatment precluded conventional chemoradiotherapy 

and compelled for inventive treatment strategies, using both conventional and novel 

treatment options in an optimal way. Selection of the proper patients for treatment 

with EGFR-TKIs remains crucial1. The response of NSCLC to treatment with erlotinib 

can be fast, with a near complete pathological response achieved by only 3 weeks of 

treatment. As with chemotherapy, the pathological response to EGFR inhibitors can 

be underestimated by PET and CT scan. Accurate and additional pathological staining 

methods may be needed to differentiate complete from near complete pathological 

responses. To investigate the role of EGFR-TKIs in treatment of early stage NSCLC, a 

phase II study has been initiated in the Netherlands. This open-label prospective study 

will investigate the effect of erlotinib as an induction treatment in both selected (based 

on two or more of the following characteristics: female, non-smoker, adenocarcinoma, 

or Asian) and unselected patients with operable stage I/II NSCLC, and will address both 

clinical and translational topics. Although up till now no data support the use of EGFR-

TKIs as neoadjuvant therapy in stage I-IIIA NSCLC, their low toxicity profile and the 

possibility of rapid tumor response suggests that this form of therapy may be used 

for induction therapy. Obviously treatment-related changes in resected tumor samples 

will be an important endpoint of this trial.
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Abstract

Background: 
The development of ‘targeted therapy’ has induced new options to improve treatment 

outcome in selected patients. The objective of this prospective study was to investigate 

the safety of preoperative erlotinib treatment and the (in vivo) response in patients 

with early stage resectable non-small cell lung cancer (NSCLC).

Patients and Methods: 
This study was designed as an open-label phase II trial, performed in four hospitals in 

the Netherlands, according to a Simon’s minimax 2-stage procedure. Initially, operable 

patients with early-stage NSCLC (n=15) were entered from an “enriched” population 

(never-smoker, female gender, non-squamous histology or Asian ethnicity), thereafter 

unselected patients were included to a total of n=60. Patients received preoperative 

erlotinib 150 mg once daily for 3 weeks. Response to treatment was evaluated using 

[18F]-FDG-PET and CT scans during treatment and histological examination of the 

resection specimen. Primary endpoints were toxicity and pathologic response.

Results:
Sixty patients were included. Seven patients stopped treatment prematurely (12%). Skin 

toxicity was present in 37 patients (62%), diarrhea in 21 patients (35%). PET evaluation 

revealed metabolic response (>25% SUV decrease) in 16 patients (27%), CT evaluation 

using RECIST showed response in 3 (5%). At surgery, no unexpected complications 

occurred. Pathologic examination showed >50% necrosis in 14 patients (23%), of which 

3 (5%) had >95% tumour necrosis. The response rate in the enriched population was 

34% (10/29 pts).

Conclusion:
According to predefined criteria, neoadjuvant erlotinib has low toxicity and sufficient 

activity to deserve further testing in future studies in an enriched population. 
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Introduction
A minority of patients with non-small cell lung cancer (NSCLC) present with localized 

disease (1). Treatment for early stage disease in fit patients is focused on curative 

surgery. Unfortunately, 5-year survival varies from 36 to 73% after resection with 

curative intent (2;3). Disease recurrence will become apparent in at least 40% of these 

patients, often by distant metastases suggesting that early stage NSCLC is frequently 

a micrometastatic disease at diagnosis (4;5). For this reason adjuvant cisplatin-based 

therapy is advised for patients with a completely resected NSCLC with hilar metastases 

(6;7). The overall survival effect of these adjuvant therapies is modest with an estimated 

benefit of 4-8% at 5 years (8-10). Chemotherapy may be used in a neoadjuvant setting, 

but the magnitude of the effect is as limited as in the adjuvant setting (11). 

The development of “targeted therapy” has induced a new era of clinical research 

with promising results. Possibilities to improve survival in patients with NSCLC include 

combinations of standard therapy combined with a more individualized treatment 

approach based on serum- and tissue markers (12-14). 

The Epidermal Growth Factor Receptor (EGFR) is over-expressed or may harbor 

activating mutations in several solid tumours including NSCLC. Inhibition of this receptor 

can decelerate tumour growth and induce objective responses in a subset of patients, 

depending on either clinical characteristics or molecular parameters (15;16). 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 by the FDA and 

EMEA for treatment of patients with advanced (chemotherapy-refractory) NSCLC (17). 

The objective of this study was to evaluate the efficacy of a short course of preoperative 

erlotinib in patients with early stage NSCLC, eligible for surgical resection. This report 

presents the results of toxicity and radiologic, metabolic and pathologic response.

Patients and methods

Study design
This study was designed as an open-label, non-comparative phase II study performed 

in four hospitals in The Netherlands (The Netherlands Cancer Institute-Antoni van 

Leeuwenhoek hospital (NKI-AVL), Amsterdam; Kennemer Gasthuis, Haarlem; HAGA 
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Hospital, The Hague, and the University Medical Centre Maastricht. The study was 

approved by each local independent ethics committee and was designed in accordance 

with GCP guidelines. 

First, 15 patients with resectable NSCLC from a selected (“enriched”) population (≥ 2 

of the following features: female, adenocarcinoma, non-smoker, Asian) were enrolled. 

After evaluation of treatment in these patients by the safety committee, another 45 

unselected patients were included (see statistical consideration). All 60 patients 

received, prior to resection, neoadjuvant erlotinib daily during an intended course 

of three weeks. Written informed consent was obtained from each patient before the 

start of study treatment. The primary endpoint was pathological response. Secondary 

endpoints were toxicity, radiological and metabolic response; progression free survival 

(PFS) and overall survival (OS). 

Eligibility
Patients with newly diagnosed resectable NSCLC, i.e. clinical T1-3 N0-1, were allowed 

to enter the study. In addition, patients with separate tumour nodule in a different 

ipsilateral lobe (T4) or patients with a controlled solitary (brain) metastasis were 

considered for inclusion. All patients were evaluated in a multidisciplinary meeting 

prior to study entry. The diagnosis had to be histologically proven or highly probable 

(> 95%) based on medical history, chest X-ray, spiral CT-scan, bronchoscopy and [18F]-

FDG-Positron Emission Tomography (PET/CT scan). Patients had to be fit for surgery 

with an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1, and 

to be neither pregnant nor breast-feeding. Further exclusion criteria were continuation 

of smoking (18), ophthalmologic abnormalities (causing dry eyes), unwillingness or 

inability to wear glasses instead of contact lenses during treatment, or prior malignancy 

treated with HER1/EGFR inhibitors. 

Treatment schedule 
Preoperative treatment consisted of one tablet of 150 mg erlotinib daily for a period 

of 3 weeks, and was stopped 72 hours prior to surgery. This duration of treatment 

was chosen to fit within the “preoperative window”. Patients were examined every 10 

days for adverse events (Common Toxicity Criteria v3.0). In case of toxicity that was 

not controllable by medication, by optimal supportive care, or not tolerated by the 

patient, the daily dose of erlotinib was decreased in steps of 50 mg or discontinued. CT 

scan as well as FDG-PET/CT scan were performed at 21 days from the start of erlotinib 

treatment. Surgical resection was scheduled in the fourth week after start of treatment 

and involved a radical resection of the tumour, preferably by lobectomy, and regional 
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lymph node dissection (with sampling of at least three hilar and three mediastinal 

lymph node stations). 

Assessment of response
Tumour specimens and imaging data were sent to the NKI-AVL for central review and 

analyses. CT scans and FDG-PET/CT scans performed after treatment with erlotinib were 

compared to baseline scans. All CT scans were interpreted by the same radiologist (H.T.). 

Radiological tumour response was assessed following RECIST measurement criteria 

1.1(19) yet after 21 days of treatment. FDG-PET/CT imaging was performed using a 

hybrid system (GeminiTF, Philips, Eindhoven, the Netherlands) 60 minutes after tracer 

injection and was evaluated by one nuclear physician (R.V.O.). PET/CT imaging was only 

evaluable when scans were acquired with the same scanner, acquisition protocol and 

reconstruction software, and with similar intervals from tracer injection to scanning. 

Metabolic response was assessed following the EORTC criteria for tumour response (20). 

FDG tumour uptake was quantified using SUVmax (maximum activity concentration of 

FDG divided by the injected dose and corrected for the body weight of the patient). For 

the determination of the SUVmax, the maximum FDG-uptake was searched within the 

volume of the primary tumour. These regions of interest (ROI) were manually drawn.

The resection specimens were scored for residual vital tumour and the presence of 

morphological signs of therapy-induced regression such as foam cell reaction, giant 

cell reaction, cholesterol clefts and fibrotic alterations (Junker classification (21)). Before 

initiation of this study, 35 resection specimens of NSCLC patients were evaluated for 

histological patterns of spontaneous and treatment-induced tumour regression. In 

treatment naive patients, specimens (n=23) showed a mean percentage of necrosis 

of 22% (95%-CI 15-29%, range 0-50%), specimens after neoadjuvant chemo(radio)

therapy (n=12) showed a mean necrosis percentage of 55% (95%-CI 38-72%, range 20-

100%.). For reporting in this study, a cut off of 50% necrosis (with morphological signs 

of therapy-induced regression) was used for pathological response. 

Of the formalin-fixed resection samples, areas with macroscopically (most) viable tumour 

tissue were paraffin-embedded and serial sections were stained with haematoxylin and 

eosin. Mutation testing was performed centrally at the certified laboratory of the NKI-

AVL. EGFR and K-Ras mutation status were determined in the postoperative material 

by isolating DNA from formalin-fixed paraffin-embedded tumour samples. For EGFR 

mutation analysis, exons 18–21 were PCR amplified using exon-specific primers (exon 

18-21). For KRAS mutation, analyses of codon 12 and 13 were carried out with forward 

and reverse primer.
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 Statistical considerations
A Simon’s minimax 2-stage procedure was applied, to provide 80% power to declare 

the treatment sufficiently active if the pathological response rate was 30% or more, 

and 5% probability (alpha=0.05) to wrongly declared it active when the response rate 

(pCR+pPR) was 10% or less (p0=0.10, p1=0.30) (22). First, 15 patients from an “enriched” 

population were entered into the study and the response was evaluated. As determined 

in advance, the threshold was at least two responses to continue the study. At this point, 

eligibility criteria were broadened to allow inclusion of an unselected population of 

eligible NSCLC patients. If five or less responses would be observed within the expected 

total 25 patients of the enriched population (15 from the first step and 10 additional), 

it would be concluded that this treatment has insufficient activity to deserve further 

testing in future studies.

Results
From December 2006 until November 2010, 60 patients with NSCLC (or highly probable 

NSCLC) eligible for surgical resection were enrolled in this multicentre study (Figure 

1). In 56 patients, preoperative biopsy showed malignancy matching NSCLC (93%). 

Twenty-nine patients fulfilled the criteria of the enriched population, and the other 

31 patients did not meet these criteria (non-enriched population). Median age was 64 

years (range 37 – 74 years). Clinical and histological data for all patients are listed in 

Table 1. Median follow-up, until December 2011, was 30 months (range 3-58 months). 

Treatment toxicity and feasibility
Forty-two patients completed 21 days of erlotinib treatment using 150mg/day. In 

seven patients, surgery was planned before day 21; these patients used erlotinib 

15-18 days. In four patients the dose was reduced to 100mg/day and seven patients 

stopped erlotinib prematurely due to toxicity (after 8 - 15 days). In most patients, no 

unexpected toxicity was seen. Skin rash and diarrhea were common but often mild 

(Table 2). Side effects dissolved within seven days after treatment in all patients but 

one, who showed an acneiform skin rash up to three weeks after the end of treatment. 

Median time between the last day of erlotinib and surgery was 3 days (range 1-20 days). 

Fifty-six patients underwent a lobectomy or segment resection, no pneumonectomy 

was performed. Four patients turned out to have unresectable disease due to local 

tumour invasion (n=2) or malignant pleural effusion (n=1, pleural nodules in retrospect
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Pathological evaluation  

Resection N=56  
Chemoradiation N=2 

Palliative treatment N=2 
 

Adjuvant therapy 
Chemotherapy N= 12 

Erlotinib N=1 
Mediastinal radiotherapy N=4 

  
 

 

Inclusion N= 60 
Malignancy (NSCLC) proven N= 56 

Highly probable N= 4 
 

Erlotinib treatment 
Full 21 day treatment N= 42 

15-21 days N= 9 
< 15 days N= 9 

 

Metabolic evaluation  
18-FDG-PET scan 

Radiological evaluation 
Spiral CT scan 

Figure 1. Patient flow diagram  

noticeable on baseline CT-scan), or N2 disease on the repeat PET scan (n=1, proven by 

mediastinoscopy). They received chemoradiation or chemotherapy. Median duration 

of hospital stay was nine days (range 5 – 17 days), including one day (range 0 – 7 

days) at the intensive care unit. No unexpected per- or postoperative complications 

were seen. Postoperative complications were pneumonia (n=1), anemia requiring 

blood transfusion (n=2), persisting air leak (n=1), and urinary retention (n=2). No re-

interventions were necessary, and there were no postoperative deaths.

Histology showed NSCLC in 56 patients, LCNEC (carcinoid) in one patient, a pulmonary 

metastasis of breast cancer in one patient, a B-cell non-Hodgkin lymphoma in another 

patient and in one patient no vital tumour cells were found in the suspected lesion. 
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Table 1. Patient and tumour characteristics.

Characteristics Total population Enriched population Unselected population

  n= 60 % or range  n=29 % or range n=31 % or range

Gender M/F 26/34 43-57  3/26  11-89  23/8 72-28

Median age at diagnose 64 36-76 59 36-73 64 50-76

Smoking status            

Never 14 23 14 48 0 0 

former 27 45 8 28 19 61

current 19 32 7 24 12 39

Clinical Stage: pre treatment           

IA 18 30 13 45 5 16

IB 18 30 7 24 11 36

IIA 7 12 3 10 4 13

IIB 9 15 3 10 6 19

IIIA 5 8 2 7 3 10

IV 3 5 1 3 2 6

Histology            

Large cell 5 8 1 3 4 13

Squamouscell 12 20 0 0 12 39

Adenoca 38 63 26 90 12 39

Bronchio alveolar Ca 1 2 0 0  1 3

LCNEC 1 2 0  0 1 3

Other 3 5 2 7 1 3

Pathological stage            

No tumour 1 2 0  0  1  3

IA 18 30 10 35 8 26

IB 14 24 7 25 7 23

IIA 4 6 2 7 2 6

IIB 4 6 2 7 2 6

IIIA 12 20 4 14 8 26

IV 4 6 1 2 3 9

Other than NSCLC 3 5  3  10  0 0

Mutation status            

EGFR mutation 7 12 5 17 2 6

                    Exon 19/ Exon 21  4/2    4/1   0/1  

                    Exon 20 1   0   1  

      No EGFR mutation 47 73 21 72 26 84

      Not assesed 6 10 3 10 3 10

K-ras mutation 12 20 6 21 6 19

Codon 12/codon 13 12   6   6  

      No K-ras mutation 42 70 20 69 22 71

      Not assesed 6 10 3 10 3 10
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Table 2. Toxicity according to the CTC 3.0 criteria for all patients treated with erlotinib (n=60).

Toxicity grade 1 grade 2 grade 3 grade 4 Total

Rash  13 19 5 0 37

Dry skin 9 4 0 0 13

Pruritus 2 5 0 0 7

Diarrhea 13 6 2 0 21

Nausea/ vomiting 4 0 0 0 4

Mucositis 1 3 0 0 4

Fatigue  6 0 1 0 7

Anorexia 1 1 0 0 2

Dry eyes 0 8 0 0 8

Blurry vision 1 0 0 0 1

Infection/pneumonitis 0 2 1 0 3

Response evaluation
Figure 2a and 2b provide an overview of radiological, metabolic and pathological 

responses per patient. Radiological partial response (PR), measured by CT after three 

weeks of erlotinib treatment, was seen in 3/60 patients (5%), all in the enriched 

population. Metabolic partial response, measured by PET scan was present in 16/60 

patients (27%), of which 10/29 in the enriched population (34%). Two patients were not 

evaluable due to marginally elevated FDG uptake in a proven adenocarcinoma (n=1) 

and refusal of repeated imaging (n=1).  Histopathologic examination of the resection 

specimen revealed > 50% tumour necrosis or fibrosis accompanied by morphological 

signs of therapy-induced regression in 14/60 patients (23%) of which 11/29 in the 

enriched population (38%). Response data are summarized in Table 3. In some other 

patients, considerable amounts of necrosis and fibrosis were observed, however 

without evidence of regression signs and therefore not classifiable as therapy-induced 

necrosis. In patients with (near) complete tumour regression, additional pathological 

staining methods (e.g. pankeratin immunostain) were used to differentiate complete 

from near complete pathological response. Pathologic response was scored as > 95% 

necrosis in three patients (5%), all in the enriched population. These patients had proven 

malignancy prior to treatment. In one additional patient no vital tumour cells were found 

after resection, but no pre-treatment diagnosis was obtained, excluding this patient for 

pathological evaluation. Specimens of 11 patients showed pPR with morphological 

signs of therapy-induced regression or necrosis of 50- 90% of the tumour mass.
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Figure 2a.  Shows the individual response: each coloured bar indicates the response of 
an individual patient showing a) SUVmax after 3 weeks of erlotinib as compared to 
baseline SUVmax [%], b) Tumour diameter after 3 weeks of erlotinib as compared to 
baseline CT [%], c) Relative amount of tumour necrosis [%] in resection specimen (4 
tumours indicated by x were unresectable).The striped bars indicate patients with EGFR 
mutated tumour.
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Figure 2b.  Shows the individual response in the enriched population: each coloured 
bar indicates the response of an individual patient showing a) SUVmax after 3 weeks of 
erlotinib as compared to baseline SUVmax [%], b) Tumour diameter after 3 weeks of 
erlotinib as compared to baseline CT [%], c) Relative amount of tumour necrosis in 
resection specimen [%]. The striped bars indicate patients with an EGFR mutated tumour.
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Mutation status
Table 4 shows an overview of all three response evaluations according to mutation status. 

EGFR mutations were found in 7/56 NSCLC patients (13%; 5 adenocarcinoma, 2 large 

cell carcinoma), K-ras mutations were found in 12 patients (21%; 9 adenocarcinomas, 

2 large cell carcinoma and 1 BAC). Of the EGFR mutants, 5 patients were from the 

enriched population. Six K-ras mutant tumours were found in each population. The 

specific mutation types are listed in Table 1. In six patients, mutation analyses were not 

performed (no resection, no vital tumour mass or other histology). Four patients with 

an EGFR mutation had a metabolic response; necrosis > 50% was seen in three. Two 

patients (exon 19 mutation, exon 20) did not show any type of response. One patient 

with EGFR mutation did not complete erlotinib treatment and refused further repeat 

PET-CT and CT scans, 10% necrosis was found after resection. One patient with a K-ras 

mutation had a metabolic response and >50% tumour necrosis. The tumour size did 

not change on CT.

Follow up
Fourteen patients received adjuvant chemotherapy, one patient adjuvant erlotinib 

(3 months) and 4 patients received mediastinal radiotherapy. Kaplan-Meier curves in 

Figure 3 show a 2- year PFS of 77% and OS of 82%, 10 patients died due to disease 

progression (median 13 months, range 5-24), one patient died from sepsis after an 

abdominal infection 13 months after surgery.
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Figure 3. Progression free survival and overall survival.



Neoadjuvant erlotinib in early stage NSCLC patients

43

 3

Discussion

Administration of preoperative erlotinib was safe. In this setting of “preoperative 

window” treatment, seven patients (12%) stopped erlotinib prematurely due to 

subjective unacceptable toxicity. In the enriched population (n=29), tumours of 10 

patients showed > 50% necrosis. The most remarkable finding was the occurrence of > 

95% tumour necrosis within 3 weeks of treatment in three patients (5% of total, 10% of 

enriched population). Therefore we conclude that this treatment has sufficient activity 

to deserve further testing in future studies. 

Toxicity in general was mild, although in seven patients mostly skin rash was reason 

for patients to stop treatment. In the neoadjuvant study setting, the threshold to 

discontinue treatment may be lower compared to patients with advanced disease for 

whom a TKI is first or second-line standard treatment. Other limitations of this study 

are the lack of an untreated control group and preoperative histology in all patients. 

It remains difficult to ascertain whether the degree of necrosis and fibrosis reflects 

extensive tumour heterogeneity and spontaneous necrosis or treatment effect. The 

difficulty of obtaining (representative) tumour tissue prior to treatment also reveals 

the limitation of patient selection for EGFR-TKI treatment based on mutation analysis 

only. For radiological and metabolic measurements, imaging was performed on the 

same scanner using the same image acquisition and reconstruction protocols for each 

patient. 

Metabolic response evaluation showed marked SUV decreases in 16 patients within 

3 weeks of treatment. As shown, metabolic response did not exactly correspond to 

histopathologic regression of the tumour or radiological response. Three factors may 

explain this discrepancy: the sampling of the tumour for histopathologic evaluation, 

problems in differentiation of spontaneous and treatment induced necrosis and the 

lack of a standard to qualify regression to TKI therapy.

All these factors might lead to over- as well as under estimation of response to TKI 

treatment. By pathological response evaluation, the amount of necrosis and regression 

was evaluated on tumour samples from vital parts of the lesion. Central necrosis or 

degradation of the tumour can occur spontaneously in many NSCLC’s and cannot 

be used for evaluation of therapy. Although reports on histopathologic effects of 

neoadjuvant treatment are scarce, quality and quantity of pathological response have 

been described based on necrosis, fibrosis and regression criteria (21). This classification 
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was derived from tumour tissue of patients treated with neoadjuvant chemotherapy 

or (chemo-) radiation, most probably causing different tissue responses than to TKI’s. 

Furthermore, these responses were described after 2-3 months of treatment instead 

of after 3 weeks of treatment. Response to erlotinib can be expected to develop within 

several weeks, although it is not sure to what extent, and tissue reactions as apoptosis 

are difficult to quantify. Also unknown is, how metabolic activity reflects various tissue 

reactions, as senescence, fibrosis formation, and inflammatory reactions (23). These 

processes may even lead to increased PET- uptake. 

Radiological response (by CT) was observed in only 5% of patients (or 10% in the 

enriched population). RECIST measurements were used, but are suboptimal for 

radiological response evaluation of 3-week treatment with an EGFR-TKI. Apoptosis, 

transition of necrosis to fibrosis, lymphocytic and granulomatous reactions may not 

be translated into early decrease in tumour volume (24). Tumour volume reduction is 

not expected to occur within days, but in weeks to months (25). This issue of RECIST 

not being the best response indicator during targeted treatment has been discussed 

extensively for Gastro Intestinal Stromal Tumours (GIST) (26). In our study, even near 

complete response at pathologic examination was not predicted by preoperative CT 

evaluation. A study on the effect of neoadjuvant 4-week treatment with gefitinib in 

NSCLC (mainly adenocarcinoma) patients by Lara-Guerra et al reported partial response 

in 11% of 36 patients (27). Histological features in these (radiological) responders were 

a decrease in tumour cellularity and proliferation (Ki-67 index) (28).

Although our data show that defining response in the setting of targeted therapy for 

early stage NSCLC is challenging, change in metabolic activity, measured by FDG-PET 

may be a better tool to monitor EGFR-TKI therapy. There is an ongoing discussion on 

prediction of response and survival in NSCLC patients receiving neo-adjuvant therapy 

(29;30),  however early during treatment, metabolic response evaluation is more helpful 

than CT to identify response to EGFR-TKI’s (31;32).

Only six metabolic responses and no complete pathological responses were observed 

in the group of patients without clinical enrichment criteria. This study was started in 

2006 when selection based on clinical characteristics was common. In such enriched 

populations (females, non-smokers, Asian origin and adenocarcinoma), responder 

rates of 30-40% can be observed (16).Currently, patients with advanced NSCLC are 

being selected for first-line TKI treatment based on mutation status. 
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In this study, including mainly patients with early NSCLC, we found EGFR mutations 

in 13%  (3/7 being responders). This indicates that selection based on mutation 

analysis may be associated with considerable under-treatment, as an undefined group 

of patients without an evident mutation benefits from erlotinib treatment as well. 

Therefore, selection of patients and response evaluation remain important issues for 

future research in this field. More specific, patient selection could be improved either by 

in-vivo monitoring of response by early PET or by in-vitro prediction of response using 

measurements of inhibitory effects at the kinase level in tumour material of individual 

patients (33).
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Abstract

Background
Early prediction of treatment response is of value in avoiding unnecessary toxicity of 

ineffective treatment. The objective was to prospectively evaluate the role of integrated 

18F-fluorodeoxyglucose positron emission tomography/computed tomography (FDG 

PET/CT) for early identification of response to neoadjuvant erlotinib, an epidermal 

growth factor receptor - tyrosine kinase inhibitor (EGFR-TKI).

Methods
From October 2006 to March 2009, 23 patients with non-small cell lung cancer 

(NSCLC) eligible for surgical resection, were evaluated in this report. Patients received 

preoperative erlotinib 150 mg once daily for 3 weeks. FDG PET/CT was performed 

before, and 1 week after administration of erlotinib. Changes in tumour FDG uptake 

during treatment were measured by standardized uptake values (SUV) and assessed 

prospectively according to the European Organization for Research and Treatment of 

Cancer (EORTC) criteria. Patients with a decrease in SUV of ≥25% after 1 week were 

classified as metabolic responders. The metabolic response was compared to the 

pathological response, obtained by histopathologic examination of the resected 

specimen.

Results
Following the FDG PET/CT EORTC criteria, six patients had a partial remission (26%) 

within one week, 16 patients had stable disease (70%) and one patient had progressive 

disease (4%). The median percentage of necrosis in the early metabolic responder 

group was 70% (IQR: 30 - 91), the median percentage of necrosis in the non responders 

group was 40% (IQR: 20 – 50; p=0.09). The kappa agreement between the metabolic 

and the pathologic responders was 0.55 (p=0.008).

Conclusion
The results of this study suggest that early during the course of EGFR TKI therapy, FDG 

PET/CT can predict response to erlotinib treatment in patients with NSCLC. 
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Introduction

In spite of a multidisciplinary approach in the treatment of non-small cell lung cancer, 

the survival of NSCLC patients has shown little improvement over the last years. 

There has been an increase in patients presenting with stage IV disease(1). This is 

most likely a result of better staging, as metastatic disease is identified long before it 

causes clinical symptoms. An important tool that has improved oncological staging is 
18F-fluorodeoxyglucose positron emission tomography (FDG PET). In patients with non-

small cell lung cancer (NSCLC), FDG PET has been recognised as an adequate staging 

tool(2), (3), (4), and several studies also suggest that the standardized uptake value (SUV) 

has a prognostic value in NSCLC(5), (6), (7). By integration of functional FDG PET data 

and computed tomography (CT), both anatomic and metabolic information can be 

provided which increases the diagnostic performance in NSCLC patients(8), (9). 

In the era of patient-tailored treatment, response monitoring is important to avoid 

unnecessary toxicity and costs of ineffective treatment. In previous studies concerning 

chemotherapy in NSCLC, FDG PET/CT has shown to predict response early during the 

course of chemotherapy (10), (11), (12). 

In the last decade, several molecular-targeted agents have emerged for treatment of 

NSCLC, e.g. epidermal growth factor receptor - tyrosine kinase inhibitors (EGFR-TKI) such 

as erlotinib and gefitinib. However, research concerning (early) response monitoring with 

FDG PET for these new agents is scarce. Su et al(13)studied in a panel of cell lines whether 

tumour response to EGFR TKI could be identified by measuring treatment-induced changes 

in glucose utilization by FDG PET. They concluded that FDG PET might be a valuable 

clinical predictor for response to EGFR TKI early in the course of treatment. Sunaga et al(14) 

monitored gefitinib treatment in five patients with FDG PET and reported that a decrease 

in metabolic uptake within 2 days of initiation of treatment predicted response. 

Currently, a Dutch multicenter phase II study of neoadjuvant erlotinib in operable 

patients with NSCLC is open for accrual. In the context of this study we prospectively 

evaluated FDG PET/CT in predicting response to neoadjuvant erlotinib early in the 

course of erlotinib therapy in patients with NSCLC.

Methods

Patients
FDG PET/CT imaging was performed as part of an open label, non-comparative, two-stage 

phase II study, performed in four medical centers in The Netherlands (The Netherlands 
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Cancer Institute-Antoni van Leeuwenhoek Hospital (NKI-AVL) in Amsterdam, Kennemer 

Hospital in Haarlem, Haga Hospital in The Hague, and the University Medical Centre in 

Maastricht). From October 2006 to March 2009, patients with operable stage I - III NSCLC 

were included in the trial to study the response to and toxicity of the EGFR-TKI erlotinib. 

Eligibility criteria included operable adult (≥18 years) patients with resectable NSCLC – 

i.e. clinical stage I-III NSCLC, cT1-3 N0-1 (7th edition TNM). Staging procedures included 

contrast-enhanced CT and PET/CT scan and (in case of mediastinal metabolic uptake or 

nodes greater than 1 cm in shortest diameter) additional endoscopic ultrasound guided 

fine needle aspiration cytology (EUS-FNA) or mediastinoscopy. 

Patients had to be fit for surgery with an Eastern Cooperative Oncology Group (ECOG) 

performance status of 0 or 1, and neither pregnant nor nursing. The study was approved 

by the institutional review boards. Written informed consent was obtained from all 

patients. The study protocol was in accordance with the guidelines established by the 

World Medical Association Declaration of Helsinki.

Neoadjuvant erlotinib
Preoperative treatment comprised of one tablet of 150 mg erlotinib daily for a period 

of 3 weeks. Surgical resection involved a radical resection of the tumour, preferably 

by lobectomy and regional lymph node dissection. The protocol allowed the use of 

erlotinib as adjuvant therapy, when the treating physician considered this to be in the 

best interest of the patient. 

FDG PET/CT acquisition
A baseline FDG PET/CT was performed during routine staging in all patients. The 

baseline scan had to be performed within 1 month before start of neoadjuvant 

erlotinib treatment. For early monitoring FDG PET/CT was planned within 7 days after 

initiation of erlotinib therapy. In this study a PET/CT (Gemini TF, Philips, Eindhoven, The 

Netherlands) was used.  FDG was administered in doses of 180-240 MBq. Patients fasted 

for 6 hours prior to imaging. Diabetes mellitus was regulated in advance, with plasma 

glucose < 10 mmol/l. The interval between FDG administration and scanning was 60 

minutes +/- 10 minutes. Low-dose CT images (40 mAs, 5 mm slices) were acquired 

without intravenous contrast. 

The images generated (PET/CT, low dose CT and PET) were displayed using an Osirix 

Dicom viewer in a Unix-based operating system (MAC OS X, Power G5, Apple, Cupertino, 

CA, USA) and were evaluated on the basis of two-dimensional orthogonal reslicing. 
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Interpretation and analyses of FDG PET/CT data
A nuclear physician who was unaware of other patient data (R.V.O.) evaluated the 

acquired images semiquantitatively. FDG tumour uptake was quantified using SUVmax 

which was defined as the maximum tumour concentration of FDG divided by the 

injected dose and corrected for the body weight of the patient: [SUVmax  =  Standard 

Uptake Value, maximum activity concentration/(injected dose/body weight)]. For 

the determination of the SUVmax, the maximum FDG-uptake was searched within the 

volume of the primary tumour on the PET image. This region was manually drawn. 

Metabolic tumour response was assessed according to the European Organization for 

Research and Treatment of Cancer (EORTC) criteria for SUV measurement(15). On the 

basis of these criteria, metabolic response was defined as a decrease of at least 25% in 

SUVmax.

Pathology analyses
Evaluation of the resection specimens for determination of pathological response was 

two-fold. In addition to the amount of (residual) vital tumour, also morphological signs 

of therapy induced regression such as tumour necrosis, foam cell reaction, giant cell 

reaction, inflammation, and fibrotic alterations were determined (16). Of the formalin-

fixed resection samples, areas with macroscopic tumour tissue were paraffin-embedded 

and serial sections were stained with haematoxylin and eosin (H&E). Tumour regression 

was scored as: pathologic response if more than 50% necrosis was present with 

morphological signs of therapy-induced regression; or no response, when either 0-50% 

necrosis or necrosis that could not be attributed to the therapy effect was seen. Near 

complete pathologic response was defined as more than 90% necrosis was present in 

the resected specimen. One pathologist (R.v.P) evaluated all the resection specimens 

and was unaware of other patient data.

Statistical analyses
Statistical analyses were performed to correlate the amount of necrosis in the specimen 

to the change in SUVmax. Percentage necrosis and SUVmax are presented by the median 

and the 25th and 75th percentile, the interquartile range (IQR). The Wilcoxon rank sum 

test with continuity correction was used to analyse differences between responders 

and non-responders. The kappa value was used to describe correlation between the 

responders and the pathologic results. P values <0.05 were considered statistically 

different.
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Results

The study population included 23 patients, eight males (35%) and 15 females. The mean 

age was 63 years (range 46 - 76 years). Clinical characteristics of the study population 

are shown in Table 1. From the 33 patients enrolled in the ongoing phase II trial, in 23 

patients FDG PET/CT at baseline as well as FDG PET/CT within seven days of initiation of 

treatment were available. The median time between these two scans was 21 days, the 

median time between start of erlotinib therapy and follow-up FDG PET/CT was 6 days.

Table 1. Clinical characteristics of the study population.

Variable n %

 Gender Male : Female
Age mean (range)
Histology
   Adenocarcinoma
   other 
Clinical stage
    IA
    IB
    IIA
    IIB
    IIIA
Size of primary tumour
1.0-2.0 cm
2.1-3.0 cm
3.1-5.0 cm
>5.0 cm
Smoking status
Current
Former
Never
EGFR mutation status
Yes
No
Unknown

8 : 15
63 yrs (46-76)

17
6

6
9
2
4
2

4
6
5
5

8
11
4

4
18
1

35 : 65 

73%
26%

26%
39%
9%

17%
9%

17%
26%
22%
22%

35%
48%
17%

17%
78%
4%

FDG PET/CT
The median SUVmax at baseline FDG PET/CT was 11.0 (IQR: 7.2-15.7). The median SUVmax 

after one week of erlotinib therapy was 9.3 (IQR: 5.5-13.1). According to the EORTC 

criteria there were six patients with a partial remission (26%) within one week (Figure  1),
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Figure. 1 Coronal FDG PET with maximum intensity projection before (A)  in a patient with a carcinoma 
of the left lung showing a reduction in uptake (ΔSUVmax minus 57%) and increase in necrose of the 
primary tumour after 7 days with erlotinib (B). After 21 days of erlotinib treatment the resected specimen 
contained 80% necrosis. This early effect is also observed on transversal PET/CT fusion images before (C) 
and following 7 days erlotinib.

Figure 2. Percent change in SUVmax on FDG PET/CT within 1 week of neoadjuvant erlotinib treatment 
in relation to pathologic response (pPR= pathologic partial response, pCR= pathologic complete 
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response16 patients with stable disease (70%) and one patient with progressive disease 
(4%). The median relative difference in SUVmax between the baseline scan and the scan 
within one week of therapy was -10% (IQR: -30 - +9%).

Association of FDG PET/CT with pathologic results
The median percentage of necrosis in the resection specimens of treated patients was 

40% (IQR: 20-60). In patients classified as “metabolic responders” (a SUVmax decrease 

by more than 25% [-100% to -25%]), the median percentage necrosis in the metabolic 

responder group was 70% (IQR: 30 - 91). The median percentage necrosis in “metabolic 

non- responders” was 40% (IQR: 20 – 50) with a p-value of 0.09 (Wilcoxon rank sum). 

The kappa agreement between the metabolic and the pathologic responders was 0.55 

(p=0.008). The two patients with a near complete pathologic response both had an 

EGFR mutation, the patients with a partial pathologic response were all un-mutated 

cases. 

Discussion

In this phase II trial of neoadjuvant erlotinib in NSCLC patients, six out of 23 patients 

(26%) showed metabolic response within one week of treatment. Using a cut-off value 

of 25% decrease in SUVmax (PET-EORTC criteria), early metabolic response corresponds 

to pathologic tumour regression in the resection specimen in the majority of patients. 

To our knowledge, this is the first study on early response to EGFR-TKI therapy measured 

by FDG PET/CT.

The use of neoadjuvant therapy has several clinical advantages. First, it allows for 

assessment of biologic response in vivo. Second, after a favourable response to 

neoadjuvant therapy, the agent can be administered for a longer period or used as an 

adjuvant treatment. Third, the administration of preoperatively treatment may improve 

resectability of locally advanced disease. For all three applications however, early and 

reliable evaluation of response is necessary. Only then can unnecessary side effects and 

costs be prevented in case of no response or progression of disease. 

Preoperative chemotherapy for NSCLC has been extensively investigated, but its role 

in patient management remains controversial. Although responses to several courses 

of neoadjuvant chemotherapy have been observed in up to 49% of the patients, no 

randomized trials have shown improvement in survival by preoperative chemotherapy 

as compared to surgery alone(17) (18). FDG-PET was reported to predict response to 

chemotherapy (10) (11), (12). Hoekstra et al(10) performed FDG-PET scans in 47 patients 

with stage IIIa NSCLC who received induction chemotherapy. They concluded that it was 
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feasible to predict response after one cycle of chemotherapy. Decoster et al(12) showed 

in 31 patients with locally advanced NSCLC that a complete response on FDG-PET was 

a more powerful predictor for survival that a complete response on CT. Furthermore, 

Lee et al(11) concluded that FDG PET/CT after one cycle of chemotherapy could predict 

progressive disease earlier that standard radiographic evaluation. Dooms et al(19) 

created a restaging strategy after induction chemotherapy for stag IIIa NSCLC patients 

combining morphometric tissue analysis of mediastinal lymph nodes and FDG-PET 

response monitoring in the primary tumour, which may allow for more individualized 

treatment. 

Erlotinib is able to induce swift responses in selected NSCLC patients and prolongs 

survival when given as second-line treatment in advanced disease(20)(21). However, in 

a large proportion of patients, no objective response is achieved(22). Several phase II 

studies with preoperative EGFR-TKI’s are ongoing, but studies that have evaluated FDG 

PET for response monitoring in EGFR-TKI treatment are limited in quality and quantity.

Su et al(13) investigated in cell lines whether tumours responding to EGFR TKIs can be 

identified by monitoring glucose utilization by FDG-PET and  18F -3’-fluoro-3’-deoxy-L-

thymidine (FLT) PET. Uptake of FDG reflected immediate cellular response to EGFR TKI 

treatment. In contrast to the rapid decrease of FDG uptake, FLT-PET showed no major 

changes. They concluded that FDG PET might be able to predict response to EGFR TKI 

early in the course of treatment. Ullrich et al(23) also studied the potential of FDG- and 

FLT PET to detect response to EGFR inhibitors in a mouse model of EGFR-dependent lung 

cancer. They reported, in contrast to Su et al(13), that FLT PET was able to identify response 

to EGFR treatment more accurately than FDG PET. The only patient-based report is that of 

Sunaga et al(14) in which only five patients were included. FDG PET results were studied 

in patients with unresectable stage III/IV NSCLC or recurrent disease after surgery who 

received EGFR TKI therapy. Although the data suggested a possible value of FDG PET in 

response prediction, these results need to be confirmed by other studies. 

Conclusion

In the prospective setting of a phase II trial, this study suggests that early during the 

course of EGFR TKI therapy for NSCLC, FDG PET/CT can identify response in the majority 

of patients. Even though our study is relatively small, the results are promising and 

consistent with the results of earlier studies. Further data in larger groups of patients 

are required to determine optimal timing of response evaluation and the relevance of 

cut-off values of response parameters
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Abstract 

Background
In patients with non-small cell lung cancer (NSCLC) a higher response rate can be 

achieved with epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-

TKI’s) when selection for therapy is guided by mutation analysis or gene amplification. 

However, both tests are complex and require tumour tissue. Simple methods to identify 

responders prior to EGFR-TKI treatment are urgently needed. This study aimed to define 

the relation between serum sEGFR levels, carcinoembryonic antigen (CEA) and survival 

in NSCLC patients treated with EGFR-TKI’s. 

Methods
Patients with stage III/IV NSCLC treated with gefitinib or erlotinib between July 2002 

and December 2005 were reviewed. Levels of serum sEGFR were determined by a 

sandwich quantitative enzyme-linked immunosorbent assay. A chemiluminescence 

immunoassay was used for CEA. The relation between sEGFR and survival was 

investigated. 

Results
One-hundred-and-two NSCLC patients, mainly stage IV (80%), were identified. Mean 

sEGFR at baseline was 55.9 μg/l (range 35.3 – 74.5μg/l). The median CEA level was 11.1 

μg/l (range <1.0 – 2938.0 μg/l). Median overall survival was 5.2 months (range 1 - 52 

months). Decreasing log CEA values (HR 1.51, 95% CI 1.11-2.04, multivariate analysis) 

and increasing sEGFR values (HR 0.96, 95% CI 0.93-0.99, multivariate analysis) were 

both independently associated with prolonged survival. Higher levels of pre-treatment 

sEGFR were associated with lower risk of progressive disease within 3 months (p=0.04).

Conclusions
Both baseline sEGFR and CEA levels in NSCLC patients receiving EGFR-TKIs showed 

a significant correlation with survival. To distinguish whether these factors have a 

predictive or a prognostic value, validation is warranted in an independent patient 

series containing a control arm without EGFR-TKI treatment. 
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Background

The epidermal growth factor receptor (EGFR) is a receptor tyrosine kinase that is 

abnormally activated in different types of epithelial malignancies. A constitutively 

activated EGFR can lead to malignant transformation of the cell. It was shown twenty 

years ago that blocking of the EGFR could inhibit cell proliferation in these transformed 

cells[1]. Since these first observations various drugs have been developed that target 

either the extracellular domain or the intracellular tyrosine kinase domain of the 

EGFR. Especially drugs of the latter category, small molecule adenosine triphosphate-

competitive inhibitors of the receptor’s tyrosine kinase (EGFR-TKIs) such as erlotinib 

and gefitinib, have proven their efficacy in the treatment of non-small cell lung cancer 

(NSCLC)[2-4]. However, response rates of erlotinib and gefitinib in unselected patient 

populations are low, and selection of patients is warranted to increase response rates 

to a more satisfying level. A response rate of 30% can be achieved when selection of 

patients is based on their phenotype (female gender, non-smoking status, Asian origin, 

adeno- or bronchioloalveolar carcinoma)[5-9]. This can be increased up to 70% when 

selection is based on EGFR mutation or FISH analysis [10-18]. However, for these assays 

availability of tumour tissue is a prerequisite, while this is frequently not at hand in 

advanced NSCLC. More simple and accessible predictors of response are warranted. 

Recently, soluble EGFR (sEGFR) was recognized as a potential screening tool for 

epithelial cancer[19;20]. SEGFR is a proteolytically cleaved form of the extracellular 

domain of the EGFR, and can be measured directly in the serum[21;22]. The plausibility 

of sEGFR being a surrogate marker for response to treatment with an EGFR-TKI is based 

on the hypothesis that the level of sEGFR reflects the absolute number of activated 

receptors, susceptible to inhibition[23]. A decrease in sEGFR during treatment with 

gefitinib has been recognized to correlate with disease control in patients with non-

small cell lung cancer (NSCLC)[24]. However, the role of baseline sEGFR as a predictive 

marker for response and survival in clinical practice is still uncertain. 

The conventional tumour marker carcinoembryogenic antigen (CEA) is a member 

of the immunoglobulin supergene family, a cell surface adhesion protein, and it is 

thought to play a role in cell-to-cell adhesion(22). Since there is evidence that elevated 

pre-treatment levels of CEA are also predictive for response and outcome after EGFR-

TKI treatment, independent of histological subtype, we decided to study both baseline 

sEGFR and CEA levels in relation to survival after EGFR-TKI treatment [25]. 
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Patients and methods

Patients selection and study design
Between July 2002 and December 2005, patients with advanced non-small cell lung 

cancer, not responding to conventional chemotherapy or unable to receive chemotherapy 

due to poor medical condition, were offered treatment with gefitinib (Iressa®) or erlotinib 

(Tarceva®) as part of the Expanded Access Programme, on a compassionate use basis. 

Consecutive patients who were treated for more than 14 days were identified and 

enrolled in this study if pre-treatment serum was available for sEGFR analysis. The final 

sample size was determined according to the number of available patient serum samples. 

Hospital records were retrospectively reviewed for age, gender, race, smoking status, 

histological subtype, stage, side effects and toxicity of the EGFR-TKI treatment and best 

overall response to EGFR-TKI. Informed consent was obtained from all patients. For design 

and report of this study the REMARK guidelines were followed[26].

Patients receiving gefitinib were treated with a daily dose of 250 mg. In case of 

unacceptable or severe (grade 3-4) toxicity the treatment with gefitinib was interrupted. 

Erlotinib was administered in daily doses of 150 mg. Dose changes of 50 mg were 

possible in case of unacceptable toxicity. Adverse events were assessed according 

to the National Cancer Institute - Common Toxicity Criteria version 2. Treatment of 

gefitinib or erlotinib was continued until disease progression or the occurrence of a 

serious adverse event. 

Assessment of sEGFR and CEA levels
Blood samples had to be collected within 2 months before start of treatment with EGFR-

TKIs. Serum was stored at -30˚C. Concentration levels of the EGFR-extracellular binding 

domain were determined by a sandwich quantitative enzyme-linked immunosorbent 

assay (EGFR Microtiter ELISA; Oncogene Science, Cambridge, MA) according to the 

manufacturer’s instructions. The normal range is 45-78 μg/l as described previously[27]. 

CEA was measured on the E170 analyzer, which is based on chemiluminescent 

immunometric technology (Roche Diagnostics, Mannheim, Germany)[28].

Response assessment and statistical analysis
Correlation among sEGFR, CEA and age were studied using Pearson correlation analysis. 

Associations between sEGFR, CEA, gender, stage (III, IV), smoking status (smoker, non-

smoker) and histology (adenocarcinoma, squamous cell carcinoma and large cell 

undifferentiated) were investigated by means of the student t-test or generalized linear 

regression. 
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Overall survival was calculated using the Kaplan-Meier method, from the first day of 

treatment with the EGFR-TKI to the date of death. Differences in survival between 

subgroups of patients were determined using the log rank test. Univariate analysis 

(Cox proportional hazard regression analysis) was used to detect associations 

between sEGFR and CEA levels and survival. Furthermore, age, gender, smoking status, 

tumour stage, histology, and treatment drug were investigated. The assumptions of 

linearity and proportional hazards for sEGFR and CEA were checked by means of 

Martingale residuals and scaled Schoenfeld residuals[29;30]. Continuous variables 

(age, sEGFR and logCEA) were tested for possible non-linear associations (violence 

of the proportional hazards assumptions). To present Kaplan-Meier plots for sEGFR 

and logCEA, a cut-off was used to divide these factors into two separate groups (i.e. 

high vs low). A spline function through the Martingale residuals of sEGFR and logCEA 

was used to determine possible cut-off values; i.e., the concentration of sEGFR or 

CEA where the line crossed through zero of the Martingale residuals, was used as 

the cut-off. Variables achieving a probability value of less than 0.10 in the univariate 

analysis as well as preoperative factors considered relevant in the available literature 

[31-33] were introduced in a multivariate stepwise proportional hazard analysis to 

identify variables significantly associated with survival. P-values < 0.05 were considered 

statistically significant.

Response evaluation was performed using computed tomography (CT) according 

to RECIST [34]. Response measurement at fixed intervals was not available for every 

patient. The occurrence of early progressive disease (within 3 months) was investigated 

to analyze the relation between (non-) response and sEGFR and/or CEA levels. 

Associations between high or low sEGFR and/or CEA levels, and early occurrence of 

PD were tested using non-parametric tests. For this purpose sEFGR and log CEA were 

dichotomized by the cut-off value described above.

Results

Over a 3.5 years period, 145 patients with advanced non-small cell lung cancer 

were treated with gefitinib or erlotinib. Of these, 102 patients with available serum 

samples were eligible, 54 men and 48 women, with a mean age of 59 years (95% CI 

57 – 61 years). Patient characteristics are shown in Table 1. The median follow up was 

161 days (range 17-1581 days). EGFR mutation status was assessed in 13 patients, of 

whom 6 patients had mutations: 3 patients had a mutation in exon 19, one patient in 

exon 20, and 2 patients in exon 21. Sixty-seven patients were treated with gefitinib 
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and 35 patients were treated with erlotinib. The median duration of treatment with 

gefitinib was 69 days (range 14-1259 days), and with erlotinib 78 days (range 15-814 

days). 

Table 1. Patient and tumour characteristics (n=102)

Variable No.

Age mean (SD) 
Gender 
   Male
   Female

Smoking status (n=99)
   Non
   Former/   Current 
Tumour stage (n=101)
    III
    IV
Histology (n=99)
    Adenocarcinoma
    Non-small cell, undifferentiated
    Squamous cell carcinoma
Drug
    gefitinib
    erlotinib
sEGFR µg/l mean (SD)
    < 55 μg/l
    ≥ 55 μg/l
CEA µg/l (n=100) mean (SD)
    < 12.6
    ≥ 12.6

59 yrs (12.2)

54
48

21
78

20
81

66
20
13

67
35

55.9 (8.9)
43
59

1.17 (0.75)
57
43

Baseline sEGFR levels were available for all 102 patients and showed a Gaussian 

distribution. The mean sEGFR level at baseline was 55.9 μg/l (SD 8.9). Given the normal 

range provided by the manufacturer of the test (48-72 μg/l), 23% of patients had 

decreased sEGFR levels. Patients with a squamous cell tumour had significant lower 

values of sEGFR compared to patients with tumours of the undifferentiated cell type 

(p=0.0267); sEGFR levels of patients with adenocarcinoma were found in between. Age 

was the only patient characteristic that significantly inversely correlated with sEGFR 

(correlation -0.31, p=0.0014). No significant associations were detected for sEGFR levels 

with gender, smoking status or tumour stage.

Baseline CEA values were available for 100 patients. CEA values did not follow a normal 

distribution. The median serum CEA value overall was 11.1 μg/l (range <1.0 – 2938.0 

μg/l). Using the internationally accepted upper limit of normal of 6.5 μg/l for smokers 

and 5.0 μg/l for non-smokers, 67 patients (67 %) had elevated CEA levels. Because of 

the skewed distribution of CEA, further analyses were performed using the logarithm 

of CEA (log CEA, mean 1.17, SD 0.75). Log CEA levels were significantly lower for stage 
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III patients (p=0.01197), and for squamous cell compared to undifferentiated large cell 

type (p=0.0359). Values of patients with adenocarcinoma were very close to values of 

patients with tumours of the undifferentiated large cell type. For age, gender or level of 

sEGFR no association with log CEA was found.

Table 2: Univariate analysis in patients with advanced NSCLC before treatment with EGFR-TKIs.

Variable No. of 
events

Median survival 
(95% CI)

Hazard 
ratio

95% CI P

Age per year increment
Gender 
   Male
   Female

Smoking status (n=99)
   Non
   Former/Current 
Tumour stage (n=101)
    III
    IV
Histology (n=99)
    Adenocarcinoma
    Non-adenocarcinoma
Drug
    gefitinib
    erlotinib
sEGFR µg/l, per µg/l increment  
Log CEA µg/l (n=100), per µg/l 
increment  

95

51
44

17
75

19
75

58
34

64
31

5.2 (4.3 – 6.1)

5.4 (4.3 – 6.4)
4.6 (2.4 – 6.8)

13.4 (8.1 – 18.6)
4.6 (3.1 – 6.0)

4.7 (3.4 – 6.0)
5.4 (4.3 – 6.5)

5.5 (4.1 – 6.9)
3.6 (1.1 – 6.2)

5.1 (4.0 – 6.3)
7.2 (2.6 – 11.7)

0.999

1.009

0.383

1.172

0.670

1.338

0.970
1.174

0.983 – 1.015

0.673 – 1.514

0.220 – 0.668

0.705 – 1.946

0.437 – 1.028

0.867 – 2.065

0.946 – 0.995
0.908 – 1.519

0.857

0.965

0.001

0.541

0.066

0.188

0.018
0.222

When continuous variables (age, sEGFR and logCEA) were checked for possible non-linear 

associations, none were found to be significant. Consequently the continuous variables 

could be included as linear continuous parameters.

The median overall survival was 5.2 months (range 0.6 – 52.0 months). In an univariate 

analysis, smoking status and sEGFR were shown to be significant prognostic factors 

(Table 2, p=0.001 and p=0.018, respectively). Cut-off values for sEGFR and log CEA were 

found at 55 μg/l and 1.1 (corresponding with CEA= 12.6 µg/l), respectively. Patients with 

sEGFR levels above 55 μg/l had a significantly longer overall survival (Figure 1A, log-rank 

p=0.033), while patients with a log CEA level below 1.1 showed a trend towards longer 

overall survival (Figure 1B, log-rank p=0.06). In a multivariate overall survival model sEGFR 

and log CEA, in addition to smoking, proved to be independently associated with survival 

(Table 3).
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Figure 1A,B: Overall survival by sEGFR (A) and log CEA (B). Numbers of patients at risk are given.



sEGFR and CEA as biomarkers in EGFR-TKI treatment

71

 5

Table 3: Multivariate overall survival model in patients with advanced NSCLC before treatment with 
EGFR-TKIs: results of the Cox proportional hazard regression analysis.

Hazard ratio 95% confidence interval P

Male gender 0.633 0.395 - 1.015 0.058

Age, per year increment 0.990 0.970 - 1.011 0.346

Non-smoking 0.367 0.201 – 0.668 0.001

Tumour stage III 1.092 0.597 - 2.000 0.775

Adenocarcinoma histology 0.706 0.426 - 1.171 0.177

sEGFR, per µg/l increment 0.958 0.930 - 0.986 0.004

Log CEA, per µg/l increment 1.507 1.111 - 2.043 0.008

Early progression of disease or death within 3 months after the start of EGFR-TKI 

treatment occurred in 67 of 102 patients (66%). High sEGFR (> 55 μg/l) was associated 

with a lower chance of early PD (Table 4: 57% vs 77%, p = 0.04). No relation was detected 

between log CEA (or log CEA and sEGFR combined) and PD.

Discussion 

In the present study, baseline sEGFR and CEA levels were measured in patients with 

advanced NSCLC before treatment with erlotinib or gefitinib. Our results suggest 

that higher sEGFR and lower CEA levels are related to prolonged survival in patients 

receiving EGFR-TKI treatment, indicating that the combination of sEGFR and CEA could 

be valuable for the selection of patients for EGFR-TKI treatment.

CEA is a member of the immunoglobulin superfamily and plays a role in cell-to-cell 

adhesion[35]. When CEA is overexpressed on the cell surface it is thought to play a role 

in tumorigenesis by disruption of cell polarity, inhibition of apoptosis (anoikis) and 

inhibition of cell differentiation[36-38]. The overexpression of CEA has been found to 

be present in many types of carcinomas[39]. In non-small cell lung cancer, an elevated 

serum CEA level is generally considered to be a negative prognostic factor especially 

for adenocarcinoma[40]. Therefore, the finding of Okamoto et al. that a high CEA was 

predictive for good response to EGFR-TKI treatment, independent of histology, was 

highly surprising[41]. They did not have an explaining mechanism of action for this 

phenomenon, but hypothesized that an anti-apoptotic signal of the (mutant) EGFR 

may somehow elevate the expression level of CEA protein. In this study we could not 
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confirm the results of Okamoto et al. On the contrary, we found that a low CEA level was 

independently associated with better outcome after treatment with EGFR-TKIs. This is 

in accordance with previous findings of the negative prognostic ability of CEA[42]. 

Our results suggest that serum levels of CEA and sEGFR are not (directly) regulated by the 

same mechanism of action, since both remained significant upon multivariate analysis. 

Only few studies are available on sEGFR in non-small cell lung cancer, mostly concerning 

the comparison of sEGFR levels in healthy individuals and lung cancer patients. Two 

studies found that patients with NSCLC had lower baseline sEGFR levels compared to 

healthy controls[43;44], whereas others did not detect significant differences [45;46]. 

However, up till now there are no data available on the prognostic value of serum 

sEGFR for NSCLC. Only one study investigated changes in sEGFR levels during EGFR-

TKI treatment as a predictive marker for response to these inhibitors [47]. Responders 

showed a decrease in sEGFR levels at time of best response compared to baseline 

level, whereas non-responders showed an increase. A difference of -3.6 μg/l as a cut-

off was found to identify responders at time of best response. However, a meaningful 

cut-off level for (pre-treatment) baseline levels could not be established, and therefore 

sEGFR was not considered to be a useful predictive marker. Unfortunately, in our study 

serum samples drawn during treatment were not available and we therefore could not 

validate these results.

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

between the prognostic and the predictive value of sEGFR and CEA. Interpretation of 

response data (progressive disease) remains difficult, but these data suggest at least 

some predictive potential for sEGFR. Higher levels of pre-treatment sEGFR in patients 

treated with EGFR-TKI’s were associated with lower risk of progressive disease within 3 

months. 

The prognosis of advanced NSCLC after failure of second or third line treatment is 

generally only weeks to months. Intensive follow-up with additional imaging during 

this period is undesirable, and further efforts to evaluate response or progression-

free survival are meaningless. The distinction between the prognostic value and 

the predictive value of these two markers remains important, since their potential 

predictive value may contribute to an adequate patient selection for expensive EGFR-

TKI treatment. Therefore validation of this potential predictive value in a prospective 

controlled (two-arm) study is warranted.

In conclusion, these results suggest that sEGFR and CEA are markers of survival 

in patients treated with EGFR-TKIs. The potential predictive value of sEGFR needs 

confirmation in a prospective controlled trial.
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Abstract 

Introduction
The selection of non-small cell lung cancer (NSCLC) patients for epidermal growth factor 

(EGFR) inhibitor (EGFR-TKIs) therapy is suboptimal as tumour tissue is often unavailable. 

Ligands of EGFR, transforming growth factor-a (TGFa) and amphiregulin (ARG) and the 

insulin-like growth factor family have been associated with resistance to EGFR-TKIs. The 

aim of our study was to explore whether concentrations of these factors measured in 

serum were predictive of response to EGFR-TKIs. 

Methods
We assessed serum levels of marker candidates using ELISA (TGFa and ARG) and 

chemiluminescent (insulin-like growth factor-1 (IGF1) and insulin-like binding protein-3 

(IGFBP3)) assays in 61 advanced NSCLC patients treated with EGFR-TKIs and 63 matched 

advanced NSCLC control patients without EGFR-TKIs treatment. We dichotomized 

marker levels at the 20th, 50th or 80th percentile and evaluated whether the effect of 

EGFR-TKIs treatment on disease-specific survival (DSS) differed by marker level based 

on multivariate proportional hazards regression with an interaction term. 

Results
The effect of EGFR-TKIs treatment on DSS showed a significant difference by TGFa and 

ARG (interaction p=0.046 and p=0.004, respectively). Low concentrations of TGFa and 

high concentrations of ARG were associated with a better DSS in EGFR-TKIs patients 

compared to control patients. Patients with high concentrations of IGFBP3 had 

significantly longer DSS, independent of treatment (HR 0.60 per 1mg/L, 95%CI 0.46-

0.79).

Conclusion
Our results suggest that concentrations of TGFa and ARG measured in serum are 

predictive of EGFR-TKI response. The combination of these two biomarkers could be of 

value in the process of selecting patients for treatment with EGFR-TKIs. 
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Introduction

Non small cell lung cancer (NSCLC) is the leading cause of cancer mortality worldwide. 

Small molecule inhibitors competing with the adenosine triphosphate binding site 

of the epidermal growth factor receptor (EGFR) tyrosine kinase such as erlotinib and 

gefitinib (EGFR-TKIs), have proven their efficacy in the treatment of NSCLC 1-4. These 

orally administered EGFR-TKIs showed rapid tumour responses and improvements in 

quality of life in patients with advanced NSCLC who were irresponsive to platinum-

based chemotherapy. Unfortunately, the response rates of erlotinib and gefitinb are low 

in unselected NSCLC patients and many studies tested EGFR for its predictive potential. 

EGFR-mutations and amplification of EGFR were found to be predictive of response to 

EGFR-TKIs with response rates of up to 70% 5-11. However, there are several reasons why 

selection based on EGFR-mutation or EGFR amplification status alone might not suffice. 

Firstly, stabilization of disease has not been correlated with the presence of EGFR 

mutations or amplification, although this treatment effect is considered beneficial in 

the management of NSCLC 6,12. Secondly, no mutations were identified in 10-20% of 

patients with a partial response to gefitinib 5,6,13-16. Lastly, to select patients based on 

EGFR mutations or amplification tumour tissue is required, which is often unavailable. 

Identifying new methods to select patients likely to respond to EGFR-TKIs therefore 

remains important.   

Many studies have tested ligands of EGFR in relation to EGFR-TKI response. Of the 

EGFR-specific ligands, transforming growth factor alpha (TGFa) and amphiregulin 

(ARG) have been studied intensively in vitro and in patients in relation to EGFR-TKI 

treatment 17-21. Gene expression microarray studies showed that both TGFa and ARG 

were overexpressed in tumours from NSCLC patients not responding to gefitinib 17. 

Subsequently, Ishikawa et al. and Masago et al. found that serum measurements of 

TGFa and ARG were predictive of overall survival and tumour response in advanced 

NSCLC patients treated with gefitinib 18,21. However, since a control group was missing, 

differentiation between therapy benefit and survival benefit remains unclear.

 

In addition to ligands of EGFR, insulin-like growth factor receptor type 1 (IGF1R) has been 

implicated in resistance to EGFR-TKI treatment 22-25. Cross-talk between IGF1R and EGFR 

has been reported and overexpression of IGF1R has been correlated with decreased 

efficacy of EGFR targeting in a glioblastoma model 22. IGF1R is mainly activated by its 

ligand insulin-like growth factor-1 (IGF1) 26-28. The bioavailability of IGF1 is regulated by 

a family of IGF-binding proteins (IGFBP), particularly IGFBP3, a major serum binding 



Chapter 6

80

protein for IGF1 26-28. Consequently, the IGF1:IGFBP3 ratio is commonly used as readout 

for the bioactivity of IGF1 26-31.

Since IGF1R is activated by IGF1, whose bioavailability is regulated by IGF-binding 

protein 3 (IGFBP3), we hypothesize that serum concentrations of IGF1, IGFBP3 or the 

IGF1:IGFBP3 ratio might be predictive of response to EGFR-TKIs, in addition to levels of 

TGFa and ARG. The aim of this study therefore was to explore whether concentrations 

of TGFa, ARG, IGF1 or IGFBP3 measured in serum of advanced NSCLC patients were 

predictive of response to EGFR-TKIs. We assessed serum levels of these candidate 

markers in patients treated with EGFR-TKI and a matched control group of untreated 

patients. We evaluated whether the effect of EGFR-TKI treatment on disease-specific 

survival (DSS) differed by marker level based on multivariate proportional hazards 

regression with an interaction term. 

Patients and Methods

Patient Selection
In this retrospective study, we studied patients with advanced NSCLC who had 

been enrolled between 2001 and 2005 in an Expanded Access Program. Patients 

had been treated on a compassionate use basis with gefitinib or erlotinib (EGFR-

TKI) at the Netherlands Cancer Institute. Patients without brain metastases were 

eligible for this program in case of no response to conventional chemotherapy or 

unavailability of alternative treatment options 11. Written informed consent was 

obtained from all patients. The inclusion criteria for our current study consisted of 

EGFR-TKI treatment for over 14 days and availability of serum collected within 100 

days before start of treatment. To differentiate between prognostic and predictive 

value of the ligands a control group of patients was identified, not treated with 

EGFR-TKIs and matched for gender, age and histology to the EGFR-TKI treated 

patients. Controls were diagnosed between 1995 and 2006. In total 124 patients 

were included in this study which was designed following the REMARK guidelines 
32. The current translational study was approved by the Institutional Review board 

of the Netherlands Cancer Institute.

Treatment 
Patients receiving gefitinib were treated with a daily dose of 250mg. Erlotinib was 

dosed at 150mg daily, dose reductions to 50mg occurred due to severe toxicity (n=2). 
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Treatment with EGFR-TKIs was continued until disease progression or the occurrence of 

a serious adverse event. 

Serum analyses 
Serum was stored at -30oC. TGFa concentrations were measured using a commercially 

available enzyme-linked immunosorbent assay (ELISA-kit, DTGA00, R&D systems) 

according to manufacturer’s instruction. A standard curve was prepared for each plate 

using human recombinant TGFa diluted in assay diluent (provided by the ELISA-kit) 

for reference. The minimum detection limit of the assay was 3.0 ng/L. For detection of 

ARG an ELISA research kit (DY262, R&D systems) was used according to manufacturer’s 

instructions (validation experiments Appendix I). In short, 96-well clear flexible 

microtiter plates (DY990, R&D systems) were coated with 2 mg/L capturing antibody 

overnight. After washing with PBS (pH 7.4) containing 0.05% Tween20, wells were 

blocked with 300ml Reagent Diluent (DY995, R&D systems) for 1 hour and washed again. 

Subsequently, wells were incubated for 2 hours with serum samples. After washing, 

the wells were incubated for 2 hours with 100 mg/L biotinylated goat anti-human ARG 

(DY262, R&D Systems) followed by washing and a 20 minute reaction with streptavidin-

conjugated horseradish-peroxidase. After washing, 100ml substrate solution (DY 999, 

R&D systems) was added for 20 minutes. The color reaction was stopped by adding 

50ml 2 N sulfuric acid. Color intensity was determined at a wavelength of 450 nm with 

reference wavelength of 540nm. The standard curve was drawn for each plate using 

recombinant ARG diluted in 10% fetal calf serum in PBS. Minimum detection limit of the 

assays for serum ARG was 3.0 ng/L (validation experiments Appendix I). 

For the concentrations of IGF1 and IGFBP3 fully automated chemiluminescent 

immunometric technology was used (Immulite 2000Ò, Siemens Medical Solutions 

Diagnostics). To calculate the IGF1:IGFBP3 ratio, IGFBP3 (mg/L) was converted to molar 

concentrations with a conversion factor of 34.78. The normal range provided by the 

manufacturer for the age group 61-65 years was 9.75-27.56nmol/L for IGF1 and 3.2-

6.6mg/L for IGFBP3. 

Statistical analyses
Disease-specific survival (DSS) was defined as the time from start of treatment with the 

EGFR-TKI to death of disease, or end of follow-up. Patients who were still alive at the end 

of follow-up, lost to follow-up or who died due to non-NSCLC causes were censored 

at that time. For the control group DSS was calculated from the start of first treatment 

(radiotherapy or chemotherapy) in the Netherlands Cancer Institute (NKI) or date of first 

visit if no treatment was started within the NKI. 
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Differences in clinicopathological variables between the EGFR-TKI group and the 

control group were tested using Fisher’s exact tests, Kruskal-Wallis tests, exact Mann-

Whitney U tests and student T-tests. Patients with missing values for a variable were 

excluded from analyses involving that variable. Correlation between levels of candidate 

markers and age, and serum storage time were calculated using Spearman’s rank and 

Pearson correlation analyses. Associations between marker candidates and gender, 

stage (III, IV), smoking status (smoker, non-smoker), performance status (WHO 0-1, 2-3) 

and histology (adenocarcinoma, other) were investigated by means of Mann-Whitney 

U tests and student T-tests. 

We evaluated whether the effect of EGFR-TKI treatment on disease-specific survival 

(DSS), expressed as hazard ratio (HR), differed by candidate marker level based on 

multivariate proportional hazards regression with an interaction term, adjusting for 

potential confounders (gender, smoking, prior chemotherapy, stage, histology). Instead 

of searching for an optimal cut-off we a priori selected three alternative cut-offs (20th, 

50th or 80th percentile) to dichotomize marker levels. For all cut-offs interaction terms 

were calculated using the multivariate model; the cut-off with the largest absolute 

interaction coefficient was evaluated for the proportional hazards assumption by 

adding interaction terms between the time-dependent natural logarithm of follow-up 

time plus one and the interaction between treatment and candidate markers (p-value 

between 0.33 and 0.92). No evidence for non-proportional hazards was found and the 

cut-offs of these candidate markers were further evaluated. Direct adjusted survival 

curves based on a multivariate Cox regression model including prior chemotherapy, 

performance status and smoking and stratified for treatment were calculated using a 

SAS macro by Zhang et al. 2007 33. All other calculations were performed using the 

statistical package SPSS (version 15.0 for Windows). 

Results

Sixty-one EGFR-TKI treated patients were eligible for our current study (Figure 1). The 

control group consisted of 63 patients, matched for gender, age and histology as shown 

together with other clinical and pathological characteristics in Table 1. Patients treated 

with EGFR-TKIs were significantly more often never-smokers (p=0.03), had more stage 

IIIa/b disease (p<0.01, Table1) and presented more often with a poor performance 

status (p=0.05). Furthermore, this group had significantly more often received prior 

chemotherapy (p<0.01, Table1). All four marker candidates could be tested in all 124 

patients. IGF1, IGFBP3 and the IGF1:IGFBP3 ratio showed a Gaussian distribution, 
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while TGFa and ARG were lognormal distributed. Factors were not correlated with 

serum storage time (Supplementary Figure 1), age, stage, histology (data not shown) 

or prior chemotherapy (Supplementary Figure 2). Women had significantly higher 

concentrations of TGFa (Mann Whitney U, p=0.03), while patients with higher levels of 

IGFBP3 were significantly more often non-smokers (student T-test, p=0.03) and had a 

better performance status (student T-test p= 0.005, Supplementary Figure 2).
Figure 1.

Serum analyses of four candidate markers

Expanded access program

EGFR-TKI treatment > 14 days
Serum available within 100 days before 
start EGFR-TKI

Erlotinib (n=25)

EGFR-TKI group (n=61)* Control group (n=63)†

Erlotinib (n=63)

No EGFR-TKI treatment
Availability of serum (1995 - 2006) 
Matched for: gender, age and histology

Gefitinib (n=36)

Gefitinib (n=226)

Supplementary Figure 1. Influence of the serum storage duration on serum marker levels

Scatter plots of all concentrations of serum marker candidates by their duration of storage time by -30oC.

* Included in EGFR-TKI group: EGFR-TKIs treatment 12 days (n=1). 

† Included control group: 9 days of EGFR-TKIs treatment before death of disease (n=1).]

Smoking, prior chemotherapy and performance status were significantly associated 

with DSS (Supplementary Table 1) and were therefore included in multivariate analyses 

as potential confounders. The 20% cut-off yielded the largest interaction coefficient 

in the multivariate model for IGF1 and IGFBP3. Similarly, the median cut-off for ARG 

and the 80% cut-off for TGFa and IGF1:IGFBP3 ratio proved to be the largest (data not 

shown). These cut-offs were selected for further analyses.  
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Table 1. Patient Characteristics

Total Treatment

EGFR-TKI treated 
patients

Control patients

n (%) n (%) n (%) p-value

Total 124 (100) 61 (100) 63 (100)

Gender
Male 68 (55) 33 (54) 35 (56) 1.000*

Female 56 (45) 28 (46) 28 (44)

Age at treatment
< 65 years 73 (59) 34 (56) 39 (62) 0.584*

>65 years 51 (41) 27 (44) 24 (38)

Smoking
Never smoked 16 (13) 12 (20) 4 (6) 0.029*

(former) smoker 102 (82) 44 (72) 58 (92)

Unknown 6 (5) 5 (8) 1 (2)

Performance Status
0-1 86 (69) 37 (61) 49 (78) 0.052*

2-3 29 (23) 19 (31) 10 (16)

Unknown 9 (7) 5 (8) 4 (6)

Histology
Large cell 31 (25) 13 (21) 18 (29) 0.673†

Squamous cell 20 (16) 9 (15) 11 (17)

Adenocarcinoma 59 (48) 32 (52) 27 (43)
Broncho Alveolair 
carcinoma

6 (5) 3 (5) 3 (5)

Unknown 8 (6) 4 (7) 4 (6)

Stage of disease

IIIa/IIIb 20 (16) 16 (26) 4 (6) 0.003*

IV 104 (84) 45 (74) 59 (94)

TNM T-status
T1 - T2 46 (37) 16 (26) 30 (48) 0.356*

T3 - T4 34 (27) 16 (26) 18 (29)
Tx & unknown 44 (35) 29 (48) 15 (24)
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TNM N-status
N0 - N1 11 (9) 6 (10) 5 (8) 0.310*

N2 - N3 61 (49) 21 (34) 40 (63)
Nx & unknown 52 (42) 34 (56) 18 (29)

Prior Chemotherapy
No 86 (69) 29 (48) 57 (90) <0.001*

Yes 38 (31) 32 (52) 6 (10)

Disease-specific Survival
Range (days)           12 - 1638           16 - 1638           12 - 865
Median (days) 151 115 171 0.156‡

TGFa
Range (ng/L)          0 - 135.0          0 - 135.0          0 - 73.8

Median (ng/L) 10.5 11.1 9.6 0.383‡

ARG
Range (ng/L)          0 - 2034.0  0 - 2034.0          0 - 1143.2
Median (ng/L) 9.5 8.7 9.8 0.476‡

IGF1
Range (nmol/l)    2.74 - 

43.07
       4.61 - 39.51 2.74 - 43.07

Median (nmol/l) 17.55 17.35 17.60 0.815§

IGFBP3
Range (mgl/L) 1.46 - 

6.24
1.46 - 5.81 1.59 - 6.24

Median (mg/L) 3.92      3.93 3.91 0.800§

p-value calculated using: *Fisher exact test; †Exaxt Kruskal-Wallis test; ‡Exact Mann-Whithney U test; 
§Student t-test. Abbreviations: TGFa, transforming growth factor-a; ARG, amphiregulin; IGF1, insulin-like 
growth factor-1; IGFBP3, insulin-like growth factor binding protein-3.

The effect of EGFR-TKI treatment differed significantly between patients with high 

and low levels of TGFa (interaction p=0.05). Among patients with low levels of TGFa 

the risk of death was almost two-fold significantly decreased after EGFR-TKI treatment 

compared to the control group (Figure 2A, HR 0.55, 95%CI 0.32-0.96, p=0.04, Table 

2), while in patients with high levels of TGFa this risk was non-significantly increased 

(Figure 2A, HR 1.51, 95%CI 0.58-3.91, p=0.40, Table 2).  

ARG interacted significantly with the effect of EGFR-TKI treatment on DSS (interaction 

p<0.01). In patients with high levels of ARG, EGFR-TKI treatment significantly decreased 

the risk of death more than three-fold compared to the control patients (Figure 2B, HR 

0.31, 95%CI 0.15-0.63, p<0.01, Table 2). No significant difference between both groups 
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was found in patients with low ARG levels (Figure 2B, HR 1.14, 95%CI 0.59-2.17, p=0.70). 

We observed a borderline significant benefit from EGFR-TKI treatment (interaction 

p=0.09) among patients, whose IGF1 levels exceeded the 20th percentile (Figure 2C, HR 

0.48, 95%CI 0.27-0.83, p<0.01, Table 2) but not among others (Figure 2C, HR 1.27, 95%CI 

0.45-3.53, p=0.65, Table 2). 

A

B

C

Candidate marker above the cut-off Candidate marker below the cut-off

TGFa 80% 

EGFR-TKI
Control

(21.69ng/L) 

ARG median
(26.51ng/L) 

EGFR-TKI 
Control

IGF1 20%
(11.95nmol/L) 

EGFR-TKI 
Control
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Figure 2. Relationship of candidate markers with outcome in EGFR-TKI treated patients and their 
matched controls
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Direct adjusted survival curves based on a multivariate Cox regression model including 

prior chemotherapy, performance status and smoking and stratified for treatment. A) 

Disease-specific survival (DSS) according to TGFa levels above and below 80th percentile 

among patients treated with EGFR-TKIs and their matched controls. B) DSS according 

to ARG levels above and below the median among patients treated with EGFR-TKIs 

and their matched controls. C) DSS according to IGF1 above and below 20th percentile 

among patients treated with EGFR-TKIs and their matched controls. ]

EGFR-TKI treatment effects differed less strongly by levels of IGF1:IGFBP3 ratio or 

IGFBP3 and homogeneity was not rejected (Supplementary Table 2). Since IGFBP3 was 

significantly associated with performance status, a strong prognostic factor, we studied 

whether IGFBP3 was independently associated with DSS, regardless of treatment. 

We evaluated this factor as a continuous variable while adjusting for treatment. We 

observed a 40% decrease in risk per 1mg/L IGFBP3 increase (HR 0.60, 95%CI 0.46-0.79, 

p<0.001, Table 3). 

Since the EGFR-TKI treated patients and the control patients were imbalanced for two 

important prognostic factors (i.e. prior chemotherapy and performance status), we 

subsequently repeated the analyses of TGFa, ARG and IGF1 in patients who had not 

received prior chemotherapy only (number of EGFR-TKI treated patients and controls 

reduced from 61 and 63 to 29 and 57, respectively) and in patients with a good 

performance status only (number of EGFR-TKI treated patients and controls reduced to 

37 and 49, respectively). We observed very similar patterns of treatment-related hazard 

ratios by serum marker levels (Supplementary Table 3).



Chapter 6

88

Ta
bl

e 
2.

 M
ul

tiv
ar

ia
te

 C
ox

 p
ro

po
rt

io
na

l-h
az

ar
d 

re
gr

es
si

on
 a

na
ly

si
s 

of
 th

e 
ris

k 
of

 d
ea

th
 (d

is
ea

se
-s

pe
ci

fic
 s

ur
vi

va
l) 

pe
r f

ac
to

r o
f i

nt
er

es
t

TG
Fa

A
RG

†
IG

F1
‡

Va
ri

ab
le

 
N

o.
 E

ve
nt

s 
/ 

N
o.

 P
at

ie
nt

s
H

az
ar

d 
Ra

tio
95

%
 C

I
p-

va
lu

e
 

N
o.

 E
ve

nt
s 

/ 
N

o.
 P

at
ie

nt
s

H
az

ar
d 

Ra
tio

95
%

 C
I

p-
va

lu
e

 
N

o.
 E

ve
nt

s 
/ 

N
o.

 P
at

ie
nt

s
H

az
ar

d 
Ra

tio
95

%
 C

I
p-

va
lu

e

Sm
ok

in
g

(fo
rm

er
) s

m
ok

er
95

 / 
10

2
1.

00
95

 / 
10

2
1.

00
95

 / 
10

2
1.

00

N
ev

er
 s

m
ok

ed
13

 / 
16

0.
76

0.
38

 –
 1

.5
2

0.
44

0
13

 / 
16

0.
59

0.
29

 –
 1

.1
6

0.
12

7
13

 / 
16

0.
59

0.
30

 –
 1

.1
6

0.
12

3

Pr
io

r C
he

m
ot

he
ra

py

N
o

79
 / 

86
1.

00
79

 / 
86

1.
00

79
 / 

86
1.

00

Ye
s

35
 /3

8
2.

97
1.

68
 –

 5
.2

3
<0

.0
01

35
 /3

8
3.

47
1.

98
 –

 6
.0

9
<0

.0
01

35
 /3

8
3.

78
2.

17
 –

 6
.6

1
<0

.0
01

Pe
rf

or
m

an
ce

 S
ta

tu
s

0-
1

78
 / 

86
1.

00
78

 / 
86

1.
00

78
 / 

86
1.

00

2-
3

27
 / 

29
2.

51
1.

53
 –

 4
.1

0
<0

.0
01

27
 / 

29
2.

97
1.

76
 –

 5
.0

0
<0

.0
01

27
 / 

29
2.

43
1.

50
 –

 3
.9

4
<0

.0
01

Li
ga

nd
 c

on
ce

nt
ra

tio
n

Lo
w

90
 / 

99
1.

00
56

 / 
62

1.
00

22
 / 

25
1.

00

H
ig

h
24

 / 
25

1.
41

0.
74

 –
 2

.6
8

0.
29

6
58

 / 
62

1.
88

1.
07

 –
 3

.3
0

0.
02

9
92

 / 
99

0.
73

0.
31

 –
 1

75
0.

48
1

Li
ga

nd
 c

on
ce

nt
ra

tio
n 

hi
gh

Co
nt

ro
l

13
 / 

14
1.

00
31

 / 
33

1.
00

49
 / 

53
1.

00

EG
FR

-T
KI

 tr
ea

tm
en

t
11

 / 
11

1.
51

*
0.

58
 –

 3
.9

1
0.

39
9

27
 / 

29
0.

31
†

0.
15

 –
 0

.6
3

0.
00

1
43

 / 
46

0.
48

‡
0.

27
 –

 0
.8

3
0.

00
9

Li
ga

nd
 c

on
ce

nt
ra

tio
n 

lo
w

Co
nt

ro
l

44
 / 

49
1.

00
26

 / 
30

1.
00

8 
/ 1

0
1.

00

EG
FR

-T
KI

 tr
ea

tm
en

t
46

 / 
50

0.
55

*
0.

32
 –

 0
.9

6
0.

03
5

30
 / 

32
1.

14
†

0.
59

 –
 2

.1
7

0.
70

2
14

 / 
15

1.
27

‡
0.

45
 –

 3
.5

3
0.

65
4

H
om

og
en

ei
ty

 o
f b

ot
h 

ha
za

rd
 ra

tio
s w

as
 re

je
ct

ed
 b

as
ed

 o
n 

an
 in

te
ra

ct
io

n 
te

rm
 w

ith
: *

 p
= 

0.
04

6 
(T

G
Fa

: c
ut

-o
ff 

at
 8

0%
 (l

ig
an

d 
lo

w
 <

21
.6

9n
g/

L;
 li

ga
nd

 h
ig

h>
21

.6
9n

g/
L)

); 
† p=

0.
00

4 
(A

RG
: c

ut
-o

ff 
at

 m
ed

ia
n 

(li
ga

nd
 lo

w
<9

.4
9n

g/
L;

 li
ga

nd
 h

ig
h>

9.
49

ng
/L

); 
‡  H

om
og

en
ei

ty
 o

f b
ot

h 
ha

za
rd

 ra
tio

s 
w

as
 n

ot
 re

je
ct

ed
 b

as
ed

 o
n 

an
 in

te
ra

ct
io

n 
te

rm
 

w
ith

 p
=0

.0
87

 (I
G

F1
: c

ut
-o

ff 
at

 2
0%

 (l
ig

an
d 

lo
w

<1
1.

95
nm

ol
/L

; l
ig

an
d 

hi
gh

>1
1.

95
nm

ol
/L

)).
Ab

br
ev

ia
tio

ns
: T

G
Fa

, t
ra

ns
fo

rm
in

g 
gr

ow
th

 fa
ct

or
-a

; A
RG

, a
m

ph
ire

gu
lin

; I
G

F1
, i

ns
ul

in
-li

ke
 g

ro
w

th
 fa

ct
or

-1
.



Ligands of EGFR and IGF and benefit of EGFR-inhibitors in NSCLC patients

89

 6

Table 3. Multivariate Cox proportional-hazard regression analysis of death (disease-specific survival) 
according to IGFBP3, independent of treatment

Variable   No. Events Hazard Ratio 95% CI p-value

Smoking
(former) smoker 95 1.00
Never smoked 13 0.88 0.43 – 1.79 0.726

Prior Chemotherapy
No 79 1.00
Yes 35 3.66 2.12 – 6.31 <0.001

Performance Status
0-1 78 1.00
2-3 27 2.04 1.26 – 3.31 0.004

Ligand concentration

IGFBP3 per 1 mg/L 114 0.60 0.46 – 0.79 <0.001

Treatment
Control 57 1.00
EGFR-TKI treatment 57 0.56 0.34 – 0.94 0.027

Abbreviations: IGFBP3, insulin-like growth factor binding protein-3.

Discussion

In this study we determined whether concentrations of TGFa, ARG, IGF1, IGFBP3 or 

the IGF1:IGFBP3 ratio measured in serum were predictive of EGFR-TKI response by 

comparing the disease-specific survival in patients treated with EGFR-TKIs compared 

to matched EGFR-TKIs untreated patients. We observed that patients with low serum 

concentrations of TGFa or high serum concentrations of ARG significantly benefited 

from EGFR-TKI treatment while there was no such evidence for patients with higher 

and lower respective values. Whether serum concentrations of IGF1 are predictive of 

response to EGFR-TKIs remains unclear, although our data suggest this may be the case. 

Our study confirms previous findings in which patients with high levels of TGFa do not 

benefit from EGFR-TKI treatment. More specifically, two Japanese groups found high 

levels of both TGFa and ARG to be associated with progressive disease and a worse 

overall survival after gefitinib treatment in NSCLC patients 18,21. Since both studies lacked 
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a control group, it was impossible to determine whether this difference in survival was 

due to therapy (prediction) or to tumour features (prognosis). Furthermore, both studies 

looked for an optimal threshold using internal data. Our results regarding ARG do not 

correspond with the findings mentioned above. Instead of a worse disease-specific 

survival, we observed a statistically significant benefit from EGFR-TKIs in patients with 

high serum ARG levels compared to the control group, but not among patients with 

low levels; this difference was statistically significant. This different direction of ARG 

has previously been observed. In vitro, primarily gefitinib sensitive head and neck 

cancer cell lines were shown to secrete amphiregulin 34. Yonesaka et al. showed that 

high ARG expression as assessed by immunohistochemistry was associated with stable 

disease in NSCLC patients treated with erlotinib or gefitinib, while low expression was 

associated with progressive disease 35. Furthermore, in patients with colorectal cancer 

treated with Cetuximab (monoclonal antibody against EGFR) high ARG expression by 

microarray analyses was associated with disease control (response and stable disease) 

and longer progression-free survival 36,37. The discrepancy between our findings of 

ARG and both Japanese serum studies could be explained by the different ethnicity 

of the study populations. NSCLC patients from Asian origin are known to harbor EGFR 

mutations more frequently 38,39. Subsequently, it is thought that these tumours may 

have a distinct pathogenesis in which tumours become completely dependent on 

the EGFR-pathway through mutations 38,39. We speculate that high ARG levels might 

represent a different pathogenic pathway in NSCLC patients of Caucasian origin that 

leads to similar dependence on this pathway, albeit less complete. As a consequence 

treatment of patients with high ARG levels with EGFR-TKIs might lead to cell cycle 

arrest (i.e. stable disease) but not, as with EGFR mutations, to apoptosis (i.e. partial and 

complete response) as has been described in cell line studies 35,40. Furthermore, this 

could explain the rapid progression of disease (“tumour flare”) after discontinuation 

of EGFR-TKIs 41 as has also been documented in gastrointestinal stromal tumours after 

withdrawal of the BCR-ABL tyrosine kinase inhibitor imatinib 42.

In addition to ligands of EGFR, we studied components of the IGF1R-pathway. To the 

best of our knowledge this is the first study evaluating the relationship between benefit 

from EGFR-TKIs and IGF1, IGFBP3 and the IGF1:IGFBP3 ratio. IGF1 is known to stimulate 

cell proliferation and to inhibit apoptosis by binding to IGF1R, a receptor tyrosine kinase 
27,43. Activation of IGF1R leads to signaling of the proliferative Ras-Raf-MAPK pathway 

and of the pro-survival phosphoinositol-3 kinase (PI3K)-Akt pathway 27,43. Failure to 

downregulate Akt characterizes insensitivity to EGFR-TKIs and has been shown to be 

mediated through PI3K signaling by IGF1R 22-25,44,45. Furthermore, the combined use of 
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anti-IGF1R and EGFR-TKIs has been shown to be more effective in vitro and in vivo than a 

single agent approach 25,46. In our study, patients with especially low levels of IGF1 did not 

seem to benefit from EGFR-TKIs. We speculate that truly low levels of IGF1 are the result 

of a negative feedback-loop as the consequence of a constitutively active IGF1R-pathway 

in these patients. This negative regulation has not been documented but the opposite 

has in centennials, in whom a mutation in IGF1R was associated with reduced activity 

of IGF1R and high serum levels of IGF1 47. Consequently, tumours of patients with low 

IGF1 may be able to sustain the pro-survival signals through Akt activation by depending 

on the IGF1R-pathway for PI3K signaling instead of the EGFR-pathway. The only study 

reporting on the relation between the IGF1R-pathway, in the form of IGF1R expression 

assessed by immunohistochemistry, and response to gefitinib showed no association 

with gefitinib resistance 48. These results cannot directly be compared to our results, since 

we studied different components of the IGF1R-pathway using different techniques. 

Although studying prognostic factors was not an objective of our study, we found that 

IGFBP3 serum levels predicted disease-specific survival in advanced NSCLC patients 

regardless of treatment. The protective effect of high IGFBP3 levels could be explained 

by its ability to decrease the mitogenic action and inhibit the antiapoptotic effect 

of IGF1, but also by its IGF-independent inhibitory effect on cell growth 26,28,49-51. Our 

results confirm findings of a previous study in which high IGFBP3 plasma levels were 

associated with a significantly longer overall survival in advanced NSCLC patients 

treated with irinotecan and cisplatin 52. Furthermore, reduced IGFBP3 expression 

assessed by immunohistochemistry was associated with shorter disease-specific 

survival in patients with stage I NSCLC 53. Use of serum IGFBP3 as a prognostic marker in 

stage I/II NSCLC would be appealing and warrants further study. 

Our study was relatively small and therefore our evaluation could not attain the rigor 

of a training/validation study or a large randomized controlled trial. Furthermore, the 

EGFR-TKI group was not entirely homogeneous, since patients treated with gefitnib 

or erlotinib were included. However, these agents act via similar mechanisms, and 

sensitivity analyses by drug, although based on small numbers, were largely consistent 

with the combined results. Therefore, since this is an exploratory study of candidate 

markers we believe that we have assembled a sufficiently large data set to discover 

potentially predictive markers and have limited the number of cut-offs in order to 

avoid substantial overfitting. The retrospective nature of our study did not allow for 

a standardized measure for progression-free survival, which is considered to be more 

directly linked to response. This was due to the fact that imaging was not performed 

at set intervals. However, using data of documented radiological progression (or if 



Chapter 6

92

unavailable, date of clinical progression) for progression-free survival resulted in very 

similar patterns of HRs for TGFa, ARG or IGF1 (data not shown). Furthermore, until 

now known markers predicting for response and progression-free survival, such as 

EGFR-mutations, have not been shown to predict for an overall or disease-specific 

survival benefit after EGFR-TKIs in randomized controlled trials 9,15,54, while this remains 

the ultimate goal in patient treatment. We therefore consider the presented data 

adequate to inform us whether and for which markers further studies are indicated. 

Although EGFR-TKIs response depends partly on presence of EGFR-mutations or EGFR 

amplifications, the two markers we identified could greatly improve the prediction 

of EGFR-TKIs response in two ways. Firstly, not all patients who respond to EGFR-TKIs 

are identified by EGFR mutations or amplifications, resulting in withholding advanced 

NSCLC patients potential survival benefit from EGFR-TKIs (undertreatment). In this 

mostly palliative setting with limited treatment options, undertreatment would seem 

worse than overtreatment which can be justified to some extent. Consequently, limiting 

undertreatment by identification of a subgroup of patients resistant to EGFR-TKIs seems 

just as, or even more important. Secondly, serum measurements do not require tumour 

tissue, which is often unavailable, therefore greatly facilitating the prediction. 

In conclusion, by using a matched control group we were able to evaluate EGFR-TKI 

treatment benefit by marker level. Our results suggest that concentrations of TGFa and 

ARG measured in serum are predictive of EGFR-TKI response. This is the first study in 

NSCLC patients of Caucasian origin in which this effect was evaluated and observed. 

The combination of these two biomarkers could be of value in the process of selecting 

patients for treatment with EGFR-TKI. The optimal cut-off for TGFa and ARG, the use of 

the combination of these two biomarkers as a predictive marker and its additive value 

to known clinical predictors for EGFR-TKI resistance warrants further investigation and 

validation, preferably in a prospective randomized controlled trial. 
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Supplementary Table 1. Univariate Cox proportional-hazard regression analysis of death (disease-
specific survival)

Variable No. events Hazard Ratio 95% CI p-value

Gender
Male 64
Female 50 0.83 0.57 – 1.22 0.348

Age at treatment
< 65 years 68
>65 years 46 0.75 0.51 – 1.09 0.133

Smoking
(former) smoker 95
Never smoked 13 0.50 0.27 – 0.93 0.028

Performance Status
0-1 78
2-3 27 1.98 1.26 – 3.11 0.003

Histology
Adenocarcinoma 54
Other 55 1.20 0.82 – 1.77 0.343

Stage of disease

IIIa/IIIb 19
IV 95 0.90 0.55 – 1.48 0.683

TNM T-status
T1 - T2 39
T3 - T4 34 1.06 0.66 – 1.69 0.811

TNM N-status
N0 - N1 10
N2 - N3 55 1.32 0.67 – 2.61 0.423

Prior Chemotherapy
No 79
Yes 35 2.04 1.35 – 3.09 0.001
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Supplementary Table 3. Multivariate Cox proportional-hazard regression analysis of the risk of death 
(disease-specific survival) per factor of interest specifically in patients with no prior chemotherapy and 
in patients with Performance Status 0-1

TGFa
Variable HR patients with no 

prior Chemotherapy
p-value 
(no CT)

HR patients 
PS 0-1

p-value 
(PS 0-1)

Ligand concentration
Low 1.00 1.00
High 1.44 0.274 1.34 0.398

Ligand concentration high
Control 1.00 1.00
EGFR-TKI treatment 3.16 0.057 0.85 0.788

Ligand concentration low
Control 1.00 1.00
EGFR-TKI treatment 0.51 0.049 0.47 0.020

ARG
Variable HR patients with no 

prior Chemotherapy
p-value 
(no CT)

HR patients 
PS 0-1

p-value 
(PS 0-1)

Ligand concentration
Low 1.00 1.00
High 1.81 0.053 1.74 0.077

Ligand concentration high
Control 1.00 1.00
EGFR-TKI treatment 0.41 0.041 0.30 0.004

Ligand concentration low
Control 1.00 1.00
EGFR-TKI treatment 0.87 0.747 0.78 0.500

IGF1
Variable HR patients with no 

prior Chemotherapy
p-value 
(no CT)

HR patients 
PS 0-1

p-value 
(PS 0-1)

Ligand concentration
Low 1.00 1.00
High 0.82 0.677 0.76 0.532

Ligand concentration high
Control 1.00 1.00
EGFR-TKI treatment 0.46 0.029 0.37 0.003

Ligand concentration low
Control 1.00 1.00

EGFR-TKI treatment 1.16 0.805 1.14 0.819

All analyses shown were adjusted for smoking, and performance status or prior chemotherapy in 
respectively the analysis of no prior chemotherapy selected patients and the analysis of performance 
status 0-1 selected patients. 
Abbreviations: HR, hazard ratio; CT, chemotherapy; PS, performance status;transforming growth factor 
-a; ARG, amphiregulin; IGF1, insulin-like growth factor-1.
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Supplementary Figure 1.
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Supplementary Figure 1. Influence of the serum storage duration on serum marker levels
Scatter plots of all concentrations of serum marker candidates by their duration of storage time by -30oC.
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Supplementary figure 2. 
Supplementary Figure 2. Ligand concentrations per prior chemotherapy and per performance status. 
(A) Association of ligand concentrations and prior chemotherapy. (B) Association of ligand 
concentrations and performance status. Because TGFa and ARG showed no Gaussian distribution the 
median instead of the mean is depicted.
* Exact Mann Whitney U test. † Student T-test. Abbreviations: NS, non significant; TGFa, transforming 
growth factor-alpha; ARG, amphiregulin; IGF1, insulin-like growth factor-1; IGFBP3, insulin-like growth 
factor binding protein-3.
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APPENDIX: Validation amphiregulin DY262, R & D Systems

Table 1: Recovery linearity of amphiregulin: dilution in reagens diluent of R&D

Sample Dilution Measured Concentration 
(ng/L)*

Calculated Concentration 
(ng/L)

recovery 
linearity (%)

32423 0x >1000 >1000 NA
32423 3x 562.6 1687.7 NA
32423 5x 330.4 1652.0 NA
9184 0x 220.9 220.9 100.0
9184 5x 25.6 127.9 57.9
9184 10x 10.8 107.7 48.8
28489 0x 117.3 117.3 100.0
28489 3x 43.3 130.0 110.8
28489 5x 25.9 129.7 110.6
24227 0x 69.9 69.9 100.0
24227 2x 39.8 79.7 114.0
24227 4x 18.1 72.3 103.4
24227 5x 11.7 58.4 83.5
24227 8x 10.1 80.9 115.7
24227 10x 8.5 84.9 121.4
24227 16x 4.0 64.2 91.8
24227 20x 3.7 73.5 105.2
4529 0x 23.3 23.3 100.0
4529 5x <3.0 Min NA
4529 10x <3.0 Min  NA
21701 0x 12.0 12.0 100.0
21701 3x 4.22 12.7 106.0
21701 5x <3.0 Min NA
28362 0x 11.9 11.9 100.0
28362 2x 4.4 8.7 73.2
28362 4x <3.0 Min NA
28362 8x <3.0 Min NA
37107 0x <3.0 Min  NA
37107 2x <3.0 Min  NA
37107 4x <3.0 Min  NA
37107 8x <3.0 Min  NA
37107 16x <3.0 Min  NA

* Detection limit: 3.0 ng/L. 
Abbreviations: Min, minimum under detection limit; NA, not applicable.

Results

All samples were analyzed in duplicate on the same plate. Minimum detection limit 

of the assays for serum ARG was 3.0 ng/L. The interassay variability of this ELISA was 

20% (concentrations in the low range) and 8.5% (concentrations in the high range). 

The results shown above are a representation of all the validation tests we have run. 
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Using reagens diluent of R&D, the recovery linearity of the assay ranged between 49% 

and 121%, with an average of 105% of the expected concentration (Appendix Table 1). 

However, when samples were diluted using 10% fetal calf serum/PBS no signal intensity 

of endogenous amphiregulin could be measured for 15 out of 18 samples, while in 3 

samples a signal was present (data not shown). The recovery was determined by spiking 

in 200ng/L of recombinant amphiregulin into serum samples. The range was between 

76% and 102%, with an average of 93.6% of the expected concentration when reagens 

diluent of R&D was used (Appendix Table 2). 

Table 2: Recovery, by spiking 200 ng/L recombinant amphiregulin in undiluted and diluted serum 
samples

Sample Dilution Unspiked 
concentration (ng/L)*

Expected 
concentration (ng/L)

Observed spiked 
concentration (ng/L)

Recovery
%

9184 0x 220.9 420.9 429.0 101.9
9184 5x 25.6 225.6 227.1 100.7
9184 10x 10.8 210.8 216.2 102.6
4529 0x  23.3 223.3 214.9 96.2
4529 5x <3.0 201.0 181.5 90.3
4529 10x <3.0 200.0 199.2 99.6
7571 0x  <3.0 201.8 153.5 76.1
7571 5x <3.0 200.0 167.7 83.8
7571 10x <3.0 200.0 181.9 90.9

* Detection limit: 3.0 ng/L.

Conclusion

Although the recovery linearity of reagens diluent had a wide range, this was partly 

due to the samples with high concentrations of amphiregulin (>220ng/L) in which low 

recovery linearity percentages arose. However, the second dilution step of these higher 

concentrated samples did seem to be linear with the first dilution step. The results 

with fetal calf serum dilutions were unexpected. We suspect that the endogenous 

‘free’ amphiregulin is bound by binding proteins in the FCS. We did not perform any 

additional experiments to prove this hypothesis, since this was beyond the scope of our 

research. Given the above findings we proceeded the serum analyses for amphiregulin 

as described in the methods section and as described many times in literature 17-18-21-36-

55-56. 
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Summary

The combination of radiotherapy and concurrent chemotherapy followed by surgery 

(trimodality treatment) is currently regarded as optimal treatment for non-small cell 

lung cancer of the superior sulcus (SST) or Pancoast tumour. The possibility to administer 

intensive combined modality treatment is influenced by tumour stage, comorbidity 

and performance status of these patients, and therefore a strict patient selection is 

necessary. This study focuses on patient selection and its results. We retrospectively 

evaluated choices of treatment and outcome of all patients with SST treated in the 

Netherlands Cancer Institute from 1994 to 2004.

After identification of patients with SST in registration databases, the following 

characteristics were analyzed: symptoms, comorbidity, tumour stage, treatment 

characteristics, toxicity, local control, disease-free and overall survival. Fifty-two patients, 

37 men and 15 women, were identified. They were diagnosed with stage IIB (27%), stage 

IIIA (8%), stage IIIB (42%) and stage IV (23%). Twelve patients after induction (chemo)

radiotherapy underwent surgical resection. In eight patients a pathologic complete 

response was found. The 2- and 5-year survival after induction treatment and surgery 

was 75% and 39% respectively. Other patients did not receive surgical treatment 

because of stage IV disease (n=12), comorbidity (n=8), irresectability (extensive tumour 

growth and/or persisting N2-3 status; n=14) or insufficient response to induction 

treatment (n=6). Eleven patients were treated with concurrent chemoradiotherapy (5-

year survival 20%) and 17 patients with (sequential) radiotherapy and/or chemotherapy 

(5-year survival 6%). Local recurrence rates were 0% after induction treatment and 

surgical resection, 32% after concurrent chemoradiotherapy and 72% after (sequential) 

radiotherapy and/or chemotherapy. In conclusion, only 30% of M0 patients with SST 

were eligible for combined modality treatment followed by surgery. In this subgroup, 

concurrent chemoradiotherapy followed by surgery was associated with excellent local 

control and acceptable survival.
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Introduction

Pancoast tumours or superior sulcus tumours (SST) are predominantly non-small cell 

lung carcinomas (NSCLC) that arise from the apex of the lung, and tend to invade 

the apical ribs, brachial plexus, subclavian vessels, stellate ganglion, and adjacent 

vertebral bodies. This tumour was first described by Hare in 1838, but became generally 

recognized when radiologist Henry Pancoast described its clinical and radiographic 

features in 1932 (1). 

Tumours in the superior sulcus can be divided in three categories, depending on their 

position in relation to the insertion of the anterior and middle scalene muscles onto the 

first rib (2). Tumours in anterior, middle and posterior compartments cause different 

clinical presentations and may also require different surgical techniques. 

Its distinctive localization, and a less pronounced tendency to early metastatic spread, 

has challenged thoracic oncologists, surgeons, and radiation oncologists to intensify 

treatment to obtain optimal locoregional tumour control (3-5). Pancoast tumours are 

characterized by severe pain and neurological symptoms resulting directly from tumour 

invasion into brachial plexus and chest wall. Therefore, even if therapy is focused on 

palliation, an aggressive approach is justified for the achievement of local control. 

Multimodality treatment was in fact firstly performed by Shaw and Paulson in 1961, 

when they had discovered that, after radiotherapy with palliative intent, the tumour 

became resectable (6). Recent studies have indicated that multimodality treatment, 

consisting of concurrent chemoradiotherapy (CRT) followed by surgery, provides the 

best chances for cure (4,7,8). However, poor performance status, comorbid conditions 

and nodal involvement frequently exclude patients from such intensive treatment.

We have made a retrospective evaluation of the effects of patient selection and 

treatment choices for patients presenting with SST. Results of curative and palliative 

treatment in patients with superior sulcus tumours over a period of 10 years are 

reported. 

Patients and Methods

Between 1994 and 2004, 5185 NSCLC patients were referred to the Netherlands Cancer 

Institute – Antoni van Leeuwenhoek Hospital (NKI-AVL), a reference oncology centre 

in the Netherlands, for treatment or for a second opinion. Of these, 3474 patients 

were treated in our institute. From this group of patients, all with tumours invading 

the superior sulcus were identified from three databases (tumour-, surgery- and 
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radiotherapy registration). All patients with a pathological diagnosis between January 

1 January 1994 and 1 January 2004 were included in a retrospective analysis. The 

following data were collected: age, gender, performance status, weight loss, smoking 

status, presenting symptoms, pulmonary function, comorbidity, clinical and pathologic 

tumour stage, histology, treatment modalities, toxicity of and response to treatment, 

date and site of first relapse, and overall survival. Performance status was expressed 

by the WHO/ECOG classification. The Charlson comorbidity index was used to classify 

comorbidity (9,10). Lacking follow-up data were completed by contacting the patient’s 

general practitioner.

Staging procedures included a computed tomography (CT) scan in all patients. 

Additional mediastinoscopy and (from the year 2000 on) positron emission tomography 

([18F]-FDG-PET) were regularly used when indicated. In more recent years, endoscopic 

ultrasonography with fine needle aspiration (EUS-FNA) was occasionally used. MRI was 

frequently used to determine tumour involvement of the vertebrae, brachial plexus, 

and subclavian vessels in patients candidate for surgery. 

Every patient was assessed by a multidisciplinary team. Exclusion criteria for surgical 

intervention were: progressive disease after induction treatment, persisting N2/N3 

disease, (extensive) tumour invasion in neural foramina, vertebral bodies, brachial 

plexus, or greater vessels, weight loss of ≥10%, or insufficient cardiopulmonary reserve.

When surgical resection seemed possible, induction treatment was initiated. The 

preferred regimen (concurrent CRT) consisted of daily low dose cisplatin 6 mg/m² given 

intravenously 1-2 h before each fraction of radiotherapy. Accelerated radiotherapy (RT) 

was given using a concomitant boost technique to a total dose of 66 Gy in 24 fractions 

within 32 days. This regimen is extensively studied in two trials by Uitterhoeve and co-

workers (11,12). If concurrent CRT was not feasible, e.g. when treatment was started 

before referral to our hospital, induction treatment was adapted. 

Restaging by CT and/or MRI was performed to assess response to induction therapy. 

Radiological response was defined according to the RECIST criteria (13). Additional 

imaging for restaging by [18F]-FDG-PET or EUS-FNA was performed regularly from the 

year 2000 on. Surgery was scheduled 4-6 weeks after induction treatment. 

Patients ineligible for surgery (due to disease progression) were offered radiotherapy 

(RT) and/or chemotherapy (C). Intended doses of RT ranged from 66 to 88 Gy, 

depending on performance status and participation in a phase II dose escalation 

trial (14). Chemotherapy consisted of platinum- based doublets, mainly cisplatin or 

carboplatin in combination with gemcitabine. The principal scheme consisted of 3-4 
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cycles of cisplatin 75 mg/m² (day 1) combined with gemcitabine 1250 mg/m² (days 1 

and 8). 

Patients diagnosed with distant metastatic spread (stage IV) received palliative 

radiotherapy, chemotherapy or a combination of both. No uniform schedule was used. 

Radiation doses ranged from 20 to 39 Gy in fractions of 3-6 Gy. 

Survival was analyzed from the date of diagnosis using the Kaplan-Meier method. For 

the analysis of (disease-free) survival, events were defined as recurrent disease – due to 

distant metastasis or local recurrence – or death of any cause.

Results

Out of the 5185 patients presenting with lung cancer in the period 1994-2004, 52 

patients with SST (37 men; 15 women; age 58, range 32-82) were identified. Patient 

characteristics are listed in Table 1. Median follow-up period of the whole group of 

patients was 88 months (range 2-123). One patient was lost to follow-up after 2 months.

Table 1. Patient characteristics and presenting symptoms 

Variable No. (%)

No. of patients
Sex
   Male
   Female
Age (median)
Presenting symptoms
  Pain shoulder, axilla or chest
  Pain shoulder, radiating down the arm
  Pain shoulder AND paresthesia/muscle weakness
  Other
  None
Horner’s syndrome
Performance status
   0
   1
   2
   3
Weight loss (%)
  <5
  5-10
  >10  
  Unknown   
  

52

37 (71)
15 (29)

56 y (range 32-82)

12 (23)
18 (35)
11 (21)
4    (8)
7   (13)
16 (31)

24 (46)
19 (37)
7   (13)
2   (4)

37(71)
9  (17)
4  (8)
2  (4)
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The majority of tumours were located in the middle and posterior compartments (2); 

only two patients had an anterior sulcus superior tumour. Most patients presented 

with pain in the ipsilateral shoulder, axilla or hemi-thorax. The classical Pancoast 

presentation, with shoulder pain radiating to the arm and the (ulnar side of the) hand, 

was present in 29 patients (56%). Eleven of these patients also had paresthesia and/or 

weakness of the hand muscles. Horner’s syndrome with ptosis, myosis and anhydrosis 

was seen in 16 patients (31%). Other symptoms were coughing, dyspnoea, haemoptoe 

and fatigue.  

Table 2. Tumour stage and histology

Variable No. (%)

Stage and TNM
   IIB  
   T3 N0 M0
   IIIA 
   T3 N1 M0
   T3 N2 M0
   IIIB 
    T3 N3 M0
    T4 N0 M0
    T4 N2 M0
    T4 N3 M0
   IV    
Histology
   Adenocarcinoma
   Squamous cell carcinoma
   Large cell carcinoma (not specified)

14 (27)
4   (8)
1   (2)
3   (6)

22 (42)
1   (2)

14 (27)
3   (6)
4   (8)

12 (23)

27 (52)
5   (10)
20 (38)

In Table 2 staging and pathology data are presented. For initial staging, CT was used 

in all patients, MRI in 60%, and [18F]-FDG-PET in 35% of cases. Mediastinoscopy was 

performed in 37%. Imaging was indicative for tumour involvement of spine in 15%, 

brachial plexus in 15% and subclavian vessels in 6%. 

A flow chart of patient selection for the different treatment modalities is illustrated 

in Figure 1. Of the 52 patients, 12 had stage IV disease. Metastases were diagnosed 

in adrenal gland (n=2), bone (n=4), brain (n=1), liver (n=2), lung (n=1), extra-thoracic 

lymph nodes (n=3) and choroid of the eye (n=1). They received palliative treatment.

Forty patients had M0 disease. Twenty-two of them were considered inoperable: 8 on 

the basis of comorbidity, and 14 were judged irresectable by extensive involvement of 

lymph nodes, the brachial plexus, greater vessels and/or neural foramina. They received 

concurrent CRT (N=8), sequential CRT (N=5), or radiotherapy only (N=9). Seventeen of 

these patients completed their treatment as planned, five of them had dose reductions. 

Radical radiotherapy could not be performed when the spinal cord was exposed to 

more than 60 Gy, or when limitations caused by previous irradiation existed. Some 
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patients were referred from other hospitals, and had already received several courses of 

chemotherapy. These patients therefore could not receive concurrent CRT. 

Figure 1: Flow chart of patient selection for treatment
Legend: Conc. CRT= concurrent chemoradiotherapy, Seq. CRT= sequential chemoradiotherapy,  
RT= radiotherapy, Ch=chemotherapy

Eighteen patients were considered candidates for surgical intervention. Of these 

patients, 17 received induction therapy: concurrent CRT (n=10), sequential CRT (n=2), 

radiotherapy only (n=3) or chemotherapy only (n=2). Fifteen patients completed the 

planned regimen, two patients had dose reductions of concurrent CRT. One patient 

refused induction therapy, and was directly planned for surgery.

After induction therapy, 11 out of the 17 patients were considered eligible for surgical 

resection. In the six remaining patients, local tumour progression (concurrent CRT n= 2, 

sequential CRT n=1, C n=1), or the occurrence of distant metastasis were reasons not to 

proceed to surgery. In two of these six patients, additional radiotherapy was feasible, as 

they had not yet received (the maximum dose of ) radiation during induction treatment. 

A total of 12 patients (including one patient refusing induction treatment) underwent 

surgery.

In all patients a high-posterior (6) or extended posterolateral approach was used. All 

resections included mediastinal lymph node dissection. Eleven lobectomies and one 

bilobectomy with chest wall resection were performed. Partial resections of vertebrae 
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or brachial plexus were necessary in 3 patients. In two patients arterial reconstruction 

was performed with a vein patch. 

Table 3. Tumour response to induction treatment (RECIST), pathological downstaging and postoperative 
complications

Variable No. (%)

Radiological response of primary tumour 
 (n = 17)

Partial remission
Stable disease 
Progression

Pathological downstaging   
 (n = 12)

cT3 à pT0
cT4 à pT0
cT3 à pT3
cT4 à pT4

Postoperative complications    
 (n = 12)

Atelectasis
Pneumonia
ARDS
Hemorrhage

4   (23)
11 (65)
2   (12)

5 (42)
3 (25)
3 (25)
1 (8)

2   (17)
3   (25)
1     (8)
1     (8)

Response to induction treatment, pathological downstaging and complications of 

surgery are given in Table 3. Resection was microscopically complete (R0) in all patients. 

In 47% (8/17) there was a pathological complete response to induction treatment. The 

median hospital stay was 15 days (range 9-34).

Complications of surgery were seen in five patients: temporary atelectasis in two 

patients, pneumonia in three patients, ARDS in one patient and postoperative 

haemorrhage in one patient, leading to rethoracotomy. There was no postoperative 

mortality. 

Toxicity of concurrent CRT occurred predominantly in the oesophagus (n=6). Severe 

toxicity (grade 3-4), with perseverance of swallowing problems and decreased intake, 

occurred in three patients. 

Locoregional tumour recurrence after (induction treatment plus) surgical resection did 

not occur. In six patients distant metastasis occurred during follow-up after thoracotomy. 

The median overall survival of the resected patients was 38 months (range 8-114). The 

2- and 5- year survival rates after resection were 75% (95% confidence interval (CI) 50%-

99%) and 39% (95% CI 10%-68%), respectively. The median disease-free survival after 

resection was 22 months (range 7-114). The disease-free survival rates at 2 and 5 years 

were 50% (95% CI 22%-78%) and 39% (95% CI 11%-69%). 



Superior sulcus tumours: patient selection for combined modality treatment

113

 7

Figure 2: Overall survival of patients with superior sulcus tumors diagnosed between 1994 and 2004 
(N=52). CRT= chemoradiotherapy.

Legend:  Induction and resection (n=12)
 Concurrent CRT (n=11)
 Sequential CRT (n=17)
 Palliative treatment (n=12) 

The survival curves of the different patient groups are given in Figure 2. 

Median overall survival of all 52 patients was 18 months (range 4-123) with 2- and 

5-year survival rates of respectively 37% (95% CI 24%-51%) and 15% (95% CI 5%-25%). 

Median disease free survival was 16 months (range 2-123), and 2- and 5- years disease-

free survival rates were 27% (95% CI 16%-44%) and 19% (95% CI 7%-32%), respectively. 

In 25 of the 40 patients who presented with M0 disease, locoregional tumour recurrence 

or distant metastases were detected during follow-up. Four patients developed a local 

recurrence, 16 patients had (multiple) distant metastases, and five patients suffered 

from both a local recurrence and distant metastasis. Distant metastases were frequently 

located in adrenal gland (n=7) and brain (n=8). Locoregional recurrence was diagnosed 

in two patients after concurrent CRT (2/11), and in 7 patients after sequential CRT (7/17). 
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Discussion

The first milestone in the treatment of superior sulcus tumours was achieved in 1961, 

when Shaw and colleagues presented their results of combined therapy consisting of 

preoperative RT followed by surgery (6). From that time, 5- year survival rates in selected 

series of patients increased to 30% (15,16). In the last 15 years, after the introduction of 

better staging procedures and multimodality treatment, even more favourable 2-year 

survival data were reported in selected patients of 55% (70% after complete resection), 

and relatively low rates of locoregional relapse of 23% (4).

Our results indicate that combined modality treatment is not feasible for every patient 

presenting with SST. Most authors report about their surgical treatment results only, 

and fail to mention the number of patients excluded for surgical intervention because 

of poor performance status and/or advanced tumour stages. To analyze the treatment 

outcome of patients with a superior sulcus tumour more adequately, it is necessary to 

focus on the entire group of patients presenting with this tumour, not just the patients 

in good condition receiving optimal (trimodality) treatment. The problem of selection 

bias and the importance of determining criteria for patient selection has been raised 

by Millar and colleagues in 1996 and Neal and colleagues in 1991 (17,18). Without 

adequate description of the process of patient selection it is virtually impossible to 

get an impression of the efficacy of an intervention and to compare results between 

studies.  

This study does illustrate the process of patient selection into various treatment groups.

Thirty percent of M0 patients (12/40) were fit to receive optimal combined modality 

treatment. Toxicity was acceptable in those selected patients, as several other authors 

have reported after selection (4,19). However, concurrent chemoradiotherapy with 

surgery is not tolerated by patients with poor performance status, severe comorbidity 

or insufficient (cardio)pulmonary reserve. In our study this group comprised about 20% 

(8/40) of our M0 patients. We used strict criteria to determine resectability. Exclusion 

criteria were disease spread to N2/N3 nodes or growth into (subclavian) vessels, 

brachial plexus, and intervertebral foramina. Therefore, 50% of superior sulcus tumours 

were judged to be technically irresectable (or remained to be after induction therapy). 

In such patients, selected case series have been published on extensive resections 

including vertebrectomy with spinal fixation and resection of vessels or brachial plexus 

(20-22). Although such procedures can be performed in selected patients, they are 

associated with considerably higher risks of irradical resections and higher morbidity 

and mortality rates.
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Although our survival results are similar to the recently updated data from the JCOG-

9806 and SWOG-9416 trials (4,23) in our study more pathological complete responses 

were found (47% versus 16% and 31%, respectively). We presume that this might be the 

effect of the higher and accelerated radiation dose used for induction treatment in our 

institution: 66Gy in 32 days versus 45Gy in 32 days. Survival differences with respect to 

complete versus incomplete response to induction treatment were not observed in this 

small group of patients (24).

The local recurrence rates were low following concurrent CRT with or without surgery, 

but the number of distant metastasis was high in all treatment groups. The change 

in (first) site of recurrence from mostly locoregional to mostly distant metastasis (3,4) 

suggests that combined modality treatment has improved local control in these 

patients. Preventing distant metastasis has now become the challenge in the treatment 

of these patients. Large randomized trials concluded a 5-15% survival benefit at 5 

years of adjuvant chemotherapy in patients with radically resected stage I-IIIA NSCLC 

(25-28). However, many patients with superior sulcus tumours may not tolerate more 

extensive treatment (full dose chemotherapy in the induction phase or consolidation 

chemotherapy after surgery). 

In conclusion, careful patient selection for multimodality treatment, on the basis of 

staging and comorbidity, is of vital importance in the treatment of superior sulcus 

tumours. Only 30% of M0 patients with SST were eligible for combined modality 

treatment followed by surgery. In patients with compromised health status or 

irresectable disease, concurrent chemoradiotherapy with daily cisplatin and accelerated 

radiation of 66 Gy in 24 fractions (32 days) is a good alternative for surgery. 
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Abstract 

Objectives
Superior sulcus tumours (SST) or Pancoast tumours are preferably treated with 

chemoradiotherapy (CRT) followed by surgical resection. However, when followed 

by surgery, it is associated with an increased complication rate. The aim of this study 

was to evaluate the efficacy and safety of a concurrent induction protocol of 66 Gy 

radiotherapy with cisplatinum and evaluate the rationale for subsequent surgery. 

Methods
Patients with SST treated in our institute from 1994-2006 were identified. The preferred 

induction treatment consisted of accelerated radiation (66 Gy in fractions of 2,75 Gy) 

with concurrent daily cisplatinum 6 mg/m2. Surgical resection was planned 4-6 weeks 

thereafter. Performance status, comorbidity, clinical and pathological tumour stage, 

(response to) treatment and survival were reviewed. Survival analysis was performed 

using the Kaplan-Meier method. 

Results
Over these 12 years, 85 patients with Pancoast tumours, 57 men and 28 women, were 

referred. Mean follow-up was 42 months (range 2-120 months). Twenty-five patients 

had stage IIB (29%), 7 stage IIIA (8%), 32 stage IIIB (38%) and 21 stage IV (25%). Of the 

64 patients presenting with stage II or III disease, 38 medically operable patients with 

potentially resectable tumours received induction therapy. After restaging, 22 patients 

underwent resection. All resections were complete and local recurrences were not 

observed. In 13 patients (62%) a pathologic complete response was found. In most 

cases, pathologic response was not evident from radiological imaging. The morbidity 

of surgery after induction treatment was acceptable. There was no fatal toxicity or 

treatment-related mortality. The 2- and 5-year overall survival of this selected group 

was 70% and 37%, respectively. 

Conclusion
This schedule of induction therapy with high-dose radiation and concurrent cisplatinum 

was safe and highly effective in fit patients. At this time, pathologic complete response 

cannot be reliably recognized preoperatively and better tools for response assessment 

are critical for more tailored treatment of patients with SST.
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Introduction

The outcome of recent combined modality trials in patients with locally advanced 

non-small cell lung cancer (NSCLC) has limited the indications for radical surgical 

approaches1;2. At the same time, the role of surgery for tumours growing into the 

superior sulcus remains important. Complete en-bloc pulmonary resection with 

adjacent thoracic wall is considered to be the main step towards local control and 

long-term survival for T3/T4 non-small cell lung cancer of the superior sulcus (SST or 

Pancoast tumours)3. 

Sulcus superior tumours, although first described by Hare in 1838, became generally 

recognized when radiologist Henry Pancoast drawed attention to its clinical and 

radiographic features in 19324. The location of these “Pancoast tumours” near vital 

structures such as spine, brachial plexus and subclavian vessels demands a combined 

modality approach to achieve optimal local control. Combined modality treatment was 

introduced by Shaw and Paulson in 1961, when they observed that, after radiotherapy 

with palliative intent, the tumour could become resectable5. More recent phase II 

experience confirms that better local control can be obtained with surgery following 

(chemo) radiotherapy6-8. Induction chemoradiation (CRT) increases the probability of a 

complete resection, and may even sterilize the tumour complex. Strategies to increase 

the impact of induction treatment include higher doses of radiotherapy. However, this 

may also increase toxicity and the complication rate associated with chemoradiotherapy 

followed by surgery 9-11.

The objective of this study was to evaluate the efficacy and safety of induction 

chemoradiation of 66 Gy with concurrent low-dose cisplatinum preceding surgery, and 

to review the rationale for surgery in the era of chemoradiotherapy for NSCLC of the 

superior sulcus.

Patients and Methods

Three institutional databases were used to identify all patients with pulmonary tumours 

invading the superior sulcus, referred to the Netherlands Cancer Institute – Antoni van 

Leeuwenhoek Hospital (NKI-AVL), Amsterdam, the Netherlands, between 1994 and 2006.

Diagnos ic strategies
All patients had received at least one CT scan and bronchoscopy at diagnosis and were 

evaluated by the multidisciplinary thoracic oncological team to assess tumour stage 
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and decide on the treatment strategy. MRI was used to determine tumour involvement 

of the vertebrae, brachial plexus, and subclavian vessels in patients who were 

candidates for surgery. Positron emission tomography ([18F]-FDG-PET) was regularly 

used since its introduction in the year 2000, but only became part of the standard 

staging procedure in the year 2002. Mediastinoscopy was performed if pathological 

lymph nodes in the mediastinum were suspected on CT, unless PET was available and 

negative for mediastinal nodes. Since the year 2002 endoscopic and endobronchial 

ultrasonography with fine needle aspiration (E(B)US-FNA) were used to replace or add 

up to mediastinoscopy in staging of the mediastinum. 

Primary therapeutic strategies
Patients with stage II or III who were ineligible for surgery were offered radiotherapy 

(RT) and/or chemotherapy (C). Intended doses of RT ranged from 66-88 Gy, depending 

on performance status, spinal cord involvement in the radiation field, and participation 

in a phase II dose escalation trial12. Radiation treatment included the primary tumour 

and all lymph node levels with (suspicion of ) metastatic nodal disease.

For patients diagnosed with distant metastatic disease (stage IV), no uniform schedule 

was used. They received palliative radiotherapy, chemotherapy or a combination of 

both. 

When surgical resection was considered feasible, the preferred induction regimen 

was concurrent chemoradiotherapy (CRT): accelerated RT, using a concomitant boost 

technique to a total dose of 66 Gy in 24 fractions of 2,75 Gy within 32 days[13], and daily 

low dose Cisplatin 6 mg/m², given intravenously 1 to 2 hours before each fraction of RT. 

This regimen has been extensively studied in two trials (Uitterhoeve 2000 and Belderbos 

2007[13;14]). Contraindications for this concurrent CRT scheme were a performance 

status of WHO > 2, weight loss of > 10% of the original weight, or insufficient renal 

function. When patients had already started induction chemotherapy in a referring 

hospital they received either sequential chemoradiation or chemotherapy alone.

Restaging and surgical (contra)indications 
Three to four weeks after completion of the induction treatment, CT and MRI 

examinations were performed to evaluate resectability and response. Exclusion criteria 

for surgical intervention were progressive disease (PD), persisting N2/N3 disease, 

(extensive) tumour invasion in neural foramina, vertebral bodies, brachial plexus, or 

greater vessels, WHO ≥ 2, weight loss of >10% of the original weight, or insufficient 

cardiopulmonary reserve. Radiological response was not a prerequisite for resection. 

Restaging of the mediastinum was done with mediastinoscopy, esophageal ultrasound, 
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or EBUS if (persisting) N2 disease was suspected on CT scan, but re-mediastinoscopy 

was avoided. Surgery was scheduled 4 to 6 weeks after completion of induction 

treatment, and generally consisted of en-bloc resection of the affected lobe and chest 

wall structures. Mediastinal lymph node sampling was routinely performed. 

Data collection
Age, gender, smoking status, performance status, pulmonary function, type of 

treatment, clinical and pathological tumour stage, date and site of first relapse, and 

clinical and pathological response to treatment were retrieved from the patient charts. 

Toxicity was assessed using the WHO Toxicity Criteria. Follow-up information was 

retrieved from the original patient records. Incidence, type and date of recurrence or 

death were recorded. In case of missing follow-up information, general practitioners 

were contacted. 

Statistical analysis 
All statistical analyses were performed using the statistical software package SPSS 

(SPSS, Chicago, Il). Survival was calculated with the Kaplan-Meier method from the date 

of diagnosis. For the analysis of (disease-free) survival, events were defined as recurrent 

disease – due to distant metastasis or locoregional recurrence – or death of any cause. 

Survival was compared using the log-rank test (pCR versus non-pCR, no comparison 

was made between treatment groups because of selection bias).

Results

Patient group  
From 1994 to 2006, 85 patients with Pancoast tumours were referred to our institute. 

There were 57 men and 28 women, with a mean age of 57 years (range 32-82 years). 

Follow-up was complete until January 2007 for all patients except one, who was lost to 

follow-up after 2 months. The mean follow-up time was 42 months (range 2-120 months). 

Histological subtypes were adenocarcinoma in 38 patients (45%), unspecified large cell 

carcinoma in 36 patients (42%), and squamous cell carcinoma in 11 patients (13%). In 21 

patients (25%) distant metastases were found at further diagnostic work-up (stage IV). 

They were treated with palliative intent and will not be discussed in this report. 

Of the remaining 64 patients, 25 patients had stage IIB (29%), 7 patients stage IIIA (8%), 

and 32 patients stage IIIB (38%), including 33 cT3 and 31 cT4 tumours, on pre-treatment 

staging. Mediastinoscopy was performed in 22 patients. 
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Stage IV 

n = 21 

Stage II/III 

n = 64 

Eligible for 
combined modality  

n = 39 

Sulcus superior tumors   
1994-2006 

n = 85 

Induction 
concCRT 

n = 25 

Induction 
seqCRT 

n = 2 

Not eligible for 
combined modality 

n = 25 

Induction 
RT 

n = 6 

Induction 
CT  

n = 5 

Surgery  

n = 22 
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Figure 1: Treatment breakdown for patients with sulcus superior tumours from 1994 – 2006. concCRT = 
concurrent chemoradiotherapy; seqCRT = sequential chemoradiotherapy; RT = radiotherapy only; CT = 
chemotherapy only

Primary treatment strategies  
The applied treatment combinations are shown in Figure 1. According to the 

multidisciplinary thoracic oncological team, 39 of these 64 stage II and III patients were 

judged eligible for (combined) induction treatment. Stages of these patients are shown 

in Figure 1. One patient refused induction treatment, and underwent surgery only. 

Several patients received additional treatment after induction chemotherapy (conc CRT 

n=1; seq RT n=4) and after induction radiotherapy (seq CT n=4). The other 25 patients 

were considered medically inoperable by the multidisciplinary team, and were treated 

either with concurrent CRT (n=10), or radiotherapy only (n=15). In all, 63 patients 

received some form of CT and/or RT, either with or without surgery. These different 

regimens were generally well tolerated. In irradiated patients, pulmonary toxicity 

occurred in 10 patients (grade 3 in 2 patients), oesophageal toxicity was observed in 

28 patients, (grade 3 in 8 patients) and one patient developed a tracheo-oesophageal 

fistula. There were no fatal toxicities. 
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Table 1: Radiological versus pathological response. 

Radiological response Pathological response
CR PR SD PD

CR - - -

-

-

-PR 6 2

SD 7 2 3 1

CR = complete response; PR = partial response; SD = stable disease; PD = progressive disease

Restaging 
Response evaluation with CT (and MRI) imaging in the 38 patients who received 

induction treatment revealed partial response (PR) in 10 patients, stable disease 

(SD) in 24 patients and progressive disease (PD) in 4 patients. Twenty-one patients 

(55%) (concurrent iCRT n=19; sequential iCT/RT n=2) completed combined modality 

treatment (median dose given 66 Gy; range 61-67 Gy) with subsequent surgical 

resection. For 17 patients with stable or progressive disease surgery was cancelled, 

as the selection criteria for surgery were not met. In the 21 patients who underwent 

induction treatment and resection, the radiological response was compared to the 

pathological response (Table 1). In 13 patients (62%) no vital tumour was found at 

pathological examination. Interestingly, these pathological complete responses (pCR) 

were not recognized by repeated CT (6 PR and 7 SD; Table 1). After induction treatment 

with concurrent CRT and surgery downstaging was seen in 14 patients, of which 10 

patients had no vital tumour rest at all (59%).

Surgical data  
In all patients who underwent resection, a high-posterior or extended posterolateral 

approach was used. Twenty-one lobectomies and one bilobectomy were performed 

with en-bloc resection of the involved thoracic wall. Partial resection of the subclavian 

artery, vertebral bodies or brachial plexus were necessary in 5 patients. All resections 

were microscopically complete (R0). Postoperative morbidity included pneumonia in 

6 patients, chylothorax in 1 patient, atelectasis of the remaining lobe in 1 patient, and 

postoperative bleeding in 1 patient. There was no surgery-related mortality (<30-days 

postoperative). 
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Table 2: Recurrences after (chemo)radiotherapy only and induction treatment + surgery.

Type of recurrence (C)RT
n = 42

(induction +) surgery
n = 22

Local only 8 0

Distant 13 10

Local + distant 9 0

No recurrence
Of which alive 

12
6

12
10

Follow-up  
Local tumour control was 100% in the surgery group (Table 2). However, in 17 out of 

the 42 patients of the non-surgery group (40%) locoregional recurrence was detected. 

Eight of them suffered from isolated locoregional recurrent disease (of whom 4 patients 

were medically inoperable at primary evaluation); in 9 patients distant metastases were 

found at the same time. 

The 2- and 5-year overall survival in the 22 patients who underwent surgical resection 

were 77% and 37%, respectively (Figure 2). Patients treated by CRT only had 2- and 

5-year survival rates of 42% and 19%, respectively (n=19). Patients treated with 

sequential or single modality radiotherapy and chemotherapy (n=23) had 2- and 5-year 

survival rates of 19% and 5%, respectively. 

By the end of January 2007, 19 patients of 64 stage II-III patients were still alive. 

Fifteen of them are free of recurrence, of whom 10 had received trimodality treatment 

(chemoradiation followed by surgery), as shown in Figure 3. Although survival of 

patients with pCR at the time of resection was noticeably higher, the statistical level of 

significance was not reached in this series due to small numbers (5 year survival of 56% 

vs. 17%, p=0.12).
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Figure 2: Overall survival of patients with superior sulcus tumours stage II or III receiving different forms 
of combined modality treatment. CRT= chemoradiotherapy.
Legend:  (Induction and) resection (N=22)
 Concurrent CRT (N=19)
 Sequential CRT (N=23)

Figure 3: Disease-free survival of patients with superior sulcus tumours stage II or III receiving different 
forms of combined modality treatment. CRT= chemoradiotherapy.
Legend:  (Induction and) resection (N=22)
 Concurrent CRT (N=19)
 Sequential CRT (N=23)
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Discussion
In our study, with a strict selection for surgical resection after high dose radiotherapy 

with daily cisplatin, long-term survival was obtained in 37% of patients and local 

tumour control was achieved in all patients with SST. Pathologic complete response 

was detected in over 60% of surgical specimens, which shows that this induction 

scheme is a very potent regimen with major impact on tumour tissue. Toxicity of high 

dose CRT and complications of consecutive surgery were acceptable and no treatment-

related deaths occurred. 

Due to the rareness of the disease, there are no randomized trials on the management 

of SST patients. Two prospective trials have been reported recently by Rusch and 

colleagues, 20077, and Kunitoh and coworkers, 20086. Both studies used a regimen of 

45 Gy radiotherapy, concurrently with 2 cycles of cisplatin and etoposide. In the North 

American study 88 of 110 patients (who were enrolled by 76 surgeons from the North 

American cooperative groups) underwent induction chemoradiation and surgery, 

and pathologic complete response was seen in 32 of 88 patients (36%). The overall 

survival was similar to that of the of the present study (44% at 5 years) and locoregional 

recurrence occurred in 9%. Treatment related mortality was 3%. The Japanese study (76 

patients from 19 institutions) reported a pathological response rate of 21% (12 of 57 

patients), with an overall survival rate of 56% at 5 years and locoregional recurrence in 

12% (after R0 resection). Treatment related mortality was 4%. 

Our retrospective study describes all patients referred for treatment and shows that 

in a pragmatic clinical setting only a selected group can receive combined modality 

treatment (followed by surgery). Still, the pathologic response rate of 62 % in these 

patients differs notably from the abovementioned studies with a radiotherapy 

dose of 45 Gy. Our exclusion criteria for surgical resection (progressive disease (PD), 

persisting N2/N3 disease, (extensive) tumour invasion in neural foramina, vertebral 

bodies, brachial plexus, or greater vessels, WHO > 2, weight loss of >10% of the 

original weight, or insufficient cardiopulmonary reserve) may be rather cautious when 

compared to those criteria employed by other surgical groups15-20. Other approaches 

have been described, for example the anterior transclavicular approach described by 

Dartevelle in 1993 or the cervicothoracic transmanubrial approach described in 1997 

by Grunenwald. They can be advantageous when resecting anteriorly located tumours, 

because they provide good exposure of the brachial plexus and subclavian vessels, but 

an additional posterior incision is often necessary to complete the lobectomy. Some 

performed more extensive resections, including reconstructions of vertebrae, vessels 

or brachial plexus, in limited numbers of patients. However, some critical comments 
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are warranted. The risk of an incomplete resection at these sites should be considered, 

since local recurrences are associated with serious pain and, inevitably, short survival. 

Wider selection criteria for surgical resection could be beneficial for those patients who 

are at risk for local recurrence after primary non-surgical therapy. However, our data 

suggest that this group is disappointingly small. Only 4 out of 42 patients could have 

had a potential benefit from a more extensive surgical approach (medically operable 

patients with irresectable tumours at primary evaluation, who developed isolated 

locoregional recurrent disease).

An even more challenging question is, whether the role of surgery in the subgroup of 

patients with a pathologic complete response should be debated. After all, the rationale 

for both concurrent CRT and surgery is the achievement of local control. Should surgical 

resection be abandoned when complete response has already been accomplished by 

chemoradiotherapy? 

There are two issues that prohibit a definite answer to this question. First, the accuracy 

of pathological examination in assessing a complete response is questionable. Post-

chemoradiotherapy effects can be difficult to interpret and, since only a restricted 

number of pathological sections are examined, routine pathological examination might 

fail to identify residual cancer. A study on pathologic re-examination of oesophagectomy 

specimens of complete responders after chemoradiation for oesophageal cancer did not 

reveal extra residual cancer21, but to our knowledge, this issue has never been studied 

in lung cancer. Secondly, at present, we cannot adequately predict complete response 

preoperatively with radiological imaging (Table 1). It is impossible with CT and MRI to 

distinguish vital tumour cells from radiation induced fibrosis and necrosis. Moreover, 

preoperative response assessment, usually at 2-4 weeks post-induction treatment, 

is too early to detect the maximal effect of (chemo)radiation. Although solely based 

on unsystematic clinical recommendations, it is generally considered undesirable to 

postpone surgery for more than 4-6 weeks, as radiation fibrosis may hamper the surgical 

resection after that time5. The optimal response can therefore not be determined by 

preoperative CT. It is only after surgery and subsequent pathological examination that 

response to treatment is accurately assessed. Other imaging modalities may gain in 

importance for more reliable response evaluation. Several studies have already tested 

the use of [18F]-FDG-PET for evaluation of response, and even prediction of response prior 

to neoadjuvant therapy22-25. Promising results, (i.e. an almost linear correlations between 

SUVmax and pathologic response) were reported in one study23, but results of other 

studies concerning this issue were less optimistic.
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To resume, for patients with superior sulcus tumours it is of primary importance to 

achieve the best possible local control, since local recurrence is associated with intense 

pain and discomfort. At present times, this remains a legitimate reason for surgical 

resection following chemoradiation. The high rate of pathologic complete response 

that can be achieved with an accelerated concurrent scheme of 66 Gy radiotherapy 

with daily cisplatin are promising, although in at least 40 % of these patients surgery is 

essential for locoregional disease control. At this time, pCR cannot be reliably recognized 

preoperatively and better tools for response assessment are critical for more tailored 

treatment of patients with SST.
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Abstract 

Background and Purpose
In the treatment of patients with tumours of the sulcus superior (SST), achieving local 

control is essential because residual or recurrent disease is associated with severe 

locoregional problems. This study evaluates the efficacy of concurrent daily low-dose 

cisplatin (6 mg/m2) and high-dose radiotherapy (66Gy) followed by surgical resection 

in selected patients. 

Material and Methods
Clinical charts, imaging and pathology reports were retrospectively reviewed. Survival 

was analyzed using the Kaplan-Meier method.

Results
Forty-nine patients with stage II/III SST were treated with concurrent high-dose 

radiotherapy and low-dose chemotherapy (CRT). Mean follow-up was 49 months 

(range 2-152). 

Nineteen patients underwent additional resection after CRT. In 53% a pathological 

complete response (pCR) was observed (10/19pts). Acute severe toxicity occurred in 

49% (9/19pts). Late severe toxicity occurred in 3 patients. The 2- and 5-year overall 

survival was 74% and 33%, respectively. Local tumour control was 100%. Thirty patients 

received CRT only. Acute severe toxicity occurred in 23% (7/30pts). Treatment-related 

mortality was 2%. The 2- and 5-year overall survival was 31% and 18%, respectively. 

Locoregional disease-free survival was 48% at 5 years. 

Conclusions
Concurrent high-dose (66Gy) radiotherapy and daily low-dose cisplatin was associated 

with a high pCR rate. Excellent local control was achieved after additional resection 

in selected patients. However, the occurrence of severe toxicity in long-term survivors 

after concurrent chemoradiation followed by surgery must be considered. 
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Introduction

Superior sulcus tumours are mostly non-small cell lung cancers (NSCLC) located in 

the apex of the lung. By definition they invade the adjacent chest wall in the superior 

pulmonary sulcus [1]. Vital structures like brachial plexus, subclavian vessels, vertebral 

column and spinal cord are near and therefore often threatened or involved. Radical 

treatment for superior sulcus tumours is complex, since their particular location near 

vital structures often prohibit safe resection margins or high doses of radiotherapy. 

However, achievement of local control is crucial, because residual or local recurrent 

disease is associated with severe pain. Neoadjuvant treatment is therefore advocated 

to ensure radical treatment.

Significant progress has been made in the development of neoadjuvant treatment 

of superior sulcus tumours throughout the last decades [2]. In 1992, the first phase 

III trial using concurrent chemoradiotherapy in NSCLC showed that daily low-dose 

chemotherapy (cisdiamminedichloroplatin or cDDP or cisplatin) and radiotherapy 

yielded better survival than radiotherapy alone [3]. Several subsequent reports have 

described a variety of concurrent chemoradiotherapy schemes, combining gradually 

higher radiotherapy doses with low-dose single agent chemotherapy or with high dose 

multi drug combinations [4-6]. Although the exact mechanism is not clear, daily (low-

dose) chemotherapy improves local tumour eradication, as a radiotherapy sensitizer, 

whereas high-dose and multi-drug-combinations of chemotherapy are mainly directed 

towards elimination of distant (micro)metastases. In the latter, however, toxicity further 

limits the maximal feasible radiotherapy dose [6]. 

Since the main problem of superior sulcus tumours is their locoregional growth, high-

dose radiotherapy and daily low-dose cDDP is regarded as the optimal induction regimen 

of choice in our practices. The aim of this study is to report our long term experience with 

concurrent chemoradiotherapy using high-dose radiotherapy (66 Gy, 24 fractions) and 

daily low-dose cDDP (6 mg/m²) for patients with NSCLC of the superior sulcus [7].

Materials and Methods

Patients
Patients with non-small cell lung cancer invading the superior sulcus who were referred 

from 1994 to 2006 to The Netherlands Cancer Institute and Academic Medical Centre 

Amsterdam formed the basis of this retrospective study. The study was approved by 

the Institutional Review Board. Some of these patients were described in a previous 
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report, which focussed on selection of patients for different treatment modalities [8]. 

Age, gender, smoking status, performance status, pulmonary function, histological 

subtype, type of treatment, clinical and pathological tumour stage, date and site of first 

relapse, and clinical and pathological response to treatment were retrieved from the 

patient charts. Toxicity was assessed using the NCI Common Terminology Criteria v 3.0. 

The diagnosis was histologically confirmed after CT scan and bronchoscopy. Positron 

emission tomography ([18F]-FDG-PET) was frequently used since its introduction in the 

year 2000, and became standard in the year 2002. Mediastinoscopy was performed when 

pathological mediastinal lymph nodes were suspected on CT scan, unless a PET scan showed 

no mediastinal metabolic activity. In more recent years, oesophageal ultrasonography with 

fine needle aspiration (EUS-FNA) was used (since the year 2002), to replace or complement 

mediastinoscopy in staging the mediastinum. MRI was used to determine tumour 

involvement of the vertebrae, brachial plexus, and subclavian vessels in patients who 

were candidates for surgery. All patients were discussed in our multidisciplinary thoracic 

oncological team to assess tumour stage and to decide on the treatment plan. 

Primary treatment strategy 
The majority of patients were ineligible for surgery. They were either medically 

inoperable or their tumours were considered irresectable, even after induction 

treatment. Depending on their medical condition, they received RT with or without 

the addition of chemotherapy (CT). The preferred regimen was concurrent CRT (66 Gy 

+ daily cisplatin 6 mg/m²). Contraindications for this concurrent chemoradiotherapy 

(CRT) scheme were a performance status of WHO > 2, weight loss of > 10% of the 

original weight, or insufficient renal function. 

Concurrent chemoradiotherapy was the preferred induction regimen if surgical 

resection was considered feasible. In both centres a concomitant boost technique was 

used to a total dose of 66 Gy in 24 fractions of 2.75 Gy within 32 days [4], combined 

with daily low-dose cisplatin of 6 mg/m², given intravenously 1 to 2 hours before 

each fraction of radiotherapy. This regimen was extensively studied in two trials by 

Uitterhoeve and Belderbos [4,7]. In earlier years, doses of 55 Gy in 20 fractions were 

used, but from the year 1996 on 66 Gy in 24 fractions (less than 5 weeks) appeared to 

be feasible and became standard [3,4].  

All patients were treated with megavoltage photon beams > 5 MV energy. The Gross 

Tumour Volume (GTV) was defined as the primary tumour and lymph nodes with a short 

axis of > 1 cm on the CT scan. The Elective Planning Target Volume (EPTV) encompassed 

GTV and the first lymph node drainage group not considered as pathological plus a 
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margin of 1.5 cm. The Boost Planning Target Volume (BPTV) included the GTV with a 1 

cm margin of normal tissue.

To irradiate the EPTV two opposite anterior-posterior-posterior-anterior (AP-PA fields) 

or a multiple beam arrangement were used. The prescribed dose was 40 Gy in 20 

fractions of 2 Gy given five times a week. The dose was defined according to the ICRU 50 

report. The BPTV was irradiated with 3-dimensional conformal radiotherapy. The daily 

dose to the BPTV was 0.75 Gy given concurrently with the treatment of the EPTV during 

the first 20 fractions.

After a total dose of 55 Gy (20 fractions), four additional fractions were administered to 

the BPTV with 2.75 Gy per fraction up to 66 Gy. With the introduction of PET scanning 

the radiotherapy fields encompassed the involved areas only. 

The accelerated  irradiation course of 66 Gy in 24 fractions of 2.75 Gy within 32 days 

that was used in this study, compares to a radiobiologically equivalent dose of 72 Gy/2 

Gy. All patients were irradiated with 3D conformal radiotherapy. The following limits 

according to the tolerance of organs at risk were used: spinal cord dose < 50 Gy, mean 

lung dose < 16 Gy and the V35 esophagus < 65%. For the heart the maximum dose 

allowed was 40 Gy for the whole heart, 50 Gy for 2/3 of the heart and 66 Gy for 1/3 of 

the heart. All tolerance doses mentioned are normalized total doses. 

Restaging and surgery 
Three to four weeks after completion of the chemoradiation treatment response was 

evaluated using CT and MRI scans, according to the unidimensional RECIST criteria [9]. 

Unless progressive disease (PD) was detected, the response observed on radiological 

imaging did not affect the evaluation of resectability. Restaging of the mediastinum was 

done using mediastinoscopy if (persisting) N2 disease was suspected on CT scan (re-

mediastinoscopy was avoided). Surgery was scheduled 4 to 6 weeks after completion of 

chemoradiotherapy, and generally consisted of en-bloc resection of the affected lobe and 

chest wall structures. Mediastinal lymph node sampling was carried out in all patients. 

The majority of patients were ineligible for surgery. They were either medically 

inoperable or their tumours were considered irresectable, even after induction treatment. 

Patients were followed according to a standard follow-up scheme every 3 months 

during the first year, every 6 months during the second and third year, and every twelve 

months thereafter. Chest X –ray was commonly performed, and, if clinically indicated, 

followed by CT scan. Survival was calculated using the Kaplan-Meier method from the 

date of diagnosis. For the analysis of (disease-free) survival, events were defined as 

recurrent disease – due to distant metastasis or locoregional recurrence – or death due 

to disease progression or any other cause. 
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Results
 

From 1994 to 2006, 115 patients with superior sulcus tumours were referred to the 

Academic Medical Centre Amsterdam and The Netherlands Cancer Institute – Antoni 

van Leeuwenhoek Hospital. Figure 1 shows the treatment chart of all 115 patients. Of 

the 93 patients with stage II and III disease, 49 patients were treated with concurrent 

CRT, either preceding surgery (n=19) or as definitive treatment (n=30). These 49 patients 

form the subject of this report, and will be discussed separately in two sections. 

Table 1: Clinicopathological characteristics of patients with non-small cell lung cancer in the superior 
sulcus treated with concurrent chemoradiotherapy with (n=19) or without surgery (n=30).

CRT + S
N

CRT
N

Gender:  
   Male 12 22
    Female 7 8
Age in years: mean (range)
Performance status:  
    0 11 13
    1 7 11
    2 0 5
    3 0 1
    Missing 1 0
Smoking status: 
    Non 0 0
    Former 5 4
    Current 14 25
   Missing 0 1
Histology: 

 Adeno
9 11

     Squamous 3 7
    Undifferentiated 6 10
    Missing 1 2
Stage: 

    IIB
12 6

     IIIA 1 3
     IIIB 6 21
T- stage:
    3 13 9
    4 6 21
N-stage:
    0
    1
    2
    3
    x

17
0
2
0
0

18
0
9
1
2

CRT + S: concurrent chemoradiotherapy and surgery; CRT: concurrent chemoradiotherapy
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Mean follow-up of all 49 patients was 49 months (range 2-152 months). Follow-up 

was complete until January 2009 for all patients except one who was lost to follow-

up after 2 months. Patient characteristics are shown in Table 1. Eighteen patients had 

stage IIB, 4 patients stage IIIA, and 27 patients stage IIIB. There were 22 cT3 and 27 cT4 

tumours diagnosed on pre-treatment staging. In 27 of 49 patients, mediastinal lymph 

nodes were negative on PET/CT scan. In 11 patients, mediastinal lymph nodes were not 

pathologically enlarged (<1 cm) on CT. In 11 patients mediastinoscopy was performed 

and revealed ipsilateral mediastinal lymph node metastases (N2 disease) in 2 patients 

and contralateral lymph node metastasis in 1 patient (N3 disease). 

No Surgery 

 n=15 

Sulcus superior tumors  
1994 – 2006  

n = 115 

Stage IV    
n=22 

Concurrent CRT 
n=30 

Inoperable    n=33 

Stage IIB (33), IIIA (10), IIIB (50)       
n=93 

Operable   n=60 

Induction 
Concurrent CRT 

n=36 

Surgery 
n=28 

Induction other 
CT n=8, RT n=10,  

seq CRT n=2 

17 19 5 
13 

RT  

n=20 

4 

Figure 1: Flow chart of selection of patients with superior sulcus tumours for different treatment 
schedules. CT= Chemotherapy; RT=Radiotherapy; CRT= chemoradiotherapy; Seq= Sequential; 
Conc=Concurrent; i=induction

As shown in the highlighted area of Figure 1, left branch, 36 patients received induction-

intended concurrent chemoradiotherapy. Nineteen of these patients subsequently 

underwent a resection. The other 17 patients were considered ineligible for surgery 

after induction treatment, and are discussed separately.

The median dose of the induction CRT regimens in these 19 patients was 66 Gy (range 

66 – 67.25 Gy). Overall acute toxicity of induction treatment was seen in 11/19 patients, 

but only 2 patients had severe toxicity (grade 3 oesophageal toxicity). Response 
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evaluation with CT and MRI scan was available in 17 of 19 patients. This revealed 

partial response (PR) in 7 patients and stable disease (SD) in 10 patients. Pathological 

response was compared to the radiological response (Table 2). In 10 patients (53%) 

no vital tumour was found at pathological examination. These pathological complete 

responses (pCR) were not predicted by CT or MRI at restaging (5 PR and 5 SD; Table 2).

Table 2: Radiological versus pathological response after concurrent chemoradiotherapy and surgical 
resection (n=17). 

Radiologic response Pathologic response

CR PR SD PD Total

PR 5 2 0 0 7

SD 5 2 2 1 10

CR = complete response; PR = partial response; SD = stable disease; PD = progressive disease.

In all 19 patients who underwent resection, a high-posterior or extended posterolat-
eral approach was used. Seventeen lobectomies, one bilobectomy, and one segmen-
tal resection were performed with en-bloc resection of the involved thoracic wall. The 
median number of ribs resected was 3 (range 2-5). Additional (en-bloc) resections of 
adjacent structures were performed in 2 patients: partial resection of the subclavian 
artery (n=1) or vertebral body(n=1). In one patient the chest wall was found to be no 
longer involved after induction treatment and surgery was confined to an extrapleural 
lobectomy. All resections were microscopically complete. 

Postoperative (acute) morbidity occurred in 12 patients. Severe acute morbidity was 

seen in 9 patients (47%), of which grade 3 in 6 patients and grade 4 in 3 patients. In 

some patients more than one complication occurred. Severe complications included 

pneumonia in 5 patients (resulting in admittance to the intensive care unit in 2 

patients), subarachnoidal bleeding in 1 patient, chylothorax (requiring embolisation of 

the thoracic duct) in 1 patient, atelectasis of the remaining lobe in 1 patient, and severe 

pain in 2 patients. There was no surgery-related mortality (<90 days postoperative). 

Long-term local tumour control was 100% (Figure 2). The 2- and 5-year overall survival 

was 74% and 33%, respectively (Figure 3). Distant metastases occurred in nine patients 

(47%). 

Among long-term (> 5 years) survivors, 3 patients developed severe late toxicity of 

multimodality treatment: osteo-radionecrosis of the scapula requiring reconstructive 

surgery with a fasciocutaneous flap 8 years after CRT and surgery (n=1); dysfunction 

of the hand due to radiation-induced damage to the brachial plexus 6 years after 
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CRT and surgery (n=1); osteo-radionecrosis of the irradiated ribs (after 4 years) with 

a bronchopleural fistula causing empyema (after 8 years) followed by a spontaneous 

perforation of the thoracic wall 11 years after CRT and surgery (n=1). 

Seventeen patients received concurrent CRT as definitive treatment, since they were 

judged ineligible for operation after induction treatment. Thirteen patients, considered 

medically inoperable by the multidisciplinary thoracic oncology team (Figure 1, right 

branch), were also treated with concurrent CRT as definitive treatment. In these 30 

patients, the median dose given was 66 Gy (range 41.25 – 66.00 Gy). Deviations from 

the intended high dose radiation scheme were necessary in five patients. In one patient 

this was due to previous radiation treatment for an (other primary) oropharyngeal 

tumour. For the other patients the dose was reduced because treatment for the same 

tumour was started in another hospital before referral to our hospital, or because of 

comorbidity. Response evaluation with CT and MRI scan was performed in 29 of 30 

patients. This revealed partial response (PR) in 4 patients, stable disease (SD) in 19 

patients and progressive disease (PD) in 6 patients. 

Acute toxicity occurred in 23 patients (mostly oesophageal toxicity). Severe acute 

toxicity occurred in 6 of 30 patients (20%): grade 3 oesophageal toxicity in 5 patients, 

grade 4 oesophageal toxicity in 1 patient. One patient died from a Staphylococcus Aureus 

sepsis during a neutropenic episode after 47 Gy in 17 fractions and 187 mg cisplatin.

Two- and 5-year overall survival was 31% and 18%, respectively. Locoregional disease-

free survival was 48% at 5 years (5 isolated locoregional recurrences, 5 local recurrences 

with distant metastases; Figure 2). Distant metastases occurred in 14 patients (47%). 

Figure 2: Local disease-free survival in patients with a superior sulcus tumour treated with concurrent 
CRT. Figure 2A: local disease-free survival after induction CRT and surgery (n=19). Figure 2B: local 
disease-free survival after concurrent CRT only (n=30). 
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Figure 3: Overall survival of patients with a superior sulcus tumour treated with concurrent CRT. 
Figure 3A: overall survival after induction CRT and surgery (n=19). 
Figure 3B: overall survival after concurrent CRT only (n=30).

Discussion

This study confirms the efficacy of the concurrent scheme of accelerated high-dose 

radiotherapy and daily low-dose chemotherapy for patients with a superior sulcus 

tumour. Excellent local control was achieved when this combination of chemotherapy 

and radiotherapy was followed by surgical resection. The pathologic complete 

response rate was 53% (10/19). The locoregional disease-free survival of 48% at 5 years 

in the patients who were not operated is compatible with this response rate. Our results 

appear favourable compared to the results of Intergroup Trial who reported a response 

rate of 56%, reflecting both complete and partial responders, after concurrent full dose 

chemotherapy and 45Gy radiotherapy [10]. More recent articles of single-institution 

experiences reported complete response rates of 11% after a comparable regimen with 

full dose chemotherapy and 45Gy radiotherapy [11] and 7.4% and 33% respectively 

after 50-60Gy radiotherapy [12,13]. Our favourable response rate might be the effect of 

the radiobiologically highly effective dose.

In general, full-dose chemotherapy regimens with concurrent radiotherapy show more 

haematological and ototoxicity, as well as increased acute oesophageal side effects 

[10,14-16]. For this reason the radiotherapy dose is often lowered to avoid unacceptable 

toxicity. Nevertheless, there is no international consensus whether this regimen is 

superior to low-dose chemotherapy with high-dose radiotherapy. 

Since this is a retrospective study, direct comparison of our results with those of other 

study groups using different chemoradiation regimens for this particular disease 
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is difficult. However, in our opinion daily low-dose cDDP and 66 Gy radiotherapy 

is an efficient treatment option in this specific subgroup of NSCLC patients because 

of tumour growth into ribs, vertebrae, greater vessels and plexus brachialis. SST is 

associated with severe pain, loss of (arm and hand) function and deterioration of quality 

of life, and achieving local control is of utmost importance, even if the treatment has a 

palliative intent. The short overall treatment time of 32 days described in the present 

study is therefore an advantage. Based on the principle of tumour cell repopulation, 

a long overall treatment time can counteract the effect of (chemo)radiotherapy. 

Multi-drug chemoradiotherapy regimens or sequential chemoradiotherapy regimens 

have a prolonged overall treatment time of 9–12 weeks, and are therefore likely to 

be less effective [17]. This was recently confirmed for sequential CRT in individual-

patient-data meta-analysis published by Auperin et al [6]. In this meta-analysis of 

1205 patients, concurrent CRT resulted in superior locoregional control (and overall 

survival) as compared to sequential regimens that postpone radiation treatment 

by induction chemotherapy. The incidence of distant metastases was similar in both 

treatment groups, suggesting that the gain in overall survival after concurrent CRT 

could be attributed to the improvement in local control [3,6]. It must be emphasized 

however, that to ensure continuity for a concurrent scheme with daily administration of 

chemotherapy, highly organized treatment planning is a prerequisite. 

Our study shows a 47% incidence of distant metastases. In a recent study of D’Angelillo 

et al, preoperative concurrent chemoradiotherapy with the well known combination of 

high-dose cisplatin and gemcitabine in patients with IIIA-N2 or IIIB-N0-2 NSCLC resulted 

in a distant recurrence rate of 26% [18]. In the meta-analysis of Auperin et al., concurrent 

CRT with polychemotherapy regimens showed a benefit in progression-free survival 

compared to sequential CRT, that was not evident with single agent regimens. However, 

this difference did not appear in overall survival or locoregional progression [6].  

Our results of (local) disease control should however be interpreted with some caution 

because of the retrospective nature and lack of standardized follow-up scheme.

Severe acute toxicity was seen in 8/49 patients (16 %), which appears favourable to 

other regimens[6]. A drawback of the described regimen of concurrent high-dose 

radiotherapy and daily low-dose cisplatin was late toxicity. Late severe toxicity occurred 

in 3 long-term (>5 years) survivors who received chemoradiation and surgery. Very 

few studies report on late toxicity in long-term survivors after trimodality treatment. 

It is obvious that the balance between improved local control and increased toxicity is 

delicate. The results of this study therefore encourage the design of a randomised trial 
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in which the efficacy of this regimen can be tested against other CRT regimens. At the 

same time further enhancement of radiotherapy techniques may improve long-term 

safety. For example, intensity modulated radiotherapy is expected to reduce long-term 

toxicity because of a more tight dose distribution and steeper dose fall off.

In summary, there is an ongoing discussion about the most effective chemoradiotherapy 

regimens in the treatment of superior sulcus tumours. As these tumours are especially 

destructive on a locoregional level, maximized local treatment is crucial. In our long-

term experience with concurrent high-dose (66 Gy) radiotherapy and daily low-

dose cisplatin followed by surgical resection, this regimen revealed a remarkably 

high pathologic complete response rate, and was associated with excellent local 

control in selected patients. However long-term toxicity should be a focus for further 

improvement. 
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Discussion

For over 50 years, specialists in non-small cell lung cancer treatment have demonstrated 

the advantages of a multidisciplinary approach. Neoadjuvant treatment, traditionally 

consisting of radiotherapy, made downstaging possible and enabled surgical resection of 

previously irresectable locally advanced tumours [1]. Thirty years later, outcome of patients 

with (resectable) NSCLC evidently improved when neoadjuvant chemoradiotherapy was 

used in stead of radiotherapy only, with or without subsequent surgical resection [2-4]. 

Currently, chemoradiotherapy has become the standard of care for locally advanced 

NSCLC, and surgery nowadays fulfills a more complementing role rather than a leading 

one. In spite of the achievements however, survival rates are still disappointing even 

for patients with resectable disease. By intensifying neoadjuvant regimens, a higher 

percentage of (mediastinal) downstaging might be obtained, possibly leading to better 

disease control. On the other hand, intensified radiotherapy or chemotherapy regimens 

will induce more toxicity and may negatively influence a subsequent surgical resection. In 

the light of this dilemma, the main goal of this thesis was to explore the balance between 

efficacy and toxicity of neoadjuvant treatment and surgical resection. 

New agents
To improve the unsatisfactory outcome of patients with NSCLC treated with 

conventional modalities, the search for new neoadjuvant agents is ongoing. We 

investigated the potential benefit of a targeted biological agent, erlotinib, in the 

preoperative setting. Because of the highly selective mechanism of action of EGFR-TKI’s, 

the toxicity experienced by the patients treated with erlotinib or gefitinib is far less 

than with conventional chemotherapy. For example, in contrast to the hematological 

toxicity observed with chemotherapy, the most frequently observed adverse events in 

EGFR-TKI treatment are skin rash or diarrhea (Chapter 3). Furthermore, in a therapeutic 

dose that was proven to be effective in patients with advanced disease, EGFR-TKI’s did 

not affect morbidity (e.g. wound healing) or feasibility of consecutive radical surgical 

resection in early stage NSCLC (Chapter 2,3).  

The rationale for neoadjuvant administration of erlotinib in early stage NSCLC was 

to test its efficacy in vivo. In selected cases, treatment with an oral TKI can result in 

spectacular clinical and radiological responses within a relatively short period of 2-3 

weeks. Subsequent surgical resection and pathological examination of the resected 

specimen enabled quantification of histological response. These patterns of response 

would help to determine its possible utilization as adjuvant treatment or in other stages 

of disease, when a tumour specimen cannot be obtained. 
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For this purpose we conducted a phase II trial in which patients received erlotinib (150 

mg once daily per os) for 3 weeks before surgery. The results showed considerable 

activity of neoadjuvant erlotinib in an enriched population of NSCLC patients (Chapter 

2,3). Pathologic examination showed more than 50% necrosis of the tumour in 14 

patients (23%), of whom three (5%) had more than 95% necrosis. The response rate 

in selected patients (based on phenotype, smoking characteristics and/or histology) 

was 34%. In addition, the study showed that it is safe to use erlotinib in a preoperative 

setting. We concluded that this treatment has sufficient activity to deserve further 

testing, and that future phase III studies with neoadjuvant erlotinib are indicated. 

Furthermore, the now available selection criteria for EGFR-TKI treatment do not suffice, 

as only one third of the selected or ‘enriched’ population and about half of the patients 

with an EGFR mutation responded to the drug. Also, one of the patients with a KRAS 

mutation did show response, while this would generally not be expected [5]. With 

the results of later studies KRAS is now no longer regarded as a negative predictor of 

response, but may remain valuable for its mutually exclusivity with EGFR mutation and 

ALK rearrangement [6,7]. Finally, a reliable determination of response is lacking. CT 

scanning proved not to be useful for this purpose (within 3 weeks) since apoptosis, 

necrosis and fibrosis is not translated into early decrease in tumour volume, which is 

only expected to occur in weeks to months. FDG-PET scanning showed more reliable 

monitoring of response (even after 1 week of treatment, Chapter 4), although metabolic 

response did not exactly correspond to the extent of histopathological regression of 

the tumour (Chapter 3). 

In the last decade, the concept of patient selection for a certain treatment modality 

is gradually converting to treatment selection for each individual patient. Further 

personalized treatment in patients with NSCLC will most likely translate in to a better 

outcome in NSCLC and, more specifically, prevention of unnecessary toxicity of 

ineffective treatment. 

Nowadays, EGFR mutations are routinely tested in patients with advanced NSCLC, and 

KRAS mutation and ALK translocation status further assist in determining susceptibility 

for different biological agents. Currently ALK inhibitors are available and being tested 

(e.g. crizotinib) in patients with ALK-positive advanced-stage NSCLC with promising first 

results [8]. However, as we have shown in Chapter 3 the presence of an EGFR mutation 

is not a guarantee of response to EGFR-TKI treatment, and the search for new selection 

methods in future studies is warranted to identify responders before start of treatment 

or early during treatment. Whether multiplex genotyping assays are the next step is 

currently under investigation [9,10]. 
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Nevertheless, a simple clinical implementation is of great value for (new) selection 

methods, and therefore we explored biomarkers in serum of patients treated with 

EGFR-TKIs. We found that TGFα, ARG and soluble-EGFR measured in serum might 

be predictive of a response to the EGFR-TKI. However, conflicting results of earlier 

studies indicate that further prospective research is necessary to specify their value for 

personalizing neoadjuvant treatment. In the prospective M06-NEL study serum was 

collected from included patients for similar purposes. 

Neoadjuvant chemoradiotherapy for sulcus superior tumours
The second part of the thesis focuses on patients with superior sulcus tumours. In this 

special category of locally advanced disease, achieving local control is very important 

since vital local structures like the brachial plexus, vertebrae and major vessels can be 

involved. This is the rationale for chemoradiotherapy consisting of a higher radiotherapy 

dose of 66Gy with daily cisplatin of 6mg/m2, a schedule we have optimized in our 

institution. When combined with full-dose chemotherapy regimens, the radiotherapy 

dose is often reduced to avoid unacceptable toxicity. Unfortunately, there is no 

international consensus whether this regimen is superior to low-dose chemotherapy 

with high-dose radiotherapy. 

The most interesting finding of the studies described in this thesis was the 

high percentage of pathologic complete response (47-62%) after neoadjuvant 

chemoradiotherapy with the 66Gy plus daily low-dose cisplatin schedule. Long-term 

local control was achieved in all patients with this treatment schedule followed by 

surgery, with acceptable toxicity and zero mortality. We presume that the favorable 

response rate, when compared to the results of 45Gy chemoradiotherapy [11], might be 

the effect of the radiobiological highly effective dose of 66Gy in 24 fractions. In addition, 

this schedule also has a shorter overall treatment time (OTT) compared to multidrug 

chemoradiotherapy regimens. Based on the principle of tumour cell repopulation, 

this is probably advantageous in comparison with the 9-12 weeks treatment time of 

multi-drug or sequential regimens [12]. The results of the meta-analysis of Auperin et al. 

confirm this, since they prove superiority of concurrent CRT versus sequential regimens 

regarding locoregional control and overall survival [13]. 

However, the balance between the efficacy and toxicity of aggressive neoadjuvant 

therapy is also relevant here. As illustrated in Chapter 7, the proportion of M0 patients 

who are eligible for trimodality treatment is (only) thirty percent, with about 20% of 

patients judged ineligible due to medical reasons like poor performance status, severe 

comorbidity or insufficient (cardio)pulmonary reserve. With this strict selection, toxicity 

was acceptable. The results of two reference centers using the same treatment schedule 
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more reliably illustrated that efficacy and safety seems to be fairly balanced, although 

we did find late toxicity in three patients (Chapter 9). 

Since high response rates can be achieved in patients eligible for neoadjuvant 

chemoradiotherapy, the rationale for subsequent surgery can be discussed (Chapter 

8). Should we leave surgical resection out when a complete response is detected? The 

answer to this question remains unclear, because we don’t know whether pathologic 

complete response is equal to cure. Long-term follow-up of patients with complete 

response after chemoradiotherapy without surgical resection would be required, though 

we cannot reliably distinguish pathologic complete response on radiology imaging at 

present. Randomized trials comparing CRT (66Gy) with CRT and surgical resection in 

this patient population are not available. The 0139 Intergroup trial compared CRT (45 

Gy) with CRT and surgery, albeit in another patient population (stage IIIA-N2 disease). 

They found no difference in overall survival, except for a subgroup of patients who were 

treated with lobectomy [14]. Surgery therefore remains to be an essential element of 

NSCLC treatment for selected patients with locally advanced disease. 

Prospects
More effective treatment selection may be possible through innovation in several 

ways. Some ongoing studies are aimed at testing more adequate methods of response 

evaluation. Metabolic or dynamic contrast imaging may improve identification of 

response, although questions remain about the optimal timing of imaging. With 

optical spectroscopy techniques such as diffuse reflectance spectroscopy (DRS) and 

fluorescence spectroscopy (FS) it is now possible to measure tissue characteristics in 

vivo at the tip of a biopsy needle. The spectral response of tissue to broadband light 

can distinguish benign from malignant tissue, and even detect areas of necrosis [15]. 

This may be of significant value for response evaluation in patients who received 

chemoradiation. 

On the other hand, genomic response prediction to specific treatments (either 

chemotherapy or targeted agents) may be available in the near future. Recent 

technological advances in genotyping and high-throughput genomic profiling are 

already being tested [9,16]. Next-generation sequencing technologies offer the 

possibility of comprehensive screening of the cancer genome of individual patients 

from small  tumour biopsies. Hopefully, this will enable molecular definition of NSCLC 

and subsequent molecularly tailored treatment for individual patients. 
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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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De 5-jaars overleving van patiënten met longkanker is ongeveer 15%. Bij ruim 80% van 

hen gaat het om een niet-kleincellig longcarcinoom. Slechts een minderheid van deze 

patiënten komt in aanmerking voor chirurgische behandeling, omdat de diagnose 

vaak pas wordt gesteld in een gevorderd stadium van ziekte. In de afgelopen 30 jaar 

is de behandeling van het lokaal gevorderd niet-kleincellig longcarcinoom verbeterd, 

onder andere door combinatie van chemoradiotherapie en chirurgie, en optimalisatie 

van dosering en timing van radio- en chemotherapie. Desondanks is de overleving nog 

steeds teleurstellend, zelfs van patiënten die een radicale resectie hebben ondergaan 

(5-jaars overleving 36-73%). Verder onderzoek naar de effectiviteit van (nieuwe) 

behandelmethoden en optimaliseren van bestaande technieken is daarom hard nodig 

om de uitkomst van longkanker patiënten te verbeteren.

Net als bij diverse andere carcinomen komt er bij het niet-kleincellig longcarcinoom 

overexpressie of mutatie van de epidermale groeifactor receptor (EGFR) voor. Mutatie 

van de EGFR komt met name voor bij adenocarcinomen, vrouwelijke patiënten, niet-

rokers en Aziaten. Blokkade van deze EGFR voorkomt activering van processen als 

proliferatie, invasie, metastasering, angiogenese en anti-apoptose, en kan daardoor 

tumorgroei tegengaan. 

Erlotinib is een EGFR-tyrosine kinase inhibitor, en blokkeert het intracellulaire deel van 

de EGFR (het tyrosine kinase domein). Erlotinib kan in tabletvorm worden toegediend 

en gaat gepaard met relatief weinig toxiciteit. In patiënten met een ver gevorderd 

stadium van het niet-kleincellig longcarcinoom is erlotinib getest en effectief 

gebleken. Sindsdien is het geregistreerd voor gebruik bij patiënten met stadium III/

IV ziekte, indien onvoldoende effect bereikt wordt met chemotherapie. Het gebruik 

van erlotinib in een vroeg stadium van ziekte was nog niet getest. We hebben een 

multicentrische fase II studie opgezet, waarin patiënten met een vroeg stadium niet-

kleincellig longcarcinoom werden voorbehandeld met neoadjuvant erlotinib, alvorens 

chirurgische resectie te ondergaan. Deel een van dit proefschrift betreft chirurgische 

resectie na behandeling met EGFR-tyrosine kinase inhibitors. 

In Hoofdstuk 2 beschrijven we een uitzonderlijke casus van een patiënt met stadium 

IIIa niet-kleincellig longcarcinoom die, omdat er geen mogelijkheden meer waren 

voor chemoradiotherapie door eerdere bestraling van de thoraxwand, neoadjuvant 

behandeld werd met erlotinib. Er werd een zodanig overtuigende respons gemeten 

dat een radicale resectie kon worden verricht. 
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Hoofdstuk 3 beschrijft de belangrijkste resultaten van de multicentrische fase II studie 

waarin patiënten met een stadium I-II van het niet-kleincellig longcarcinoom, die 

geschikt waren voor primaire chirurgische resectie, drie weken lang behandeld werden 

met erlotinib (eens per dag 150mg) voorafgaand aan de operatie. Voor inclusie van de 

eerste 15 patiënten werd, behalve op algemene inclusiecriteria, eveneens geselecteerd 

op aanwezigheid van tenminste twee van de volgende kenmerken: vrouwelijk geslacht, 

adenocarcinoom, niet-roker status, Aziatisch ras. Deze extra selectie op fenotype 

zou theoretisch een populatie met een hogere prevalentie van EGFR-mutaties (en 

daarmee een hoger responspercentage) kunnen opleveren. Na inclusie van deze 

‘verrijkte populatie’ van 15 patiënten werden nog eens 45 ongeselecteerde patiënten 

geïncludeerd. 

Toxiciteit van de huid kwam het meeste voor (62%). Ook al waren de bijwerkingen over 

het algemeen mild, voor zeven patiënten (12%) was dit een reden om de behandeling 

met erlotinib te staken. Er werden geen onverwachte complicaties waargenomen van 

chirurgie na erlotinib. Respons werd geëvalueerd met CT-scan en FDG-PET/CT-scan na 

drie weken behandeling, voorafgaand aan operatie. Pathologisch onderzoek van het 

resectiepreparaat toonde meer dan 50% tumornecrose in 14 patiënten (23%), waarvan 

drie patiënten (5%) met meer dan 95% necrose. Het pathologische responspercentage 

in de verrijkte populatie was 38%. EGFR-mutaties werden gevonden in zeven patiënten 

(13%), van wie vijf uit de verrijkte populatie. In slechts drie van de zeven patiënten 

met een EGFR-mutatie was een pathologische respons te zien. De conclusie was dat 

het preoperatief gebruik van erlotinib veilig is en geen nadelig effect heeft op de 

chirurgische behandeling. De aangetoonde effectiviteit van kortdurende behandeling 

met erlotinib rechtvaardigt verder onderzoek in een fase III studie.

De radiologische respons op CT-scan had geen duidelijke relatie met de pathologische 

respons. Zelfs als er sprake was van bijna volledige pathologische respons werd dit niet 

als zodanig herkend op de CT-scan (PR 5% vs pPR 23%). Metabole respons, gemeten 

met FDG-PET/CT-scan, voorspelde beter of er sprake was van pathologische respons PR 

27% vs pPR 23%), hoewel de mate van respons niet duidelijk werd herkend. 

Hoofdstuk 4 evalueert het gebruik van de FDG-PET/CT-scan als vroege marker voor 

respons tijdens de behandeling met erlotinib. Bij 23 patiënten uit de fase II studie werd 

een extra FDG-PET/CT-scan gemaakt binnen een week (drie tot zeven dagen) na het 

starten met erlotinib. Deze werd vergeleken met de eerste scan voor het bepalen van 

de metabole respons. Bij zes patiënten (26 %) was er sprake van een vroege metabole 

respons, welke overeenkwam met de uiteindelijke pathologische respons. Hoewel de 

patiëntenpopulatie in deze studie klein is, suggereren deze resultaten dat de metabole 
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respons van waarde kan zijn als selectiemethode voor de behandeling met EGFR-

tyrosine kinase inhibitors. 

Op zoek naar markers voor respons in serum werden in hoofdstuk 5 sEGFR en carcino-

embryonaal antigeen (CEA) gemeten in serum van 102 patiënten met een ver gevorderd 

stadium niet-kleincellig longcarcinoom, tijdens de behandeling met een EGFR-

tyrosine kinase inhibitor (erlotinib of gefitinib). sEGFR is een afbraakproduct van het 

extracellulaire deel van de EGFR, hetgeen theoretisch een surrogaatmarker zou kunnen 

zijn voor het aantal geactiveerde EGF receptoren dat ontvankelijk is voor blokkade door 

een tyrosine kinase inhibitor. CEA is betrokken bij het proces van intercellulaire adhesie. 

Overexpressie van CEA op het celoppervlak speelt mogelijk een rol in de ontwikkeling 

van tumoren. In deze retrospectieve studie waren hogere beginwaarden van sEGFR (> 

55 μg/l, p=0.04), stijgende waarden van sEGFR tijdens behandeling en dalende logCEA 

waarden tijdens behandeling geassocieerd met een betere overleving bij behandeling 

met een EGFR-tyrosine kinase inhibitor. Patiënten met een lagere beginwaarde van CEA 

(< 12.6 μg/l) lieten ook enigszins betere overleving zien, hoewel niet significant. 

In hoofdstuk 6 werd van TGFα, ARG, IGF1, IGFBP3, en de IGF1:IGFBP3 ratio in serum de 

predictieve waarde voor respons bepaald tijdens behandeling met een EGFR-tyrosine 

kinase inhibitor. Aan 61 patiënten met stadium III/IV niet-kleincellig longcarcinoom 

die werden behandeld met erlotinib of gefitinib, werden 64 patiënten met stadium III/

IV ziekte zonder EGFR-tyrosine kinase inhibitor behandeling gekoppeld op basis van 

geslacht, leeftijd en histologie. Vervolgens werd onderzocht of serum concentraties 

van liganden van de EGFR (TGFα, ARG), of liganden van de insuline-achtige groeifactor 

receptor (IGFR) waarmee EGFR interactie heeft (IGF1, IGFBP3) voorspellend waren voor 

een betere overleving met of zonder EGFR-tyrosine kinase inhibitor therapie. Lagere 

TGFα concentraties en hogere ARG concentraties bleken geassocieerd met een betere 

overleving bij behandeling met EGFR-tyrosinse kinase inhibitors in vergelijking met 

patiënten die niet werden behandeld. IGFBP3 bleek met name van prognostische 

waarde te zijn. 

Deel twee van dit proefschrift betreft patiënten met een niet-kleincellig longcarcinoom 

van de sulcus superior. Dit zijn stadium IIB-IIIB tumoren in de apex van de long, die 

doorgroeien in de thoraxwand en vaak ook een relatie hebben met de nabijgelegen 

arteria/vena subclavia, plexus brachialis of wervellichamen, waardoor hevige pijn 

kan ontstaan. Het bereiken van lokale controle is daarom het voornaamste doel van 

behandeling, maar wordt bemoeilijkt door de nabijheid van de genoemde vitale 

structuren. Aanvankelijk werden deze tumoren behandeld met radiotherapie en 

chirurgie. In de laatste dertig jaar is de gecombineerde behandeling voor het lokaal 
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gevorderd niet-kleincellig longcarcinoom verder ontwikkeld, en op dit moment is 

gelijktijdig gegeven chemo- en radiotherapie de gouden standaard. De rol van chirurgie 

is daarmee duidelijk veranderd. We weten dat sommige patiënten wel degelijk baat 

hebben bij aanvullende resectie, maar adequate selectie is nodig om patiënten die 

niet profiteren niet onnodig bloot te stellen aan de morbiditeit en mortaliteit van een 

dergelijke operatie. 

Voorts ontbreekt internationale consensus met betrekking tot het optimale 

behandelschema voor gelijktijdige chemotherapie en radiotherapie. Een veel 

gebruikt schema is drie à vier kuren chemotherapie met 45 Gy radiotherapie. Een 

alternatief schema is dagelijks laaggedoseerde chemotherapie (cisplatine) met een 

hogere radiotherapie dosis. In dit proefschrift beschrijven we onze ervaringen met 

de laatstgenoemde combinatie, bestaande uit een radiotherapie dosis van 66 Gy en 

dagelijks cisplatine van 6 mg/m2.

Hoofdstuk 7 belicht het proces van patiëntenselectie voor trimodale behandeling 

(chemotherapie, radiotherapie en chirurgie) van sulcus superior tumoren. Van de 

52 patiënten die zich tussen 1994 en 2004 presenteerden met een sulcus superior 

tumor werden zowel de keuze voor een bepaalde behandeling als de resultaten van 

behandeling geëvalueerd. Op het moment van diagnose was er in bijna een kwart van 

de patiënten reeds sprake van gemetastaseerde ziekte (M1 ziekte, stadium IV). Deze 

patiënten werden palliatief behandeld. Van de patiënten met M0 ziekte kon 30% (25% 

van totaal) behandeld worden met neoadjuvante therapie en chirurgie, maar slechts 

zeven patiënten (17%) ontvingen optimale behandeling met gelijktijdig chemo- en 

radiotherapie gevolgd door chirurgische resectie. Twintig procent van de patiënten 

kwam niet in aanmerking vanwege comorbiditeit of beperkte algehele conditie, en 

50% van de patiënten werd afgewezen vanwege een technisch irresectabele tumor. In 

47% van de patiënten die een resectie ondergingen werd een pathologisch complete 

respons gevonden. De conclusie is dat slechts een klein deel van de patiënten met een 

sulcus superior tumor in aanmerking komt voor optimale multimodale behandeling, 

zei het door uitgebreidheid van de tumor dan wel de lichamelijke conditie waarin zij 

verkeren. 

Hoofdstuk 8 gaat in op de rationale van aanvullende chirurgische resectie na 

chemoradiotherapie. De waarde van aanvullende resectie kan ter discussie worden 

gesteld vanwege de hoge percentages van pathologisch complete respons na 

gelijktijdig gegeven chemoradiotherapie. Van de 85 patiënten die tussen 1994 en 

2006 werden behandeld voor een superior sulcus tumor werden 38 patiënten (45%) 
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behandeld met (neoadjuvante) chemotherapie en radiotherapie, van wie 22 patiënten 

(26%) daarna een resectie ondergingen. Pathologisch complete respons werd 

gevonden in 13 van de 22 patiënten. Als patiënten waren behandeld met gelijktijdig 

gegeven chemoradiotherapie was pathologisch complete respons aanwezig in 10 

van 17 patiënten. Deze pathologisch complete respons werd vooraf niet herkend 

op de preoperatieve CT-scan. De 5-jaars overleving was duidelijk hoger indien een 

pathologisch complete respons was bereikt (56% vs 17%), maar dit was statistisch 

niet significant. Concluderend konden we in deze kleine populatie geen significante 

overlevingswinst aantonen van een pathologisch complete respons na neoadjuvante 

chemoradiotherapie. Daarnaast kan met de huidige beeldvorming een pathologisch 

complete respons niet preoperatief worden aangetoond, waardoor een adequate 

patiëntenselectie voor het achterwege laten van chirurgische resectie op dit moment 

niet mogelijk is. 

Hoofdstuk 9 beschrijft de resultaten van behandeling met hooggedoseerde 

radiotherapie en dagelijks laaggedoseerde chemotherapie voor sulcus superior 

tumoren, zoals die wordt toegepast in twee tertiaire verwijscentra in Nederland. De 

nadruk ligt op de 49 van 115 patiënten, die gelijktijdig gegeven chemoradiotherapie 

ontvingen, zei het als neoadjuvante dan wel definitieve behandeling. Het percentage 

ernstige toxiciteit was 20% in de patiënten die alleen chemoradiotherapie ontvingen 

(6/30 patiënten, in alle gevallen toxiciteit van de oesofagus). Eén patiënt overleed 

tijdens de behandeling aan een neutropene sepsis. Negentien van de 49 patiënten 

ontvingen aanvullende chirurgische resectie (39%). Ernstige toxiciteit trad op in negen 

van 19 patiënten (47%; pneumonie met respiratoire insufficiëntie, subarachnoïdale 

bloeding, chylothorax, ernstige pijn). Late toxiciteit trad op in drie patiënten na vier tot 

acht jaar (osteo-radionecrose van de thoraxwand, scapula en ribben; late schade aan 

plexus brachialis met dysfunctie van de hand). De acute toxiciteit na hooggedoseerde 

chemotherapie en 45 Gy radiotherapie, zoals die beschreven worden in de literatuur, 

is min of meer vergelijkbaar in frequentie en ernst. Wij zagen in vergelijking meer 

toxiciteit van de oesofagus en minder hematologische toxiciteit. 

In 10 van de 19 patiënten werd een pathologisch complete respons gevonden. Lokale 

controle was 100% en de postoperatieve mortaliteit was nul. Late toxiciteit kan echter 

een nadeel vormen van dit effectieve behandelschema. 
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voor de moeite die u heeft genomen voor het beoordelen van dit proefschrift. 

Prof. dr. B.B.R. Kroon en prof. dr. E.J.Th. Rutgers. Dank voor de mogelijkheid die u heeft 

geboden tot het doen van wetenschappelijk onderzoek op zo’n inspirerende plek. 

Dank voor uw continue interesse in mijn proefschrift.

Leden van de Thoraxoncologiegroep NKI-AVL. José Belderbos, Johanna van Sandick, 

Michel Wouters, Michel van den Heuvel, Sjaak Burgers, Nico van Zandwijk. Jullie 

hebben mij veel bijgestaan bij het schrijven en schaven. Veel dank voor jullie onmisbare 

bijdrage, de opbouwende kritiek en het fijne onderzoeksklimaat.

Leden van de NEL-studiegroep. Renée van Pel, Jelle Teertstra en Renato Valdes Olmos 

dank voor jullie tijd en expertise bij de aanvullende beoordeling van preparaten en  
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PET/CT-scans. Henk Codrington, Otilia Dalesio, Carla Weenink, Herman Rijna en 

Annemarie Dingemans, veel dank voor jullie inzet bij de opzet en inclusie. 

Marieke Vollebergh. Lieve Mariek, we hebben heel wat peentjes gezweet voor de sEGFR 

en de liganden. Dank voor de gezelligheid en support. 

Eva Schaake. Lieve Eva, ik ben blij met het mooie NEL-artikel, dank voor je inspanningen 

en het succesvol vervolgen van de studie. Je bent er ook bijna!!

Tjeerd Aukema. Beste Tjeerd, ik knipperde met mijn ogen en je was gepromoveerd. 

Dank voor het verwerken van de PET-data, het heeft geresulteerd in een mooi artikel.

Overige mede-auteurs. Harm van Tinteren, Tiny Korse, Hans Bonfrer, Renato Valdes 

Olmos, Mia Koolen, Lon Uitterhoeve, Jaap Kloek, Hans Blauwgeers. Dank voor jullie 

bijdrage en aangename samenwerking.

Het secretariaat van het HOD en MOD. Yvon en Olga, dank voor jullie behulpzaamheid 

in de beginjaren, en ook daarna als mijn pasje vernieuwd of account weer verlengd 

moest worden... Daphne, Kelly en Rachel, dank voor jullie hulp bij de o zo belangrijke 

laatste loodjes.

Medewerkers van het trialbureau. De manier waarop jullie goed geordend en secuur 

de charts bijhielden van de van de M06-NEL is van onschatbare waarde voor deze en 

eigenlijk voor iedere studie. Dank voor jullie toewijding.

Medewerkers van het archief. Veel dank voor jullie ondersteuning en hulp bij het extra 

zoeken en verwerken van al die grote stapels.

Collega promovendi. Jakko, Bin, Roelien, Philip, Robert, Maartje, Remco, Joost, Ewout, 

Iris, Ronald, Marieke, Maurits, Irene, Lisette, Tjeerd, Niels, Renske. Dank voor jullie 

gezelschap, de broodnodige afleiding en uitwisselen van praktische kennis en ideeën.  

Mijn voormalig opleiders in het Slotervaartziekenhuis. Dr. B.J. Dwars, beste Boudewijn. 

Dank voor de continue interesse in mijn promotie en het hier en daar geven van ruimte 

voor het afronden van dit proefschrift. Dr. E.J. Derksen, beste Eric, ik heb veel van je 

geleerd, juist ook op de momenten dat je er niet was (“succes!”). Dr. S. Bruin, beste 

Sjoerd, dank voor je enthousiasme waarmee je altijd bereid bent me iets te leren. Ook 

dank voor je praktische adviezen over het organiseren van je leven buiten de chirurgie. 
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Drs. Y.I.Z. Acherman, beste Yair, jouw temperamentvolle enthousiasme voor het vak is 

aanstekelijk! Ik ben je zeer dankbaar voor al je onderwijs, het inzichtelijk maken van 

diverse chirurgische dilemma’s en je support. Tot slot drs. E.J. van Dulken, drs. L.M. de 

Brauw, drs. A.W.J.M. van de Laar en dr. A.N. Kimmings, dank voor het leggen van een 

solide basis van chirurgische vaardigheden en competenties. 

Al mijn directe collega’s in het Slotervaartziekenhuis, in het bijzonder mijn collega-

AIOS, bedankt voor de mooie tijd en goede sfeer!

Alle collega’s uit het VUMC, in het bijzonder mijn opleider dr. D.L. van der Peet en prof. 

dr. H.J. Bonjer. Bedankt voor het welkome onthaal in het VUMC, ik verheug me op een 

leerzame tijd gedurende mijn differentiatiejaren. 

Mijn vrienden. Veel dank voor jullie belangstelling, steun en bij tijd en wijle zeer 

welkome afleiding.  

Mijn paranimfen. Lieve Christien, meestal heeft een chirurg maar één anesthesist 

nodig, in mijn geval zijn het er twee! We delen steeds meer levensfasen en telkens heb 

ik steun aan jou. Ik bewonder je om je doorzettingsvermogen en de manier waarop jij 

altijd jezelf bent. Dank voor onze vriendschap. 

Lieve Iris, you’ve got my back and I’ve got yours, alleen zat ik er wat langer… Gelukkig 

was ik niet de enige die jouw publicatiekanon niet kon bijbenen. Jij weet wat je wilt en 

je regelt het. Ik bewonder dat zeer. Dank voor de gezellige onderzoekstijd en dank dat 

je mijn paranimf wil zijn.

Mijn broer en zus. Lieve Arnaud en Carlijn. Wat ben ik blij met onze goede band en jullie 

nabijheid. Ik ben trots op jullie. 

Mijn ouders. Lieve pap en mam, wat heb ik veel aan jullie te danken. Wat eigenlijk niet? 

Ik heb veel respect voor de manier waarop jullie ons vrij hebben gelaten in het maken 

van onze keuzes. Ik ben trots op jullie en op de hechtheid binnen ons gezin. Jullie 

onvoorwaardelijke steun en ook oppashulp hebben belangrijk bijgedragen aan het tot 

stand komen van dit proefschrift.
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Lieve Karel, jij bent de leukste man die een vrouw zich kan wensen! Ik heb veel steun 

aan jou, jouw kijk op de wereld en jouw sociale gave. En dat geldt natuurlijk niet alleen 

voor deze tropenjaren van opleiding en proefschrift. Als we tegen elkaar leunen vallen 

we niet om, maar nu gaan we wel echt die oppas regelen! Ik hou van jou.

Lieve Teun, zal mama je nog even dit boekje voorlezen? Kijken of je dan nog wakker 

blijft...
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AMC Graduate School for Medical Sciences 

PhD Portfolio

Name PhD student:   I. Kappers

PhD period:    July 2006 - December 2009

Name PhD supervisor:  Prof. dr. P. Baas

1. PhD training
Year Workload

(ECTS)
General courses 

 • Biostatistiek, drs. A.A.M. Hart, NKI-AVL, Amsterdam 

 • Reference Manager,  Mw. Bakker, NKI-AVL, Amsterdam

 • SPSS 11.0, drs. A.A.M. Hart, NKI-AVL, Amsterdam

 • Access Basis 2003, Centric

2006

2006

2006

2007

1,1

0,1

0,2

0,1

Seminars, workshops and master classes

 •  NOW Talent Classes 

Presentations

•  Multimodality treatment of NSCLC of the superior sulcus in 

practice: patient selection, treatment choices and results. 

 11th World Conference on Lung Cancer, IASLC, Barcelona

•  Stage IIIA NSCLC: treatment choices following neoadjuvant 

chemotherapy. 

 11th World Conference on Lung Cancer, IASLC, Barcelona

•  Is there still a place for surgery in the treatment of locally 

advanced non-small cell lung cancer (IIIA, N2)? 

 12th World Conference on Lung Cancer, IASLC, Seoul

 The European Cancer Conference (ECCO) 14, Barcelona

 2008

2005

2005

2007

 0,3

 0,5

 

0,5

1



181

11

PhD Portfolio

•  Response to erlotinib in the neoadjuvant setting for early stage 

non-small cell lung cancer (NSCLC): a case report. 

 12th World Conference on Lung Cancer, IASLC, Seoul

•  The role of surgical resection for Pancoast tumors after 

neoadjuvant chemoradiation. 

 12th World Conference on Lung Cancer, IASLC, Seoul. 

 The European Cancer Conference (ECCO) 14, Barcelona

•  De rol van chirurgische resectie na inductie chemoradiatie voor 

Pancoast tumoren. 

 Chirurgendagen NVvH, Veldhoven

•  Heeft chirurgie nog een plaats in de behandeling van 

locally advanced niet-kleincellig longcarcinoom (IIIA, N2)? 

Chirurgendagen NVvH, Veldhoven

•  High rate of pathologic complete response after neoadjuvant high-

dose radiotherapy and low-dose cisplatinum in non-small cell lung 

cancer of the superior sulcus. 

  61st Annual Cancer Symposium, Society of Surgical Oncology (SSO), 

Chicago

•  A multi-institutional phase II trial of neoadjuvant erlotinib in 

resectable non-small cell lung cancer. 

 61st Annual Cancer Symposium, SSO, Chicago

•  Do variations in 18F-FDG tumour uptake on PET/CT correlate with 

histopathological response after preoperative treatment with 

erlotinib in patients with non-small cell lung cancer? 

 European Society of Surgical Oncology (ESSO) Congress 2008, 

 Den Haag

•  Soluble epidermal growth factor receptor (sEGFR) concentration 

in serum is an indicator for survival in patients with non-small cell 

lung cancer. Poster discussion. 

 1st European Lung Cancer Conference, ESMO/IASLC, Genève

2007

2007

2007

2007

2008

2008

2008

2008

0,5

1

0,5

0,5

0,5

0,5

0,5

0,5
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(Inter)national conferences

•  The European Cancer Conference (ECCO) 14, Barcelona

•  12th World Conference on Lung Cancer, IASLC, Seoul

•  9th National Lung Cancer Symposium

•  1st European Lung Cancer Conference, ESMO/IASLC, Genève

•  European Society of Surgical Oncology (ESSO) Congress 

2008, Den Haag

•  61st Annual Cancer Symposium, Society of Surgical Oncology 

(SSO), Chicago

2007

2007

2007

2008

2008

2008

1

1

0,3

1

0,7

1

Other

•  Study coordinator / trial manager of multicenter trial M06-

NEL: Neoadjuvant Erlotinib in Lung cancer
2006-2009  6

2. Teaching

Year Workload 
(ECTS)

Tutoring, Mentoring

•  L.L. Nieuwenhuis, medical student; Research, database 

management and manuscript writing

 2008  1
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Ingrid Kappers werd geboren op 28 april 1980 te Haarlem. In 1998 behaalde zij het 

eindexamen gymnasium β aan het Stedelijk Gymnasium te Haarlem. Ze studeerde 

geneeskunde aan de Rijksuniversiteit Groningen van 1998 tot 2005. In 2004 startte 

zij met wetenschappelijk onderzoek op de afdeling heelkunde van het Antoni van 

Leeuwenhoek ziekenhuis, onder begeleiding van dr. H.M. Klomp, thoraxchirurg, 

waarmee de basis werd gelegd voor dit proefschrift. Na haar artsexamen werkte zij in 

2006 een jaar als assistent-geneeskundige niet in opleiding op de afdeling Heelkundige 

Oncologische Disciplines in het Antoni van Leeuwenhoek ziekenhuis. Daarna werd zij 

aldaar werkzaam als voltijd onderzoeker. Vanaf 2009 is zij in opleiding tot algemeen 

chirurg in het Slotervaartziekenhuis (opleider dr. B.J. Dwars) en het VU medisch centrum 

(opleider prof. dr. J.A. Rauwerda, later dr. D. L. van der Peet) met als differentiatie richting 

oncologische/gastroenterologische chirurgie. Zij is getrouwd met Karel Zuur en zij 

hebben een zoon van 2 jaar, Teun.




