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Introduction
Worldwide, lung cancer is the most common cause of cancer related death; and its 
incidence is still increasing each year. In the year 2005, 9000 persons were diagnosed 
with lung cancer in the Netherlands [Website Netherlands Cancer Registry; www.
ikcnet.nl]. The reported survival for lung cancer patients is poor with a 5 year survival 
rate of 13% [1]. Non-Small Cell Lung Cancer (NSCLC) was diagnosed in 77% of the 
lung cancer patients [Website Netherlands Cancer Registry; www.ikcnet.nl]. Of the 
patients diagnosed with lung cancer, 80% is inoperable at the time of diagnosis due 
to locoregional tumor extension, extra-thoracic spread or poor physical condition. 
The median age at diagnosis is 70 years for men and 65 years for women [Website 
Netherlands Cancer Registry; www.ikcnet.nl]. In these elderly patients co-morbidity is 
often present [2][3][4]. Radiotherapy is the main treatment option for the vast majority 
of inoperable patients. 

Until recently the external beam irradiation for lung cancer patients consisted of the 
irradiation of ‘large fields’ to irradiate both the tumor including involved lymph nodes 
and lymph node regions which may contain tumor cells, but cannot be detected 
(clinically and/or radiologically). The irradiation of uninvolved lymph nodes or lymph 
node areas is called elective nodal irradiation (ENI). These large fields for ENI were 
often followed by a “boost” on the tumor and involved lymph nodes. 
In 1990 the introduction of fast computers within the radiotherapy preparation and 
treatment chain has facilitated the implementation of three-dimensional conformal 
radiotherapy (3D CRT). With this technique it became possible to focus on the tumor 
and pathological involved lymph nodes and to reduce the volume of normal tissue 
irradiated. 
In 2000 a new diagnostic tool, fluorodeoxyglucose positron emission tomography 
[18FDG PET], became available for the majority of our lung cancer patients. The 
sensitivity of this 18FDG PET scan to detect pathologic hilar and mediastinal lymph 
nodes was higher than for the conventionally used CT scan. The 18FDG PET scan 
introduction made it also possible to detect extra-thoracic spread early, improving the 
selection of inoperable patients with locoregional disease only, who are candidates for 
radical or curative radiotherapy treatment or chemo-radiation.
These developments in diagnostic staging, radiotherapy treatment preparation and 
execution made dose escalation achievable. So the concept of targeted irradiation with 
higher doses was only a logical step. Recently intensity-modulated radiotherapy (IMRT) 
was introduced into the clinic for lung cancer patients. Using this IMRT technique dose 
escalation can even be applied in large tumors [5] so more patients will benefit from 
dose escalation.
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Objectives of this thesis
Several directions were studied to optimise treatment strategies for inoperable lung 
cancer patients. 
1) To explore how targeted radiotherapy (omitting elective nodal irradiation) facilitates 

dose escalation using three-dimensional carfamalradiotherapy in a radiotherapy 
treatment planning study and in clinical practice.

2) To determine the maximum tolerated dose in NSCLC patients using three 
dimensional conformal radiotherapy 

3) To study the toxicity of dose escalation combined with daily low dose cisplatin in 
NSCLC patients and to compare the results of this concurrent  chemo-radiation 
schedule to sequential chemo-radiation in NSCLC patients.

4) To correlate acute esophageal toxicity with dosimetric and clinical parameters in 
NSCLC patients. 

5) To evaluate the safety of concurrent chemo-radiation (while omitting the elective 
nodal irradiation) in limited disease small cell lung cancer (SCLC) patients.

6) To better select patients for individually adapted treatment strategies. 

With respect to the first objective we have performed a radiotherapy treatment 
planning study in ten NSCLC patients to analyse the influence of the elective nodal 
irradiation (used in conventional radiotherapy) on the volume of normal lung tissue 
irradiated. Accepting the same estimated normal tissue complication probability 
for lung, the potential increase in tumor dose was determined if the elective nodal 
irradiation was omitted (Chapter 2).
To investigate the maximum tolerated dose using three-dimensional conformal 
radiotherapy, a phase I/II dose escalation trial was performed in NSCLC patients. The 
first results (Chapter 3) and the final results of this study (Chapter 4) are reported. 
The strategy of omitting the elective nodal irradiation was prospectively investigated 
in this trial .
Another strategy to increase the efficacy of radiotherapy is to combine radiotherapy 
with concurrent low dose cisplatin [6]. In Chapter 5 the results of a phase I/II study of 
escalating doses of radiotherapy and concurrent low dose cisplatin are reported in 40 
patients with inoperable NSCLC patients.
This treatment schedule of concurrent chemo-radiation was compared with sequential 
chemo-radiation in an EORTC phase III study 08972/22973 (Chapter 6). Furthermore 
we explored the correlation of acute esophageal toxicity with several dosimetric and 
clinical parameters in three groups of patients; treated with radiotherapy alone or with 
sequential or concurrent chemo-radiation (Chapter 7).
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In a multi-centre phase II trial of concurrent chemo-radiation (consisting of carboplatin 
paclitaxel and etoposide) in SCLC patients the strategy of omission of the Elective 
Nodal Irradiation (ENI) was analysed (Chapter 8).
To be able to predict treatment outcome in lung cancer patients two studies were 
performed with the intention to improve patient selection for individually adapted 
treatment strategies in the future. In the first study (Chapter 9) DNA-adduct levels were 
determined in buccal mucosa of NSCLC patients receiving daily low-dose cisplatin and 
radiotherapy. The second study investigated the relationship between standardized 
uptake value (SUV) obtained from 18FDG PET scan and treatment response and survival 
of inoperable NSCLC patients treated with high dose radiotherapy (Chapter 10).
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Introduction

Lymphatic spread is an important pathway of progress of non-smaIl cell lung cancer 

(NSCLC), along with local spread and distant metastasis. The clinical value of elective 

nodal irradiation (ENI) is uncertain. Consequently one would like to be able to estimate 

the probability of lymph node invasion before radiotherapy treatment with non-invasive 

techniques. This probability of lymph node invasion is dependent on the site of the origin 

of the lung tumor, TNM stage, and histology. Chest CT- and MRI scans have only moderate 

accuracy in the staging of mediastinal lymph nodes. Webb et al. [1] compared the accuracy 

of MRI and CT scan in assessing mediastinal lymph node metastasis in a prospective study 

in 155 patients (642 node stations were sampled). There was no significant difference 

between the MRI and CT scan in detecting mediastinal lymph node metastases. 

Size and location of the lymph nodes as seen on the CT scan are important discriminators. 

The sensitivity of the CT scan increases with lymph node size. In general lymph nodes 

larger than 1 cm (short axis) on the chest CT scan are considered to contain tumor. White 

et al. [2] correlated CT data with invasive surgical staging in 105 patients and reported 72 

negative CT scans for mediastinal lymph node metastases with 11 cases of false negatives 

(15%). A criticism of this study is, however, that in only 50% of the patients intravenous 

contrast was administered. McCloud et al. [3] correlated prospectively in 143 patients CT 

scan findings with surgical staging for each individual lymph node stations as described 

by the American Thoracic Society. A total of 401 mediastinal lymph nodes were evaluated 

and 322 mediastinal lymph node stations were negative on the CT scan (short axis < 1 

cm) with a total of 34 false negative results (10.5%). 

Apart from the probability of lymph node invasion, we want to be informed about the 

clinical outcome of nodal areas that have been irradiated electively. However, there is 

little information on the frequency of failure in nodal areas alone in the absence of failure 

at the primary site. Two important reasons for this lack of information are: I) difficulties to 

discriminate post-radiation changes radiologically from nodal failure, and 2) a high local 

failure rate at the primary tumor site such that the issue of tumor control in lymph nodes 

has been considered less important. 

Some retrospective studies have been published in which the relation between ENI and 

nodal recurrence was analyzed. Emami et al. [4] assessed in a retrospective analysis of 

the Radiation Therapy Oncology Group (RTOG) database (1, 705 patients with inoperable 

NSCLC) the impact of dose and volume of four individual nodal areas (mediastinal, 

contralateral hilum, homolateral hilum and supraclavicular) on the outcome. With the 

exception of the ipsilateral hilum and mediastinum, the treatment parameters of none of 

the other nodal bearing areas had impact on clinical outcome. 

Kupelian et al. [5] reported on 71 early stage NSCLC patients treated with radical 

radiotherapy (median dose 63.2 Gy). Coverage of the nodal drainage areas did not affect 

survival or local control. In a recent paper of Sibley et al. [6], 156 medically inoperable 
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stage I NSCLC patients were treated with radiotherapy only. In 73% of the patients ENI 

was given. The median dose of radiotherapy was 64 Gy (50 Gy to 80 Gy). The 5-year 

cancer specific survival was 32%. Local failure alone represented the most common mode 

of failure (42% ). Regional-only failure occurred in four patients, comprising only 7% of 

the failures. Three of these patients failed in non irradiated nodal sites only: two patients 

in the right supraclavicular region (both with left upper lobe primaries and one patient 

in the right hilum (right upper lobe primary). The most important significant factors 

associated with a lower local failure included incidental diagnosis and absence of cough, 

but there also was a strong trend towards significance (p= 0.07) for a higher radiotherapy 

dose and larger treatment volume (p= 0.08).

Only few studies have been published in which ENI has been omitted systematically. 

Noordijk et al. [7] and Krol et al. [8] published retrospective data on 108 patients with 

peripheral stage I-II NSCLC, irradiated without ENI. A low isolated regional relapse rate of 

4% justified the policy omission of the regional lymph node irradiation. Preliminary results 

of a prospective dose escalation trial using three dimensional conformal radiation therapy 

(3-D CRT) without ENI for 48 NSCLC patients were recently published [9]. Dose ranged 

from 63-84 Gy depending on the effective volume of normal lung tissue irradiated and 

the estimated risk of a pulmonary complication. No failures in the untreated mediastinum 

as a sole site of first failure were observed. Leibel et al. [10] reported on 45 NSCLC 

patients treated with 3D CRT and excluded uninvolved nodal areas in these patients. They 

reported favorable 2-year survival rates of 33%. These prospective data suggest that it is 

safe to exclude the clinical and radiological uninvolved nodal areas in spite of the fact that 

in about 15% of the patients with a negative CT scan tumor cells might be present in the 

mediastinum (see above). A possible explanation could be that in this group of patients 

with a high local failure rate [11] the impact of ENI on clinical outcome might be low. 

Since omitting ENI will probably lead to a decrease in toxicity (due to smaller irradiated 

volumes), it may enable tumor dose escalation without increasing normal tissue injury. 

The aim of this paper is to estimate the tumor dose that could be reached if we omit ENI 

(without increasing the lung toxicity).

MateriaIs and methods

Three dimensional treatment planning was performed for ten NSCLC patients [12]. The 

patient characteristics were as follows: three stage I patients, one patient stage II, five 

patients stage IIIA and one patient stage IIIB. A dose of 40-46 Gy in 2 Gy fractions 

was prescribed to the elective nodal area including the macroscopic tumor using an AP-

PA technique. The macroscopic tumor was further boosted to a dose of 70 Gy using a 

multiple beam arrangement. The elective nodal area for N0 tumors included the ipsilateral 

hilum. For NI and N2 tumors it included the subcarinal and homolateral mediastinal lymph 
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nodes. For N2 upper lobe tumors the homolateral supraclavicular fossa was included as 

well. The lower paraesophageal lymph nodes were not irradiated electively.

Dose volume histograms (DVH) were generated and the normal tissue complication 

probability (NTCP) for Grade two or higher radiation pneumonitis according to the South-

Western Oncology Group (SWOG) criteria were generated using Kutcher’s histogram 

reduction method [13] and the Lyman model [14] with a dose at which 50% effect is 

reached (TD50) = 29.5 Gy, n = 0.87 and m = 0.18. The treatment planning procedure was 

repeated without the ENl for these ten patients. For the treatment plan without the ENl 

we calculated what dose could theoretically be given to the tumor if we accepted the 

same (estimated) chance to develop a radiation pneumonitis.

Results

For the treatment plans with ENI the NTCPs ranged from 0.1% to 29.6% (mean 10.2%). 

Accepting the same pneumonitis probability for the treatment plan without elective 

nodal irradiation, the total dose to the macroscopic tumor could be increased significantly 

(range 6% to 60% ) (Figure 1) . The average increase was 30%. Especially in stage I and 

II patients with small tumor volumes an important potential increase in total tumor dose 

could be reached (average increase 50%). For stage IIIA and IIIB patients this increase 

was lower (average increase 16%).

Conclusion

Omitting elective nodal irradiation (ENI) results in a reduced estimated probability 

to develop a radiation pneumonitis grade ≥ 2 (SWOG criteria). Accepting the same 

estimated complication probability to develop a radiation pneumonitis for the treatment 

Figure 1 Escalated dose of radiotherapy 
correlated with the Gross Tumor Volume 
(GTV) for the treatment plan without elective 
nodal irradiation if the same complication 
probability for lung was accepted.
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plan without ENI, the dose to the tumor could be increased significantly (on average 

30%) compared to the radiation treatment with ENI. Especially in stage I and II patients 

with small tumor volumes an important potentiaI increase in totaI tumor dose could be 

reached (average increase: 50%).

ENI hampers dose escalation to the tumor, which is the site most at risk for IocaI failure.
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Abstract 
Purpose: To evaluate the feasibility of dose escalation in non-small cell lung cancer 
(NSCLC) using three-dimensional conformal radiation therapy.
Patients and methods: The main eligibility criteria of the trial were: pathologically 
proven inoperable NSCLC, ECOG performance status ≤ 2, weight loss < 10% and no 
chemotherapy within six weeks prior to the start of the radiotherapy treatment. No 
elective nodal irradiation was given. Patients were treated five days a week with 2.25 
Gy per fraction and a six weeks overall treatment time; two fractions a day were given 
if more than 30 fractions were prescribed. Five risk groups were defined according 
to the relative mean lung dose (rMLD). Within each group the dose was escalated 
with three fractions per step (6.75 Gy). The next dose level opened after a toxicity 
free follow-up of six months in three patients. The maximum tolerable dose has been 
reached if two out of six patients experience a dose limiting toxicity (pneumonitis ≥ 
Grade 3 (SWOG), Grade 3 early and Grade 2 late esophageal toxicity or any other 
(RTOG) Grade 3 or 4 complications).
Results: Fifty-five patients were included. Tumor stage was I/II in 47%, IIIA in 33% and 
IIIB in 20%. The majority of the patients received a dose of 74.3 Gy (n=17) or 81.0 Gy 
(n=23). Radiation pneumonitis occurred in seven patients: four patients developed a 
Grade 2, two patients Grade 3 and one patient a Grade 4. Esophageal toxicity was 
mild. In 50 patients tumor response at three months follow-up was evaluable. In six 
patients a complete response was recorded, in 38 a partial response, five patients 
had stable disease and one patient experienced progressive disease. Only one patient 
developed an isolated failure in an uninvolved nodal area. So far the radiation dose 
was safely escalated to 87.8 Gy in group 1 (lowest rMLD), 81 Gy in group 2 and 3 and 
74.4 Gy in group 4.
Conclusion: Three-dimensional conformal radiotherapy enables significant dose 
escalation in NSCLC. The maximum tolerable dose has not yet been reached in any 
risk group.
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Introduction
For inoperable non-small cell lung cancer (NSCLC) patients with localized disease, 
radiation therapy is the principal mode of treatment. The local control rates after 
conventional radiotherapy doses of 60-66 Gy are however disappointing. In a study by 
Arriagada et al. [2], tumor control was strictly defined as radiological, bronchoscopical 
and histological complete response. Local disease eradication was achieved in only 
17% of the patients, at one year after radiotherapy. To achieve a 50% tumor control 
probability it is estimated that doses of 84 Gy might be necessary [19]. Better control 
of locoregional disease is important because uncontrolled disease is often the direct 
cause of death due to local effects within the lung and mediastinum. Increased 
survival rates have been observed for patients with complete tumor response [28]. 
Locally persistent or recurrent thoracic disease might also serve as a focus for distant 
metastases. A possibility to improve local control is to increase the radiation dose to 
the tumor.
The use of three-dimensional conformal radiotherapy (3D CRT) techniques allows the 
delivery of higher radiation doses to the tumor by sparing surrounding normal tissues. 
The policy of sparing normal tissue is discordant with the conventional irradiation of 
clinical and radiological uninvolved regional lymph nodes (elective nodal irradiation, 
ENI). The influence of ENI on lung toxicity was evaluated in several studies [4,20] and 
it was concluded that ENI hampers dose escalation to the primary tumor (which is 
the site most at risk for local recurrence). The need for ENI has not been established. 
Several studies have been published in which the elective nodal irradiation has been 
omitted systematically [11,12,23,26,29]. Krol et al. [12] published retrospective data 
on 108 patients with stage I-II NSCLC, irradiated without ENI. A low isolated nodal 
relapse rate of 4% justified the policy to omit the ENI. Results of prospective dose 
escalation trials using 3D CRT [11,16,25] report that it is safe to exclude the clinical and 
radiological uninvolved nodal areas because of an incidence of isolated nodal relapse 
of less than 6%. Moreover, it has been reported that clinically uninvolved lymph node 
areas often receive an incidental dose that might be sufficient to control subclinical 
disease [18].
To date, several groups are conducting phase I/II dose escalation studies using 3D 
CRT to establish the maximum tolerable dose that can be delivered without major 
complications. Table 1 shows the design of dose escalation studies defining risk 
groups, by determining dose-volume parameters like the mean lung dose (MLD) or the 
percentage of lung volume receiving more than a threshold dose. The radiation dose is 
escalated within these risk groups but the fractionation schedules and overall treatment 
time differ. In the early dose escalation trials from the RTOG [9] and the University of 
Michigan [11], the overall treatment time increased with increasing radiation doses. 
Meanwhile several studies have demonstrated an adverse effect on outcome of 
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a prolongation of overall treatment time [5,27]. Fowler states that local control is 
strongly dependent on overall treatment time, averaged over all histologies [8].
Therefore, in the more recently started RTOG L-0117 dose escalation trial, the overall 
treatment time was restricted to a maximum of seven weeks and the fraction size 
increases. In this trial no risk groups were defined but the volume of total lung receiving 
more than 20 Gy should be less than 30% (for 2 Gy fractions). In the Wisconsin dose 
escalation trial [21] the overall treatment time is fixed to five weeks and the dose per 
fraction increases. In the dose escalation trial ‘HI-CHART’ of the Radiotherapy Institute 
Limburg (The Netherlands) two fractions of 1.8 Gy per day are given and the overall 
treatment time is less than four weeks (D. De Ruysscher personal communication, 
2002). For the phase I-II dose escalation trial that started in our institute in October 
1998 it was decided to keep the overall treatment time fixed to six weeks. Since the 
dose per fraction is fixed at 2.25 Gy, two fractions a day are given if more than 30 
fractions are prescribed.
The main objective of this study was to report on the trial design and clinical 
implementation of 3D CRT for patients with inoperable NSCLC. The results of the first 
55 patients entered in the study with respect to toxicity and local control rates are 
presented.

Institution Definition
risk groups

Fraction size
(Gy)

Overall treatment time 
(weeks)

University of Michigan 9204 Veff* 2.10 6-10

RTOG 93–11 V20** 2.15 6-10

AvL / NKI rMLD*** 2.25 6

Wisconsin rMLD*** 2.28 – 3.22 5

HI-CHART V20 1.80 3-4

RTOG L – 0117**** V17-V19** 2.15 – 3.00 5-7

Table 1 Risk groups, fraction sizes and overall treatment time in dose escalation 
trials.

*Veff=see note in section ‘Radiotherapy preparation‘: Veff equals the relative mean 
lung dose in case the power law exponent n is equal to one [14]. 
**V17-19,20 = the percentage of the lung volume receiving more than a threshold dose 
of 17-19 and 20 Gy respectively, 
***rMLD = relative mean lung dose, 
****In the RTOG L – 0117 no risk groups were defined. The V20 is reduced to V17-19 
(because of higher fraction sizes) and should be less or equal to 30%.
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Patients and methods
The patients were selected from a group of medically inoperable or locally advanced 
NSCLC patients with good prognostic features (Eastern Cooperative Oncology Group 
performance status ≤ 2 and weight loss < 10% in the last three months) with visible 
tumor on a computed tomography (CT) scan of the thorax. Inoperable patients with a 
progressive lesion on CT scan of the thorax that could not be diagnosed with invasive 
transthoracic needle aspiration, were accepted only in case an 18-fluoro-deoxyglucose 
positron emission tomography (18FDG PET) scan was made and the lesion was 
considered ’PET positive’. Patients with loco-regional recurrent tumor following surgery 
(with a follow up longer than three years) were eligible unless a pneumonectomy 
was performed. Patients with tumor invasion in large blood vessels or supraclavicular 
lymph node metastases were ineligible. If the patient received chemotherapy prior to 
radiotherapy treatment a minimal interval of six weeks was maintained to reduce the 
possible influence on tolerance and toxicity. An estimated post-RT forced expiratory 
volume in one second (FEV1) of at least 0.75 liter was required for inclusion [30].
Standard work-up procedure consisted of a medical history, physical examination, 
complete blood counts, chest X-ray, a contrast enhanced CT scan of the chest and 
upper abdomen, bronchoscopy, pulmonary function tests (FEV1, diffusion capacity 
and vital capacity), ECG, bone scan, and lung perfusion scan. Since January 2000 
standard workup included an 18FDG PET scan. The lung perfusion scan, planning CT 
scan and 18FDG PET scan were made in radiotherapy treatment position. 
The trial was approved by the medical ethics committee of our hospital and patients 
were included after a written informed consent was obtained.

Radiotherapy preparation
Patients were positioned supine with both arms raised above the head in a forearm 
support. Reference points were marked during a simulator session and tattooed. 
Tumor motion was studied during fluoroscopy in three directions and recorded. A 
treatment planning CT scan was made (5 mm slice thickness) of the entire thorax 
with the patient breathing freely. The gross tumor volume (GTV) was defined as the 
primary tumor and pathological lymph nodes detected with mediastinoscopy, CT scan 
and/or 18FDG PET scan. In the period of October 1998 to January 2000, lymph nodes 
on CT scan with a short axis ≥ 1 cm or clusters of lymph nodes were included in the 
GTV. Since January 2000, when 18FDG PET scan became available for all patients, 
only lymph nodes positive on 18FDG PET scan were included in the GTV [32]. The 
lymph nodes positive on 18FDG PET scan and not visible on CT scan were delineated 
using a volume match [31] of planning CT scan and 18FDG PET scan. If the patient 
received chemotherapy prior to the irradiation the GTV was delineated on the post-
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chemotherapy CT scan. The radiation oncologist delineated the GTV on all relevant 
axial slices of the CT scan. A peripheral lung tumor was delineated separately from 
mediastinal or hilar lymph nodes using the appropriate window and level settings. 
The organs at risk like esophagus, spinal cord, both lungs and the heart were also 
contoured. The planning target volume (PTV) was generated by expansion of the GTVs 
taking into account the information on tumor motion as evaluated during fluoroscopy. 
The margin between GTV and PTV was 1 cm in case no or little tumor motion was 
observed in the anterior-posterior and lateral directions and 1.5 cm in cranial-caudal 
direction. In case tumor motion was more than 1 cm in a particular direction the 
margin between GTV and PTV was increased with 5 mm in that direction. 
A conformal treatment plan was designed with multiple 8 MV photon beams, each 
shaped with the multileaf collimator. CT-based dose calculations were performed 
using a 3-D treatment planning system (U-MPlan, University of Michigan) applying an 
equivalent pathlength inhomogeneity correction.
The required dose homogeneity within the PTV was –5% to +7% according to the 
ICRU guidelines [1]. A dose less than 95% was accepted for 1% of the PTV. 
Electronic portal imaging (EPI) was used in a patient set-up verification procedure to 
verify and correct the set-up of the patient, using large orthogonal fields (18 x 18 cm). 
To obtain acceptable portal images with our liquid chamber ionization type of EPI, 
18 monitor units were needed for each of these fields. Because of the dose delivered 
by these fields, these fields were incorporated in the 3-D dose distribution planning 
procedure [22]. On average over the patient group, every three fractions an EPI was 
performed. The fraction with EPI resulted in a slightly different dose distribution. The 
two dose distributions (with and without EPI) were added up in a 1:2 ratio to create 
the composite physical dose distribution.
To correct for the dose per fraction, the total physical dose was converted into the 
normalized total dose (NTD) [15] which is defined as the total biologically equivalent 
dose delivered in 2 Gy per fraction using the linear quadratic model with an α∕β ratio 
of 3 Gy.
From the NTD corrected 3D-dose distribution, the mean lung dose was calculated. The 
MLD was defined as the average dose throughout the lungs. We considered as lungs 
both lung volumes minus the GTV. The relative mean lung dose (rMLD) was defined as 
the ratio of the MLD and the prescribed tumor dose. This rMLD is a measure for the 
relative risk to develop radiation pneumonitis [14]. Consequently, this figure was used 
to assign a patient to one of the five risk groups for developing radiation pneumonitis 
(Table 2). The total prescribed dose was escalated within these different groups. For 
the estimated incidence of radiation pneumonitis Grade ≥ 2 (SWOG (South Western 
Oncology Group) criteria), the Lyman-Kutcher-Burman model [13,17] was used with 
parameter values: TD50 = 30.5 Gy, m = 0.3 and n = 1.0. These estimates were based 
on the analysis of the incidence of radiation pneumonitis in relation to the MLD in 540 
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patients [14]. Radiation pneumonitis Grade ≥ 3 was estimated to occur in 50% of the 
cases that experienced a Grade ≥ 2 radiation pneumonitis.
The optimal treatment plan was considered the treatment plan in which the rMLD 
was as low as possible and the constraints for esophagus, heart and spinal cord were 
met. The specified constraints for these organs at risk were: spinal cord < 50 Gy, whole 
heart < 40 Gy, and < 50 Gy to two thirds and < 66 Gy to one third. For the esophagus 
we used an effective volume constraint Veff

1∗ (with n=0.06) of maximal 30% at a 
reference dose of 80 Gy.

Radiotherapy delivery
The patients were irradiated five days a week with 2.25 Gy per fraction with a fixed 
overall treatment time of six weeks. When over 30 fractions were prescribed, the 
patients were irradiated twice daily for the additional fractions (with at least a six-hour 
interval). During the first three fractions, EPI was performed and in case no patient 
set-up correction was necessary (according to a decision rule [3]) once a week. In case 
a correction was done EPI was performed again for the three following fractions. By 
using this EPI correction protocol, the percentage of set-up deviations more than 5 
mm reduced from 41% to 1% [7].

Follow-up evaluation
After treatment, patients were followed at two-month intervals. Evaluations at the 
time of follow-up consisted of a history and physical examination. Chest X-rays were 
done with two to four month intervals. CT scans of the chest and upper abdomen and 
pulmonary function tests were repeated three months, one year and 18 months after 
treatment and then only if clinically indicated.
Radiation pneumonitis was scored according to the SWOG criteria; Grade 2 radiation 
pneumonitis in case of corticosteroid prescription and Grade 3 radiation pneumonitis 
in case oxygen was (temporarily) required. Dose limiting toxicities were defined as 
Grade ≥ 3 pneumonitis, Grade ≥ 3 early and Grade ≥ 2 late esophagus toxicity (RTOG). 
For other tissues except skin, any Grade 3 or 4 complications (RTOG) were defined as 
dose limiting. 

Dose escalation steps and dose limiting toxicities
In each risk group (Table 2) the dose was escalated with three fractions per step (6.75 
Gy). The next dose level opened after a dose limiting toxicity (DLT) free follow-up 
of six months in three patients. In case one patient developed a DLT, another three 

1 ∗ Veff is derived from a dose volume histogram (DVH) by requiring that uniform irradiation of this volume to 
the prescribed dose gives the same complication risk as the original DVH (using a power–low volume 
effect) [13].
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patients were entered and followed for six months. If no DLT occurred in these three 
patients, the dose was escalated up to the next level. The maximum tolerable dose 
(MTD) was reached in case two out of six patients experienced dose-limiting toxicity. 
Accepting one patient out of six with DLT at each dose level, the estimated incidence 
level is about 16%. If our estimation of the incidence of Grade 3 radiation pneumonitis 
is valid, then the dose could theoretically be escalated to a level of 101.3 Gy in group 
3, to 94.5 Gy in group 4, and to 74.3 Gy in group 5 (Table 2).

Results

Patient characteristics
Fifty-five patients were included in this trial between October 1998 and December 2000. 
In three trial candidates the diagnostic 18FDG PET scan revealed distant metastases 
and these patients were not included in the trial. The pretreatment characteristics 
are enlisted in Table 3. Nearly half of the patients had a medical history of chronic 
obstructive pulmonary disease and thirty-two patients had cardiac problems in their 

Table 2 Radiation dose escalation steps (physical doses). Subdivision into risk groups, 
according to the relative mean lung dose (rMLD). In bold the dose levels that we 
started with in each group. The number of entered patients is indicated in brackets.

Estimated percentage 
pneumonitis grade ³ 3

Group 1
0–0.12

Group 2
0.12–0.18

Group 3
0.18–0.24

Group 4
0.24–0.31

Group 5
0.31–0.40

Low risk                                                                        High risk

<1  74.3 (1)

<1  81.0 (7)

<1  87.8 (5)

<1  94.5 (0)

1 101.3  67.5

1  74.3 (1)

1.5  81.0 (7)

2  87.8 (2)

2.5  94.5  67.5 (2)

3.5  101.3  74.3 (8)  

4.5  81.0 (9)

6  87.8 (0)  67.5 (4)

7.5  94.5  74.3 (7)  53.1

10  101.3  81.0 (0)  60.8 (2)

13  87.8  67.5

17  94.5  74.3

26

Chapter 3



medical record (angina pectoris, myocardial infarction, or bypass operation). Fifty-two 
patients were former or current smokers. 
The median age was 71 years (range 37-87). The majority of the patients were males. 
Forty-nine patients had an ECOG score of zero or one. Forty-eight patients had a 
weight loss of less than 5%. Seven patients had a weight loss between 5% and 10%. 
About half of the patients presented with stage I and II disease. A review of the 
pathology of NSCLC patients diagnosed outside our institution was performed by 
our pathologists. The pathology report revealed squamous cell carcinoma in fifteen 

Characteristic Number of Patients

Age

Median 71 year

Range 37-87 year

Sex

Male 35

Female 20

ECOG Performance

0 12

1 37

2 6

Weight loss

None 39

≤ 5% 9

> 5 < 10% 7

Stage

I 16

II 10

IIIA 18

IIIB 11

Histology / cytology

Squamous 15

Adenocarcinoma 13

NSCLC not specified 23

Unknown 4

Medical history

COPD 25

Previous heart disease 32

Induction chemotherapy 5

Table 3 Characteristics of patients enrolled (N=55)
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patients and adeno carcinoma in thirteen patients. Twenty-three patients had large 
cell carcinoma and the pathology was not conclusive in four patients. 
The tumor was located in the upper lobes in 43 patients, in the middle and lower lobes 
in ten patients and in two patients the tumor was located in the mediastinum only.
Twenty-four patients had N0 disease. Four patients were irradiated on the primary 
tumor and the homolateral hilar region (N1 disease) and 23 patients had homolateral 
mediastinal lymph node involvement (N2 disease). In 15 out of the 23 patients the 
N2 status was histologically confirmed with a mediastinoscopy or thoracotomy. Four 
patients had contralateral mediastinal lymph nodes (N3 disease) included in the PTV.
Five out of the 55 patients received chemotherapy prior to the irradiation consisting of 
cisplatin (or carboplatin) and gemcitabine. Three patients had two courses, one three 
courses and another one had four courses.
In the lowest risk group 13 patients (all with stage I and II disease) were entered (Table 
4). For the groups 2 and 3 these figures were 10 and 19, respectively. All tumor stages 
were represented in these groups. Within group 4 (11 patients entered) the majority 
of the patients had stage III disease.

Protocol adherence and dose escalation steps
Fifty-two patients completed treatment as specified by the protocol. In one patient 
the treatment had to be stopped due to hospitalization for a traumatic hip fracture. In 
the other two patients metastases were diagnosed during the radiotherapy treatment 
in the cerebrum and in the second cervical vertebra. Seven patients were entered at 
a lower dose level than prescribed because of dose limiting constraints for spinal cord 
(n=1) and esophagus (n=6). All six patients with dose limiting esophagus constraint 
had stage III disease. The dose to the heart was never a limiting constraint. Four 
patients were entered at a lower dose level because the level they were assigned to 
was closed until evaluation.
The radiation dose levels were increased twice in groups 1, 2 and 3. Seven patients 
were irradiated with 87.8 Gy in 39 fractions. A total of 23 patients were irradiated 
with 81 Gy in 36 fractions and 17 patients had a dose of 74.3 Gy in 33 fractions. The 

Table 4 Stage distribution within the five risk groups

Stage Number of patients in each risk group

Group 1 Group 2 Group 3 Group 4 Group 5 

I 9 (69%) 4 (40%) 3 (16%) - -

II 4 (31%) 1 (10%) 4 (21%) 1 (9%) -

IIIA - 3 (30%) 9 (69%) 4 (36%) 2 (100%)

IIIB - 2 (20%) 3 (16%) 6 (55%) -

Total 13 (100%) 10 (100%) 19 (100%) 11 (100%) 2 (100%)

28

Chapter 3



87.8 Gy level was safe in the lowest risk group, and the 81 Gy level for groups 2 and 
3. The 74.3 Gy level was reached for group 4. In the group with the highest rMLD the 
accrual rate was low and we are still entering at the starting dose level of 60.8 Gy.

Toxicity outcome
Acute toxicity (first three months) was scored in all patients. Late toxicity was available 
in 48 patients because seven patients died within six months.
Radiation pneumonitis Grade 2 or higher occurred in seven patients. Four patients 
experienced a Grade 2 radiation pneumonitis. Three patients experienced DLT: two 
patients had a Grade 3 radiation pneumonitis (group 3 and group 4) and one patient 
with a lower lobe tumor developed a Grade 4 radiation pneumonitis. The latter patient 
with a high mean lung dose of 20.3 Gy (group 3) developed progressive dyspnea 
and fever not responding to antibiotics and corticosteroids and was hospitalized one 
month after irradiation.
We compared the limited data set in this series, with the estimated probability to 
develop radiation pneumonitis based on the mean lung dose study by Kwa et al. [14] 

from our group (Figure 1). The observed data seem to indicate a higher incidence of 
radiation pneumonitis compared to the dose effect relation according to Kwa. Due to 
the limited number of radiation pneumonitis cases, this difference is not statistically 
significant (p=0.15).
The esophageal toxicity (acute or late) was never a serious problem. Mild dysphagia 
was recorded in 20 patients and moderate dysphagia (requiring narcotic analgesics, 
liquid diet or puree) in ten patients. Late esophageal complications Grade 1 (slight 

Figure 1 The incidence 
of radiation pneumonitis 
(Grade ≥ 2) as a function 
of the mean lung dose. The 
error bars represent the 68% 
confidence intervals. The 
bold line is the published 
dose effect relation [14]. 
The thin line reflects a fit to 
the data with TD 50 = 28.7 
Gy, m = 0.4, n = 1.
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difficulty in eating solid food) occurred in nine patients. Skin toxicity was mild, acute 
skin reactions Grade 2 occurred in thirteen patients, and Grade 3 (moist desquamation) 
in two patients. Late skin toxicity was seen in twelve patients Grade 1, in one patient 
Grade 2 (patchy atrophy, moderate telangiectasia), and one patient had a Grade 3 skin 
reaction (marked atrophy and gross telangiectasia). No cardiac or spinal cord toxicity 
was observed. One patient with a tumor located in the mediastinum died 11 months 
after the end of the irradiation because of a fatal hemorrhage probably due to a local 
recurrence, however late radiotherapy toxicity could not be excluded.

Evaluation of local control
Fifty patients had a CT scan of the thorax made to evaluate tumor response between 
two and five months after the end of the irradiation. One patients died and four 
patients had progressive disease (distant metastases) and local control was not 
assessed. In six patients a complete response was recorded and 38 patients had a 
partial response of the tumor (more than 30% tumor volume reduction). Four of the 
patients with a partial response however had distant metastases diagnosed at the 
same time located in both lungs (two patients), in the mediastinoscopy scar and in the 
cerebrum. Five patients had a stable disease (less than 30% tumor volume reduction). 
One patient had progressive disease of the primary tumor.
Local control was defined according to Green et al. [10] in case: (1) complete 
disappearance of all radiographic abnormalities by chest film and CT or (2) if residual 
radiographic abnormalities assessed by chest CT at three and six months after 
completion of radiation remain stable for an additional six months or more. In 12 out 
of the 38 patients with a partial response (at three months) a second CT scan, at least 
nine months later, was made. In nine out of these 12 patients a complete or partial 

Figure 2 Pattern of first failure in 52 
patients who completed the irradiation 
treatment
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response was scored and these patients have, according to the definition of Green, 
reached local control. 
When we examined the pattern of initial failure of the 52 patients who completed 
the irradiation treatment, we recorded 24 events. The mean time to progression was 
6 months. The first site of relapse was distant in 16 patients. In three patients a local 
recurrence was diagnosed with at the same time distant metastases. In five patients 
the initial failure was local only (in or outside the PTV) (Figure 2). Three out of these 
five patients with an isolated local relapse tumor progression within the PTV occurred 
and two patients had progression outside the PTV. Only one out of the 52 patients 
had an isolated failure in a regional lymph node. In this patient with a stable partial 
response of his T2N0 tumor in the left lower lobe a pathologic lymph node in the left 
hilar region and aortic pulmonary window was seen three months after the end of the 
irradiation. This patient did not have an 18 FDG PET scan made prior to the irradiation. 
The patient was re-irradiated for this isolated regional relapse and had again a partial 
response. 
The cause of death was intercurrent disease in five patients, distant metastases in 
seven patients and progressive intrathoracic disease in five patients.

Discussion
Dose escalation for lung cancer patients with the concept of a fixed overall treatment 
time of six weeks is feasible. The administration of high dose radiotherapy within this 
short period of time is new since other dose escalation trials reported had prolonged 
treatment times [9,11]. The radiation dose was safely escalated using 3D conformal 
radiotherapy, omitting the elective nodal irradiation and stratifying the patients into risk 
groups, based on the mean lung dose. Doses up to 87.8 Gy for group 1 (lowest relative 
MLD) and 81 Gy for groups 2 and 3 were reached. Especially for stage I and II patients, 
with small tumor volumes and low MLD, the radiation dose was increased significantly 
in comparison with the conventional RT doses of 60-66 Gy within a similar overall 
treatment time. For these medically inoperable patients (often due to compromised 
pulmonary function), with small tumor volumes dose escalation is most promising. The 
division into risk groups based upon the MLD doesn’t obscure the potentially benefit 
of dose escalation. Large tumor volumes would otherwise compromise dose escalation 
in small tumor volumes. Most patients included with stage III disease did not receive 
any chemotherapy due to compromised cardiac and/or pulmonary function. For this 
group of patients the benefit of dose escalation is hampered by the competing risk to 
develop distant metastases.
Six out of the 55 patients were entered at a lower dose level because of the dose 
limiting constraint for the esophagus. While the majority of patients experienced some 
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acute dysphagia (55%), we have not seen severe acute or late esophageal toxicity. In 
the dose escalation trial of the University of Michigan reported by Hayman et al. [8] 
the esophagus constraint for Veff 30% was gradually increased from 65 Gy, then to 72 
and ultimately to 80 Gy. The acute and late dysphagia was however more intense and 
frequent in their patient group. So accepting a Veff of 30% at 80 Gy to the esophagus 
in our series was a safe constraint, but excluded six patients from a higher dose level. 
Because we have omitted the elective nodal irradiation in this study, accurate staging 
of the hilar and mediastinal lymph nodes is very important. Since 18FDG PET is more 
sensitive and specific for lymph node staging compared to the CT scan in NSCLC 
staging [24], the introduction of 18FDG PET in these patients that are often excluded 
from invasive staging procedures is essential. However the anatomical information on 
a 18FDG PET scan is poor. For patients with 18FDG uptake in lymph nodes not enlarged 
on CT scan, the matching of the PET scan and the CT scan was an important tool to 
localize the PET positive lymph nodes. The 18FDG PET scan also helps to better select 
patients for high dose radiotherapy by excluding unforeseen stage IV disease. In two 
patients staged with 18FDG PET however, distant metastases were diagnosed during 
the treatment course in the cerebrum and in a cervical vertebra (that was just outside 
the 18FDG PET scan field).
The low incidence of isolated lymph node failure of 2% (one out of 50 patients) is in 
agreement with the results of Hayman [11] and Rosenzweig [26]. However their lymph 
node target volumes were based on clinical information and radiographic criteria 
(nodes ≥ 10 mm in the short axis on CT [11], and ≥ 15 mm [26]). In this study the 
lymph node involvement was (for most patients) determined on clinical information 
and the lymph nodes positive on 18FDG PET scan (irrespective of the CT size). The low 
isolated lymph node failure rate justifies this policy. 
Local control is very difficult to quantify because complete disappearance of all 
abnormalities on CT scan is rare. For this group 80% complete or partial responses 
were scored. The use of 18FDG PET at follow-up might result in a more accurate 
response scoring as 18FDG PET has the potential to differentiate between residual 
disease and fibrosis.
Despite high dose radiotherapy the initial failure was within the high dose region in 
three patients. We did not encounter local recurrences on the edge of the primary 
tumor. So the margins we take to create the PTV are considered adequate. However, 
we have not studied the long-term results yet. In the future we will consider the use 
of smaller margins and the allowance of inhomogeneous dose distributions within the 
PTV [6]. 
It can theoretically and biologically be expected that higher radiation doses will give rise 
to better local control and ultimately survival. However a phase III study is necessary 
to study the clinical outcome of high dose radiotherapy using 3D CRT compared to 
conventional dose radiotherapy.
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Conclusion
For non-small cell lung cancer patients the use of 3D conformal radiation therapy, no 
elective nodal irradiation and stratifying the patients into risk groups (based on the 
mean lung dose), enables a significant escalation of radiation dose with acceptable 
toxicity. The maximum tolerable dose has not yet been reached in any of the defined 
risk groups. 
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Abstract 
Purpose: The aim of this study was to determine the maximum tolerated dose (MTD) 
in 6 weeks in patients with non-small cell lung cancer (NSCLC). The impact of tumor 
volume and delivered dose on failure-free interval (FFI) and overall survival (OS) were 
also studied. 
Methods and materials: A phase I/II trial was performed including inoperable NSCLC 
patients. According to the relative mean lung dose (rMLD) 5 risk groups with different 
starting doses were defined: group 1, rMLD 0.0-0.12; group 2, rMLD 0.12-0.18; group 
3, rMLD 0.18-0.24; group 4, rMLD  0.24-0.31; and group 5, rMLD 0.31-0.40. Patients 
underwent irradiation with 2.25 Gy per fraction and a fixed overall treatment time of 6 
weeks. The dose was escalated with 6.75 Gy after 6 months follow-up without DLT. 
If more than 30 fractions were prescribed, twice daily irradiation was performed with 
at least a six-hour interval.
Results: A total of 88 patients were included. Tumor Stage I or II was found in 53%, 
IIIA in 31% and IIIB in 17%. The MTD was not achieved in risk group 1 (reached 
dose 94.5 Gy). For risk groups 2 and 3 the MTD was 81 Gy. The 74.3 Gy dose was 
determined to be safe for group 4 and the 60.8 Gy for group 5. 
In 2 patients (5%) an isolated nodal relapse occurred. Based on multivariable analysis, 
higher doses significantly increased the FFI (p=0.02) for the total group. The OS was 
increased in the lower risk (p=0.05) but not in the higher risk group (p=0.4). 
Conclusion: Dose escalation is safe up to 94.5 Gy in 42 fractions in 6 weeks in patients 
with a MLD 13.6 Gy or less. Higher doses are associated with a better FFI and OS for 
smaller tumor volumes. Involved-field irradiation results in a low percentage of isolated 
nodal relapses. 
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Introduction
With conventional doses of radiotherapy (RT) (60 to 66 Gy), local recurrence is a 
common pattern of failure in non-small cell lung cancer (NSCLC) patients, who have 
medically inoperable or locally advanced disease. Several approaches are being 
investigated to improve local control: increasing the radiation dose or shortening the 
overall treatment time (OTT) by hyperfractionated RT and accelerated RT [22]. 
Another strategy is to give concurrent chemoradiotherapy [7,23,31]. Future directions 
to improve the outcome of NSCLC patients involve hypofractionated radiotherapy and 
combining molecular targeting agents with RT. We explored the first strategy i.e., 
dose escalation, while maintaining the OTT to six weeks.
Dose-escalation is associated with an increased risk of complications. Three-dimensional 
conformal radiotherapy (3D CRT) offers the opportunity to deliver higher tumor doses 
with acceptable complications rates compared to conventional RT because it reduces 
the volume of normal tissue irradiated.
Several institutions have reported results of dose escalation trials using 3D CRT for 
NSCLC patients [3,9,11,19,21,25,28]. The most important common feature in the 
design of these dose escalation trials is the use of ‘involved field irradiation’ and 
the separation of patients into different risk groups according to the potential for 
developing pulmonary toxicity. These risk groups are defined by determining dose-
volume parameters for lung such as the mean lung dose (MLD) or the percentage of 
lung volume receiving more than a threshold dose of 20 or 30 Gy. In the Michigan 
dose escalation trial [9] the risk groups were defined by determining the effective lung 
volume irradiated.

In the phase I/II dose escalation trial that started in October 1998 at the Netherlands 
Cancer Institute - Antoni van Leeuwenhoek Hospital, patients with inoperable NSCLC 
(stage I -III) were included. The primary objective of this trial was to find the highest 
possible tumor dose that could be delivered with acceptable complication rates. In 
addition, tumor recurrence and pulmonary toxicity were evaluated as a function of the 
3D dose distribution. 
Kwa et al. determined a relationship between the incidence of radiation pneumonitis 
(RP) and MLD from data of a large group of patients [14]. Using this relation, five 
risk groups to develop RP were defined in our trial. The initial results of this trial 
demonstrated a significant increase in the radiation dose that could be safely applied 
[2]. In this article we report the maximum dose delivered, acute and late toxicity, local 
control and survival. The influence of the tumor volume and the delivered radiation 
dose on the, failure-free interval (FFI) and overall survival (OS) were also analyzed. 
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Methods and materials

Trial design
In our dose escalation trial the OTT was restricted to six weeks and a fixed fraction size 
of 2.25 Gy. The patients underwent irradiation 5 days per week, and twice daily when 
more than 30 fractions were prescribed with at least a six-hour interval. The twice daily 
irradiation was evenly distributed over the six weeks of treatment. After constructing 
the 3D CRT treatment plan, the dose in the lung was corrected for the effect of dose 
per fraction. The local lung dose was converted to the normalized total dose (NTD) [15] 
which is defined as the total biologically equivalent dose delivered in 2 Gy per fraction, 
using the linear quadratic model with an α/β ratio of 3 Gy [20]. Subsequently, the 
MLD was calculated. (All MLDs reported hereafter are NTD-corrected� unless stated 
otherwise.) The patients were divided into five risk groups according to their relative 
mean lung dose (rMLD). The rMLD was defined as the ratio of the MLD and the NTD 
normalized prescribed dose. The rationale for using the rMLD was driven by the dose-
bins prescribed by the Michigan group. We aimed at using the same risk groups as 
was used in the Michigan group; the rMLD equals the effective volume (Veff) for n=1. 
The rMLD boundaries of these risk groups were as follows: group 1, 0.0-0.12; group 
2, 0.12-0.18; group 3, 0.18-0.24; group 4, 0.24-0.31; and group 5, 0.31-0.40. In Table 
1 the starting dose levels are depicted within each risk group. The radiation dose was 
escalated with three fractions per step (6.75 Gy). The next dose level opened after a 
toxicity-free follow-up of six months in three patients. In case one dose limiting toxicity 
(DLT) occurred another three patients were entered at the same dose level in the same 
risk group and followed for six months. If no DLT occurred in these patients the dose 
was escalated to the next level.
The primary endpoint of this study was to determine the maximum tolerated dose 
(MTD) within each risk group. The MTD was reached when two out six patients in the 
same risk group developed a DLT. Dose-limiting toxicities were defined as follows: RP 
≥ Grade 3, early esophageal toxicity ≥ Grade 3, and late esophageal toxicity ≥ Grade 
2, skin toxicity ≥ Grade 4 or any other Grade ≥ 3 non-hematologic radiation induced 
complications. A toxicity related death was recorded as indicating DLT.
Secondary endpoints were tumor response rate, FFI and OS. The predictive value of 
the tumor volumes and the delivered dose on the OS and FFl were also evaluated. 

Patient eligibility
Patients eligible for this phase I/II dose escalation trial had medically inoperable or 
locally advanced NSCLC. Patients had good prognostic features; WHO ≥ 2 and weight 

1 According to Kwa et al. [13] from our group the following relation was determined 
between the physical MLD and the NTD corrected MLD: MLDphys = 1.14 MLD (NTD)
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loss < 10% in the last three months. Patients had cytologically or histologically proven 
NSCLC, or a growing lesion on chest X-ray or CT-scan, positive on 18FDG PET scan, in 
case a transthoracic fine-needle aspiration was considered to be dangerous. Patients 
with supraclavicular lymph node metastases or tumor invasion in the large blood 
vessels were ineligible. Induction chemotherapy was allowed but an interval of six 
weeks was mandatory between the last chemotherapy infusion and the start of the 
irradiation. Standard work-up consisted of a medical history, physical examination, 
blood counts, chest X-ray, a contrast enhanced CT scan of the chest and upper 
abdomen, bronchoscopy, and pulmonary function tests. After RT an estimated forced 
expiratory volume in 1 s (FEV1) of at least 0.75 l was required for inclusion [27]. Since 
January 2000, all patients were PET staged. The PET scans were acquired in the RT 
treatment position. All patients gave written informed consent before inclusion. The 
trial was approved by the medical ethics committee of the Netherlands Cancer Institute 
– Antoni van Leeuwenhoek Hospital.

Radiotherapy treatment planning
In all patients a treatment planning CT-scan was acquired with 5 mm slice thickness 
of the entire thorax with the patient breathing freely. The gross tumor volume (GTV) 
was defined as the primary tumor and pathological lymph nodes detected with 
mediastinoscopy, CT-scan and/or 18FDG PET scan. In the absence of 18FDG PET scan, 
the GTV included the primary tumor and pathological lymph nodes (with a short axis 
diameter ≥ 1 cm or a cluster of lymph nodes). If a 18FDG PET scan was made, only the 

Table 1 Risk group, number of patients entered (n), starting dose level, highest dose 
level, Maximum Tolerated Dose (MTD) and Dose Limiting Toxicity (DLT) 

Risk 
group

n Starting 
dose level 

(Gy)

Highest 
dose level 

(Gy)

MTD (Gy) DLT  (total n=9)

1 24 81.0 94.5 94.5 0

2 22 74.25 87.75 81.0 1 of 11 pts at 81 Gy (G5 bleeding)

2 of 10 pts at 87.75 Gy (G2 late esophagitis, 
G3 atelactasis followed by G5 bleeding)

3 23 74.25 87.75 81.0 2 of 10 pts at 81 Gy * (G3 RP, G5 RP)

1 of 2 pts at 87.75 Gy (G5 fistula esophagus)

4 16 74.25 81.0  74.25 1 of 5 pts at 67.5 Gy (G3 RP)

1 of 8 pts at 74.25 Gy (G3 RP)

1 of 3 pts at 81 Gy (G3 RP)

5 3 60.75 60.75 60.75 0

Abbreviation: RP = radiation pneumonitis * One patient (G3) stopped prematurely due 
to hip fracture and was not included in the evaluation of the dose level.
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lymph nodes positive on 18FDG PET scan were included in the GTV. Enlarged lymph 
nodes on the CT-scan that did not show increased FDG uptake were not irradiated. 
In case lymph nodes that were positive on the 18FDG PET scan were invisible on the 
planning CT-scan, a volume match [29] was performed to localize these lymph nodes.
In case the patient received chemotherapy before irradiation, the GTV was delineated 
on the post chemotherapy CT-scan. If the primary tumor or a pathologic lymph node 
station reached a complete response after chemotherapy this site was incorporated 
in the GTV. The GTV was delineated by the radiation oncologist. The delineation was 
reviewed by at least one other radiation oncologist or radiologist. No elective hilar or 
mediastinal irradiation was given. The margin around the GTV (ranging from 1 to 2 
cm) to create the planning target volume was chosen (often anisotropic) based on the 
estimated tumor motion as seen during fluoroscopy.
The organs at risk were contoured according to a delineation protocol by trained 
technicians. The outer contours of the lungs were defined by a density threshold (-
300 HU) and by excluding the gross tumor volume. The spinal canal and esophagus 
were delineated every other cm, starting 2 cm above the sterno-clavicular joint down 
to 1 cm below the pleural sinus. The heart was contoured from the slice where the 
pulmonary trunk turns across the mediastinum and the aorta descendens becomes 
visible. The inferior caval vein and the superior caval vein were not contoured at the 
level where they are separated from the myocardium. 
A treatment plan was designed with three to seven 8 MV photon beams, each shaped 
with a multi-leaf collimator. CT-based dose calculations were performed using a 3-D 
treatment planning system (U-MPlan, University of Michigan) applying an equivalent 
path length inhomogeneity correction algorithm.
According to the ICRU guidelines the required dose homogeneity within the PTV was 
–5% to +7%. The dose was prescribed in the isocenter. Electronic portal imaging (EPI) 
of large orthogonal fields (18 x 18 cm) was performed in a patient set-up verification 
procedure to verify and correct the set-up of the patient [6]. These fields for EPI using 18 
monitor units were incorporated in the 3D dose distribution planning procedure [17].
After the treatment plan was optimized, the physical dose was converted to 
the normalized total dose (NTD) for an α/β ratio of 3 Gy, as mentioned before. 
Consequently, the patient was assigned to one of the five risk groups to develop 
pulmonary toxicity based on the relative MLD. The optimal plan (lowest rMLD) had to 
meet the following constraints for the organs at risk: whole heart < 40 Gy, and < 50 
Gy to 2/3 of the heart, and < 66 Gy to one third of the heart, spinal cord < 50 Gy. For 
the esophagus an effective volume constraint Veff was used2 (with n=0.06) of maximal 
30% at a reference dose of 80 Gy. 

2 Veff is derived from a dose volume histogram (DVH) by requiring that uniform 
irradiation of this volume to the reference dose gives the same complication risk as the 
original DVH (using a power–low volume effect) [12].
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In case a constraint could not be met the patient was allocated to a lower dose level.

Endpoint toxicity and tumor reponse
All patients were followed weekly by the radiation oncologist during the six weeks 
of irradiation. Evaluations at the time of follow-up consisted of a medical history and 
physical examination. Acute and late toxicity events were scored according to the RTOG/
EORTC criteria except for pulmonary toxicity. Pulmonary toxicity was documented as 
the incidence of RP and shortness of breath (SOB) according to the SWOG criteria. 
For RP (SWOG), a score of Grade 2 in case corticosteroids were prescribed, Grade 3 
in case oxygen was (temporarily) required, Grade 4 in case assisted ventilation was 
required and Grade 5 in case of death. SOB was scored using a questionnaire filled out 
by the patient at baseline and during each follow-up; with Grade 1 indicating minimal 
complaints, Grade 2 indicating dyspnea on significant exertion, Grade 3 indicating 
dyspnea at normal level of activity and Grade 4 indicating dyspnea at rest. For both RP 
and SOB, the maximum crude incidence was scored.
Evaluation of tumor response was performed three months after the end of treatment 
with a chest X-ray, CT scan and pulmonary function test. Chest X-rays were repeated 
every three months or more frequently if clinically indicated. A CT scan of the thorax 
was repeated at one year and 18 months after the end of the irradiation. Tumor 
response was defined according to criteria of RECIST [26] and those of Green et al. 
[8]. Green et al. described a complete response as (1) complete disappearance of all 
radiographic abnormalities by chest film and CT scan or (2)  residual radiographic 
abnormalities assessed by chest CT scan at three and six months after completion of 
the irradiation remained stable for an additional six months or more. 

Statistical analysis
Crude incidences of esophagitis, shortness of breath and skin toxicity (maximum score) 
were calculated for the acute (90 days from start of RT) and late phase (beyond 90 
days). The incidences of Grade 1-4 RP were calculated for the period from start of 
RT until 180 days after treatment. Tumor response at 90 days and the relation with 
predicting factors was tested univariable and multivariable logistic regression. The 
OS and the FFI (free of locoregional and distant tumor progression) and the effect 
of explanatory factors were calculated using Cox regression models (univariable and 
multivariable). For OS analysis, survival was calculated from the start of RT. Data were 
censored at the last follow-up visit. For the FFI data were also censored at time of 
death (in the absence of tumor progression). 
In a multivariable analysis, the radiotherapy dose (RT dose) was tested together with 
GTV volume to test the significance of RT dose as a predictor for outcome. Multivariable 
testing in the Cox analyses was done for low-risk and high-risk groups separately by 
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analyzing subgroups (risk groups 1 and 2 versus 3, 4 and 5) as well as by stratifying for 
risk group, as risk group and escalated dose were highly correlated. All test results with 
a p value < 0.05 were considered statistically significant. The software used was ©SPSS, 
release 10.0 (SPSS Inc., Chicago, Il) and SAS, release 8.1 (SAS, Institute, Cary, NC).

Table 2 Characteristics of enrolled patients (N = 88)

Characteristic   %

Sex

   Male 67

   Female 33

WHO performance

0 23

1 68

2 8

3 1

Weight loss

  None 73

  <5 % 15

  5-10% 8

  >10 % 2

  Unknown 2

Stage

I 39

II 14

IIIA 31

IIIB 17

Histology/cytology

   Squamous 28

   Adenocarcinoma 23

   NSCLC not specified 33

   Unknown 16

Medical history

   COPD 46

   Previous heart disease 43

Induction chemotherapy 18

Abbreviations: NSCLC = non-small cell lung cancer; 
COPD = chronic obstructive pulmonary disease
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Results

Patients characteristics
From October 1998 through April 2003 a total of 88 patients were enrolled in this 
trial (Table2), 59 (67%) of whom were male. The mean age was 70 years (range 36 
to 87 years). Of the patients, 46 (52%) had Stage I or II disease and were medically 
inoperable or refused surgery. The mean age of these patients was 75 years. Of 
the patients 88% had either no or less than 5% weight loss in the 3 months before 
irradiation. A total of 42 patients had N0 disease, 8 patients N1, 32 patients N2 and 6 
patients N3 disease with contralateral mediastinal lymph node involvement. 
Co-morbidity was high: 43% of the patients had cardiac problems and 46% had a 
medical history of chronic obstructive pulmonary disease.
All pathology slides were reviewed in our institution (Table 2). Squamous cell carcinoma 
was diagnosed in 25 patients, adenocarcinoma in 20 patients and NSCLC not specified 
in 29 patients. Fourteen patients had a progressive tumor on chest X-ray or CT scan 
that was 18FDG PET positive but without histological or cytological proof of NSCLC. 
Thirteen of these patients had Stage I or II. A total of 65 patients (74%) were staged 
using 18FDG PET. The tumors were located predominantly in the upper lobes (75%). 
Lower lobe tumors were seen in 20.5% of the patients and in 4.5% tumors were 
located in the mediastinum or main bronchus.
Sixteen patients (18%) received induction chemotherapy. In 13 patients the chemotherapy 
regimen consisted of a combination of gemcitabine and cisplatin and three patients 
received a combination of taxol or taxotere and cisplatin. The interval between the last 
chemotherapy infusion and the start of the irradiation was at least six weeks.
In Table 3 the Stage distribution of the patients entered within the five risk groups is 
illustrated. Patients entered in the lowest risk group to develop pulmonary toxicity (risk 

Table 3 Stage distribution within the five risk groups according to their relative mean 
lung dose (rMLD). The rMLD was defined as the ratio of the mean lung dose and the 
prescribed tumor dose.       

Risk groups

Stage  1 2 3 4 5

rMLD

0-0.12 0.12-0.18 0.18-0.24 0.24-0.31 0.31-0.4 Total

  I 19 11 3 1 - 34

  II 5 3 3 1 - 12

  IIIA - 4 14 6 3 27

  IIIB - 4 3 8 - 15

Total 24 22 23 16 3 88
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group 1) had small tumor volumes, and Stage I or Stage II disease. In risk group 2 most 
patients had Stage I or II, however 8 of the 22 patients had Stage III disease. Within 
risk group 3 the majority of the patients enrolled had Stage III disease. In risk group 4 
half of the patients had Stage IIIB disease. The accrual of patients within the highest 
risk group was poor.

Radiation dose and protocol adherence 
The patients underwent irradiation to a dose ranging from 49.5 to 94.5 Gy, with a 
median of 80.1 Gy. Of the patients 10 underwent irradiation to a dose of 94.5 Gy, 17 
to a dose of 87.75 Gy, 28 to a dose of 81 Gy, 1 to a dose of 78.8 Gy, 1 to a dose of 
76.5 Gy and 19 to a dose of 74.25 Gy. In addition, 12 patients received irradiation to 
lower doses.
In all, 83 patients completed treatment according to the protocol. In 5 patients the RT 
was stopped prematurely; in 1 patient at 72 Gy because of surgery for a traumatic hip 
fracture, in another patient at 78.8 Gy because of hospitalization for a pneumonia (not 
related to the irradiation) and in 3 patients because of the occurrence of brain metastasis 
during treatment (at 49.5 Gy, 65.3 Gy and 76.5 Gy). A total of 13 patients were entered 
at a lower dose level than they were assigned to. In 12 patients this was caused by 
esophageal constraint. In 1 patient the spinal cord constraint was dose limiting.

Treatment toxicity 
The details of acute and late toxicity are summarized in Table 4. Nine patients (10%) 
developed a Grade 2, four patients (5%) a Grade 3 RP and 1 patient died because 
of Grade 5 RP. This occurred in a patient with a medical history of unstable angina 
pectoris and a centrally located cT2N2 tumor. This patient was irradiated to a dose 
of 81 Gy (MLD was 20.3 Gy) and was admitted to the hospital 1 month later with 
hypoxemia. Diffuse infiltrates were seen in both lungs on the CT scan. At repeat 
bronchoscopy an old tuberculosis reactivation under corticosteroid use was suspected 
and triple medication started. The patient remained oxygen dependent. The patient 

Table 4 Acute (< 90 days) and late (> 90 days) maximum toxicity grade (% within 
study population) 

Acute, % (N = 88) Late, % (N = 77)

Maximum toxicity 
score

G1 G2 G3 G4 G5 G1 G2 G3 G4 G5

Skin 50 22 2 0 0 34 3 1 0 0

Esophagus 34 14 0 0 0 17 1 0 0 1

Shortness of breath 7 44 19 16 0 0 40 27 30 0

Acute and late, % (N=88)
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was re-admitted to the hospital with unstable angina pectoris and congestive heart 
failure. A percutaneous trans-coronary angioplasty procedure was performed. The 
patient died 2 days later at the intensive care unit of respiratory insufficiency.
Shortness of breath Grade 3 was present in 10% of patients at baseline. No Grade 
4 SOB was noted before the start of treatment. The maximal grade SOB within the 
first 90 days from the start of the irradiation was Grade 4 in 14 patients (16%). Thirty 
percent of the patients (23 of 77 patients) scored a Grade 4 SOB late toxicity.
Esophageal toxicity was mild. No Grade 3 acute esophagitis occurred in either group. 
In only one patient irradiated to a dose of 87.75 Gy a Grade 5 late esophageal toxicity 
occurred. This patient with a centrally located tumor, didn’t experience severe acute 
esophageal toxicity but developed a fistula between the distal trachea and the 
esophagus in the high dose region 10 months after the irradiation. Tumor activity 
could not be detected with repeat bronchoscopy, CT-and 18FDG PET scanning. The 
patient died five months later because of respiratory insufficiency. Shortly before her 
death a repeat CT-scan was suspicious for tumor recurrence. Post-mortum examination 
was not performed. This death was scored as a toxicity related death (Grade 5). 
Two patients died from a massive pulmonary hemorrhage at 16 months and at 27 
months after the end of treatment. The first patient with a cT3N2M0 tumor was 
irradiated to a dose of 81 Gy (risk group 2). A post-mortum examination revealed a 
fistula between the pulmonary artery and the right main bronchus without tumor 
cells. At the primary tumor site a local recurrence was discovered. The second patient 
with a cT1N1M0 tumor was irradiated to a dose of 87.8 Gy (risk group 2) developed 
a massive atelectasis within six months after the treatment. This patient died at 27 
months because of massive pulmonary hemorrhage and this death was considered a 
toxicity related death as well. 
Acute and late skin toxicity was mild; Grade 3 (desquamation) occurred in only 2 
patients (3%) and late skin toxicity Grade 3 (marked atrophy and teleangiectasia) in 
one patient. No Grade 4 acute or late skin toxicity was observed.
In Table 1 the dose limiting toxicities and MTD within the five risk groups are presented. 
The MTD was not achieved in the lowest risk group. In ten patients the 94.5 Gy 
dose was safely reached with no DLT. The actual rMLD ranged from 0.06 to 0.11, 
corresponding to a physical MLD range of 6.3 Gy to 12.2 Gy. For risk group 2 a dose 
of 87.8 Gy was considered safe since only one DLT (a massive atelectasis) was reported 
in ten patients at six months. However the same patient developed a fatal massive 
pulmonary hemorrhage at  27 months. Another patient with a stage IIIB developed late 
esophagus toxicity grade 2 after the evaluation period of six months. If we take these 
two patients with toxicity beyond the evaluation period into account the MTD was 81 
Gy for risk group 2. The 81 Gy was safely reached for risk group 3. For risk group 4 the 
74.3 Gy was safe and the MTD was not reached. In risk group 5 the accrual was poor 
and only the starting dose level of 60.8 Gy could be evaluated and was safe.
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Loco regional control and pattern of failure
Follow-up CT-scans at three months after the end of the irradiation were available in 
79 patients for evaluation of the tumor response according to the RECIST criteria. In 
9 patients the response could not be evaluated, because of early death (4 patients), 
brain metastasis during the irradiation (3 patients) and the occurrence of pleural fluid 
and/or an atelectasis (2 patients).
A complete response was seen in 20% of the patients, a partial response in 66%, 
stable disease in 13% and progressive disease in 1 patient. In 1 patient the primary 
tumor showed a partial response, but the size of the pathological lymph node in the 
mediastinum had not changed. This patient was scored as a partial response. 
Of the 52 patients with a partial response, 13 had a residual mass on the CT-scan that 
remained stable for another year and were considered to have a complete response 
according to the Green criteria [8]. The complete response rate according to the Green 
criteria at 1 year was 37%.
Locoregional failures were diagnosed in 22 patients (28%). In 16 patients the 
recurrences were within the high-dose region (13 at the site of the primary tumor 
and in 3 patients at the pathological lymph nodes). In 4 patients the local tumor 
progression was both inside and outside the high-dose region. In 2 patients the tumor 
progression was outside the high-dose region (in the homolateral lymph nodes in one 
patient and in the homolateral lung in another patient). 
Distant metastases were reported in a total of 33 patients.

Failure-free interval and overall survival
The median FFI was 17 months. The median OS was 17 months. We tested which 
clinical variables were statistically significant prognostic factors for the FFI and OS. 
Table 5 shows the results of the univariable analysis (UV). Performance status and 
weight loss were not analyzed since most patients had good performance status and 
low weight loss. Surprisingly stage did not have a significant influence on the OS at 
UV analysis although the FFI was significantly better in lower stages. Smaller tumor 
volumes were significantly correlated with an increased failure-free and OS. The effect 
of GTV volume on the OS is illustrated in Figure 1. For small tumor volumes (GTV < 75 
cm3) the OS is significantly better than for larger tumor volumes (p=0.008). 
The delivered dose evaluated either as a continuous variable, or at the cut-off dose 
level of 85 Gy, was a significant predictor for FFI at UV analysis (p values <0.001 and < 
0.02, respectively) (Table 5). However the small tumor volumes with a low MLD were 
assigned to a lower risk group and underwent irradiation to higher doses. To correct for 
this correlation, we tested the significance of dose in a multivariable analysis (Table 6) 
in which the GTV volume was also included in the model. As described in the method 
section, we stratified for risk groups (1 and 2 versus 3, 4 and 5) and we also analyzed 
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the results for these two subgroups separately. The results in Table 6 show that the 
dose remained a significant predictor for FFI for the total group. The subgroup analysis 
showed that for risk groups 1 and 2 the effect of the radiation dose is relatively larger 
than for risk group 3, 4 and 5 (hazard ratio of 0.92 and 0.96, respectively). The effect 

Table 5 Results of univariable analysis for the endpoint failure-free interval  and overall 
survival (Cox regression)

Univariable analysis Failure-Free Interval Overall Survival

Variabele HR p value HR p value

Stage (continuous) 1.30 0.004 1.09 0.2

Stage I/II vs. III 2.07 0.01 1.23 0.4

N-stage (continuous) 1.46 0.009 1.10 0.4

N=stage 0/1 vs. 2/3 1.94 0.02 1.19 0.5

GTV cm3 (continuous) 1.02 0.02 1.02 0.02

GTV < 75 cm3  vs  ≥  75 cm3 2.11 0.01 1.92 0.008

Dose Gy (continuous) 0.95 <0.001 0.98 0.1

Dose < 85 Gy vs ≥8 5 Gy 0.43 0.02 0.67 0.2

Abbreviations: GTV = gross tumor volume; HR =hazard ratio

Figure 1 Overall survival for GTV volume subgroups of patients. 
The univariable p value = 0.008, based on Cox regression. RT = radiotherapy
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of dose on FFI for risk group 1 and 2 is plotted in Figure 2. The FFI was significantly 
increased in patients irradiated to doses greater than 85 Gy.
For the total group the radiation dose was not statistically significantly associated with 
OS at MV analysis. The results for the subgroups based on the risk groups revealed 
however that a positive effect of the radiation dose on OS was present in the lower risk 
groups (hazard ratio=0.93, p value=0.05), whereas there was no significant influence 
on the survival for the higher risk groups (hazard ratio=1.02, p value=0.4) (Table 6).

Discussion 
The toxicity data showed that 94.5 Gy, delivered in 42 fractions in six weeks OTT can 
be safely applied in lung cancer patients with a low risk to develop RP. The MTD was 

Table 6 Results of multivariable analysis for the endpoints failure-free interval and  
overall survival (Cox regression).

Outcome/model Hazard Ratio 95% CI p value

Failure- Free Interval

Total group (stratified for risk group)

   Dose RT 0.95 0.90-0.99 0.02

   GTV 1.01 0.99-1.03 0.2

Risk groups 1,2

   Dose RT 0.92 0.84-1.00 0.06

   GTV 1.05 1.01-1.10 0.03

Risk groups 3,4 and 5

   Dose RT 0.96 0.91-1.02 0.2

   GTV 1.01 0.98-1.03 0.6

Overall Survival

Total group (stratified for risk group)

   Dose RT 0.99 0.95-1.03 0.5

   GTV 1.01 1.00-1.03 0.1

Risk groups 1,2

   Dose RT 0.93 0.87-1.00 0.05

   GTV 1.02 0.98-1.06 0.3

Risk groups 3,4 and 5

   Dose RT 1.02 0.97-1.08 0.4

   GTV 1.01 0.99-1.03 0.2

Abbreviations: CI = confidence interval; GTV = gross tumor volume; RT = radiotherapy
Both analyses were performed on risk groups 1, 2 (N = 46) versus 3, 4 and 5 (N = 42) 
separately, and for the total group stratified for risk group (N = 88).
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not achieved in the lowest risk group (reached dose was the 94.5 Gy). The reason for 
stopping the trial was the concerns regarding the long-term complication risk, especially 
when data became available from Duke University Medical Center [1,18]. 
In this group a maximum physical MLD of 13.6 Gy was allowed, corresponding to a 
prescribed of 94.5 Gy and a rMLD of 0.12. It should be noted that this physical dose 
was prescribed using a simple tissue inhomogeneity correction algorithm [4]. If a more 
advanced algorithm (e.g. convolution-superposition) is used, this MLD is equal to 11.3 
Gy [4].
The pulmonary toxicity scored as SOB was severe. Although the incidence and severity 
of SOB at rest increased during the follow-up of the patients, it was impossible to 
distinguish radiation induced pulmonary toxicity from tumor progression or exacerbation 
of preexisting lung disease i.e. chronic obstructive pulmonary disease [10]. 
In 1 patient pulmonary toxicity was the cause of death; in 2 patients, massive pulmonary 
hemorrhage, and in 1 patient late esophageal toxicity.
Previous studies revealed that local control was dependent on radiation dose and 
can be improved with increasing radiation dose [24,30]. Kong et al. [11] reported an 
improved local control and survival in patients irradiated with doses greater than 74 Gy. 
In our study, the patients with small tumor volumes especially underwent irradiation to 

Figure 2 Failure-free interval for risk groups 1 and 2 according to RT dose 
administered:< 85 Gy and ≥ 85 Gy (p = 0.06, Cox regression, multivariable analysis).
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high doses. For this subgroup of patients, in risk groups 1 and 2, we found evidence 
that higher radiation doses was significantly associated with better tumor control and 
improved OS. Our follow-up for this subgroup is, however, restricted (median follow-
up, 26 months for patients who are still alive). 
Several dose escalation trials reported the safety of RT doses above 100 Gy for patients 
with small tumor volumes, with a low risk for developing pulmonary toxicity. To 
compare the maximum tumor dose delivered in these trials using different fractionation 
schedules and OTT, we have calculated the time-adjusted tumor biologically effective 
dose (tBED) according to the formula and parameter values described by Mehta et al. 
[16] (α/β =10 Gy, proliferation starting at 28 days). Compared with the dose escalation 
trial of the University of Michigan (UM 9204) and the RTOG 93-11 trial, the tBED in our 
trial was higher (Table 7). This high tBED was reached because of the reduced OTT of 
6 weeks in our trial. The strategy of reducing the OTT has been incorporated in more 
recent dose escalation trials, by increasing the dose per fraction [16].

In our trial most patients (74%) were 18FDG PET staged and we used selective 
mediastinal nodal irradiation on 18FDG PET scan positive lymph nodes only. In 2 of 
the 88 patients an isolated nodal failure occurred outside the high dose region. Both 
patients had a 18FDG PET scan before irradiation. An identical isolated nodal failure 
rate after selective mediastinal nodal irradiation (based on 18FDG PET scan information) 
was reported by De Ruysscher et al. [5]. 
The tumor Stage and the radiation dose significantly influenced the FFI for the total 
group but this didn’t translate in a significantly improved OS. The results of the 
multivariable subgroup analysis suggested that radiation dose did have an impact on 
OS for small tumors treated in the lower risk groups but not for larger tumors (which  

Table 7 Comparison of maximum tumor dose given (Dmax) and time corrected 
biologically effective dose (tBED) for various published dose escalation trials using 
different fraction sizes and overall treatment times (according to the formula and 
parameter values as described by Mehta M et al. [16]).

Number of 
fractions

Dose per 
fraction (Gy)

Overall treatment 
time (weeks)

Dmax* 
(Gy)

tBED 
(Gy)

Dose escalation trial

University of Michigan 9204* 49 2.10 10 102.9 96

RTOG 93-11** 39 2.15 8 83.8 84

NKI-AVL 42 2.25 6 94.5 108

Dublin*** 24 3.00 5 72.0 91

* Narayan S et al. (6)
** Bradley J et al. (10)
*** Thirion P et al. (11)
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in general were treated to lower radiation doses). The reason for this might be that 
larger tumors are more likely to develop distant metastases and the influence of local 
control on survival is hampered by the occurrence of these distant metastases. A small 
tumor volume was correlated with an increased FFI and a significantly improved OS.

Conclusion
In this phase I/II trial we have demonstrated that dose escalation up to 94.5 Gy in 42 
fractions within a 6 week OTT is safe for small-volume lung tumors with a MLD ≤ 13.6 
Gy or 11.3 Gy, depending on the sort of tissue inhomogeneity correction applied. Higher 
irradiation doses significantly increased the failure free interval and overall survival for 
small tumor volumes. Involved field irradiation in 18FDG PET staged patients resulted in 
a low percentage of isolated nodal failures. 
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Abstract
The purpose of this work was to study the feasibility of concurrent chemoradiation 
in patients with inoperable Non-Small Cell Lung Cancer (NSCLC). Forty patients with 
inoperable NSCLC were treated with escalating doses of radiotherapy and cisplatin 
(cDDP). The radiation dose was increased step by step from 60.5 to 66 Gy in daily 
fractions of 2.75 Gy. Chemotherapy was also increased from 20 to 24 daily doses of 
cDDP 6 mg/m² and given concurrently with radiotherapy.
A dose of 40 Gy/20 fraction (fx) was given to the EPTV (elective planning target 
volume) which included the gross tumor volume with a margin of 2 cm and part of, 
or the entire mediastinum. During each session a boost dose of 0.75 Gy was given 
simultaneously to the BPTV (boost planning target volume), which encompassed the 
GTV (gross tumor volume) with a margin of 1 cm, for the first 20 fx, so the total dose 
to the tumor was 55 Gy. Cisplatin 6 mg/m² was given 1 h prior to radiotherapy at each 
fraction. From then on the dose of radiation to the BPTV and the dose of cDDP were 
increased step by step.
In group I the BPTV was irradiated with two extra fractions of 2.75 Gy to a total dose 
of 60.5 Gy without cDDP. In group II the same total dose of 60.5 Gy was given but the 
last 2 fractions were combined with cDDP. In group III four extra fractions of 2.75 Gy 
were given to the BPTV to a total dose of 66 Gy, only two of these fractions combined 
with cDDP. Finally, in group IV a total dose of 66 Gy was given in 24 fractions, all 
fractions combined with cDDP. All patients were planned by means of a CT- based 
conformal treatment planning. The maximal length of the esophagus receiving ≥ 60.5 
Gy was 11 cm. 
Forty patients were evaluable for acute and late toxicity and for survival. Acute toxicity 
grade ≥ 3 (Common Toxicity Criteria, CTC) was rarely observed; nausea/vomiting in 
3 patients (8%), leucopenia in 2 patients (5%), thrombocytopenia in 2 patients (5%), 
whilst 2 patients (5%) suffered from severe weight loss. Late side effects (EORTC/
RTOG) were: esophageal toxicity ≥ grade 3 in 2 patients (5%) and radiation pneumonitis 
grades 1 (3%) and 2 (3%) in one patient each. Overall actuarial 1- and 2-year survival 
was 53% and 40%, respectively. The 1- and 2 year local disease-free interval was 65% 
and 58% respectively. 
Conclusion: Radiotherapy at a dose of 66 Gy/2.75 Gy/24 fx combined with daily cDDP  
6 mg/m² given in 5 weeks was feasible and results in a good local disease-free interval 
and a good survival rate. This treatment schedule is one of the two treatment arms of 
EORTC phase III study protocol 08972/22973. 
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Introduction
Inoperable non-small cell lung cancer (NSCLC) is the most common cause of cancer 
mortality in males in the Western world. As the percentage of smokers since the 
1980s has been steady no major decrease of the incidence in men is expected. Female 
incidence is rising [1,2]. Overall the 5-year survival is less than 13%, and in patients 
with irresectable disease it is less than 5% [3].
Large studies have shown that a small percentage of the patients with irresectable, 
localized disease can be cured with radiotherapy [4]. However, even after using the 
best available radiation schedules recurrences in the radiation field are observed in a 
substantial percentage of the patients [5,6,7,8].
Patients with localized NSCLC presenting with good prognostic factors have a better 
local-disease free and overall survival [4,9]. Known treatment factors influencing local 
disease-free survival in localized NSCLC are total dose, overall treatment time and 
combined administration of chemotherapy [10,11,12,13,14,15,16]. 
A radiation dose of 60-66 Gy with conventional fractionation appears to be the maximal 
tolerated dose if large radiation fields are used [6]. As a dose-response relationship 
for NSCLC has already been established, phase II studies actually focus to administer 
higher doses by conformal radiotherapy techniques, and have so far shown promising 
results [17,18,19], which still are to be confirmed by phase III study data.
There is evidence that in NSCLC reduction of the overall treatment time might lead 
to a better local control. Saunders and Dische prospectively randomized Continuous 
Hyperfractionated Accelerated Radiotherapy 54 Gy/in 36 fractions (fx) in 12 days 
(CHART) versus conventional radiotherapy (60 Gy/30 fx/6 weeks). A significant 
improvement in 2-year survival was seen in the CHART regimen (29%) compared to the 
conventional arm (20%). In addition, a significant reduction in local tumor progression 
was seen in the CHART arm [10]. A phase II study with hyperfractionated accelerated 
radiotherapy of 74,3 Gy/66-69 fx/33 days has also shown a favorable 2- and 3-year 
survival [20]. After retrospective analysis of data from RTOG studies Cox found that 
prolongation of the overall treatment time in patients presenting NSCLC with good 
prognostic factors might result in decreased survival [21].

In an EORTC phase III study 08844 Schaake-Koning and colleagues demonstrated 
that radiotherapy combined with daily administration of 6 mg/m² cDDP resulted in an 
improved local control and actuarial survival in patients with inoperable NSCLC [12]. 
In this study a dose of 55 Gy was administered in an overall treatment time of 7-8 
weeks (3-4 weeks split).  A subsequent phase II study (EORTC 08912) demonstrated 
that the same dose of 55 Gy could be given in an overall time of 4 instead of 7-8 
weeks without increasing toxicity [22]. As the toxicity of 55 Gy in 4 weeks combined 
with daily cDDP 6 mg/m² was considered acceptable in the previous study, a new 
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feasibility prospective phase II study was undertaken which aimed to increase the dose 
of radiation from 55 Gy/2.75 Gy/20 fx to 66 Gy/2.75 Gy/24 fx and of cDDP doses from 
20 to 24 times 6 mg/m² (120 to 144 mg/m² total dose). This study was performed 
under the auspices of the EORTC Radiotherapy and Lung Cancer Cooperative Groups. 
Primary endpoints were acute toxicity and late effects. Secondary endpoints were 
survival and local disease-free interval.

Patients and methods
Between October 1994 and January 1997 44 patients were registered. All patients 
were staged by physical examination, hematological counts and biochemical liver 
function tests as well as creatinin clearance, bronchoscopy, lung function tests 
including Vital Capacity (VC), Forced Expiratory Volume (FeV1) and Carbon Monoxide 
Diffusion Capacity (DLCO), ECG, chest X-ray standard films and computed tomography 
(CT) scan of the thorax. Liver ultrasound, bone scan and CT scan of the brain were 
performed if metastases in these sites were suspected.
To enter the study patients had to fulfill the following criteria: inoperable NSCLC T 1-4, 
N0-2, M0 (UICC 1987), histologically or cytologically proven NSCLC, ≤ 70 years of age, 
performance status 0-1 (ECOG/ ZUBROD-WHO).
Excluded were patients with a weight loss of more  than 5% during the last 3 months, 
patients with a creatinin clearance < 70 ml/min, FeV1 < 1 L, patients who had received 
previous chemo- or radiotherapy, patients with any history of cancer, recent myocardial 
infarction, (< 6 months) or evidence of heart failure and patients with any form of bone 
marrow hypoplasia (haemoglobin (Hb) < 6.8 mmol/l, W.B.C. < 4 x 10 9/L, platelets < 
11 x 10 9/L). Technical exclusion criteria were: impossibility to limit the spinal cord dose 
to 44 Gy, impossibility to limit the maximal length of the esophagus receiving 66 Gy or 
40 Gy to 11 cm or 16 cm respectively.

Acute and late side effects
Patients were followed once a week during treatment and until 4 weeks after the 
treatment was ended, and after that at intervals of 8 weeks. Acute side effects were 
scored for weight loss, nausea/vomiting, esophagitis, renal and hematological toxicity. 
These were registered according to the Common Toxicity Criteria (CTC) (1998). 
Late toxicity was expressed according to the RTOG/EORTC scale. Acute side effects 
included all reactions taking place from the start of radiotherapy (day 1) through day 
84. According to the protocol lung function tests should have been repeated 6 and 12 
months after end of treatment, however these data were available only in a number of 
the patients because of inadherence to the follow-up protocol.
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Evaluation of response
The first evaluation of response was done 12 weeks after start of treatment. For 
reasons of comparison the same definition was used as in EORTC study 08844 and 
08912: a condition in which no clinical signs of a local recurrence were present and 
in which at least a decrease of ≥ 50% in the product of the two largest perpendicular 
diameters of a radiologically measurable disease was documented [12, 22]. Due to the 
development of fibrotic changes in the irradiated areas, a final complete disappearance 
of all tumors on the chest X-rays was often impossible to evaluate. Persistent patchy 
or dense radiographic abnormalities or lung retraction, stable after 12 months, were 
attributed to lung fibrosis due to irradiation.

Radiotherapy
All patients were treated with megavoltage photon beams ≥ 5 MV energy. The Gross 
Tumor Volume (GTV) was defined as the primary tumor 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 
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 per week. The dose was defined according to the 
ICRU 50 report. The BPTV was irradiated with 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, the dose to the BPTV was step by step increased to 66 Gy. 
In groups I and II two additional fractions of 2.75 Gy were given to the BPTV, whilst 
in groups III and IV four additional fractions of 2.75 Gy were given. So the total dose 
to the BPTV in groups I and II was 60.5 Gy, in groups III and IV 66 Gy. The overall 
treatment time in groups I and II was 30 days, in groups III and IV 32 days. 
     

Chemotherapy
Cisplatin 6 mg/m² i.v.(intravenously) was administered 1-2 h before irradiation. The total 
dose of cDDP was step- wise increased from 20 to 24 administrations of 6 mg/m² 
cDDP (total dose 120-144 mg/m²). Patients included in group I received cDDP for 20 
fractions, patients in group II and III for 22 fractions and patients in group IV for 24 
fractions. A daily fluid intake of 2 L was obligatory. The treatment could be applied on 
an outpatient basis, but generally the patients were hospitalized for the first week of 
treatment. A minority of the patients was admitted for the entire treatment. If the 
patient had esophagitis grade 1 or higher, a combination of the cDDP administration 
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with infusion of 1L extra fluid was considered. In case of a decrease in the creatinin 
clearance < 70 ml/min or if esophageal toxicity grade 4 occurred, administration of 
cDDP was withheld. The treatment was interrupted when hematological toxicity 
≥ grade 3 was observed. Routine use of 5-HT3 antagonists to control nausea and 
vomiting was advised.

Study design
In treatment group I, 3 patients were to be included; if no severe acute toxicity was 
observed the next 3 patients were treated according to treatment schemes II, and III 
respectively. As soon as grade 3 toxicity was seen 3 more patients were to be treated 
in that treatment group. 
At least 20 patients were to be included in group IV. Survival was calculated from the 
date of diagnosis to the time of death or last follow-up. Local recurrence-free interval 
was calculated from the first day of radiotherapy. Kaplan Meier curves were generated 
for local recurrence-free interval and overall survival. 

Results 

Patient characteristics
Forty-four patients were registered for the study. Four patients were not eligible, 3 
patients had N3 disease and 1 patient developed a lymphangitis carcinomatosa shortly 
before start of treatment. Forty patients were evaluable for acute and late toxicity, 
and for survival. A summary of the patient characteristics is presented in Table 1. The 
mean age was 60 years (range 39-70). Six patients presented weight loss > 5%. In 
1 patient this could be attributed to an explorative thoracotomy and in the other 5 
patients to a recent pulmonary infection.  
The vital capacity varied between 64% and 114% of the normal value with a mean value 
of 91%. The mean FeV1 value was 73% with a range of  42-102%. The DLCO diffusion 
varied between 29% and 100% with a mean of 64%. In 9 patients a ventilation-
perfusion scintigraphy was performed prior to radiotherapy to ascertain that high dose 
radiotherapy was within the tolerance limits. In 34 patients the primary tumor was 
located in the upper lobes, in three patients the tumor originated in the middle lobe, 
and three patients had a tumor in the lower lobe or in a combination of lobes.

Feasibility
In treatment groups I, II, III and IV 4, 5, 6, and 25 patients were entered respectively. 
Group I-III encompassed more than 3 patients to compensate for unforeseen 
inevaluability.  Details of the radiation portals are presented in Table 2.
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The dose in the spinal cord exceeded 44 Gy/1.8 Gy in 7 patients. In 3 patients the dose 
was 45 Gy, the other 4 patients received a dose of 46, 47, 49 and 50 Gy respectively. 
In these 4 patients the localization of the GTV was close to the spinal cord. Despite 
this protocol violation these 7 patients were judged to be evaluable for toxicity and 
(local disease-free) survival as the administered dose to the GTV was correct. 
The esophageal dose ranged from 38-66 Gy in fractions of 2.0 to 2.75 Gy. Seventeen 
patients had an esophageal dose > 60 Gy (mean length 11.4 cm, range: 6-17), in 13 
patients the dose varied between 51-60 Gy (mean length 11.4 cm, range: 8-16), the 
remaining 10 patients received a dose ≤ 50 Gy (mean length 10 cm, range: 8-13). In 
several patients the irradiated length of the esophagus exceeded the limit described in 
the technical exclusion criteria. 
These patients were included in the toxicity analysis, with special attention to this 
parameter. The overall treatment time was 30-32 days in 33 patients and, due to 
holidays, 33-35 days in 5 patients. In 1 patient an interruption was introduced because 

Table 1 Patient characteristics

Number of patients (n=40)

N (%)

Sex (male/female) 31/9

Mean age (range) 60 (39-70) years

Histology

Squamous 14 (35)

Adenocarcinoma 6 (15)

Large cell 14 (35)

NSCLC 6 (15)

Performance status 

ECOG

0 16 (40)

1 24 (60)

Weight loss %

0 26 (65)

1-5 8 (20)

> 5 6 (15)

Stage 

T 1,2  N 0 2 (5)

T 3 N 0 1 (3)

T 1-3 N 2 16 (40)

T 4 N 0-2 21 (53)
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of subjective toxicity (overall time 37 days) and in another patient due to an infectious 
pneumonia (overall time 47 days). 
Cisplatin was given according to the protocol in 36 patients. In 4 patients a protocol 
violation was noted for the following reasons: subjective toxicity in 1 patient (17 x 
cDDP), logistic reason in 1 patient (23 x cDDP), 1 patient received 20 x cDDP instead 
of 22 and 1 patient received 22 fractions of cDDP instead of 20. In 6 patients cDDP 
was withheld prematurely because of toxicity. In 3 patients a decreased creatinine 
clearance was the reason to stop cDDP administration on days 9, 13 and 19 of 
treatment respectively. Three patients developed gastro-intestinal side effects grade 2 
(2) or grade 3 (1); therefore, cDDP was withheld after days 12, 18 and 22. 
Three patients have been treated surgically with a pneumonectomy 12, 14 and 30 weeks 
after radiotherapy because evaluation showed a partial but not complete response 
and the patients had become technically operable. At pathological examination vital 
tumor cells were found at the primary site of disease in 2 patients, in 1 patient no 
tumor residue was seen. 

Acute toxicity
Acute toxicity according to the CTC criteria is reported in Table 3. In 6 patients cDDP 
could not be given completely according to the protocol because of acute, reversible 
toxicity. No interruption of the radiotherapy scheme due to toxicity was observed. 
Severe acute non-hematological toxicity grade 3-4 was seen in 6 patients (15%). Three 
patients experienced severe nausea/vomiting grade 3. Severe esophagitis grade 3 was 
present in 2 patients, in one of them severe weight loss was present as well. In another 
patient severe weight loss (grade 3) without esophageal toxicity was present. In these 

Table 2 Planning target volume (PTV) characteristics

No. of  patients EPTV No.of patients BPTV

Field including:

Primary tumor only 1 13

Primary tumor and ipsilateral hilum 5

Primary tumor and part mediastinum 18 22

Primary tumor and entire mediastinum 21

Length of the field (cm)

7-10 - 19

11-14 7 17

15-20 30 4

> 20 3 -

EPTV, elective planning target volume; BPTV, boost planning target volume
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patients the absorbed esophageal dose was 65 and 66 Gy, over a length of 9 and 13 
cm respectively. No dose relationship could be demonstrated for any grade of acute 
esophageal toxicity. At an absorbed esophageal dose > 60 Gy, patients presenting 
toxicity grade 1-3 had a mean irradiated length of 12 cm, whilst absence of toxicity 
was correlated with a mean irradiated length of 9.5 cm. Severe hematological toxicity 
was observed in 2 patients. The mean field area of the EPTV in these patients was 
377 cm²; patients with toxicity grade 0 or 1-2 had a mean field area of 236-244 cm² 
respectively. The mean score for acute toxicity was equal for patients in group I-III and 
for patients in group IV.

Late toxicity
Overall, late toxicity was observed in 12 patients. The actuarial late toxicity-free 
probability rate is presented in Figure 1. The median length of follow up was 21 
months (range of 2-44). A radiation pneumonitis was seen twice, once in a patient 
during week 22 with a primary tumor in the upper lobe (grade 1), the other patient 
had a lower lobe lesion and developed pulmonary toxicity grade 2 in week 25. Both 
were patients treated in the highest dose level group (IV). No severe late pulmonary 
toxicity was observed.
Late esophageal toxicity occurred in 10 patients (25%) (Table 4). Six patients (15%) 
had a mild esophagitis grade 1; another 2 patients needed a liquid diet and improved 
after medication (grade 2). In 1 patient severe esophagitis with a stenosis at week 25 
developed for which dilatation was needed (grade 3). In another patient haematemesis 
and ulcera were observed in week 13; medication and a liquid diet were continued for 
6 months (grade 4). Thus, severe late esophageal toxicity was seen in 2 patients (5%) 
only. The mean score of late esophageal toxicity was equal in patients of group I-II and 
for patients in group IV. Late esophageal toxicity was correlated with the administered 
esophageal radiation dose. 

Table 3 Acute side- effects following the Common Toxicity Criteria (CTC) score

Grade (CTC) N/V E WBC Pl Cr W

0 8 4 16 35 36 22

1 13 13 18 2   4* 9

2 16 21 4 1 - 2

3 3 2 1 2 - 1

4 - - 1 - - 1

unknown - - - - - 1

total 40 40 40 40 40 40

*excluded 2 x decreased creatinin clearance, no CTC toxicity N/V: nausea, vomiting; E: 
esophagitis; WBC: white blood count; Pl: platelets; Cr: creatinin; W: weight loss.
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Late esophageal toxicity (grade 2) occurred in only one out of 17 patients (6%) who 
received an esophageal dose of 55 Gy, whilst 9 out of 23 patients (39%) with an 
absorbed dose > 55 Gy had late toxicity. No other severe late toxicity was reported. 
So the only severe late toxicity reported was in the esophagus, in 2/40 patients (5%). 
There were no toxic deaths.
Data concerning lung function tests 6 months after radiotherapy were available for 
9 patients (23%) and were compared to the pretreatment values. Vital capacity had 
remained unchanged in 2 patients, had improved in 2 (increase of 10% and 17% 
respectively) and decreased in another 5 patients (mean decrease of 12%, range: 5-
18). FeV1 remained unchanged in 3 patients, increased in 3 (mean increase 21%, 
range: 6-38) and decreased in 3 patients (mean decreae 29%, range: 5-24). The DLCO 
diffusion capacity decreased in 5 patients (mean 29%, range: 11-42), had improved in 
1 (100%) and had remained unchanged in 1 patient. 
Overall survival data are presented in Figure 2. At the moment of analysis 16 patients 
were alive. The median follow-up was 21 months (range: 2-44). Median survival was 
13.5 months. The overall actuarial 1 and 2 year local recurrence rates were 53% and 

Table 4 Late side effects, according to the EORTC/RTOG scoring system

Grade (RTOG/EORTC) Esophagus n (%) Lung n (%)

0 30 (75) 38 (95)

1 6 (15) 1 (3)

2 2 (5) 1 (3)

3 1 (3) -

4 1 (3) -  

40 40

Figure 1 Actuarial late toxicity-
free probability of 40 patients 
treated with escalating doses 
of radiotherapy 60.5-66 Gy 
combined with daily cisplatin 
6 mg/m².
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40% respectively. Fourteen out of 40 patients had a local recurrence (35%). The 
actuarial one and two year local recurrence rate was 35% and 42% respectively, the 
actuarial local recurrence-free interval is shown in Figure 3. Two patients treated with 
surgery had residual tumor on the location of the primary, in one patient no tumor 
cells were found at microscopical examination.

Figure 2 Crude survival of 40 patients with non-small cell lung cancer treated with  
escalating doses of radiotherapy 60.5-66 Gy, combined with daily cisplatin 6 mg/m² 
20- 24 fractions. 

Figure 3 Local recurrence-free interval of 40 patients with non-small cell lung cancer 
treated with escalating doses of radiotherapy 60.5-66 Gy, combined with daily cisplatin 
6 mg/m² in 20-24 fractions.
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Discussion
In conclusion this study shows that it is feasible to treat selected patients having 
inoperable loco-regional NSCLC with 66 Gy in 24 fractions of 2.75 Gy, combined with 
daily administration of 6 mg/m2 cDDP within a relatively short overall treatment time of 
32 days. Severe acute toxicity is acceptable and severe late toxicity is rare. Survival and 
local control are promising. Data from randomized trials in squamous cell carcinoma of 
the head and neck and cervical carcinoma confirm the outcome of EORTC trial 08844: 
namely concurrent radiotherapy and low doses of cDDP result in an improved local 
control and survival [23,24,25,26,27,28]. The present study offers the possibility of 
applying a more optimal treatment scheme than used in EORTC trial 08844, where 55 
Gy in 20 fractions of 2 Gy were given in an overall time of 7-8 weeks.
In the present study, the observed acute side-effects of nausea/vomiting are generally 
mild (29 out of 40 patients), only 3 patients had severe toxicity. In this protocol the 
routine use of 5-HT3 antagonists to control nausea and vomiting was advised. In three 
patients (one patient with grade 3 and 2 patients with grade 2 toxicity) nausea/vomiting 
was the reason to stop administration of cDDP. Side-effects of nausea/vomiting appear 
to be more frequent in the present study, when compared to the former pilot study 

Table 5 Esophageal toxicity in patients with NSCLC treated with concurrent 
radiotherapy and platinum containing chemotherapy*. 

Author Radiotherapy
Gy/nr fx/time

Chemo-therapy % Acute 
grade 3/4

% Late Remarks

Schaake [12] 55/20 fx/7w CDDP 6 mg/m², daily 9 0

Jeremic [11] 69.6/58 fx/6w Carbo 50mg
Vds 50 mg daily

8 5 No diff ± Chemo

Kelly [33]              60/40 fx/4w Carbo 25 mg/m² daily 34 NR Post RT 4 x carbo 
350 mg/m²

Bardet [34] 66/33 fx/6.6 w Carbo 15 mg/m² daily 16 NR Induction 2 x 
carbo/VP16 = 
post RT idem

Le Pechoux [31] 60/30 fx/6 w CDDP 6 mg/m² daily
Vds 2.5 mg/m² wkly

9 NR -

Byhardt [13]   60/30 fx/6 w CDDP/Vbl 6 4 Chemo not daily 
given

Byhardt [13] 69.6/58 fx/6 w CDDP/Vbl 34 8 Chemo not daily 
given

or Etoposide

Present study 66/24 fx/4.8 w CDDP 6 mg/m² daily 5 5

*Carbo: Carboplatin, Vds: Vindesine, Vbl: Vinblastine, Chemo: chemotherapy, NR: not 
reported
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of 55 Gy/26 days/20 fx with cDDP and the EORTC randomized study. This could be 
attributed to the higher total dose of cDDP used in the present study, namely 144 mg/
m² versus 120 mg/m² [12,22]. Hematological toxicity was reported, but was generally 
mild (25/80 times or 31 %). Severe hematological toxicity was observed four times in 
2 patients (5%) and might have a correlation with the irradiated volume. 
Acute renal toxicity is infrequent (4/40 patients, 10%) and reversible, but in 3 patients 
a decreased clearance led to early discontinuation of cDDP administration. The 
supplemental i.v. fluid administration in case of insufficient oral intake probably has 
contributed to the low renal toxicity profile of this treatment scheme. Other authors 
who combined high-dose radiotherapy with 6 mg/m² cDDP daily, did not observe 
either renal or severe hematological toxicity [23,29,30,31]. 
The majority of the patients develop mild or moderate esophagitis, whilst severe acute 
esophageal toxicity is rare. Graham reported a low incidence of acute esophageal 
toxicity (2/59 patients, 3%) in a comparable treatment schedule of 75 Gy without 
cDDP [7]. Armstrong and collegues also observed minimal acute toxicity in the same 
patient population with NSCLC after high-dose radiotherapy (70 Gy) in conventional 
fractionation [32]. A summary of esophageal toxicity found in patients receiving 
concurrent platinum containing chemotherapy and high-dose radiotherapy is presented 
in Table 5. In five out of eight studies late toxicity remained below 10%. However three 
series reported higher toxicity; Jeremic did not observe increased esophageal toxicity 
when combining radiotherapy 69.6 Gy /2 x 1.2 Gy daily in NSCLC or 70 Gy/2 Gy in head 
and neck tumors with daily cDDP or carboplatin  [23]. Kelly and Byhardt also report 
a somewhat higher toxicity but both used high-dose hyperfractionated radiotherapy 
[13,33]. Bardet and colleagues reported an incidence of severe esophageal toxicity 
of 16% after combination of high-dose radiotherapy and concomitant carboplatin in 
patients with NSCLC, but this treatment was preceded by polychemotherapy [34]. Le 
Pechoux observed a rate of 9% severe acute toxicity when combining cDDP 6 mg/
m² daily and vindesine weekly with hyperfractionated radiotherapy 60 Gy/6 weeks, 
followed by two cycles of chemotherapy in patients with inoperable NSCLC. She also 
mentioned a non-significant relationship between the tumor size and late esophageal 
toxicity [31]. In the present study the fact that no more than 25 and 33% of the total 
length of the esophagus was irradiated to a high dose might have contributed to the 
acceptable tolerance; the length of the esophagus receiving a dose ≥ 60 Gy seemed to 
be correlated with acute toxicity. Radiation pneumonitis does not seem to be a dose-
limiting factor for this treatment scheme, despite the high fraction size [35]. Assuming 
an α/β of 3 Gy for radiation pneumonitis, the prescribed dose is comparable to 76 
Gy/2 Gy (α/β is the ratio of the coefficients for single and multiple hit killing). Late 
responding tissues have low α/β ratios, early reacting tissues have high values. As no 
dose volume histograms (DVH’s) or mean radiation dose to the lungs were available, 
we could not estimate the expected probability for radiation pneumonitis, based on 
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the total lung volume receiving > 20 Gy, the Veff or the mean lung dose [36,37,38]. 
The addition of cDDP does not seem to increase the risk of a radiation pneumonitis 
[12,15,29,31,39]. The location of the primary tumor in the upper lobe, restriction of 
the field sizes and conformal shaped boost fields might be factors contributing to the 
low risk of radiation pneumonitis in this study [36,37,39]. It must be emphasized that 
one of the patients with a radiation pneumonitis had a lower lobe tumor. 

Late esophageal toxicity was observed in 10 out of 40 patients (25%) but appeared to 
be transient in most patients. Severe late morbidity was infrequent and only seen in 2 
out of the 21 patients (10%) who received ≥ 60 Gy to the esophagus. This is less than 
expected from the data of Emami and colleagues [40], but in agreement with other 
reports in the literature. A toxicity analysis of five studies performed by the RTOG in 
which radiotherapy ≥ 60 Gy was combined with platinum-containing chemotherapy 
regimens showed that conventional radiotherapy combined with concurrent or 
sequential chemotherapy yielded an incidence of late esophageal toxicity of 1 - 6%. 
However, if concurrent chemotherapy was combined with 69.9 Gy hyperfractionated 
radiotherapy a significantly higher incidence of 34% was seen. In these studies 
multimodality chemotherapy was applied and the doses were higher than in our pilot 
study [13].
Data of 2-year overall survival and local recurrence-free interval of this study are in 
agreement with other reports of concurrent chemoradiation using platinum containing 
regimens and high-dose radiotherapy ≥ 60 Gy in patients with NSCLC stage IIIA-IIIB 
[11,13,15,31,33]. Assuming an α/β ratio of 10 Gy for tumor, this scheme equals a dose 
of 70 Gy in conventional fractions of 2 Gy.
Following the meta-analysis of the NSCLC Collaborative Group suggested induction 
chemotherapy as the standard treatment. However, its gain in survival is only modest, 
only 4% at two years and 2% at 5 years [41]. The mechanisms by which this superior 
result is achieved are not yet clear. Of all phase III studies only 2 show a benefit 
in survival due to an influence on the rate of appearance of distant metastases [5, 
42]. The RTOG 8808 study, which compared standard radiotherapy alone (60 Gy/ 
6 weeks) with standard radiotherapy and induction cisplatin/vinblastine or with 
hyperfractionated radiotherapy 69.6 Gy in 6 weeks, confirms the data of Dillman, 
but the improvement in survival seems less than found in the Dillman study [43]. 
Moreover, the optimal way of combining radiation and chemotherapy remains to be 
established [41]. Recent analysis of the RTOG of this subject suggests improved local 
control and survival for concurrent chemo-radiation in selected patients [13]. Several 
studies on the question about scheduling chemo-radiation in NSCLC are ongoing. The 
investigated schedules in general include platinum and taxol derivative.
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In a phase II study (EORTC 08955) the combination of cDDP and gemcitabin resulted 
in a response rate of 70-80% in patients with inoperable NSCLC stage IIIA; toxicity 
of this treatment followed by radiotherapy 60 Gy/2 Gy is tolerable [44]. The EORTC 
Lung Cancer and Radiotherapy Cooperative Groups have started a randomized phase 
III study in which concurrent chemo-radiation 66 Gy/24 fx with daily administration 
of cDDP 6 mg/m² (the scheme of this feasibility study) will be compared to induction 
cDDP and gemcitabin followed by the same radiation schedule (66 Gy/24 fx) without 
cDDP daily.
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Abstract
Methods: One hundred and fifty-eight patients were randomized to receive 2 courses 
of gemcitabine (1250 mg/m2 day 1,8) and cisplatin (75 mg/m2 day 2) prior to, or daily 
low-dose cisplatin (6 mg/m2) concurrent with radiotherapy consisting of 24 fractions 
of 2.75 Gy in 32 days, with a total dose of 66 Gy. 
Results: Acute haematological toxicity Grade 3/4 was more pronounced in the 
sequential (S) (30% vs. 6%), esophagitis Grade 3/4 was more frequent in the concurrent 
arm (C) (5% vs. 14%). Late esophagitis Grade 3 was 4% in both arms. Pneumonitis 
Grade 3/4 14% (S) and 18% (C). Because of the poor power of the study no significant 
differences in median survival (MS), overall survival (OS) and progression-free survival 
(PFS) survival could be detected. MS was 16.2 (S) and 16.5 (C) months, 2-yr OS was 
34% (S) and 39% (C), 3-yr OS 22% (S) and 34% (C).
Conclusion: Radiotherapy 66 Gy given concurrently with daily low-dose cisplatin or 
after two courses of gemcitabine/cisplatin was well tolerated. Due to early closure no 
clear conclusions can be reached on the relative merits; both arms showed good OS.
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Introduction
Until the mid-eighties standard treatment of patients with inoperable locally advanced 
non-small cell lung cancer (NSCLC) consisted of radiotherapy alone and the 5-year 
survival rates did not exceed 5% [22,26]. Survival figures doubled when radiotherapy 
was preceded by platinum-containing chemotherapy [10,18,21,25]. Chemotherapy 
given concurrently with radiotherapy resulted in a significant improvement over 
radiotherapy alone also, as was shown in the EORTC 08844 study [27]. This is in line 
with in vitro and in vivo studies [3]. However the split-course radiotherapy regimen used 
in EORTC 08844 study was considered as suboptimal. Subsequent studies showed 
that daily low dose cisplatin could be safely combined with continuous accelerated 
radiotherapy [30]. 
In the following phase II EORTC 08912 study, the feasibility of dose escalation from 
55 Gy to 66 Gy was investigated using a concomitant boost technique [34]. This 
resulted in a radiotherapy fractionation schedule of 66 Gy given in 24 fractions in an 
overall treatment time (OTT) of 32-34 days, combined with daily cisplatin (6 mg/m2), 
total dose 144 mg/m2. We started a randomized trial to compare concurrent chemo-
radiotherapy (CRT) and sequential CRT for inoperable NSCLC patients Stage I-III. 

Patients and methods
Patients with inoperable NSCLC Stage T1-4N0-3 (excluding N3 disease based on 
supraclavicular nodes) were randomized to receive sequential or concurrent CRT. 
All patients had good prognostic features (weight loss ≤10% in the preceding 3 
months and WHO 0 or 1). All patients had a FEV1≥1 l and a diffusion-capacity of 60% 
at least.
 The trial protocol was approved by the EORTC Protocol Review Committee and by the 
medical ethics committee of the participating institutions. Patients were randomized 
after written informed consent. Randomization was stratified for performance status 
(0 versus 1), TNM Stage (I and II versus III) and institution. Patients scheduled for 
sequential CRT, received two courses of gemcitabine (1250 mg/m2 day 1,8) and cisplatin 
(75 mg/m2 day 2) with a three-weeks interval. The concurrent CRT consisted of daily 
low-dose cisplatin (6 mg/m2) 1-2 hours before each fraction. In both treatment arms 
patients received accelerated high-dose conformal radiotherapy; 66 Gy in 24 fractions 
(2.75 Gy per fraction) in 32 days. Elective nodal irradiation (40 Gy in 20 fractions) 
was given; for N0 disease, the homolateral hilar region, for N1- or N2 disease, the 
mediastinum (with the exception of the lower para-esophageal lymph nodes). For N2 
disease the homolateral supraclavicular area was included as well. The elective nodal 
irradiation was given with two opposing anterior-posterior fields. The daily dose to the 
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GTV was 2.75 Gy, resulting in a dose of 55 Gy to the GTV after 20 fractions. Then a 
boost to the GTV was given of 4 fractions of 2.75 Gy up to 66 Gy. The length of the 
esophagus irradiated in the elective fields was restricted to 18 cm while the length 
of the esophagus in the boost fields was restricted to 12 cm [34]. These restrictions 
excluded patients with large tumors. Before randomization, the radiation oncologist 
had to decide whether the tumor volume allowed the delivery of the radiotherapy 
treatment according to these esophageal constraints.

Baseline and Response Evaluation
Within four weeks before start of treatment and six weeks after the end of the irradiation 
a medical history, physical examination, performance status, laboratory values, chest 
X-ray, bronchoscopy, CT-scan of the thorax and upper abdomen, lung-function and 
a quality-of-life questionnaire were obtained. Only few patients were staged using 
18FDG-PET scan or mediastinoscopy. Prior to every course of chemotherapy, and once 
a week during the irradiation, a medical history, weight, performance status, physical 
examination, and complete blood count tests were performed. Acute and late toxicity 
was scored using the RTOG/EORTC criteria. After completion of the treatment, patients 
were followed every 2 months until disease progression or death. 

Statistical analysis
Primary endpoint of this trial was overall survival. Secondary endpoints included 
disease-free survival, local control, acute and late toxicities, and quality of life. Statistical 
considerations of the protocol were as follows: assuming a one-year survival in the 
control group (concurrent CRT and daily cisplatin) of approximately 45%, 189 deaths 
per arm (total 378 deaths) were calculated to detect an absolute increase of 10% in 
the one-year survival, i.e. from 45% to 55% with two-sided type I error of 0.05 and a 
power of 80%. Following the recommendations of the Independent Data Monitoring 
Committee, the Lung Cancer Group and the EORTC Executive Committee decided to 
terminate this trial prematurely after inclusion of 158 patients due to poor accrual.
Primary analysis of overall survival was based on the intent-to-treat principle. Overall 
survival was defined by the time interval between randomization and death due to 
any cause calculated according the Kaplan-Meier method. Patients still alive at the 
time of the analysis were censored at the last date known to be alive. Progression-
free survival was measured from randomization until progression or death due to any 
cause (whichever occured first). Patients alive and without progression at the time of 
the analysis were censored at the last date known to be alive.
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Results 

Patients characteristics
Between February 1999 and March 2003, 158 patients were randomly assigned 
between concurrent and sequential CRT. Eighty patients (50.6%) were randomized 
to the concurrent arm (control) and seventy-eight patients (49.4%) were randomized 
to the sequential arm (experimental). Patients characteristics are presented in Table1. 
Median age was 63 years. A total of 93% of the patients had Stage IIIA or IIIB 

Table1 Characteristics of randomized patients (N=158)

Characteristic Sequential arm (N=78)   % Concurrent arm (N=80)   %

Age (years)

median 64 62

range [46-78] [36-78]

Sex

Male 78 74

Female 22 26

WHO performance

0 42 44

1 58 56

Lung function

FEV1 (median) liters 2.3 2.1

Diffusion capacity (median) % 81 79

Clinical Stage

I 3 1

II 4 5

IIIA 45 30

IIIB 47 64

Unknown* 1 0

Histology/cytology

Squamous 40 40

Adenocarcinoma 32 24

NSCLC not specified 19 34

Mixed adeno squamous 1 0

Other 8 3

Delay diagnosis-randomization

≤30 days 41 55

≤56 days 42 29

>56 days 17 16

* This patient had a local recurrence after lobectomy (T2N0 status)
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disease. There was imbalance in Stage distribution over the two treatment arms. In 
the sequential arm 47.4% of the patients had Stage  IIIB disease and in the concurrent 
arm this percentage was 63.8%. In 12.5% of the patients treated with concurrent 
CRT N3-disease was diagnosed, this percentage was 4% in the patients treated with 
sequential CRT. Histological subtype was mainly squamous cell carcinoma (39.9%), 
adenocarcinoma (27.8%) or NSCLC not-specified (26.6%). 
The delay between the date of diagnosis (pathology-report) and the randomization 
was median 34 days in the sequential CRT arm and 29 days for the patients treated 
in the concurrent CRT arm. For 16.5% of all patients randomized this delay was more 
than 56 days (equally divided over both treatment arms).

Protocol adherence 
Data of the treatment compliance are shown in Table 2. A total of 76 patients 
(97.4%) in the sequential arm and 66 (82.5%) in the concurrent arm actually started 
protocol treatment. Among the patients in the sequential arm, 84.2% received their 
chemotherapy without dose modification and no treatment delay was reported for 
80.3% of the patients. 
For the 66 patients in the concurrent arm who started allocated protocol treatment, 
chemotherapy was temporarily suspended in 18 patients. In thirteen patients this was 
because of technical, administrative or logistic reasons, in five patients because of 
toxicity. The cisplatin administration was stopped before completion in 12 patients 
due to renal toxicity (4 patients), congestive hart failure (1 patient), haematological 
toxicity (1 patient), esophageal toxicity (1 patient) or other reasons (5 patients). In two 
patients radiotherapy was prematurely stopped, in one patient because of congestive 

Figure1 EORTC 08972-22973 treatment scheme
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heart failure, and in another patient because of progressive disease. The median dose 
administered to the esophagus was 66 Gy in both arms. The median length of the 
esophagus irradiated in the elective and boost fields was similar in the sequential and 
concurrent arm (14.4 versus 14 cm and 10.5 versus 10.9 cm respectively). 

Acute and late toxicity
Toxicity was scored for all patients who started protocol treatment (76 patients in the 
sequential arm and 66 patients in the concurrent arm). Severe acute non-haematological 
toxicity is presented in Table 3A and severe acute haematological toxicity in Table 3B. 
Acute esophagitis Grade 3 occurred in 9 patients (14%) and Grade 4 in 2 patients (3%) 
in the concurrent arm. In the sequential arm only 4 patients (5%) developed acute 
esophagitis Grade 3 and no Grade 4 esophagitis was scored.
Acute haematological toxicity was more pronounced in the sequential arm with the 
occurrence of severe granulocytopenia Grade 3 in 13 patients (17%) and Grade 4 in 
3 patients (4%). The worst granulocytes values were 1.5 (S) (range 0.4-7.9) and 3.5 
(C) (range 0.8-9.6). In four patients acute non-haematological toxicity was the main 
reason for stopping protocol treatment. 
Late toxicity data are summarized in Table 3C. The higher incidence of severe acute 
esophageal toxicity in the concurrent arm did not result in a higher incidence of severe 
late toxicity. Late esophagitis Grade 3 occurs in 4% and 5% of the patients in the 
sequential and concurrent arm, however Grade 1 and Grade 2 was more frequent in 
the concurrent arm (22% versus 11%). Late lung toxicity was similar in both treatment 
groups. Other late toxicities consisted of pain in the chest and/or shoulders and were 

Table 2 Protocol adherence, treatment delay and overall treatment time radiotherapy

Sequential arm
Number of patients   (%)

Concurrent arm
Number of patients   (%)

All patients 78 80

Treatment not started 0 12

No chemotherapy 0 2

No radiotherapy 2 0

Chemo/radio started 76 (97%) 66 (83%)

Full dose chemotherapy 64 (84%) 54 (82%)

Full dose radiotherapy 74 (97%) 64 (97%)

Sequential arm (N=76)
Median number of days (range)

Concurrent arm (N=66) 
Median number of days (range)

Delay randomization-start CT 7  (1-20) 19  (4-47)

Delay randomization-start RT 62  (44-97) 19  (4-47)

Overall treatment time RT 32 12-42) 32  22-38)
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slightly more frequent in the concurrent arm (15% versus 8%). Two patients in the 
sequential arm developed late Grade 4 cardiac toxicity. Fatal lung-haemorrhage, 
possibly treatment related, was observed in one patient treated in the sequential and 
in one patient treated in the concurrent arm.

Clinical response, overall survival and progression-free survival
A complete or partial response (according to the WHO-criteria) was achieved in 53 
patients in the sequential treatment arm and 40 patients in the concurrent arm. 
Considering all patients who started protocol treatment, this corresponds to a response 
rate of 69.7% (95% CI: 58.1-79.8) for the sequential treatment and 60.8% (95% CI: 
47.8-2.4) for the concurrent treatment (N.S., p=0.290).

At 39 months of median follow-up the incidence of locoregional tumor progression 
and the development of distant metastases were similar for both treatment groups. 
In both treatment arms 56 patients progressed. Among the patients who progressed, 

Table 3A Severe acute non-
hematological toxicity

Table 3B Severe acute 
hematological toxicity

Table 3C Severe late toxicity
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loco- regional progression was reported in 43% in the sequential arm and in 46% in 
the concurrent arm. 
Distant metastases were observed in 50% of the patients in both treatment arms. 
Some patients experienced both locoregional and distant progression at the same 
time (7.1% of the patients who progressed in the sequential arm and 3.6% in the 
concurrent arm). 
At the moment of this analysis 62 patients (79.5%) in the sequential arm and 58 
patients (72.5%) in the concurrent arm have died. The median survival for the 
sequential and concurrent arm was 16.2 months (95% CI: 12.8-22.6) and 16.5 months 
(95% CI: 11.3-24.3) respectively. The 1-year survival for the sequential and concurrent 
arm was 69% (95% CI: 58.7-79.3) and 55.9% (95% CI: 45.0-66.9), respectively, the 
2-year survival 33.6 (95% CI: 23.0-44.2) and 38.5% (95% CI: 27.6-49.4), respectively, 
and the 3-year survival was 21.6% (95% CI: 12.0 –31.2) and 29.2% (95% CI: 0-43.1), 
respectively (Figure 1). We observed a hazard ratio of 1.06 (95% CI: 074-1.52). 
With 65 events in the sequential arm and 70 in the concurrent arm a median 
progression-free survival of 10.8 months (S) (95% CI: 9.0-15.0) and 8.5 months (C) 
(95%  CI: 6.4-10.9) was observed (Figure 2) and a 1-year PFS of 44.5% (S) (95% CI: 
33.4-55.6) and 36.3% (C) (95% CI: 25.7-46.8), corresponding to a hazard ratio of 0.79 
(95% CI: 0.56-1.10). 

Figure 1 Overall survival by treatment group
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Discussion
The question whether CRT should be given in a sequential or concurrent way has 
not been answered in this trial. Unfortunately our study with a total of 158 patients 
randomized and 120 deaths reported was underpowered and results need to be
interpreted carefully. Severe acute haematological toxicity was more pronounced in 
the sequential treatment and consisted mainly of severe granulocytopenia. This did not 
lead to an increase of clinical symptoms. In the meta-analysis of Rowell no significant 
difference in neutrocytopenia was observed between sequential and concurrent CRT 

Table 4 Published randomized trials comparing concurrent (C) chemo-radiotherapy 
versus sequential (S) chemo-radiotherapy, the number of patients included (N) and the 
one-and two year survival rates.

Author N 1 -yr survival % 2-yr survival %

C S C S
Furuse et al.13 1999 320 65 56 37 29

Curran et al.9 2003 402 63 57 37 31

Zatloukal et al.36 2004 102 69 53 34 14

Fournel et al.12 2005 205 56 56 35 23

EORTC 08972-22973 158 56 69 39 34

Figure 2 Progression-free survival
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[24]. However, in this analysis standard poly-chemotherapy schedules are compared, 
with higher doses of chemotherapy in the concurrent treatment arms than those used 
in our study. 
Severe acute esophagitis in our study was more frequent in the concurrent treatment 
arm. Late esophageal toxicity Grade 1 or Grade 2 was more frequent in the concurrent 
arm but with similar occurrence of late Grade 3 toxicity. This is in agreement with data 
from the meta-analysis of concurrent versus sequential CRT [24]. 
Belderbos et al. concluded that the most significant clinical parameter to predict acute 
esophageal toxicity was the concurrent use of CRT, but late esophageal toxicity was 
not analyzed [6]. Ahn [1] described patients with severe acute esophageal toxicity 
having a higher risk for late toxicity. The severity of acute esophageal toxicity also 
correlated with the severity of late esophageal toxicity [31]. Other factors determining 
the risk for esophagitis are the maximum dose to the esophagus, the volume of 
the esophagus receiving 35 Gy or more and the length of the irradiated esophagus 
[1,6,31,32]. In our treatment protocol the length of the esophagus receiving a dose of 
66 Gy was restricted to 12 cm, according to the outcome of previous phase II studies 
[29,30,34]. 
Severe late pulmonary toxicity was similar in both treatment arms. This is in agreement 
with the results of the meta-analysis of Rowell [24]. In this analysis the incidence of 
lung fibrosis and/or radiation pneumonitis was not significantly different for sequential 
or concurrent CRT. 

No significant difference in overall survival or progression-free survival between the 
treatment arms was observed, however, with a total of 120 deaths, the actual power 
of this study was much lower than what was actually foreseen in the protocol. 
Several phase-III studies examined the optimal way of combining chemotherapy with 
radiotherapy. Published randomized trials comparing concurrent versus sequential chemo-
radiotherapy are summarized in Table 4. In 2005 the Locally Advanced Multimodality 
Protocol (LAMMP) trial demonstrated the superiority of concurrent CRT if paclitaxel and 
carboplatin were used [5]. The survival results of sequential CRT in this study compare 
favorably to the data of Fournel and Zatloukal. In this trial cisplatin and gemcitabin 
were given, while in the other studies a combination with a vinca-alkaloid was used 
[9,12,13,36]. The combination of gemcitabin and cisplatin has reported response rates up 
to 80% [8,20,35]. A meta-analysis of different chemotherapy combinations suggested 
that the combination of cisplatin with gemcitabin might be more active than other 
platinum combinations [20]. In this trial however we did not use standard chemotherapy 
but low-dose cisplatin as a radiosensitizer in the concurrent arm.
In the meta-analysis of Rowell combination of concurrent low-dose cisplatin (<150 
mg/m2) or carboplatin (<700 mg/m2) with irradiation appeared to be ineffective to 
improve outcome compared to radiotherapy alone. Indeed several low-dose platinum-
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based trials were negative, but in these schedules carboplatin was used [2,7,11]. Even 
using a high-dose of carboplatin 840 mg/m2 with continuous infusion, Groen et al. 
could not demonstrate improved survival [15]. Another trial with cisplatin (daily 6 mg/
m2) was negative also, but the administered radiation dose was 45 Gy only [33]. This 
might indicate that cisplatin is a more potent radiosensitizer than carboplatin. This is 
supported by the results of concurrent CRT in cervix cancer where combination with 
cisplatin is used as well [14]. The addition of 5-FU to cisplatin did not result in better 
survival, but was more toxic [14]. In head and neck cancer the benefit of adding 
chemotherapy to radiation therapy on patient survival compared with radiotherapy 
alone has been demonstrated by a large meta-analysis of trials [23]. Interestingly, the 
survival benefit was confined to the concurrent use of chemotherapy and radiation. In 
summary combined use of chemotherapy and radiotherapy in the treatment of solid 
tumors favors concurrent CRT [4]. In the Cochrane meta-analysis, the chemotherapy 
intensity (daily, weekly, two- or four-weekly) had no influence on the relative risk of 
survival, although a trend was seen for a better outcome if the chemotherapy was 
given more frequently [24]. 
In our study the radiotherapy dose applied was high (66 Gy), and the OTT of 32-34 
days was short compared to other studies. The Biological Equivalent Dose of 66 Gy in 
fractions of 2.75 Gy  equals 70 Gy in fractions of 2 Gy for an α/β ratio of 10 Gy. Furuse 
used a dose of 56 Gy in fractions of 2 Gy and a split course. Curran and Zatloukal 
prescribed 60 Gy in 2 Gy per fraction. Fournel applied a dose of 66 Gy in fractions of 
2 Gy, with an OTT of 45 days. The studies of Schild, Keene and Jeremic, in which high 
radiation doses were given in short OTT combined with low-dose cisplatin (5-7.5 mg/
m2) or low-dose carboplatin and paclitaxel, showed promising 5-year survival rates of 
25%, 23% and 36% respectively [16,17,28]. 
Combination of concurrent low-dose cisplatin with radiation appears to be a good 
option, especially if standard poly-chemotherapy together with radiotherapy is not 
possible, for instance in elderly, frail patients with marginal renal or cardiac function. 
In our opinion there is no evidence that concurrent standard poly-chemotherapy is 
superior to daily low-dose cisplatin alone, if combined with high dose irradiation. 

In summary
Accelerated high-dose radiotherapy given concurrently with daily low-dose cisplatin or 
after two courses of gemcitabine and cisplatin was well tolerated in a large group of 
inoperable NSCLC patients. Delays in starting treatment were longer in the concurrent 
arm. Because of the premature closure of this trial, no definite conclusions concerning 
superiority of concurrent or sequential CRT can be made. Both schedules are active 
combinations with results similar to other phase III trials comparing sequential versus 
concurrent CRT. A meta-analysis is to be awaited.
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Abstract 
Purpose: To correlate acute esophageal toxicity with dosimetric and clinical parameters 
for non-small cell lung cancer (NSCLC) patients treated with radiotherapy (RT) alone or 
with chemo-radiotherapy (CRT). 
Patients and Methods: We analyzed the data of 156 patients with medically inoperable 
or locally advanced NSCLC. Seventy-four patients were irradiated with high dose RT 
only, 45 patients with sequential CRT (gemcitabine/cisplatin) and 37 patients with 
concurrent CRT (cisplatin daily 6 mg/m2). The radiation dose delivered ranged from 
49.5 to 94.5 Gy (2.25 – 2.75 Gy per fraction) with an overall treatment time of 5-6 
weeks. For all patients the maximal acute esophageal toxicity (RTOG/EORTC criteria) 
was scored and related to dose-volume parameters, as well as to clinical and treatment-
related parameters. All parameters were tested univariable and multivariable in a 
binary logistic regression model. The toxicity data of a homogeneous subgroup was 
fitted to the Lyman-Kutcher-Burman model. 
Results: Grade 2 acute esophageal toxicity or higher occurred in 27% (n = 42) of 
the patient population of which nine patients developed grade 3 toxicity and one 
patient grade 4. All 10 patients with grade ≥ 3 esophageal toxicity received concurrent 
CRT. At multivariable analysis, the most significant clinical parameter to predict acute 
esophageal toxicity was the concurrent use of CRT. The most significant dosimetric 
parameter was the esophagus volume that received at least 35 Gy. The data of the 
patients who did not receive concurrent CRT were well described by the Lyman-
Kutcher-Burman normal tissue complication probability model. The optimal fit of the 
data of non-concurrent treated patients to this model was obtained using the following 
values for the parameters: TD 50= 47 Gy (41 - 60 Gy), n= 0.69 (0.18 - 6.3) and m= 
0.36 (0.25-0.55) where the numbers between brackets denote the 95% confidence 
interval. Acute esophageal toxicity was not significantly increased for patients treated 
with sequential CRT. 
Conclusion: Both concurrent CRT and the volume that receives at least 35 Gy were 
predictors of acute esophageal toxicity.
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Introduction
For patients with inoperable non-small cell lung cancer (NSCLC) with favorable prognostic 
features, the use of concurrent chemo-radiotherapy (CRT) treatment is superior to 
sequential CRT [5]. However the concurrent use of CRT is associated with increased 
esophageal toxicity [3,4,23,26]. More detailed knowledge of treatment-related risk factors 
for developing acute esophagitis is of great importance since esophagitis is becoming more 
and more a dose-limiting factor in the concurrent treatment of patients with NSCLC [8], 
especially when the tumor or mediastinal adenopathy are located near the esophagus. If 
acute esophagitis leads to an interruption of the radiotherapy treatment, the advantage 
of concurrently given chemotherapy might disappear. Other risk factors than concurrent 
CRT, like length of the esophagus irradiated and dose-volume parameters, for developing 
acute esophagitis have been evaluated in several studies [2,20,23,26]. The results of 
these studies with regard to dosimetric factors are ambiguous. 
The purpose of this study was to investigate the relation of acute esophageal toxicity 
with the three-dimensional dose distribution in the esophagus and with clinical and 
treatment related factors such as the use of sequential or concurrent chemotherapy. 

Patients and methods
Between December 1998 and March 2003, 156 patients with good prognostic 
features were selected from a group of medically inoperable or locally advanced 
NSCLC patients. The good prognostic features were defined according to Eastern 
Cooperative Oncology Group (ECOG) ≤ 2 and weight loss < 10% in the last three 
months. A total of 142 patients had biopsy proven NSCLC. Fourteen patients had a 
growing tumor on chest X-ray examination or CT scan of the chest that was positive 
on an 18FDG PET scan (Table 1). The median age of all patients was 69 years (range: 
31 years to 88 years). About one third of the patients was medically inoperable (Stage 
I and II disease). These patients were treated in a dose-escalation trial mostly with 
radiotherapy alone. 
Patients with Stage III disease were treated within an EORTC study 08972-22973 
randomizing patients for concurrent or sequential chemo-radiotherapy. For patients 
treated within this EORTC study, restrictions for the maximum length of the esophagus 
irradiated to specific doses were taken. Due to these restrictions patients with lower 
lobe tumors were often excluded so that upper lobe tumors are more frequently seen 
in this group of patients.
Within the study population, three treatment groups were distinguished: patients 
treated with radiotherapy only (n=74); patients receiving sequential CRT (n=45) and 
patients with concurrent CRT (n=37) (Table 2).
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EORTC protocol
Sixty-eight patients (44%) were treated within or identical to a randomized phase III 
study (EORTC 08972-22973) comparing concurrent CRT or sequential CRT. In both 
treatment arms the patients received accelerated high dose conformal radiotherapy: 
66 Gy in 24 fractions (2.75 Gy per fraction) in 32 days. The concurrent chemo-therapy 
used consisted of daily low dose intravenous 6 mg/m2 cisplatin 1-2 hours before each 
fraction. For patients receiving sequential CRT, two courses of  gemcitabine (1250 
mg/m2  on day 1 and 8) and cisplatin (75 mg/m2  on day 2) were given. The interval 
between the second chemotherapy course and the start of the irradiation was four to 
five weeks. Twenty-two patients refused the randomization and were treated with the 
standard treatment (concurrent CRT) with the exception of one patient who refused 
any chemotherapy and received radiotherapy alone (Table 2). In this EORTC protocol all 
patients were irradiated using a concommitant boost technique, consisting of elective 
nodal irradiation (ENI) to a dose of 40 Gy in 20 fractions and a concommitant boost of 
15 Gy to the gross tumor volume (GTV). The daily dose to the GTV was 2.75 Gy. After 
20 fractions resulting in a dose of 55 Gy to the GTV, a boost to the GTV was given of 
4 fractions of 2.75 Gy to a dose of 66 Gy. 

Table 1 Patient characteristics

Characteristic No. of patients (N=156) %

Gender

   male 109 70 

   female 47 30 

Stage

   I 34 22 

   II 18 12 

   IIIA 42 27 

   IIIB 62 40 

Tumor site

   upper lobe 118 76

   middle/lower lobe 24 15

   mediastinum 3 2 

   main bronchus 11 7

Histology/cytology

   squamous 46 29

   adenocarcinoma 56 36

   large cell / not specified 40 26

   unknown 14 9
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For N0 disease, the homolateral hilum was taken into the elective nodal treatment 
fields. In case of N1 or N2 disease, the mediastinum (with the exception of the lower 
para-esophageal lymph nodes) was electively irradiated. For N2 disease the homolateral 
supraclavicular area was included as well. The ENI was given with two opposite 
anterior-posterior fields. The length of the esophagus irradiated in the elective fields 
(40 Gy) was restricted to 18 cm. The length of the esophagus in the boost fields (total 
dose 66 Gy) was restricted to 12 cm [24].

Dose escalation trial
Eighty-eight patients were treated within our phase I/II dose escalation trial [1]. Fifteen 
out of these eighty-eight patients received sequential chemotherapy prior to the 
irradiation (Table 2). Twelve patients had a combination of gemcitabine and sisplatin 
and three patients received a combination of taxol or taxotere and cisplatin. For these 
patients the interval between the last course of chemotherapy and the start of the 
irradiation was at least six weeks.
Within the dose escalation trial the overall treatment time was restricted to six weeks 
and the fraction size was 2.25 Gy. When over 30 treatment fractions were prescribed, 
the patients were irradiated twice a day for the additional fractions with at least a six-
hour interval. The dose delivered to the patients in this dose escalation trial ranged from 
49.5 Gy to 94.5 Gy with a median value of 81.0 Gy. In this dose escalation protocol 
no ENI was prescribed. For the esophagus an effective volume (Veff

1∗ ) constraint was 
used with a maximum of 30% at a reference dose of 80 Gy with n= 0.06 [7]. Twelve 
out of 88 patients treated within this trial were entered at a lower dose level than 
prescribed because the esophagus constraint was reached (all had Stage III disease). 

1 * Veff is derived from a dose-volume histogram (DVH) by requiring that uniform irradiation of this volume to 
the reference dose gives the same complication risk as the original DVH (using a power–law volume 
effect) [12].

Table 2 Treatment characteristics

Dose escalation study 
n=88

EORTC 08972-22973 
protocol n=68

Treatment group:   

   RT alone 73 1

   Sequential CRT 15 30

   Concurrent CRT 0 37

Dose (Gy) 49.5 – 94.5 66

Fraction size (Gy) 2.25 2.75

Overall RT treatment time (wks) 6 5
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Radiotherapy preparation
For all patients, a treatment planning CT scan was made with 5 mm slice thickness 
of the entire thorax with the patient breathing freely. The gross tumor volume (GTV) 
was defined as the primary tumor and the pathological lymph nodes detected with 
mediastinoscopy, CT scan and/or 18FDG PET scan. In case the patient received 
chemotherapy prior to irradiation, the GTV was delineated on the post chemotherapy 
CT scan. In case the primary tumor or a pathologic lymph node station reached a 
complete response after chemotherapy, this site was still incorporated in the GTV. The 
external contour of the esophagus was delineated every cm. The cranial limit to draw 
the esophagus on the CT scan was 2 cm above the jugulum. The lowest CT slice to 
contour the esophagus was at the level of the gastro-esophageal junction.
For all 156 patients a conformal treatment plan was designed with multiple 8 MV 
photon beams, each shaped with the multi-leaf collimator. CT-based dose calculations 
were performed using a 3D treatment planning system (U-MPlan, University of 
Michigan) applying an equivalent path length inhomogeneity correction.
The radiation dose was calculated in the isocenter. The required dose homogeneity 
within the PTV was –5% to +7% according to the ICRU guidelines [11]. Electronic 
portal imaging (EPI) was used in a patient set-up verification procedure to verify and 
correct the set-up of the patient, using large orthogonal fields (18 cm x 18 cm) with 
18 monitor units. These fields for EPI were incorporated in the 3D dose distribution 
planning procedure [17]. 

Esophagitis scoring
The patients were seen once a week by the radiation oncologist during their radiation 
treatment. At baseline and during the irradiation treatment the patient’s weight was 
measured weekly. All patients consulted a dietician at least once during the first weeks 
of the irradiation period. Acute esophageal toxicity was graded by one radiation 
oncologist according to the RTOG/EORTC criteria. Grade 2 esophagitis is scored in 
case of moderate dysphagia requiring narcotic agents or puree/liquit diet and grade 
3 for severe dysphagia with dehydration or weight loss > 15% from pre-treatment 
baseline, requiring nasogastric feeding tube, I.V. fluids, or hyperalimentation. Grade 
4 esophagitis was scored in case complete obstruction, ulceration, perforation or 
fistula. The charts of all patients were reviewed and the maximum esophagitis grade 
was noted. After completion of treatment the patients were followed at two months 
intervals or more frequently if necessary.

Dosimetric analysis
The treatment plans of the total study population, including the CT scan, contours, 
beam data, and dose distributions, were transferred from the treatment planning 
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system to a dosimetric and volumetric database [10]. The database was especially 
developed to perform extensive analyses of dose-volume-effect relationships of large 
radiotherapy studies. 
For some patients the treatment field border was above the cranial limit of the 
drawn esophagus contour (2 cm above the jugulum). Therefore in the database the 
delineation of the esophagus was extended in the cranial direction to the lower limit of 
the cricoid for all patients. Furthermore, the contouring was checked by one observer 
on consistency, amongst others to ensure that the caudal limit was at the level of the 
gastro-esophageal junction. 
The Dose-Volume Histograms (DVHs) were re-computed by the database-analysis 
package. In the computation process, air was removed automatically by leaving out 
the CT voxels with Hounsfield units lower than 500. To correct for differences in the 
dose per fraction, the physical dose was converted into the Normalized Total Dose 
(NTD) [14] with an α/β ratio of 10 Gy. This value was chosen because it corresponds to 
acute reacting tissue. We evaluated only relative DVHs.
We determined the length over which the complete circumference of the esophagus 
was irradiated to at least 40 Gy and 66 Gy, because these parameters were found 
to be significant predictors in several studies [20,24]. This parameter was calculated 
by virtual unfolding of the esophagus followed by a projection of the dose onto a 2-
dimensional map, a so-called dose map [9]. We integrated the length over which the 
full width of the dose map, i.e. the esophageal circumference, was irradiated to at 
least 40 Gy and 66 Gy. Subsequently we evaluated relative length parameters. 

Statistical analysis
We used a binary logistic regression model to express the risk of developing acute 
grade ≥ 2 esophageal toxicity as a function of independent variables (risk factors). 
The link function used was the logit function, which results in a sigmoid shaped 
relationship between the estimated complication probability and the risk factors 
included in the model. The maximum likelihood method is used for the estimation 
of the regression coefficients and its standard errors. All parameters were tested 
univariable and multivariable. Analyses were performed using the logistic procedure 
in ©SPSS for Windows software, release 10.0 (SPSS Inc., Chicago, IL) and SAS, release 
8.1 (SAS, Carry, NC).
The following potential clinical and treatment related risk factors were tested in this 
study: treatment group (concurrent CRT, sequential CRT, radiotherapy only), gender, 
age, upper versus middle and lower lobe tumors, tumor Stage, N 0/1 versus N 2/3, 
volume of the esophagus and the length of the esophagus. 
The dosimetric factors tested in the model were:% volume of the esophagus receiving 
at least 5 Gy – 60 Gy with dose steps of 5 Gy and the relative length of esophagus 
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receiving 40 Gy and 66 Gy or more over the complete circumference. In addition, we 
fitted the acute esophagitis data to the Normal Tissue Complication Probability (NTCP) 
model that was proposed by Lyman [15]. In this model the dose-effect is described by 
the integral of a normal distribution: 

The integration limit t is given by

where EUD is the Equivalent Uniform Dose, TD50 is the EUD at which the risk of 
complications is 50% and m is a parameter that is a measure of the slope of the 
sigmoid curve. The EUD is the dose that, when given as a uniform dose to the entire 
organ, would produce the same normal tissue complication probability as the original 
dose distribution.
The EUD is obtained by reducing a DVH to a single dose value using a power-law 
relationship:

where V is the volume of the organ, Vi is the volume that receives a dose of Di and N is 
the number of dose bins in the DVH [13,18,19]. The optimum values of the parameter 
n, m, and TD50 were determined by maximizing the likelihood of the observations. The 
uncertainty in the fitted parameters was assessed by the profile likelihood method. We 
varied each parameter separately around its most optimum value and determined the 
lower and upper bound value of the parameter at which the natural log of the likelihood 
function dropped by 3.84/2. The parameter value was varied while the likelihood 
function was maximized with the two other parameters. The value of 3.84 corresponds 
to a confidence level of 95% with 1 degree of freedom for a χ2 distribution.
To construct a confidence region around the fitted NTCP curve we calculated on a 
2D grid the variation of the natural log of the likelihood function as a function of 
the parameter m and TD50. The parameter n was kept at its most optimum value. 
We determined the iso-likelihood contour that corresponded to a drop of the natural 
log of the likelihood by a factor of 2. This contour encloses the region in which a 
confidence level of 95% is expected. A bundle of NTCP curves was calculated using 
the parameter values on the contour. The envelope of this bundle confined the 95% 
confidence region [6,22,25]. The fit described above was applied for the patient group 
receiving sequential CRT or radiotherapy only.
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Results 
General patient characteristics are summarized in Table 1. With regard to the specified 
treatment groups, it was noted that age was not evenly distributed over the groups. 
An average of 73 years for the radiotherapy only group against 60 years for the other 
two treatment groups. This is due to the fact that medically inoperable patients (often 
the elderly with small tumor volumes) were treated with radiotherapy alone.
For the same reason tumor stage was not evenly distributed over the treatment groups: 
the radiotherapy only group had 54% of Stage I/IIA tumors against none in the other 
two groups who consisted mainly of Stage III tumors. 

Incidence of esophagitis
The majority of patients developed mild esophagitis; for 66 patients (42%) grade 
1 complaints occurred. A total of 42 patients (27%) developed moderate or severe 
dysphagia (≥ grade 2 acute esophagitis). Thirty-two patients experienced grade 2, 
nine grade 3 and 1 patient experienced grade 4 esophagitis. An incidence of 12% 
≥ grade 2 acute esophagitis was scored in the group treated with radiotherapy only. 
A higher incidence of 29% was seen for patients treated with sequential CRT. The 
patients treated with concurrent CRT had the highest probability to develop moderate 
to severe esophageal toxicity: 48%. Severe acute esophageal toxicity (grade ≥ 3) was 
only seen in patients irradiated with concurrent CRT (10 patients). 
All patients except six finished their radiotherapy treatment within the planned time 
schedule (patients in the dose escalation trial finished radiotherapy treatment within six 
weeks and EORTC study patients within five weeks). Out of the six patients exceeding 
the overall treatment time, four were due to holidays and/or equipment problems. 
For two patients treated with concurrent CRT severe esophagus toxicity led to RT 
treatment interruptions of one and two days.

Dose-volume data 
For the total study population the average mean dose in the esophagus was 25.1 Gy. 
Within the three treatment groups, the mean dose received by the esophagus was on 
average 16.8 Gy for patients treated with radiotherapy only, 32.4 Gy for patients treated 
with sequential CRT and 32.6 Gy for patients treated with concurrent CRT. For the three 
groups together the mean volume of the esophagus receiving at least 20, 40 and 60 
Gy was 42.9%, 30.7% and 17.3%, respectively. The length of the esophagus receiving 
at least 40 Gy varied between 0 cm and 18.5 cm with a mean of 7.1 cm. For 66 Gy the 
dose-length parameter varied between 0 cm and 8.7 cm, with a mean of 1.5 cm.  The 
mean length of the esophagus receiving at least 40 Gy was 12 cm in the concurrent CRT 
group, 10 cm in the sequential CRT group and 1 cm in the RT only group. For 66 Gy the 
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dose-length parameter varied between 0 cm and 8.7 cm, with a mean of 1.5 cm. The 
mean length of the esophagus receiving 66 Gy was 1 cm in the concurrent CRT group, 
2 cm in the sequential CRT group and 3 cm in the RT only group.

Univariable analysis
The results of univariable (UV) and multivariable (MV) binary logistic regression 
analysis are shown in Table 3. A strong correlation was found between several tested 
dose volume parameters and the risk to develop acute esophagitis ≥ grade 2. For the 
volume receiving a certain dose or more, all tested dose levels between 20 Gy and 60 
Gy were significant (p < 0.01). The most significant volume effect was found for the 
relative esophagus volume receiving 35 Gy (V35) or more (p < 0.001 UV). The most 
significant length parameter was the% esophagus length receiving 40 Gy or more 
over the full circumference. 
With regard to the treatment groups, patients treated with concurrent CRT had a 
significant higher incidence of grade ≥ 2 esophagitis than the sequential CRT patient 
group (p = 0.02 UV) as well as with regard to the RT only patient group (p < 0.001 
UV). Furthermore, sequential CRT had a higher incidence than RT only (p = 0.03 UV). 
Tumor stage, N stage, and age had a significant influence on the probability to develop 
acute esophagitis at univariable analysis (p values < 0.05). 

Multivariable analysis
At univariable analysis, the relative esophagus volume receiving 35 Gy (V35) appeared 
to be the strongest parameter associated with the probability of developing acute 
esophagus toxicity ≥ grade 2. At multivariable testing, V35 remained the strongest 
predictor and other dose volume and dose length parameters did not reach significance 
when they were tested in a multivariable model with V35 (Table 3). The estimated 
odds ratio for V35 is 1.06 (Table 3) indicating a higher risk for larger volumes irradiated 
to at least 35 Gy. With regard to the clinical parameters, none of them remained 
significant at MV analysis. 
With regard to the treatment group, the overall test was not significant (MV p=0.1) but 
we did find a significant result between 2 of the 3 treatment groups. Comparing the 
group receiving RT only with the group receiving sequential CRT or with the concurrent 
CRT group, there is no significant difference (MV p = 0.6 and 0.2, respectively). 
There is however a significant difference between the concurrent and the sequential 
CRT group (p = 0.04 MV). Further exploration of this phenomenon, revealed that 
the presence or absence of concurrent CRT was a significant factor (p = 0.04) when 
controlling for V35: the presence of concurrent CRT involves a significant higher risk to 
develop moderate to severe dysphagia. The corresponding odds ratio for the presence 
or absence of concurrent CRT is 2.5 (Table 3).
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As a result of the MV logistic regression analysis, the probability of developing acute 
esophagus toxicity ≥ grade 2 can now be formulated as follows for patients treated 
with RT or sequential CRT: 

Probability

For patients treated with concurrent CRT:

Probability

The p value of this model describing the probability of developing acute esophagitis 
≥ grade 2 as a function of V35 (in percentages) and the presence or absence of 
concurrent CRT, is less then 0.0001. This dose effect relationship between the 
esophagus volume receiving 35 Gy or more and the corresponding probability of 
developing acute esophagus toxicity ≥ grade 2 is plotted in Figure 1. In Fig. 1A the 
patients who received RT only or sequential CRT are plotted, and in Figure 1B patients 
who received concurrent CRT are plotted. The actual incidences as present in our data 
set, are also plotted, together with 95% confidence limits. 

Table 3 Results of univariable (UV) and multivariable (MV) binary logistic regression 
with grade ≥ 2 esophagitis as endpoint. Odds ratio’s (OR) are given for variables with 
a p value < 0.1 at MV analysis. 

Variables (n=156) UV p value MV p value OR (MV) 

V35: % volume at least 35 Gy < 0.001 < 0.001 1.06

% length 40 Gy full circumference < 0.001 0.8 -

% length 66 Gy full circumference 0.009 0.9 -

Volume esophagus 0.8 0.5 - 

Length esophagus 0.3 0.5 - 

Treatment group overall < 0.001 0.1 

   RT alone vs. sequential CRT 0.03 0.6 - 

   RT alone vs. concurrent CRT < 0.001 0.2 -

   Concurrent CRT vs. sequential CRT 0.02 0.04 2.1

Concurrent CRT yes vs. no < 0.001 0.04 2.5

Age 0.01 0.7 -

Gender (male vs. female) 0.9 0.8 -

Upper vs. lower /middle lobe 0.4 0.1 -

N stage: N0N1 vs. N2N3 0.001 0.8 -

Stage <0.001 0.6 -
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As shown in Figure 1, the observed incidence of esophagitis increases with increasing 
volumes irradiated to 35 Gy or more. Also the incidence within the treatment group 
receiving concurrent CRT is in our dataset clearly higher compared to the patient 
group not receiving concurrent CRT. However, the fitted line in Figure 1B where the 
dose volume effect is plotted for the concurrent CRT group, does not seem to fit the 
data as nice as it does in Figure 1A. For both fits, the steepness of the line is identical 
because they are the result of the same fit. In order to test whether the steepness of 
the dose volume effect is significantly different within the concurrent CRT group, we 
tested whether there was a significant interaction between the variables concurrent 
CRT and V35. This interaction parameter appeared to be not significant (p = 0.1) and 
therefore the fit of the dose volume effect was not adjusted for this patient group.

Figure 1 In both figures the probability of acute esophagus toxicity Grade ≥ 2 is 
plotted as a function of the esophagus volume receiving 35 Gy or more (solid lines 
with corresponding 95% confidence intervals in dotted lines). On the left (Fig. 1A) 
the group of patients treated with sequential CRT or RT only. On the right (Fig. 1B) 
the group of patients treated with concurrent CRT. In both graphs the corresponding 
actual incidence of Grade ≥ 2 is plotted in solid circles with corresponding error bars 
(95% confidence interval), for dose bins of about 17 patients each.

Equivalent uniform dose
We determined the dose-effect relationship for the estimated probability to develop 
acute esophageal toxicity grade ≥ 2, using the NTCP model that was proposed by 
Lyman. The dose-effect relationship was determined for the patients who received RT 
only or sequential CRT. We found the following values by maximizing the log likelihood 
function: n= 0.69 (0.18 – 6.3), m= 0.36 (0.25 – 0.55), and TD50 = 47 Gy (41 – 60 Gy). 
The figures between the brackets indicate the 95% confidence interval. The relatively 

100

Chapter 7



high value of the volume component n indicates that the probability of developing acute 
esophagitis does not depend only on the high dose region in the DVH. The fitted NTCP 
curve together with the actual incidence of acute esophagitis is shown in Figure 2.

Figure 2 The probability of acute esophagus toxicity Grade ≥ 2 versus EUD for the 
patients treated with sequential CRT and RT only. The data was binned in groups 
of 17 patients. The bins show the actual measured incidence of acute esophagus 
toxicity Grade 2 or higher. The solid circles locate the mean EUD within each bin. 
The error bars represent the 95% confidence intervals of the data in the bins. The 
solid line represents the probability according to the NTCP model with the optimized 
parameters n = 0.69, m = 0.36, and TD50 = 47 Gy. The dashed lines limit the 95% 
confidence region of the NTCP model. 

Discussion
Acute esophagitis in patients treated for lung cancer influences the quality of life of 
the patient and may result in a radiotherapy treatment interruption. An interruption 
of the radiotherapy treatment will negatively influence the treatment outcome and 
the advantage of concurrently given chemotherapy might disappear. Reports focusing 
on dosimetric or volumetric parameters as predictors for radiation esophagitis are 
scarce. We found the use of concurrent CRT to be a major factor in predicting acute 
esophagitis, which is in agreement with previous studies [3,4,23,26]. We also found 
several highly significant (p < 0.001) dosimetric factors. At univariable analysis the 
length of the esophagus irradiated was found to be significant in our study. This result 
is consistent with several other studies reporting associations between dosimetric 
factors and acute dysphagia [2,20,23]. However in multivariable analysis the length of 
the esophagus irradiated was not a significant parameter. 
Several other studies reported no significant relationship between dose parameters 
and maximum score of acute dysphagia [16,26]. In the study of Werner-Wasik et al. 
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[26] both the use of concurrent CRT and hyperfractionated RT were important in 
the development and duration of acute esophagitis. No dose-volume parameter was 
predictive for acute esophagitis. The length of the esophagus irradiated was however 
measured on digitally reconstructed radiographs only. Maguire et al. reported an analysis 
based on dose-volume histograms and dose-surface histograms of the esophagus in 
NSCLC patients but none of the parameters studied were significant predictors of 
acute esophagitis [16]. Singh et al. found a relationship between concurrent CRT, the 
maximal dose to the esophagus ≥ 58 Gy and grade 3-5 esophagitis [23]. They did 
however not report separate results for the UV and MV analysis of acute esophagitis.  
Results from a phase I/II trial for NSCLC patients treated with induction chemotherapy 
followed by concurrent CRT, were published by Rosenman and colleagues [20]. They 
reported a correlation between grade 3-4 esophagitis and the length of the esophagus 
receiving at least 40 Gy and at least 60 Gy [20]. The incidence of severe esophagitis in 
this intensively treated group of patients was only 8%. In our patient material we had 
only a small subgroup of 37 patients receiving concurrent CRT. In this subgroup we 
found no significant dose-volume effect or dose-length effect.
Recently Bradley and colleagues [2] analyzed the acute esophageal toxicity in a group of 
NSCLC patients treated with RT only, concurrent CRT and sequential CRT  similar to our 
patient group. Their drawing of the esophagus (from the bottom of the cricoid to the 
gastro-esophageal junction) was identical to our delineation of the esophagus. Bradley 
et al. used oral contrast to delineate the esophagus. In their study they concluded that 
the statistically most significant dosimetric predictive factors were the surface area of the 
esophagus receiving 55 Gy or more and the dose volume receiving 60 Gy or more. They 
found concurrent CRT to be a strong predictive factor [2]. Although the chemotherapy 
scheme given concurrently (mostly cisplatin and etoposide) is quite different from our 
daily low dose cisplatin, their conclusions are supported by our data. 

The reported incidence of grade ≥ 3 acute toxicity for concurrent CRT with platinum 
containing chemotherapy is in between 5% and 34% [24]. The incidence of grade ≥ 
3 acute toxicity for patients receiving daily low dose cisplatin in the phase I/II study 
performed prior to the phase III EORTC 08972 study was only 5%. The incidence of 
27% grade ≥ 3 acute esophageal toxicity in our concurrent CRT group is much higher 
than we would expect based on the phase I/II study. This severe esophageal toxicity 
did cause short treatment interruptions in two out of the 37 patients treated with 
concurrent CRT. 
 In the patient group treated with radiotherapy only an effective volume constraint Veff 
(with n= 0.06) of maximal 30% at a reference dose of 80 Gy for the esophagus was 
used. Using this constraint we did not see any severe acute esophagus toxicity in this 
group of patients. Because our study, as well as several other large studies, has shown 
that sequential CRT does not significantly increase acute esophageal toxicity, [21] we 
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are confident that this constraint is safe for patients treated with radiotherapy only or 
with sequential CRT.
A continuously rising risk of esophagitis was seen with increasing volumes, for several 
dose levels (20 Gy – 60 Gy). The most significant dose level appeared to be V35 (the 
relative volume receiving 35 Gy or more). Since all significant dose levels showed high 
mutual correlations, this result should be interpreted with caution. It indicates that 
probably intermediate dose levels are more relevant, or at least as relevant, as higher 
dose levels.
From our results we can derive an estimated probability to develop grade 2 or higher 
acute esophagitis in patients irradiated with concurrent CRT or with sequential CRT 
or RT only, based on the volume of the esophagus receiving at least 35 Gy. New 
constraints could be formulated to keep this toxicity below an acceptable level. If we 
would accept for example a 30% probability to develop grade ≥ 2 acute esophagitis 
in patients treated with sequential CRT or RT only, then the maximum volume of the 
esophagus that may receive 35 Gy or more can be 50% of the esophagus volume, 
with a 95% confidence interval of 40 - 63% (Figure 1). If we would accept the same 
complication probability for the concurrent CRT treatment, only a maximum of 
31% volume (95% confidence interval 10% - 45%) would be acceptable. Since the 
confidence limits for the latter group are quite large, a more reliable constraint should 
be formulated when data of a larger group of patients becomes available.

Conclusion
Both concurrent chemo-radiotherapy and the esophagus volume that receives 35 Gy or 
more are predictors of acute esophageal toxicity. For patients treated with sequential 
CRT the risk to develop acute esophageal toxicity is not significantly increased compared 
to patients treated with radiotherapy only. 
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To improve the prognosis of limited stage small cell lung cancer (LS-SCLC) the addition 
of concurrent thoracic radiotherapy to a platinum-containing regimen is important. In 
the Netherlands, we initiated a multi-center, phase II study, of the combination of 4 
cycles of carboplatin (AUC 5), paclitaxel (200 mg/m2) and etoposide (2x50 mg orally 
for 5 days) combined with 45 Gy (daily fractions of 1.8 Gy). The radiation was given 
to the involved field and concurrently with the second and third chemotherapy cycle. 
Patients with a partial or complete response received prophylactic cranial irradiation to 
a dose of 30 Gy. 
From January 1999 through December 2001, 37 of the 38 patients with LS-SCLC 
entered were eligible for toxicity analysis and response. Grade 3 and 4 haematological 
toxicity occurred in 57% (21/37) with febrile neutropenia in 24% (9/37). There were no 
treatment related deaths or other grade 4 toxicity. Grade 3 toxicities were esophagitis 
27%, radiation pneumonitis (6%), anorexia (14%), nausea (16%), dyspnea (19%) and 
lethargy (22%). The objective response rate was 92% (95% confidence interval 80-
98%) with a median survival time of 19.5 months (95% CI 12.8 – 29.2). The 1, 2 
and 5-year survival rate was 70, 47 and 27% respectively. In field local recurrences 
occurred in 6 patients. Distant metastases were observed in 19 patients of which 13 
in the brain. 
This study indicated that combination chemotherapy with concurrent involved-field 
radiation therapy is an effective treatment for LS-SCLC. Despite PCI, the brain remained 
the most important site of recurrence.
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Introduction
small cell lung cancer (SCLC) accounts for approximately 15-20% of all lung cancers and 
first-line combination chemotherapy has led to an important improvement in response 
and survival. The addition of thoracic radiation therapy (TRT) and prophylactic cranial 
irradiation (PCI) has further improved the overall survival [25,33]. Despite the addition 
of sequential irradiation to the thorax, patients with limited stage (LS) of the disease 
and a good performance status do not surpass survival rates of 20 % at two years [16]. 
Besides the choice of the best available chemotherapy regimens, the optimal timing 
of radiation in relation to the chemotherapy has been a matter of debate for many 
years. There are several lines of evidence that early (concurrent) radiation is superior 
to late (sequential) administered radiation therapy [21]. In Europe, the combination of 
cyclophosphamide, doxorubicin and etoposide has been used for many years but this 
regimen does not allow concurrent irradiation to the thorax due to the doxorubicin 
related risk of cardio pulmonary toxicity [10,30]
Recently, several new drugs have been tested for their activity against SCLC and have 
shown promising results [7]. Paclitaxel has demonstrated promising activity in extensive 
disease as a single agent with a response of 34 to 68% [9,14] and has shown to act as a 
radiosensitizer [5,17,19]. Carboplatin is considered to be nearly equivalent to cisplatin in 
efficacy in SCLC while offering the advantage of outpatient administration [12,26]. Like 
paclitaxel, carboplatin has radiosensitizing properties, which makes the combination of 
the two drugs with radiotherapy interesting [29]. Hainsworth et al [13] have investigated 
the combination of carboplatin, paclitaxel and etoposide in a dose escalation study in 
1997. Concurrent TRT was given during cycle 3 and 4 to patients with LS [32] and was 
considered acceptable. Based on these results we decided to perform a multi-centre, 
feasibility/phase II study to evaluate the toxicity and efficacy of carboplatin, paclitaxel 
and etoposide combined with concurrent involved-field TRT (starting concurrent with 
the second cycle) in chemo-naive patients with limited stage SCLC. 

Patients and methods
Eligible patients had biopsy or cytology proven limited stage SCLC. Chest X-ray, CT 
scan of the chest and upper abdomen, bone scintigraphy and MRI or CTscan of the 
brain were standard examinations. No prior chemotherapy or radiation was allowed. 
Patients had to be older than 18 years, had to have a performance status WHO grade 
0-2 and a measurable or evaluable lesion and no major organ failure, Haemoglobin > 
6.0 mmol/l, WBC > 3,0 x 109/l and platelets > 100 x 109/l, normal ASAT and ALAT (< 
2.5x ULN), bilirubin (< 2x ULN), Lactate dehydrogenase within 1,5 times ULN, serum 
creatinine level less than 1,25 normal or creatinine clearance > 60 ml/min. Patients 
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were exclude if there were signs of distant metastases or a weight loss of >10% in 
the preceding 3 months. Before registration, the radiation oncologist had to decide 
whether the tumor volume allowed the delivery of concurrent TRT. All patients gave 
written informed consent and the ethics committee of all participating hospitals 
approved the study.

Chemotherapy
Patients were treated with 4 cycles of chemotherapy given every 3 weeks. This consisted 
of a three-drug combination. Paclitaxel1* was given at a dose of 200 mg/m2 in a 3 
hours intra-venous infusion. Standard pre-medication consisted of dexamethasone, 
clemastine and ranitidine. Carboplatin* was given directly after administration of 
paclitaxel by a 30 minute infusion. The dose was calculated using the Calvert formula 
[4]. Etoposide capsules* were taken orally in a daily dose of 2 x 50 mg for 5 days 
following the infusions of carboplatin and paclitaxel. In case of vomiting, no re-dosing 
was allowed. Dose adjustments or delays or were made when haematological toxicity 
occurred. Re-dosing was only permitted when the WBC was > 3.0 x 109/l, neutrophils > 
1.5 x 109/l, platelets > 100 x 109/l and no clinical signs of infection. If these conditions 
were not fulfilled the blood counts were repeated after one week. In case of a delay 
of more than 2 weeks, the patient went off study. 
Dose reductions were applied for nadirs (platelets < 50 x 109/l; neutrophils < 0.5 x 109/
l) with 25% reduction in carboplatin dose, 15% decrease for the paclitaxel dose and a 
50% decrease in daily dose of etoposide. For any non-haematological grade 3 toxicity 
(except untreated nausea, vomiting and alopecia) the treatment was delayed until 
recovery. When a patient experienced neurotoxicity CTC grade 2; the dose of paclitaxel 
was reduced with 15% and another 10% when the neurotoxicity persisted. When, 
despite dose reductions, grade 2 neurotoxicity persisted, the patient went of study.
Anti-emetics were given as prophylaxis according to the local practice. The use of 
growth factors was not allowed but prophylactic antibiotics could be used. 

Thoracic radiation therapy (TRT)
A total dose of 45 Gy was given in 25 fractions of 1.8 Gy (five fractions per week) 
to the involved field. TRT started within one week after the start of the second cycle 
of chemotherapy (Fig 1). The target volume for irradiation was the primary tumor 
and all clinical and radiological involved lymph nodes with a short-axis diameter of 
≥ 1 cm (involved field irradiation). The mandatory radiotherapy planning CT scan, 
with intravenous contrast, was acquired shortly after the end of the first cycle of 
chemotherapy. Megavoltage equipment was used with photon energies of 6 or 8 
MV using a multi-leaf collimator or standard blocks to shape the irradiation portals 

1 * Bristol Myers- Squibb, Woerden, The Netherlands
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according to the target volume. If possible anterior-posterior fields were applied. The 
radiotherapy treatment was interrupted for 1 week if the platelet count fell to < 30 x 
109/L and if fewer than 20 fractions had been given. If thrombocytopenia occurred 
after more than 20 fractions had been given, the remaining fractions were omitted. 

Prophylactic cranial irradiation 
Prophylactic cranial irradiation (PCI) was given to patients with a complete or partial 
remission, starting five weeks after the end of last course of chemotherapy. A total 
dose of 30 Gy was administered in twelve fractions of 2.5 Gy each (four fractions a 
week), or 15 fractions of 2 Gy (five fractions a week).

Baseline and response evaluation
Three weeks prior to the start of treatment, baseline tumor measurements were 
performed. This included a bronchoscopy, CT scan of the chest and upper abdomen 
and Chest X-ray. In all patients, a medical history, physical examination, performance 
status and laboratory values were assessed before start of treatment.  Prior to every 
new cycle a medical history, weight, performance status, physical examination, 
complete blood count, liver and renal function tests were performed. The toxicity, 
occurrence of adverse effects, hospitalizations and use of concomitant medications 
was assessed prior to each cycle of chemotherapy. Toxicity was scored using the NCIC/
CIC criteria (version 2.0, revised March 23, 1998). After completion of the treatment, 
patients were followed every 3 months until disease progression or death. A repeat 
bronchoscopy was performed in all responding patients when endobronchial tumor 
was observed at diagnosis. All radiological responses were confirmed by a second CT 
scan after 4 weeks. The time to progression was calculated from the end of treatment 
(excluding PCI) and the date of last follow-up or the date of disease progression, 
whichever happened first.

Figure 1 Time schedule of the 4 chemotherapy cycles, the radiotherapy treatment to 
the thorax and prophylactic cranial irradiation. The X-axis is in weeks. PCI: Prophylactic 
Cranial Irradiation.
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Statistical analysis
This phase II study aimed to recruit a total of fifty patients in a three-year period [1]. 
The study actually enrolled 38 patients in three years and it was decided to halt the trial 
because of the highly positive experience with this concurrent chemo-radiotherapy. 
This decision was also weighed by data from other studies [18,28]. Survival was 
analyzed using a Kaplan-Meier curve.

Results

Patient characteristics
From January 1999 until December 2001, 38 patients were enrolled from 8 centres. 
One patient did not start treatment because of uncontrollable hypertension and ECG 
abnormalities and was excluded from both toxicity and response evaluation. The ratio 

Table 1 Patient characteristics

All

N %

All 38 100

Gender

male 22 58

female 16 42

Age median  (range) 65 (46-82 yrs)

Smoking status 1 3

never smoked

smoked previously > 10 years ago 6 16

smoked previously £ 10 years ago 31 82

Active infection

No 37 97

documented controlled 1 3

Performance Status

0 17 45

1 19 50

2 2 5

Lymph node involvement

Ipsilateral mediastinal nodes 26 68

Contralateral mediastinal nodes 7 18

Supraclavicular nodes 5 13

Note. One patient did not receive protocol treatment due to uncontrolled hypertension 
and ECG abnormality
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of male to female patients was 22/16. All other patient characteristics are presented 
in Table 1. Ninety-five percent of patients had a performance status of 0 or 1. In 
20 patients (52%) the primary tumor was located on the right side and there was 
involvement of the ipsilateral mediastinal lymph nodes in 26 patients (68%). Contra-
lateral mediastinal lymph nodes were observed in 7 patients (18%) and 5 patients 
(13%) presented with positive supraclavicular lymph nodes. In two patients, revision of 
the pathology revealed another type of tumor (one large cell neuro-endocrine tumor 
and one mixed small cell/non small cell tumor). These patients, however, had already 
started the treatment and were included for the toxicity analyses. 

Table 2 Treatment details by chemotherapy cycle

Cycle number

1 2 3 4

Number of cycles 37 36 36 32

Dose modification 1 2 7 12

Reasons

Haematological toxicity 1 2 5

Other toxicity 1 5 7

Dose delay 1 3 13 14

Reasons

Hyponatraemia 1

Haematological toxicity 3 11 9

Other toxicity 2 5

Hospitalisation 9 11 15 7

Dose administration and toxicity.
For the 37 patients, 141 of the planned 148 cycles of chemotherapy were given. Five 
patients did not receive a 4th cycle and one patient stopped treatment after the first 
cycle because of disease progression. Adjustments of the chemotherapy schedule 
occurred in 62% (23/37) of the patients. In 12 out of the 37 patients [22] a dose 
modification was given and in 14/37 (38%) a dose delay occurred. There were no 
treatment related deaths. Patients were hospitalized because of complications (febrile 
neutropenia, esophagitis) in 15% and for logistical reasons in 25% (to appropriately 
co-ordinate the timing between chemotherapy administration and radiotherapy). The 
reasons for dose modification or delay are summarized in Table 2. 
The highest toxicity recorded (Grade 4) was haematological. Other grade 3 toxicity 
was lethargy (30%), esophagitis (37%), dyspnea (26%), anorexia (19%), nausea and 
infection (22%) and vomiting (15%). Some possibly related neurotoxicity was observed 
(sensory, motor, vision, all 7%) (Tabel 3). 
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Thirty-six patients received TRT with a mean dose of 44.8 Gray. One patient was 
ineligible and one refused further therapy after the first cycle. Three patients missed 3 or 
4 fractions due to esophagitis complicated by fever, leucocyto- and thrombocytopenia 
or haemorrhage. Thirty patients were treated with PCI with a mean dose of 28.2 Gy. 
Toxicity related to the TRT was esophagitis in 37% Grade 3, 34% Grade 2 and 37% 
Grade 1. Nine patients (37%) required medical intervention (nasogastric feeding) for 
Grade 3 esophagitis. Esophagitis Grade 4 was not observed. Two patients required 
steroid treatment and oxygen administration for a Grade 3 radiation pneumonitis. 

Response and Time to Progression
An overall response of 92% (34/37 patients) was observed. Sixteen patients achieved 
a complete radiological and histological response (CR), while 18 patients showed post-
radiation changes on the CT scan or chest X-ray while endobronchial examination 
revealed no residual tumor cells (PR). In 3 patients the response was not evaluable 
because of early toxicity. Figure 2 shows the overall survival curve, with a median 

Table 3 Toxicity according to the CTC criteria version 2.0/revised March 1998 for 37 
patients. The worst toxicity score (Grade 3 and 4) per patient are presented. 

Grade 3 Grade 4 %

Haematological toxicity

Anemia 3 - 8

Neutropenia 13 8 57

Febrile neutropenia 9 - 24

Thrombocytopenia 5 3 14

Non haematological toxicity

Anorexia 5 - 14

Esophagitis 10 - 27

Diarrhoea 5 - 14

Nausea 6 - 17

Vomiting 4 - 11

Infection 6 - 17

Fever 1 - 3

Lethargy 8 - 22

Neurotoxicity 2 - 6

Dyspnea 7 - 19

Alopecia 2 - 6

Vision 2 - 6

Cardiovascular 3 - 8

Other (pain, hyponatremia) 5 - 14
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overall survival of 19.5 months (95% CI 12.8-29.2 months). The 1, 2 and 5-year survival 
rates were 70, 46 and 27% respectively. The median time to progression (TTP) from 
start of chemotherapy for all patients was 15.9 months. Patients with a CR had 14.4 
months TTP and for patients achieving a PR this was 23.9 months. At the time of 
analysis 9 patients were still alive and progression-free.
Local recurrences (within the target area) were seen in 6 patients (16%) while distant 
recurrences occurred in 19 patients (51%). In 13 patients (35%) the first site of distant 
relapse was the brain. 

Discussion
In this study we have confirmed that the combination of carboplatin, paclitaxel and 
etoposide can be safely combined with concurrent involved field TRT. The overall 
response rate was 92%, which is comparable to other studies [20,21]. The 2 and 5-year 
survival rates of 46% and 27% are promising, especially when compared to the survival 
data of doxorubicine containing regimens with sequential radiotherapy [3,11]. Other 
platinum-containing regimens are considered more effective, even when combined 
with sequential radiotherapy as shown in an overview by Laurie et al [20]. This all 
adds to the evidence that concurrent chemo-radiation therapy should be considered 
standard treatment for patients with limited stage disease and good performance. 
Overall, we observed a median time to progression (TTP) of 15.9 months. The 
difference in TTP between the patients with a PR and a CR may partly be explained by 
the definition of response. Due to the concurrent use of chemotherapy and radiation 
to the thorax, there is an increased chance of pneumonitis and lung fibrosis, which 

Figure 2 Kaplan-Meier survival 
curve. The X-axis shows the 
survival in months and the 
number of patients at risk. The 
survival probability is presented 
on the Y-axis. 
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will be visible on both chest X-ray and CT scan. This may also explain the relative high 
number of patients achieving a PR in our series. Turrisi et al [32] reported similar data 
on the significance of ‘partial responses’ after concurrent platinum etoposide and TRT. 
In this Intergroup study, 32% of patients were ‘partial responders’, and their 5-year 
survival after twice-daily radiotherapy was 23% while once-daily radiotherapy resulted 
in a 5 yr survival of 8%.

This study showed that it is feasible to plan the chemotherapy and involved-field 
TRT according to this protocol in a multi-center setting. Thirty-five patients started 
the planned radiation therapy. The radiation therapy started within the first week 
of the second cycle, which allowed the radiation oncologist to optimally plan the 
radiation treatment and profit from possible tumor shrinkage after the first cycle. To 
prevent undesired interactions the radiation dose on the first day of the third cycle 
was given before infusion of carboplatin and paclitaxel. Only three patients missed 
a limited number of fractions of radiation therapy due to haematological toxicity or 
esophagitis. The mean total dose of radiation was 44.8 Gy with a significant but 
expected proportion of radiation esophagitis (grade 3) of 37%. In 2 patients clinical 
and radiological signs of radiation pneumonitis occurred, requiring the use of oral 
steroids and oxygen support.
It is important to note that, despite PCI, thirteen of the 30 patients presented with 
brain metastases as first site of failure. This is certainly an unexpected observation. 
This is the first study prescribing involved field irradiation for LS-SCLC. The relatively 
low number of in field recurrences (6 patients) supports the idea that concurrent TRT, 
with a reduced overall treatment time, has advantages over sequential TRT for loco-
regional tumor control and is safe.
Concurrent thoracic radiotherapy seems to improve survival by eliminating chemo-
resistant cells early in the treatment process. Although many studies have addressed 
this issue, the optimal timing of the radiation is not yet elucidated [6,24]. Takada et 
al. [27] reported a phase III study comparing concurrent and sequential radiation in 
combination with cisplatin and etoposide. The concurrent treatment arm had superior 
median survival (27.2 versus 19.7 months) and 5-year survival (23.7% vs. 18.3%). 
Severe esophagitis occurred more often in the concurrent treatment arm but was 
infrequent (< 10%). Haematological toxicity (grade > 3) was 88% in the concurrent 
treatment arm and 54% in the sequential arm. This reported toxicity is comparable 
with our findings. Toxicity was predominantly haematological and resulted in a dose 
delay or reduction in 63% of the patients, which is considered an important issue. 
The use of colony stimulating growth factors was prohibited because of the lack of 
reliable data and the possible detrimental effect when used with concurrent thoracic 
radiation. The SWOG performed a phase III study on the use of GM-CSF with concurrent 
chemo-radiotherapy [2]. The combination was associated with significantly deeper 
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white blood cell and neutrophil nadirs, but there was a significant increase in life-
threatening thrombocytopenia, longer hospital stay, higher incidence of intravenous 
antibiotic use, need for more transfusions, and a greater number of toxic deaths. 

Another approach is the use of hyper-fractionated schedules in LS-SCLC. The effect 
of twice daily irradiation versus standard once daily radiation has been investigated 
by Turrisi et al. [31]. This randomized trial compared once daily 1.8 Gy irradiation 
versus twice daily 1.5 Gy irradiation to a total of 45 Gy. Both local control and survival 
were significantly improved in the experimental arm. The loco-regional recurrence 
rate dropped from 52 to 36% and at 5 year follow-up the survival was 16% in the 
standard arm compared with 26% in the experimental arm. This study has now led 
to new studies comparing high total doses of irradiation given once daily or by hyper 
fractionation. One of the disadvantages of hyper-fractionation is the increased risk of 
severe esophagitis. 
Recently, other chemotherapy regimens have been tested in SCLC. Two Japanese groups 
observed improved survival in patients with Extensive Stage (ES) SCLC when cisplatin 
was combined with irinotecan [15,23]. A median survival of 12.8 months for this new 
combination compared to 9.4 months for cisplatin/etoposide has attracted attention 
and this study is one of the few that have shown such a success for chemotherapy 
alone. In Europe and the USA, phase III studies are now underway to determine the 
exact role of irinotecan/cisplatin combination in ES SCLC. The preliminary results do 
not confirm the Japanese findings. In addition, the implementation of irinotecan/
cisplatin with concurrent TRT is quite complicated. Irinotecan is a potent radiosensitizer 
[34], it might therefore be expected that the combination of cisplatin and irinotecan 
with concurrent radiation therapy can lead to severe radiation induced esophagitis and 
pneumonitis. So far the Japanese study by Han has not reported this.
The addition of a third drug in the treatment of SCLC has been questioned by at least 
two studies. The CALGB 9732 investigated the addition of paclitaxel to a combination 
of cisplatin and etoposide in patients with ES-SCLC [22]. More toxic deaths (6.5% vs. 
2.4%) were reported in the three-arm combination and there was no improvement in 
overall survival. The RTOG 9606 study reported on the results of twice daily irradiation 
combined with paclitaxel, etoposide and cisplatin in patients with LS SCLC [8]. In this 
phase II study the radiation was given during the first cycle with a reduced dose 
of paclitaxel (from 175 to 135 mg/m2). The median survival of 24.7 months with a 
54.7% two-year survival rate is in line with other reported studies [31]. Haematological 
toxicity (grade 3-4) occurred in 44% and esophagitis grade 3 in 17% and grade 4 in 
2% of the 53 evaluable patients. It can be concluded that for the treatment of both LS 
and ES SCLC a two-drug combination is probably sufficient. 
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Our study demonstrated that the three-drug combination and concurrent involved field 
thoracic radiotherapy was feasible in a multi-center setting in the Netherlands. The 
results also indicated that the haematological toxicity remained a major problem. Both 
survival and response rate seemed superior to the combination of CDE and sequential 
radiotherapy. Nowadays our attention is directed to optimizing the radiation schedules, 
delivering higher doses to the primary tumor and involved lymph nodes and to limit 
the haematological toxicity by using a two-drug regimen. 
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Abstract
Purpose: To investigate whether biological factors related to radiosensitivity and 
chemosensitivity have prognostic significance in non-small cell lung cancer (NSCLC) 
patients treated with daily low dose cisplatin and radiotherapy. 
Patients and Methods: Twenty-seven patients with NSCLC were treated with concurrent 
daily low dose cisplatin and radiotherapy between 1993-1995. Tumor specimens were 
analysed for p53 and bcl-2 expression, and for cell proliferation using antibodies against 
ki-67. In addition, apoptosis was measured using an endlabeling technique (TUNEL). 
Finally, cisplatin-induced DNA modification in buccal cells was assessed immunocy-
tochemically using a specific antiserum. Univariable and multivariable analyses were 
performed to assess the association between the different variables and survival.
Results: The median follow-up was 41 months, and 21 patients (78%) have died. In a 
univariable analysis, age, tumor stage and cisplatin-DNA adduct staining were the only 
factors significantly associated with survival (p<0.05, log-rank test). P53, bcl-2, Ki-67 
and apoptosis showed no relationship with outcome. Multivariable analysis revealed 
that cisplatin-DNA adduct staining remained an independent prognostic factor (hazard 
ratio = 0.10, 95% CI = 0.02-0.49), with shorter survival times for patients with a low 
adduct staining.
Conclusion: The determination of the extent of platinum-induced DNA modification in 
buccal cells could provide a simple way to predict treatment outcome in patients with 
NSCLC treated with daily concurrent cisplatin and radiation.
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Introduction
Until recently, radiation therapy has been the mainstay of treatment for Stage IIIA and 
IIIB non-small cell lung cancer (NSCLC) due to consistent palliation and ability to cure a 
small proportion of patients. The EORTC Lung Cancer and the Radiotherapy Cooperative 
groups have reported on the combined treatment for NSCLC of radiotherapy and 
chemotherapy [11,18]. Significant improvement in local control and survival was 
observed for the combination. The Schaake-Koning study showed most benefit from 
a daily cisplatin regimen, consistent with preclinical data and the possibility of radio-
sensitization by the drug when given in close proximity to radiation [1]. In spite of 
these improvements, a large number of patients still have a poor prognosis. Favourable 
clinical prognostic factors were: a good performance score, stable weight, and location 
of the primary tumor in the upper lobes. Even with these clinical prognostic factors it 
is still not possible to adequately predict which individual patients are at risk for early 
disease relapse or who have limited disease and may experience a favourable survival 
[17]. Rapid progress in the study of molecular biology of cancer has contributed to 
our better understanding of its molecular pathogenesis, including that of lung cancer. 
Molecular prognostic factors therefore provide additional valuable tools in addition to 
traditional clinical ones. Several gene products could influence therapy with cisplatin and 
radiation. For example, the tumor suppresser gene product p53 is a critical mediator 
of cellular response to DNA damage in mammalian cells. Both G1 cell cycle arrest and 
apoptosis after chemotherapy and /or radiation have been shown to be dependent on 
normal p53 function. When p53 is mutated, cells can escape from the G1/S arrest [12]. 
P53 is also involved in the apoptotic response, where it has been shown to regulate the 
expression of the apoptotic promoting and repressing genes bax and bcl-2, respectively. 
Upregulation of bcl-2 is thought to be one mechanism causing cisplatin and radiation 
resistance [3]. Several studies in NSCLC patients have shown that mutated p53 is 
associated with poor outcome [15]. Most of the studies were performed in NSCLC 
patients treated with surgery, and so the effect of p53 status on response to chemo 
and/or radiotherapy has not been adequately tested [6].
The proliferation rate of a tumor can also influence outcome. There is evidence that 
reduction of the overall treatment time might lead to better survival rates in patients 
with NSCLC. Saunders et al. [16] has reported impressive results after treating inoperable 
NSCLC patients with Continuous Hyperfractionated Accelerated Radiation Therapy 
(CHART). Improved local control and survival have been ascribed to the prevention 
of repopulation of tumor cells due to the reduction of the overall treatment time. 
Consistent with this, several  studies have found a relationship between proliferative 
fraction measured by Ki-67 and survival, suggesting that this index of tumor growth 
may be a valuable prognostic indicator [4].
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Several mechanisms of cellular resistance to cisplatin have been described [7]. The 
number of platinum-DNA adducts induced appears to be an important factor for 
cell kill [22]. For example, changes in drug uptake, or in extra- or intracellular drug 
inactivation, will translate eventually into DNA adduct changes. Investigation of 
the number of cisplatin-DNA adducts in white blood cells or buccal cells has been 
established as a prognostic factor in patients with a variety of tumors [2,19]. The 
mechanisms of interaction between platinum drugs and irradiation have not been 
unequivocally elucidated, although it is known that the order of administration and 
the number of cisplatin DNA adducts play a role in this process [23].
In the current study, we have examined 27 primary non-resectable non-small lung 
cancers of the major histological types and related outcome with a variety of potential 
predictors for chemosensitivity and radiosensitivity based on the considerations 
described above.

Patients and methods

Patient selection and patient material
The study includes 27 patients who had radical radiotherapy and daily administration 
of low dose cisplatin at The Netherlands Cancer Institute (Antoni van Leeuwenhoek 
Hospital) between 1992 and 1995. Patient were irradiated using a concomitant boost 
technique. A total dose of 55 Gy was given in 20 fractions in an overall treatment time 
of 26 days (daily irradiations, excluding weekends). Cisplatin (6 mg/m2/d) was given as 
a bolus, approximately 
One h prior to irradiation on each day [20], i.e. 20 administrations giving a total dose 
of 120 mg/m2. All patients had a histologically confirmed diagnosis of NSCLC and 89% 
(24) had a pre-treatment clinical Stage of IIIA or IIIB. They had good clinical prognostic 
factors such as weight loss < 10% and a good performance status. They had not 
previously received chemotherapy, radiotherapy or surgery. Tumor biopsies were taken 
before treatment. All specimens were fixed in 10% formalin and embedded in paraffin 
wax. For cDDP-DNA adduct determination, buccal cells were collected by wiping the 
inner cheek with a cotton swab prior to cisplatin treatment (day 0; called pre-treatment) 
and 1 h after the fifth administration of cisplatin (day 5; called post-cisplatin). Cells 
were collected in phosphate-buffered saline (PBS), centrifuged for 10 min at 200xg, 
and washed twice with PBS. Cytospin preparations were made on silane-coated slides 
followed by fixation in methanol/acetone (80/20; -20ºC).
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Immunohistochemistry
Five µm sections were cut from paraffin embedded tissue. De-waxed sections were 
immunostained by means of the avidin-biotin-peroxidase complex using the following 
primary antibodies: monoclonal antibody raised against p53 (DO7, dilution 1:5000, 
Dako, Glostrup, Denmark), bcl-2 (dilution, 1:500, Dako, Glostrup, Denmark) and ki-
67 (MIB-1, dilution 1:600 Immunotech) overnight at 4ºC. All sections were placed in 
a plastic box filled with 10 mM, pH 6.0 citrate buffer, and processed in a microwave 
oven 15 min before immunostaining. To visualize the proteins, a biotinylated F(ab’)2 
fragment of goat anti-mouse immunoglobulin (DAKO, Denmark) was used, followed 
by an avidin-biotin horseradish peroxidase for amplification. Finally, slides were stained 
with 3,3,-diaminobenzidine-H2O2 and counter stained with hematoxylin, dehydrated 
and coverslipped.
For each determination, 300 cells were counted. For p53 and bcl-2, cancer cells staining 
positively were expressed as the percentage of the total number of cancer cells and 
assigned to one of 4 categories: - 0-5%; +/- 5-25%; + 25-60%; ++ > 60%. Ki-67 positive 
cells were expressed as the percentage of the total number of cancer cells.
For the different antigens, we chose antibodies which were reported to give good 
results on paraffin sections. There was usually significant heterogeneity of nuclear 
staining in the same section. We therefore used a semiquantitative scoring system, 
in which the percentage of positive nuclei were divided into 4 categories, the lowest 
being 0-5% and the highest being more than 60%. Areas in the sections were selected 
randomly. At least two persons counted each tumor specimen and there was less than 
5% difference in results between observers. Scoring was done blind with respect to 
clinical characteristics and outcome of therapy. For apoptosis and Ki-67, the results are 
given as a direct percentage and not a category. Only tumor cells were counted and 
not bronchial epithelial cells. The negative controls, i.e, a biotinylated F(ab’)2 fragment 
of goat anti-mouse immunoglobulin (DAKO, Denmark) as the primary antibody or 
replacing the primary antibody by albumin or phosphate buffered saline, showed little 
or no staining.

Apoptosis
The TUNEL assay was used, in which DNA breaks were detected in situ by the 
end-labeling method of Gavrielli et al. [8] which is based on the specific tailing of 
3’-OH ends of DNA by terminal deoxynucleotidyl transferase (TdT). Briefly, paraffin 
section were de-waxed, rehydrated through a graded alcohol series, and washed 
with distilled water. Subsequently, tissue was digested with proteinase K (20 mg/
ml) in PBS at room temperature for 15 min. Sections were treated with 2% H2O2 
distilled-water. Equilibration buffer, TdT-enzyme, reaction buffer, stop/wash buffer 
and anti-digoxigenin-peroxidase steps were done according the protocol from 
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ApoptagTM in situ apoptosis detection kit (ONCORR). Finally, slides were stained with 
3,3,-diaminobenzidine-H2O2 and counter stained with hematoxylin, dehydrated and 
coverslipped.

Cisplatin-DNA adducts
For cytospins, the immunocytochemistry protocol of Terheggen et al. [22] was used 
with some modifications to the peroxidase steps. Briefly the following sequence was 
carried out: phosphate-buffered saline-H2O2 (to inactivate endogenous peroxidase), 1 
M KCl, proteinase K, ethanol (to denature the DNA and to increase the accessibility of 
the cisplatin- DNA adducts), 1% BSA (to reduce non-specific antibody binding), rabbit 
polyclonal antiserum NKI-A59 against cisplatin-DNA adducts. To visualize the adducts 
a biotinylated F(ab’)2 fragment of swine anti-rabbit immunoglobulin (DAKO, Denmark) 
was used, followed by an avidin-biotin horseradish peroxidase for amplification, and 
3,3,-diaminobenzidine-HCl/nickel as peroxidase substrate.
The staining intensity of individual nuclei was measured microdensitometrically with a 
Knott (Munich, FRG) light-measuring device (beam diameter 0.5 µm), coupled to a Leitz 
Orthoplan microscope. The scanning equipment was linked to an Atari ST computer 
(Atari, Sunnyvale), programmed with an adapted version of the Histochemical Data 
Acquisition System (Hidacsys, Leiden, The Netherlands). The nuclear staining density 
(the integrated optical density of a selected nuclear area expressed in arbitrary units) 
was determined on 30 nuclei per slide which were scanned separately. Slides were 
analyzed blind with respect to clinical characteristics and outcome of therapy. Each 
staining was corrected by comparing with a standard, which was a batch of the A2780 
human ovarian tumor cell line treated with 5 µM cisplatin for 2 h. Corrected staining 
intensity was then calculated as: (Tb - Ta)/(Sb - Sa) where Ta and Tb are the staining 
intensities of the test sample before and after cisplatin treatment respectively, and Sa 
and Sb are the staining intensities of the standard before and after cisplatin treatment. 
In three separate staining series, Sa and Sb values (in arbitrary units) were 13.09 and 
22.85, 13.65 and 23.55, and 14.9 and 25.76, resulting in Sb-Sa values of 9.76, 9.89 
and 10.79 respectively. The coefficients of variation for Sa, Sb and Sb-Sa for these 
three series of measurements were 7%, 6% and 6%, respectively.

Statistical Analysis
Associations between the different potential prognostic parameters were investigated 
by a Spearman correlation analysis. Survival was measured from the start of radiotherapy 
to the time of death or the last follow-up. Survival curves for subgroups of patients 
based on age, histology, N-stage, disease stage, adduct staining and apoptosis were 
plotted according to the method of Kaplan and Meier. For this purpose, the variables 
age, apoptosis, Ki-67 staining and cisplatin-DNA adduct staining were dichotomized. For 
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determination of p53 and Bcl-2 we divided the four categories into two groups because 
of the small numbers in each category. The first was - and +/-; and the second group 
was + and ++ (called + and ++ in Tables 1 and 2). Medians were used as the cut-off for 
apoptosis and ki67. For age, a cut-off of 60 was used, consistent with other reports 
in the literature. For cisplatin adducts, the cut-off of the median staining density (1.16 
arbitrary units) was chosen. Equality between survival curves was evaluated by the log-
rank test. Significant prognostic factors of survival at the univariable level were assessed 
further by a multivariable analysis according to the Cox proportional hazards model.

Results 

Immunohistochemical detection of prognostic indicators
The results for the biological markers were first analysed in relation to clinical and 
clinico-pathologic characteristics, including lymph nodes, tumor stage, survival and 
cisplatin-DNA staining (adducts). Figure 1 shows a tumor with different degrees of 
staining for the different antibodies (patient 7). P53 immunostaining was performed in 
27 cases (Figure 1A). Immunoreactivity was confined to the nuclei of neoplastic cells. 
The following staining patterns were seen; 10 cases negative, 4 cases weakly positive, 
6 cases positive and 7 cases strongly positive. Bcl-2 immunoreactivity was localized 
mainly in the cytoplasm of neoplastic cells (Figure 1B).  Heterogeneous staining was 
sometimes detected in the basal layer cells of normal bronchial epithelium adjacent to 
tumor areas. Staining was negative in 10 cases, weakly positive in 8, positive in 8, and 
strongly positive in 1.
Apoptosis was found in most tumors (Figure 1C). The apoptotic index ranged from 0% 
(5 of the 27 cases) to 8% (Table 1), with median and mean values of 2% and 1.8% 
respectively. All tumors were also stained for the growth fraction marker Ki-67 (Figure 
1D). The Ki-67 index was high in most tumors ranging from 15-94% (Table 1), with 
median and mean values of 60% and 59% respectively.
Nuclear staining in buccal cells collected 1 h after cisplatin therapy on the fifth 
treatment day (i.e. after 5 daily doses of 6 mg/m2/d cisplatin) was always higher than 
the corresponding pre-treatment staining. A typical example of positive staining is 
illustrated in Figure 1F. Nuclear signal intensity (arbitrary units) ranged from 0.4-2.8 
(Table 1) with medians and means of around 1.2.
High spontaneous apoptotic frequencies in the tumor were associated with high 
adduct staining in buccal cells (p=0.03). A high bcl-2 index in the tumors was also 
associated with high spontaneous apoptotic frequencies (p=0.03). This is in the 
opposite direction to that expected based on the known anti-apoptotic action of bcl-
2, although it should be noted that a high bcl-2 score refers to numbers of stained 
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Figure 1. Examples of staining for potential prognostic markers. (a) P53 nuclear 
staining (DO7 antibody), (b) Bcl-2 staining in the cytoplasm of tumor cells, (c) ki-67, (d) 
apoptosis (TUNEL assay), (e) non-specific control, (f) cisplatin-DNA adducts in nuclei of 
buccal cells from a NSCLC patient treated with five infusions of cisplatin 6 mg/m2 (NKI-
A59 antiserum). For all panels, immunohistochemical detection with the ABC method 
was employed; magnification 40x.
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cells, not staining intensity (expression level). Neither ki-67 nor p53 were significantly 
associated with each other, or with any other parameter.

Univariable survival analysis
The median follow-up for the 27 patients was 41 months. 21 patients had died, most 
of them (18) due to local recurrence and/or metastatic disease. The median survival 
time was 9 months. Age, disease stage, and cisplatin-DNA adduct staining were 
individually significantly associated with survival (p<0.05 by log-rank test; Table 2). As 
shown in Table 2, younger patients, patients with the more advanced disease stage 
IIIB, and those having low buccal cell adducts had significantly shorter survival times 

Table I Patient information, results with prognostic markers, and treatment outcome.
Patient Age Sex Histology N-

stage

T-

stage

P53 Bcl-2 Apoptosis 

(%)

ki-67 

(%)

Adducts 

(a.u.)

Survival 

(months)

Status

1 72 male large cell 0 1 + ++ 2 76 1.05 5.2 dead

2 58 male squamous 2 3B ++ + 1 86.3 0.54 5.1 dead

3 64 male squamous 2 3A + ++ 2 32.3 1.16 15.9 dead

4 50 male adeno 3 3B + + 3 43 0.98 2.1 dead

5 66 male large cell 2 3A + + 0 22 0.64 3 dead

6 65 male large cell 2 3A + + 0 53.2 1.5 20.4 dead

7 55 male adeno 2 3A ++ + 8 67.7 2.69 30.2 dead

8 69 male squamous 2 3A ++ + 0 85.7 1.04 12.6 dead

9 62 male squamous 2 3A ++ + 2 44 1.31 43.8 dead

10 69 male adeno 2 3A + + 2 89.7 2.01 49.2 alive

11 65 male large cell 2 3A + ++ 3 73 1.82 49.3 alive

12 51 male large cell 2 3B ++ + 1 35.3 0.79 8.8 dead

13 62 male squamous 2 3A + + 1 40 1.63 40.2 alive

14 60 male squamous 1 2 ++ + 5 71 1.33 4.5 dead

15 33 male large cell missing 3B ++ + 1 68.7 0.82 7.5 dead

16 62 female adeno 2 3A ++ ++ 3 60.3 2.36 35.5 alive

17 41 male adeno 3 3B + ++ 2 57.3 0.57 6.6 dead

18 63 male squamous 1 3B + ++ 3 61.7 1.77 8.7 dead

19 72 male squamous 2 3A + + 1 94.3 1.47 40.1 alive

20 65 male large cell 2 3A + ++ 3 73.3 1.43 12 dead

21 65 male squamous 0 1 ++ + 0.5 75 2.19 41.3 alive

22 46 male squamous missing 3B ++ + 2 56.1 0.82 9.1 dead

23 55 male large cell 2 3B ++ + 1 60.3 0.59 0.6 dead

24 62 male adeno 2 3A + + 0 31.7 0.41 3.5 dead

25 61 male squamous 2 3B ++ ++ 0 38.3 0.76 7.6 dead

26 57 female undifferent 2 3A ++ ++ 1 58.7 1.57 9.7 dead

27 64 male large cell 0 3B + + 2 53.7 0.67 1.5 dead
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(median survival durations 7.5, 7.1 and 5.9 months, respectively) than older patients, 
those with a lower disease stage and higher adduct levels (median survival duration 
15.9, 20.4 and 25.3 months, respectively).

Prognostic significance of cisplatin-DNA adduct staining
The association of adduct level with survival time was the clearest for earlier stages 
(Figure 2). To explore the possibility that the significant correlation for cisplatin-
DNA adduct staining with survival was due to its relationship with tumor stage, 

Table 2 Univariate analysis of potential prognostic factors.

Factor No. of patients Median survival (months) p

Age

< 60 10 7.5

60+ 17 15.9 0.02

Histology

squamous cell/adeno 11 12.8

Large cell/ Undifferent 9 8.1 0.2

N-stage*

0/1 5 5.2

2/3 20 12.4 0.25

T-Stage

I/II/IIIA 17 20.4

IIIB 10 7.1 < 0.01

p53

+ 14 10.4

++ 13 9.1 0.79

Bcl-2

+ 18 9

++ 9 9.7 0.84

Apoptosis (%)

<2 13 8.8

> 2 14 10.6 0.75

Ki-67 (%)

<60 13 8.8

> 60 14 12.4 0.13

Adducts (a.u.)

<1.16 13 5.2

>1.16 14 30.2 < 0.0001

*N stage was unknown for two patients
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Figure 2. Survival as a function of buccal 
cell cisplatin adducts and tumor stage. 
Each point represents one patient, split 
into stage categories of: 3A (n=17) and 
3B (n=10). Adducts were quantified 
immunocytochemically using an arbitrary 
scale (see methods).

Figure 3. Predictive potential of cisplatin 
adducts in buccal cells. Curves show 
survival of NSCLC patients given combined 
treatment with daily concurrent cisplatin 
and radiotherapy, split according to 
whether adduct levels were above or 
below the median value of 1.16. Adducts 
were quantified immunocytochemically 
using an arbitrary scale.

Table 3 Cox proportional hazard model analysis of prognostic factors

Factor Hazard ratio 95% confidence interval p

Univariable analysis

   Age 0.95 0.91 -   0.99 0.03

   Histology 1.76 0.73 -   4.22 0.21

   N-Stage 0.52 0.17 -  1.61 0.26

   Stage 7.12 2.13 -  23.83 < 0.01

   p53 1.13 0.48 -   2.67 0.79

   Bcl-2 0.91 0.37 -   2.23 0.84

   Apoptosis 0.96 0.74 -   1.23 0.72

   ki-67 0.98 0.96 -   1.00 0.08

   Adducts 0.07 0.02 -   0.28 < 0.01

Multivariable analysis

   Age 1.01 0.94 -    1.08 0.77

   Stage 2.06 0.36 -  11.72 0.42

   Adducts 0.10 0.02 -    0.49 < 0.01

Note. In this analysis, the parameters age (range 32-72), apoptosis (range 0-8), ki-67 
(range 22-94), and adducts (range 0.41-2.69) were treated as continuous variables. 
p53 and Bcl2 were included as two groups (+) and (++)

131

DNA-adduct levels as a predictor of outcome for NSCLC patients



the independent effects of this potential prognostic factor was investigated in Cox 
proportional hazards models. In the first model, tumor stage, age and cisplatin-DNA 
adducts were entered simultaneously. As shown in Table 3, cisplatin-DNA adduct 
staining remained a significant independent predictor for survival (hazard ratio [HR] 
= 0.10, 95% CI = 0.02-0.49). In a second model, we accounted for tumor stage by a 
forced entry of this factor in the model before age and staining. This approach did not 
alter the positive prognostic significance of cisplatin DNA adduct staining.

Discussion
Cisplatin-DNA adduct formation, as detected by immunohistochemical staining, 
appeared to be a significant prognostic factor for patients with NSCLC who have 
undergone a treatment of daily low dose cisplatin concurrently with radiotherapy. This 
suggests that the efficacy of this combined drug-radiation regimen is determined, at 
least in part, by the level of drug-induced DNA modification and the persistence of the 
DNA adducts. This is consistent with some laboratory studies showing that the number 
of platinum DNA adducts can be an important determinant of drug-induced cell kill, 
such that lower numbers of platinum DNA adducts are associated with resistance 
at equimolar platinum concentrations. In some of these studies we compared our 
method with other methods such as ELISA and found the same relation [21,22]. 
One explanation for the results is that adduct formation in buccal cells is an indicator 
of integrated systemic exposure to cisplatin, such that less adducts in buccal cells 
also imply less tumor exposure. This could also be the explanation for any association 
with Stage, such that more advanced tumors in general have a worse blood supply. 
Concurrent pharmacokinetic data would have been useful to ascertain what proportion 
of the variations observed was due to exposure differences, e.g. resulting from 
differences in such factors as body fat and kidney clearance. Other studies have indeed 
shown considerable variation in both kidney clearance and adduct levels [19]. We 
therefore tested whether platinum levels could be measured in these patients, but the 
low individual dose of 6 mg/m2 used precluded detection of platinum in serum, thus 
preventing estimates of AUC. Other studies using higher cisplatin doses have shown 
a relationship between AUC and adducts in white blood cells [19]. Adduct levels are 
also likely to reflect processes affecting drug uptake, intracellular drug detoxification 
(dependent on glutathione and glutathione-S-transferase levels), and DNA repair 
leading to removal of adducts [7]. These will operate independently of exposure level. 
The association between buccal adduct levels and tumor response could therefore also 
imply that the sum of these cellular factors in tumor cells are related in a systematic 
way, through genetic factors, to those in buccal cells of the same patient. Without 
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data on tumor cells, it is not possible to assign relative importance to variations in 
pharmacokinetics versus cellular factors.
For studies on cancer patients, direct information about DNA platination in the tumor 
would be optimal. This is difficult to obtain, however, since most tumors, and especially 
lung tumors, are not easily accessible. We therefore studied buccal cells which are 
easily accessible and for which previous studies had indicated their prognostic potential 
[2]. The immunocytochemical method of adduct-specific nuclear staining does not yet 
yield absolute numbers of adducts per nucleus. Good relative quantitation can be 
achieved, however, since well defined dose-response and time-response relationships 
have been found with this technique both in vitro and in vivo [2,22,23]. Significant 
staining variation between cells within one cytospin (average coefficients of variation at 
different drug doses and times of around 60% for tumor cell lines and 63% for buccal 
cells taken from patients; errors derived from data in refs [22,23], although a typical 
experiment scoring 30 nuclei results in means which are accurate to within around 
11%. The fact that primary buccal cells showed similar reproducibility of staining as 
the cell lines, and that the time course curves for samples taken at different times 
throughout a treatment course were progressive and well behaved [2,23] imply that 
variations in buccal cell sampling in terms of numbers and composition are small, and 
suggest that the assay is adequately robust. An advantage of using buccal cells over 
white blood cells as an indicator of exposure is that cisplatin-specific nuclear staining is 
higher in buccal cells than in leukocytes from the same patients [2], leading to greater 
resolution and accuracy. The present data support earlier studies in showing that DNA 
adducts in this normal tissue correlate with tumor response.
In the study of Schaake [18], daily cisplatin was better than weekly cisplatin, implying 
that the close proximity in time of the two modalities is important, suggesting radio-
sensitization. However, it is not possible from these data to state whether synergism 
(radiosensitization) or additive killing occurred. Other studies with chemotherapy 
and radiation have shown a similar outcome [11,14]. The choice of chemotherapy, 
drug schedule and radiotherapy were different in these studies, but in each one the 
results were in favor for the combined treatment versus radiotherapy alone. The value 
of platinum-based chemotherapy given concurrently with radiotherapy has recently 
received strong support from results of three randomized trials in cervix carcinoma, all 
showing a significantly better outcome for the combined treatment [14].
Radiosensitization by cisplatin has been described in cell and animal models, although 
the mechanism(s) of radiosensitization has not been unequivocally elucidated. In 
cisplatin resistance studies in which GSH levels were shown to increase, resistance 
to drug has sometimes been associated with resistance to radiation [9]. Less adducts 
may in some cases therefore be caused by high intracellular GSH levels, also having 
implications for radioresistance. However, the data are insufficient to state whether 
tumors in patients with low buccal cell adducts were more resistant just to cisplatin, or 
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to radiotherapy, or both. Direct killing and radiosensitization by cisplatin are both drug 
dose-dependent [23], so that more adducts are likely to be associated with a greater 
degree of both these effects.
P53 alterations are one of the most common genetic abnormalities found in human 
cancer and have been reported in more than 50% of lung tumors [5]. Loss of p53 
function can lead to resistance to chemo- and radiotherapy [15]. In the present study, 
we did not find a positive relationship between p53 positivity and survival, suggesting 
that p53 is not a strong determinant of treatment response in lung tumors.
Apoptosis can occur spontaneously in tumors and can be induced by chemotherapy and 
radiotherapy. Pre-treatment apoptotic levels have been shown to correlate with tumor 
response to radiation in some animal tumor systems [13]. Clinical studies have shown 
variable results, however, some showing that a high apoptotic index is associated with 
good prognosis, while others have shown it correlates with a poor prognosis [10]. In 
the limited series presented here, pre-treatment apoptotic levels had no prognostic 
significance. Without further studies, we do not attach any undue significance to 
the relationships between apoptosis and adducts. Similarly, the observed relationship 
between high apoptosis and high bcl-2 levels could be a chance finding. Expression 
of other bcl-2 family members (bax, bcl-xl, etc), would be necessary to more fully 
explore this aspect, but it confirms that blc-2 alone may not provide useful prognostic 
information.
The extent of labeling with the proliferation marker Ki-67 was also unrelated to 
outcome in this study. Longer overall treatment times in radiotherapy have been 
associated with worse local control [16], implying that repopulation of tumor cells 
during treatment can reduce the chance of cure. The overall treatment time in the 
present study (26 days), however, may have been short enough to preclude significant 
repopulation, thus explaining the lack of predictive power of ki-67.
In summary, the level of induced DNA adducts in buccal cells was strongly associated 
with outcome after concurrent cisplatin and radiotherapy treatment for NSCLC. If 
confirmed in larger studies, this would provide a relatively simple way of predicting 
treatment outcome, and eventually selecting patients for this combined therapy.
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Abstract
The aim of this study was to investigate the relationship between standardized uptake 
value (SUV), obtained from [18F] fluorodeoxyglucose positron emission tomography 
(FDG PET), and treatment response and survival of inoperable NSCLC patients 
treated with high dose radiotherapy. Fifty-one patients were included, recording 
Stage, performance, weight loss, tumor volume, histology, lymph node involvement, 
SUV, and delivered radiation dose. The maximum SUV (SUVmax) within the primary 
tumor was a sensitive and specific factor for predicting treatment response. Apart 
from SUVmax, Stage and performance were also independent predictive factors for 
treatment response. In a multivariable disease-specific survival (DSS) analysis, SUVmax 
(p = 0.01), performances status (p = 0.008) and Stage (p = 0.04) were prognostic 
factors. For overall survival (OS), SUVmax (p = 0.001) and performance (p = 0.06) were 
important prognostic factors. SUVmax was an important prognostic factor for survival 
of inoperable NSCLC patients and a predictive factor for treatment response. Although 
the number of patients was small, the treatment was inhomogeneous and the use of 
FDG SUV may have constraints, we still conclude that the FDG SUV is potentially a 
good indicator for selecting patients for different treatment strategies.
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Introduction
TNM Stage, performance status and weight loss are important prognostic factors used 
to stratify NSCLC patients for the most optimal treatment regimen [1]. These factors, 
however, do not always provide a satisfactory explanation for differences in outcome 
between patients. Molecular markers and other features, such as tumor doubling 
time, are also closely related to prognosis [2], although these factors are not always 
available in case of inoperable NSCLC patients (e.g. no pathology). A non-invasive 
prognostic classifier may improve selection of those inoperable NSCLC patients, who 
are appropriate candidates for individually adapted therapy (dose escalation, chemo-
radiation), potentially improving the poor prognosis of these NSCLC patients.
Neoplastic cells demonstrate up-regulation of glucose metabolism in order to obtain 
energy needed for proliferation [3]. Consequently, uptake of glucose or glucose 
analogues like deoxy-glucose is increased. Labelling deoxy-glucose with the positron 
emitting radionuclide 18F to form [18F] fluorodeoxyglucose (FDG) renders these cells 
detectable using positron emitting tomography (PET) because, in contrast to glucose, 
FDG is no substrate for hexokinase and is therefore trapped in the cells. 
The standardized uptake value (SUV) is a semi-quantitative method for assessing glucose 
metabolism, which is often used in clinical studies. Higher SUV values were observed in 
NSCLC with higher proliferation rates [4-6]. Moreover, it was demonstrated that SUV 
was a significant prognostic factor in the survival analysis of NSCLC patients [7-12].
The purpose of the present study was to investigate whether SUV could be used as a 
classifier for predicting which patients will have favorable treatment response, and to 
assess the significance of SUV as a prognostic factor in survival analysis of inoperable 
NSCLC patients treated with high dose radiotherapy.

Patients and Methods

Patients
Patients included in this study were diagnosed and treated at the Department of 
Radiation Oncology in The Netherlands Cancer Institute - Antoni van Leeuwenhoek 
Hospital. The FDG scan was performed at the Department of Nuclear Medicine 
and PET research of the VU University Medical Centre, Amsterdam. PET imaging 
was requested for the evaluation of mediastinal lymph node involvement and as a 
screening method for the presence of clinically unsuspected distant metastasis in 
patients diagnosed with NSCLC. For patients with small progressive peripheral lesions 
on computed tomography (where histology or cytology was not feasible) increased 
FDG uptake was used as a criterion to confirm diagnosis. 
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From January 1999 and November 2001, data of 60 consecutive patients meeting the 
following eligibility criteria could be evaluated in the present analysis. Patients had to 
have histologically proven NSCLC, or a progressive lesion on computed tomography 
with increased FDG uptake on the PET image. Both transmission and emission scan 
were required to analyze the SUV retrospectively. Nine of the 60 patients were 
suspected to have distant metastases on the PET images and were excluded from this 
study because curative therapy was not feasible. Follow up of patients was closed on 
31 July 2004.
Recorded characteristics were age, gender, performance status, histology, tumor 
volume, weight loss, treatment response, and tumor and- lymph node Stage. Weight 
loss was scored into 3 groups defined as 0 - 5%, 5% - 10% or > 10% loss of the 
original weight during 3 months prior to therapy. Treatment response was scored 3 
months after treatment and defined according to the Response Evaluation Criteria in 
Solid Tumors (RECIST) criteria [13]. The performance status of the patient was defined 
according to the World Health Organization (WHO) criteria. 
The mean age of the 51 patients (34 men and 17 women) was 69 years. Fifteen 
patients had WHO performance status 0, 33 performance status 1, and only 3 patients 
performance status 2, respectively. Stage I disease was diagnosed in 21 patients and 
11 patients had Stage II disease. These patients were medically inoperable or refused 
surgery. Nineteen patients had Stage III disease and were technically inoperable. 
Concerning the lymph nodes, 23 patients had N0 disease, 10 patients N1 and 18 
patients proved to have N2-3 disease based on CT and PET (Table 1). Tumor volume 
was computed as the volume of the primary tumor delineated by the radiation 
oncologist on the pre-radiotherapy CT scan. The mean tumor volume was 80 cm3 
(range: 4.2 - 455.6 cm3). The smallest and largest tumor had a maximum diameter 
of 1.5 and 12.3 cm, respectively. Pathology was not available for 11 patients with a 
small peripheral tumor, which was progressive on CT and positive on PET. Seventeen 
patients had squamous cell carcinoma, 13 patients adenocarcinoma and 10 patients 
large cell carcinoma (Table 1). 
Thirty-four patients were included in a Phase I/II dose escalation study [14] and were 
treated with doses between 60.8 and 94.5 Gy (2.25 Gy per fraction, fixed overall 
treatment time of 6 weeks). Six of these dose escalation patients had Stage IIIA or 
IIIB NSCLC and received induction chemotherapy (gemcitabin with either carboplatin 
or cisplatin). Four patients received 66 Gy (2.75 Gy per fraction) with concurrent daily 
intravenously cisplatin (6 mg/m2). Two of those patients had Stage IIIB NSCLC and 2 
patients had Stage IIB NSCLC. Three patients received 70 Gy in 2 Gy fractions. Ten 
patients were irradiated with a total dose of 67.5 Gy in 2.25 Gy per fraction. The 
mean dose was 77 Gy (range 60 – 94.5 Gy) (Table 1). PET positive lymphnodes were 
included in the gross tumor volume together with the primary tumor. Therefore these 
nodes were irradiated to the same dose as the primary tumor.
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FDG-PET
PET imaging was performed with a median of 19 days (minimum 4, maximum 66 
days) before start of treatment. Scans were performed on a dedicated ECAT EXACT 
HR+ PET scanner (Siemens/CTI, Knoxville, TN, USA). This scanner has an axial field of 
view of 15 cm, divided into 63 contiguous planes.
All patients fasted for at least 6 hours before scanning. FDG was injected in the arm 
contra lateral to the tumor and prior to injection a blood sample was taken from this 
arm for the serum glucose measurement.
Approximately 60 min after injection of FDG (5.5 MBq x body weight, with a minimum 
of 340 MBq, and a maximum of 550 MBq), an emission scan (2D mode), and a 10-15 
min transmission scan were acquired.

Table 1 Patient characteristics.

Characteristic Number of patients Characteristic Number of patients

Mean (Range) Mean (Range)

Total 51 Tumour volume (cm3) 80.0 (4.2 – 455.6) 

Age 69 (32 – 88) Histology

Squamous cell 17

Gender Adenocarcinoma 13

Male 34 Large Cell 10

Female 17 Unknown 11

WHO performance status SUVmax* 17.0 (3.4 – 40.8)

0 15

1 33 Chemotherapy

2 3 Sequential 6

Concurrent 4

Stage 

I 21 Radiotherapy dose (Gy) 77 (60 - 94.5)

II 11

III 19

Lymph node

N0 23

N1 10

N2-3 18

* SUVmax is the maximum standardized uptake value within the primary tumour.
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The FDG scan was corrected for dead time, decay, scatter, random coincidences and 
photon attenuation. Scans were reconstructed using ordered subset expectation 
maximization (OSEM) with 2 iterations and 16 subsets, followed by post-smoothing 
of the reconstructed image using a Hanning 0.5 filter. An image matrix size of 256 x 
256 was used.

Standardized Uptake Value (SUV)
FDG uptake was quantified using SUV. In this study SUVmax was defined as the 
maximum tumor concentration of FDG divided by the injected dose and corrected for 
the body weight of the patient: [SUV = maximum activity concentration / (injected 
dose / body weight)]. For the determination of the SUVmax, the maximum FDG-uptake 
was searched within the region of the primary tumor on the PET image. This region 
was manually drawn. The mean SUV (SUVmean) was defined as the mean concentration 
of FDG divided by the injected dose and corrected for the body weight of the patient. 
The mean FDG-uptake was determined by a threshold method, whereby the mean of 
all pixel values above 50% of the maximum value was calculated. Assuming a normal 
fasting plasma glucose concentration [Glc] of 100 mg dl-1 (i.e. 5.55 mmol l-1), both 
SUVs were corrected for glucose by multiplying the SUV with the measured glucose 
concentration divided by this normal value [15]. 
 

Statistical analysis
For the disease-specific survival (DSS), an event was defined if lung cancer was the 
cause of death. One patient with a partial response developed metastasis 5 months 
after treatment and received palliative chemotherapy, which was complicated by renal 
insufficiency. For this patient renal failure was the cause of death, but it was still 
defined as an event in the DSS analysis. 
Death of any cause was defined as an event in the overall survival (OS) analysis. Survival 
time was defined as the time interval between the date of treatment and an event. 
These events were censored in the DSS analysis. 
Correlations between two variables were calculated with the Pearson correlation 
coefficient.
Logistic regression analysis was performed to assess which factors were significant 
explanatory variables to predict treatment response. The sensitivity and specificity 
of the SUV to predict therapy response was evaluated using the receiver operating 
characteristic (ROC) curve.
Survival probabilities were estimated using the Kaplan-Meier method. Significance of 
the difference between groups with respect to the studied parameters was assessed 
using the log-rank test. To assess the joint effects and interactions of the significant 
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variables in the univariable analysis, multivariable analysis was carried out with the Cox 
proportional hazards model. A significance level of 0.05 was used for covariate entry. 
To avoid “over-interpretation” of the SUV analysis, the median SUV was used 
for univariable analysis and SUV was incorporated as a continuous variable in the 
multivariable analysis. 

Results 

Treatment response and follow up
Thirty-three percent (n = 17) of the patients experienced a complete response. These 
patients had a median survival of 38 months. Fifty percent (n = 25) of the patients had 
a partial response with a median survival of 14 months. Stable disease was achieved in 
8% (n = 4, 10 months median survival) of the patients and 10% (n = 5) of the patients 
suffered from progressive disease (9 months median survival) (Table 2). 
The overall median follow-up was 17 months (range: 3 to 57 months). Of the 17 
patients with a complete response (CR), one developed local progression 6 months 
after treatment and one patient developed distant metastasis at 24 months follow up. 
Sixteen of the 25 patients with partial response (PR) developed disease progression 

Table 2 Response and follow-up data of all patients

Response
Number of patients

No evidence 
of disease

Local 
progression 
of disease

Metastasis Death due 
to disease

Death due 
to other 
cause

Median 
survival 

(months)

Complete response 38

15 10 5

1 1

1 1 1

Partial response 14

9 4

7 7 6 1

5 5 5

4 4 4 3 1

Stable disease 11

2 1 1 1

2 2 2 1

Progressive disease 9

5 4

51 10 13 13 21 12 17

143

Standardized FDG uptake: a prognostic factor for inoperable NSCLC



and/or metastases, diagnosed 9 months (median) after treatment. Ten months (median) 
after treatment, 3 of the 4 patients with stable disease (SD) developed metastases and 
5 patients did not respond to therapy (progressive disease, PD). For 21 patients lung 
cancer was the cause of death after a median survival time of 12 months. Twelve 
patients died from other cause than lung cancer. Six patients died of vascular diseases, 
3 patients of respiratory diseases and 3 patients from other causes. These 12 patients 
had a median survival of 14 months. At the end of the study the 19 surviving patients 
had a median survival time of 24 months.

Standardized Uptake Value
The median SUVmax was 15 (mean = 17, SD = 9) and the minimum and maximum 
SUVmax values were 3 and 41, respectively. No statistical correlation was observed 
between tumor volume and SUVmax (r = 0.17, p = 0.2), and between lymphnode status 
and SUVmax (r = 0.15, p = 0.3). The mean SUVmax for squamous cell carcinoma was 15. 
For adenocarcinoma and large cell carcinoma SUVmax was 16 and 20, respectively. The 
mean SUVmax was 17 for the 11 patients with unknown histopathology. Stage I and II 
patients had a mean SUVmax of 14. Stage III patients had a mean SUVmax of 16. The 
median SUVmean was 9 (mean = 11, SD = 6) and the minimum and maximum SUVmean 
values were 2 and 25, respectively.

Univariable response analysis 
The ability of SUVmax to predict initial therapy response is depicted by the receiver 
operating curve (ROC) curve shown in Figure 1. Using the median SUVmax of 15 yields 
a sensitivity of 77% and specificity 84% in predicting complete response. The area 
under the curve of 82% (95% confidence interval (CI), 69 – 95%) is indicative for 
the level of accuracy (Figure 2). Stage (p = 0.02), performance status (p = 0.04) and 
positive lymph nodes (p = 0.04) were significant factors correlated with complete 
response. In contrast, chemotherapy, dose, tumor volume, weight loss and histology 
were not significant.
The median SUVmean had a sensitivity of 71% and a specificity of 65% to predict 
complete response, and the area under the curve was 77% (95% CI, 63% - 91%) 
(Figure 1).

Multivariable response analysis
To assess whether SUV was an independent predictive factor for treatment response, 
logistic regression analysis was used. Because the predictive value of SUVmax was better 
than the predictive value of SUVmean, we included only SUVmax in the multivariable 
analysis. SUVmax was incorporated as a continuous parameter. Because Stage was 
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Figure 1 Receiver operating characteristics 
curves using standardized uptake value (SUV) 
to predict complete response. The maximum 
SUV (SUVmax) and the mean SUV (SUVmean) 
were tested.

Table 3 Logistic regression analysis to predict treatment response.

Odds ratio 95% CI* p

SUVmax** 1.13 1.01 - 1.27 0.05

Stage, I-II v III 3.29 1.23 - 8.77 0.02

Performance (WHO), 0 v 1 v 2 6.92 1.53 - 31.32 0.01

*95 % Confidence interval of the odds ratio
** SUVmax is the maximum standardized uptake value within the primary tumour; 
SUVmax is incorporated as a continuous variable

Figure 2 Kaplan-Meier survival curves for the disease-specific survival and the overall 
survival and the p-values of the log-rank test.

strongly correlated with the lymph node status (r2 = 0.86, p < 0.001) only SUVmax, 
Stage and performance status (and not the lymph node status) were included in this 
model. 
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Factor Number of 
patients

Disease-specific survival Overall survival

Median survival 
(months)

2-year survival 
(%)

log-rank 
(p)

Median survival 
(months)

2-year survival 
(%)

log-rank 
(p)

Total group 51 39 57 17 43

SUVmax

< 15 26 NR 72 < 0.001 38 60 < 0.001

≥ 15 25 12 43 12 27

Treatment response

Complete 17 NR 92 0.02 38 50 0.01

Partial 25 12 40 14 26

Stable/Progressive disease 9 12 41 10 33

Stage

I, II 32 NR 68 0.04 25 50 0.3

III 19 16 41 16 32

Performance (WHO)

0 15 NR 81 0.01 38 61 0.04

1 33 20 51 16 39

2 3 12 0 12 0

N stage

N0 23 NR 72 0.04 25 54 0.2

N+ 28 16 44 16 34

Chemotherapy

No 41 NR 64 0.01 20 50 0.01

Yes 10 12 26 12 13

Dose (Gy)

< 70 17 17 42 0.06 16 37 0.4

≥ 70 34 NR 65 20 47

Tumour volume (cm3)

≤ 18 17 NR 69 0.03 12 56 0.3

[19, 74] 17 NR 67 17 44

≥ 75 17 12 36 31 34

Weight loss (%)

< 5 41 17 60 0.6 17 42 0.8

[5 –10] 10 40 48 17 48

>10 0

Histology

Squamous 17 NR 50 0.5 14 32 0.8

Adenocarcinoma 13 27 47 20 39

Large cell 10 20 60 17 50

Unknown 11 NR 79 31 64

Table 4 Univariable analysis of the disease-specific survival and overall survival. 
NR = not reached
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Factor Number of 
patients

Disease-specific survival Overall survival

Median survival 
(months)

2-year survival 
(%)

log-rank 
(p)

Median survival 
(months)

2-year survival 
(%)

log-rank 
(p)

Total group 51 39 57 17 43

SUVmax

< 15 26 NR 72 < 0.001 38 60 < 0.001

≥ 15 25 12 43 12 27

Treatment response

Complete 17 NR 92 0.02 38 50 0.01

Partial 25 12 40 14 26

Stable/Progressive disease 9 12 41 10 33

Stage

I, II 32 NR 68 0.04 25 50 0.3

III 19 16 41 16 32

Performance (WHO)

0 15 NR 81 0.01 38 61 0.04

1 33 20 51 16 39

2 3 12 0 12 0

N stage

N0 23 NR 72 0.04 25 54 0.2

N+ 28 16 44 16 34

Chemotherapy

No 41 NR 64 0.01 20 50 0.01

Yes 10 12 26 12 13

Dose (Gy)

< 70 17 17 42 0.06 16 37 0.4

≥ 70 34 NR 65 20 47

Tumour volume (cm3)

≤ 18 17 NR 69 0.03 12 56 0.3

[19, 74] 17 NR 67 17 44

≥ 75 17 12 36 31 34

Weight loss (%)

< 5 41 17 60 0.6 17 42 0.8

[5 –10] 10 40 48 17 48

>10 0

Histology

Squamous 17 NR 50 0.5 14 32 0.8

Adenocarcinoma 13 27 47 20 39

Large cell 10 20 60 17 50

Unknown 11 NR 79 31 64

Table 4 Univariable analysis of the disease-specific survival and overall survival. 
NR = not reached
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Stage (p =0.02), performance status (p = 0.01) and SUVmax (p = 0.05) were 
independently associated with complete response (Table 3). The odds ratio (OR) of 
SUVmax was 1.13, which number indicates the relative increase in odds of having no 
complete response when the SUVmax value increased by one-unit. The ORs of Stage 
and performance status were 3.29 and 6.92, respectively (Table 3)

Univariable survival analysis
Kaplan Meier plots for the disease-specific survival (DSS) and overall survival (OS) 
illustrate large survival differences between patients with SUVmax < 15 and SUVmax ≥ 
15 in favor of the low SUVmax group (Figure 2). Survival differences were statistically 
significant for both the DSS (p < 0.001) and OS (p < 0.001) (Table 4). 
The survival benefit for patients of the low SUVmean group (SUVmean < 9) was less 
significant than the survival benefit observed for the low SUVmax group (DSS, p = 0.04 
and OS p = 0.02).
For DSS and OS median survival times were 39 and 17 months, respectively. The 2-
year survival rates for DSS and OS were 57% and 43%, respectively.
Stage (p = 0.04), performance status (p = 0.01), lymphnode status (p = 0.04), treatment 
response (p = 0.02), chemotherapy (p = 0.01) and tumor volume (p = 0.03) were 
significantly associated with DSS. A trend for a better DSS was observed in patients 
irradiated with doses of 70 Gy or higher compared with patients irradiated with doses 
lower than 70 Gy (p = 0.06).
Significant factors for OS were performance status (p = 0.04), chemotherapy (p = 
0.01) and treatment response (p = 0.01) (Table 4). Weight loss and histology were not 
significant factors.

Multivariable survival analysis
For the multivariable survival analysis the significant variables in the log-rank test 
(p < 0.05) were examined in the Cox proportional hazards model to evaluate their 
interaction and joint effect on DSS and OS. The SUVmax was included in this analysis 
because SUVmax was more significant in the log-rank test than the SUVmean. This SUVmax 
was incorporated as continuous parameter. We excluded the treatment response as 
a parameter in the multivariable analysis, since this parameter is not known prior to 
therapy. Chemotherapy, tumor volume and lymph node status were not included, 
because of the strong correlation of these factors with Stage.
For DSS, all significant factors in the univariable analysis (SUVmax, performance status 
and Stage) remained significant in the Cox proportional hazard model (SUVmax, p = 
0.01; performance status, p = 0.008; Stage, p = 0.04, Table 5). The hazard ratio (HR) 
of SUVmax was 1.06, which indicated that a one-unit increase of SUVmax correspond 
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to a 6% increase of hazard of lung cancer related death. The HRs for Stage and 
performance status were 1.6 and 3.86, respectively. 
For OS, SUVmax (p = 0.001) and performance status (p = 0.06) remained significant 
factors in the Cox proportional hazard model (Table 6). Equally to the DSS, a one-unit 

Table 5 Cox proportional hazards model for the disease-specific survival

Hazard ratio 95% CI* p

Performance (WHO), 0 v 1 v 2 3.86 1.43 - 10.43 0.008

Stage I, II v III 1.60 1.02 - 2.51 0.04

SUVmax** 1.06 1.01 - 1.10 0.01

*95 % Confidence interval of the hazard ratio
** SUVmax is the maximum standardized uptake value within the primary tumour; 
SUVmax is incorporated as a continuous variable

Table 6 Cox proportional hazards model for the overall survival
Hazard ratio 95% CI* p

Performance (WHO), 0 v 1 v 2 1.93 1.41 - 3.86 0.06

SUVmax** 1.06 1.02 - 1.10 0.001

*95 % Confidence interval of the hazard ratio
** SUVmax is the maximum standardized uptake value within the primary tumour; 
SUVmax is incorporated as a continuous variable

increase of SUVmax corresponded with a 6% increase of hazard of death due to any 
cause. 

Discussion
In the present study FDG SUVmax was predictive for treatment response and the 
median SUVmax was a good variable to predict complete response in inoperable NSCLC 
patients. The multivariable survival analysis proved that SUVmax was an explanatory 
prognostic factor for both disease-specific (DSS) and overall (OS) survival. We could 
not perform a disease free survival analysis because only 2 patients with complete 
response (n = 17) developed metastases or progression of disease.
Differences in patients selection makes it difficult to compare our results with 
previous studies. Most studies included mainly surgically treated NSCLC patients and 
observed better survival rates than in the present study [8-10]. Ahuja et al. [11] found 
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poorer survival rates, however 20% of those patients had Stage IV disease and were 
treated palliatively. Only Sasaki et al. [7] evaluated the prognostic value of SUVmax for 
radiotherapy patients. They found that a cut off value of 5 (median SUVmax was 8) 
provided the most significant survival difference between patients above and below 
this cut off value. Their radiotherapy patients had a high 2-year OS of 71%, which 
was not different from the 2-year OS of surgically treated patients. The importance 
of SUV for inoperable NSCLC patients was confirmed in our analysis, where SUVmax 
was statistically associated with both treatment response and survival. The lower 
survival rate in the present study may be explained by both higher SUVmax values and 
higher incidence of medical inoperability observed in our patients. Downey et al. [10] 
incorporated SUVmax also as a continuous variable in the Cox proportional hazards 
model, and observed a 7% increase in hazard of death after a one-unit increase in 
SUVmax. This is in agreement with the present data. It is important to note that Downey 
et al. observed SUVmax values in the same range as in the present study. 
Difference in PET scanning techniques is another potential problem, while comparing 
studies that attempt to evaluate the prognostic value of SUV. Differences in injected 
FDG -dose, scanning time (i.e. time after injection), reconstruction algorithms, filters, 
scanner characteristics, sinogram noise and quantification methods might lead to 
(structural) inter-institutional SUV differences [16]. 
Even the calculation of a SUV may differ between SUV studies. SUVmean calculated 
with a threshold method was shown to be slightly better reproducible than the 
SUVmax. However, the SUVmean might include pixel values of non-tumor tissue [17]. 
We observed that the SUVmax was better predictive for treatment response than the 
SUVmean, which might be due to the fact that the maximum SUV represents better the 
most metabolic active (i.e. most aggressive) part of the tumor. 
Another factor that influences the SUV is the level of plasma glucose of the patient 
during PET scanning. Two studies observed a reduced variability and improved 
reproducibility of SUV after glucose correction [18, 19]. In our study we did observe a 
similar predictive value for both glucose corrected SUV and uncorrected SUV and also 
for survival analysis glucose correction did not influence the results (data not shown). 
Notwithstanding the mentioned constraints of SUV, it is a clinical feasible and often 
used quantification parameter of PET images. Hoekstra et al. compared different SUV 
calculation methods with the nonlinear regression method, which is used as a golden 
standard to quantify FDG uptake (but this is not clinically feasible) [20]. To verify the 
best possible quantification method with the appropriate cut off values for NSCLC, 
similar studies are required with prospective clinical patients data. In addition, PET-
scanning techniques and quantification methods should be more uniform, before 
guidelines for general use of a particular SUV can be implemented [21].
Currently, the application of FDG PET in the treatment of NSCLC patients has become 
increasingly important. First, detection of otherwise unknown metastases and 
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distinction of benign from malignant lymphnodes improves staging, and thereby 
potentially also the choice of treatment of NSCLC patients [22, 23]. Secondly, for 
inoperable NSCLC patients, the information obtained from FDG PET is important to 
delineate the gross tumor volume [24]. The third reason is that studies have shown that 
PET was a sensitive method for evaluating tumor response [25], even more accurate 
than response monitoring by CT [26]. Apart from these diagnostic, treatment and 
response monitoring purposes, the prognostic value of SUV adds another dimension 
to PET imaging of inoperable NSCLC patients. Prognostic information obtained from a 
tumor biopsy is not always available in inoperable NSCLC patients (in our study we did 
not have pathology in 11 patients). Pathology, tumor doubling time, glucose transporter 
proteins (Glut 1 and Glut 3) and proliferation markers (Ki-67) are prognostic factors 
obtained from biopsy material [1, 27, 28] . SUV was associated with these prognostic 
factors; squamous cell carcinoma did have a higher SUV than adenocarcinoma [10, 
12] and strong correlations were observed between SUV and tumor doubling time, 
glucose transporters (Glut1 and Glut 3) and the proliferation marker Ki-67 [4, 6, 29]. 
SUV could have an important impact for inoperable NSCLC patients because their poor 
prognosis. Although the poor prognosis is also due to the co-morbidity of inoperable 
NSCLC patients, better selection for individually adapted treatment strategies will 
undoubtedly improve outcome. SUV was accurately predictive for treatment response 
and may contribute to select patients for the appropriate treatment strategies. 
Confirmation of our results by prospective clinical data is important. Quantification 
of PET images, in combination with conventional prognostic factors, might indicate 
which patients are appropriate candidates for more aggressive treatment strategies 
(chemo radiation, dose escalation) or should better be treated in a palliative setting. 

Conclusion
FDG SUVmax was an important complementary prognostic factor for survival in 51 
irradiated inoperable NSCLC patients. Moreover, this SUV provided good prediction of 
response to radiotherapy. In current diagnostic and treatment settings of (inoperable) 
NSCLC patients, the use of FDG PET imaging is increasing. The FDG SUVmax obtained 
from these images might help to determine the most appropriate treatment strategy, 
and consequently improve treatment efficiency. Because of the limited number of 
patients in this study a prospective clinical study, in a larger group of patients, is 
necessary to determine the optimal cut off values.
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Discussion and future directions





General discussion
The aim of the work described in this thesis is to improve the clinical outcome by 
optimizing radiotherapy in patients with non-small cell lung cancer (NSCLC) and 
small-cell lung cancer (SCLC). For lung cancer patients the problem of inadequate 
locoregional control is correlated with a poor survival. Better control of locoregional 
disease seems important for several reasons: firstly, locoregional disease is often the 
direct cause of death due to local effects within the lungs and mediastinum. Secondly, 
improved local tumor control, can reduce the incidence of metastasis [40]. Thirdly, 
if more effective systemic therapy becomes available, thoracic disease eradication 
becomes a necessity. Several authors recently reported a relation between the local 
control rate and the tumor volume in NSCLC patients [29]. With today’s conservative 
doses of radiotherapy of 60-66 Gy and the generally large tumor volumes we encounter 
in lung cancer patients, it is not surprisingly that only few patients reach local control. 
It can be estimated using a sigmoidal dose-effect relation that for 50-80% tumor 
control probability doses beyond 100 Gy may be required [51]. However a higher 
dose to the tumor will result in higher complication rates because of higher doses 
to the surrounding normal tissues. New treatment techniques like three-dimensional 
conformal radiation therapy (3D CRT) and intensity modulated radiotherapy (IMRT) 
have facilitated dose escalation to the tumor by reducing the dose to the surrounding 
normal tissues. Recently more sensitive staging modalities were introduced like 18F-
fluorodeoxyglucose positron emission tomography (18FDG PET) that will help to better 
select the group of NSCLC patients who will benefit from intensified radiotherapy 
strategies. 
Besides dose escalation several other strategies improved local control: shortening 
of the overall treatment time (by hyperfractionated accelerated radiotherapy [39] or 
stereotactic radiation therapy) or combining monoclonal antibodies to radiotherapy 
[8]. The addition of daily low-dose cisplatin to the irradiation [41] and avoidance of 
geographical misses by progress made in radiotherapy accuracy improved tumor 
control as well.

Improved staging possibilities 
Lymphatic spread is an important pathway of progression of NSCLC, along with local 
spread and distant metastasis. The probability of lymph node invasion is dependent 
on the site of the primary lung tumor, tumor stage, and histology. Before radiotherapy 
starts we need to determine the extent of lymph node spread as correctly as possible. 
In the past we have not been able to stage lymphatic spread accurately and large 
radiation fields were used to encompass lymph nodes areas that were in many 
patients clinically and radiologically uninvolved. These large fields, called ‘elective 
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nodal irradiation’, were covering for example, the homolateral supraclavicular fossa, 
the hilar region or the mediastinal lymph nodes. The use of these large irradiation 
fields increased the volume of irradiated normal tissues considerably. Therefore dose 
escalation to the tumor was hampered by this elective nodal irradiation. The impact 
of these large elective fields on treatment outcome was never established. However, 
it can be safely assumed that the omission of these elective fields is influencing the 
treatment outcome for NSCLC patients only in case the primary tumor is cured.  
With the introduction of 18FDG PET scan, the high resolution multi-slice CT scan and 
the endoscopic ultrasound with fine needle aspiration (EUS-FNA) an improved staging 
of the mediastinum and hilar region was accomplished. 18FDG PET scan proved to be 
more accurate than CT in evaluating the mediastinum [21] [15] and hilar region and 
in detecting solitary pulmonary lesions [22] [2]. 18FDG PET scan also improved the 
staging of extra thoracic spread of the disease. From 2004 evidence based guidelines 
for diagnosis and treatment of NSCLC patients incorporated the use of 18FDG PET scan 
on a national level. The introduction of this guideline has a large impact on selecting 
patients candidate for radical radiotherapy treatment. Furthermore, several studies 
[10,13,16,30] demonstrated that 18FDG PET scan implementation in radiotherapy 
treatment planning influences the delineation of the gross tumor volume. However the 
spatial resolution of 18FDG PET images is poor (4 to 6 mm) [9]. Therefore the increased 
18FDG-uptake should be used for localization of tumor or pathologic lymph nodes and 
not for direct delineation of the tumor volume. The EUS-FNA is an examination used 
for staging the mediastinum that has been proven to be safe and accurate [2]. It has a 
high sensitivity and specificity. The EUS-FNA is a non-invasive procedure, well tolerated 
and suitable for use in NSCLC patients candidate for radiotherapy treatment. 

Omission of the elective nodal irradiation in non small-cell lung cancer
An apparent way to reduce radiotherapy-related normal tissue toxicity is to reduce the 
volume of normal tissues (such as the lungs and esophagus) included in the planning 
target volume. This can be achieved by omitting the elective nodal irradiation (Chapter 
2). At this moment however only a few prospective studies have reported on the 
safety to skip the elective fields and irradiate mediastinal or hilar lymph nodes enlarged 
on the CT scan only with a short-axis diameter of at least 1 cm. This irradiation of 
mediastinal or hilar lymph nodes enlarged on the CT scan and/or positive on 18FDG 
PET scan is called involved field irradiation. In a study by Senan et al [44] in Stage III 
NSCLC, patients were treated with induction chemotherapy followed by conformal 
radiotherapy (70 Gy in 7 weeks). None of the fifty patients included experienced an 
isolated nodal relapse. In this study no 18FDG PET scans were available. The patients 
were irradiated on their pre-chemotherapy tumor volume and the ipsilateral hilar lymph 
nodes were always included in the GTV. In the dose escalation trials of the University 
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of Michigan [24] and Memorial Sloan-Kettering  Cancer Centre [38], the patients were 
irradiated on any hilar or mediastinal lymph nodes with a short-axis diameter of at least 
1 cm in the Michigan trial and 1.5 cm in the New York patient group. They reported a 
low incidence of isolated lymph node failure. 
Even fewer are the studies concerning the safety of irradiation on 18FDG PET scan 
positive lymph nodes only (Chapter 4). In our dose escalation trial sixty-seven out of 
the eighty-eight patients were 18FDG PET staged and elective fields were omitted 
(Chapter 3 and 4). The few patients without 18FDG PET scan were irradiated on the 
enlarged lymph nodes on the planning CT scan (short axis ≥ 1 cm or a cluster of lymph 
nodes). For the patients with a 18FDG PET scan in their work-up only the lymph nodes 
positive on 18FDG PET scan were included in the GTV. These patients had an 18FDG 
PET scan made shortly before the start of the irradiation in treatment position and a 
volume match of planning CT scan and 18FDG PET was available in these patients. We 
recorded two patients out of the 67 18FDG PET staged patients with an isolated nodal 
failure (3%) in combination with dose escalation and reported the safety of irradiation 
18FDG PET scan positive lymph nodes only. The Maastricht group [14] reported 2% 
isolated nodal failures in a group of forty-four patients irradiating the primary tumor 
and lymph nodes positive on 18FDG PET scan only. We have to recognize however 
that the majority of the reports on omission of the elective fields were in the context 
of dose escalation trials and in relatively small groups of patients. Because of the high 
doses prescribed in these patients, the “unforeseen dose” in unintended irradiated 
lymph nodes was probably high and might have been enough to eradicate microscopic 
disease. We need to be careful to translate the safety of the involved field irradiation 
to the whole group of NSCLC patients (with worse prognostic features, staged less 
intensively and irradiated to lower doses). We have to be aware that the “unforeseen 
dose” in unintended irradiated lymph nodes is also dependent on the radiation 
technique used. If intensity modulated radiotherapy is used, the dose in lymph nodes 
not deliberately irradiated will be less because of the steeper dose fall-off reached 
with this technique.
In conclusion, the indication for elective nodal irradiation is dependent on the intensity 
of the staging examinations performed, the radiotherapy dose prescribed and the 
radiotherapy technique used. Specific guidelines are needed to instruct the radiation 
oncologist about the use of selective nodal irradiation taking into account the 
considerations described above.

Omission of the elective nodal irradiation in small-cell lung cancer
In small-cell lung cancer the use of involved-field irradiation has been subject to very 
few studies. In a Southwest Oncology Group study, patients with limited disease SCLC 
were randomized, to a large volume chest irradiation or to irradiation of the post-
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chemotherapy tumor volume [28]. No difference in treatment outcome between the 
patients irradiated to large fields and the patients irradiated to small fields was seen. 
This study however was performed before the era of conformal radiotherapy and 
unfortunately conclusions cannot be drawn from this study. 
Recently De Ruysscher et al. published their prospective evaluation of patterns of 
recurrence in twenty-seven SCLC patients (no 18FDG PET scanning) irradiated without 
elective nodal fields [12]. In three patients out of the twenty-seven SCLC patients an 
isolated nodal failure occurred, all located ipsilateral supraclavicular. They concluded 
that the omission of elective nodal irradiation in SCLC patients should be performed in 
the context of trials only. 
Why was the supraclavicular area subjected to isolated recurrences? The supraclavicular 
area is difficult to assess on the CT scan of the thorax (and is sometimes not fully 
included). A solution for this problem is a good quality CT scan (with contrast) of the 
thorax, the addition of an ultrasound of the supraclavicular area or the introduction 
of 18FDG PET scanning in these patients. For SCLC patients 18FDG PET scanning is not 
(yet) part of the staging procedure.
In Chapter 8 a phase II trial was reported of involved-field irradiation concurrent with 
the second and third cycle of carboplatin, paclitaxel and etoposide in SCLC patients. In 
the 36 SCLC patients treated we didn’t see the problem of isolated nodal failures in the 
supraclavicular fossa. However we did see in field recurrences in six patients. Probably the 
dose of 45 Gy in five weeks was too low and local recurrences occurred before isolated 
nodal failures were detected. De Ruysscher prescribed a more intense radiotherapy 
schedule of 45 Gy given in three weeks (twice daily irradiation with a 6-8 hour interval) 
[12]. At the moment a phase II trial examining concurrent chemo-radiotherapy without 
elective nodal irradiation with once daily irradiation to a dose of 66 Gy and twice daily 
irradiation to a dose of 45 Gy [17] is ongoing in this patient group.
 

Dose escalation and intensity modulated radiotherapy in NSCLC
In our dose escalation trial (Chapter 3 and 4) we have demonstrated that doses up to 
94.5 Gy in 42 fractions within six weeks can be safely delivered in case the mean lung 
dose is less than 11.3 (corresponding to 13.6 Gy in case a simple planning algorithm 
is used). Several other dose escalation trials reported the safety of radiotherapy doses 
above 100 Gy for patients with small tumor volumes. We compared the maximum 
tumor dose delivered in these trials (using different fractionation schedules and overall 
treatment times), by the calculation of the time corrected biologically effective dose 
(tBED) [31] (with α/β =10 Gy and proliferation starting at 28 days). Compared to the 
dose escalation trial of the University of Michigan (UM 9204) and the RTOG 93-11 trial, 
the tBED in our trial was higher (108 Gy) because of the reduced overall treatment time 
of six weeks in our trial. Higher doses significantly increased the failure-free interval for 
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the total group of patients in multivariable analysis in our dose escalation trial (Chapter 
4). Higher doses also increased overall survival significantly in patients with smaller 
tumor volumes, not for larger tumors. Kong et al [29] reported improved local control 
and survival in patients irradiated with doses above 74 Gy in the dose escalation trial 
from the University of Michigan. In this trial [29] the incidence of radiation pneumonitis 
(grade ≥2 ) as a function of the mean lung dose differed from our incidence of radiation 
pneumonitis (Chapter 3). We reported a lower incidence to develop pulmonary toxicity 
especially at the higher mean lung doses. We are currently preparing a combined 
analysis of our dose escalation trial and the Michigan dose escalation trial. In both trials 
especially patients with small tumor volumes, randomized in the lower risk groups to 
develop pulmonary toxicity were irradiated to very high doses. For patients with larger 
tumor volumes the possibilities to increase the dose were limited by normal tissue 
constraints (esophagus and spinal cord). Intensity modulated radiotherapy (IMRT) has 
the potential benefit to further increase the dose that can be safely prescribed in lung 
cancer patients [23,33]. Besides the benefit of a better conformity index and a steeper 
dose fall-off, an increased volume of lung irradiated at low doses was described for 
IMRT techniques [33]. Schwarz from our group analyzed IMRT dose distributions in 
the organs at risk and compared the results with conventional conformal radiotherapy 
techniques in 10 lung cancer patients participating in our dose escalation trial (Chapter 
3 and 4). The constraints used for the organs at risk were the same as the constraints 
used in the dose escalation trial. For each patient, 4 treatment plans were generated 
and evaluated. First a conformal plan, aiming at a homogeneous dose in the planning 
target volume (PTV) was defined. Secondly, if the first plan could not reach the dose 
level of 101.25 Gy (45 fractions of 2.25 Gy each) a conformal treatment plan allowing 
dose inhomogeneity in the PTV was made. Third, an IMRT plan was defined with a 
homogeneous dose in the PTV and fourth an IMRT plan with dose inhomogeneity in 
the PTV. Schwarz concluded that the IMRT technique together with the acceptance 
of dose heterogeneity in the target volume allows a further increase of radiation dose, 
especially in patients with mediastinal involvement of their lung cancer (patients with 
large and concave tumors). 

Chemo-radiotherapy in NSCLC: sequential or concurrent?
Another strategy to improve outcome in NSCLC patients is the addition of chemotherapy 
to the irradiation. In Chapter 6 the results of the EORTC 08972-22973 trial comparing 
CRT or sequential CRT in inoperable NSCLC patients were reported. With a total of 
158 patients randomized and 120 deaths reported, this study was underpowered 
and results need to be interpreted carefully. In both treatment arms the patients 
received accelerated high dose conformal radiotherapy: 66 Gy in 24 fractions (2.75 
Gy per fraction) in 32 days. Most patients were staged without 18FDG PET scan. The 
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concurrent chemotherapy consisted of daily dose intravenous 6 mg/m2 cisplatin, 1-
2 hours before each fraction. For patients receiving sequential CRT, two courses of 
gemcitabine and cisplatin were given. The interval between the second chemotherapy 
course and the start of the irradiation was four to five weeks. The overall treatment 
time of the sequential chemo-radiotherapy arm was 14-15 weeks versus only 5 weeks 
overall treatment time in the concurrent arm. The interval between randomization and 
start of the treatment was longer in the concurrent arm. In the concurrent treatment 
arm the median interval was 19 days and for the sequentially treated patients the 
interval between randomization and start of treatment was 7 days. Probably the 
longer interval for the concurrent arm was partly caused by capacity problems in the 
radiotherapy departments and partly by the time needed to prepare the radiotherapy 
(treatment planning including planning CT scan). Within this interval in the concurrent 
CRT treatment, tumor progression became apparent on the planning CT scan in 
eleven patients, and the protocol treatment was not started. So based on this “extra” 
examination in the concurrent CRT arm a selection bias was introduced. Some patients 
went off protocol because the tumor progressed (compared to the diagnostic CT-scan) 
and lung metastases became evident or the oesophagus constraints could no longer 
be met. The question whether for NSCLC patients chemotherapy and radiotherapy 
should be given in a sequential or concurrent way has not been convincingly answered. 
In head and neck cancer the value of sequential chemo-radiotherapy (CRT) appeared 
to be limited [35]. A significant improvement in local control and survival was reported 
however by adding concurrent chemotherapy to radiotherapy for head and neck and 
cervical cancer [3]. 

The toxicity of concurrent CRT was quite different from sequentially delivered CRT 
in EORTC  08972-22973 (Chapter 6). Severe acute esophagitis was more frequent 
in concurrently treated patients (17% versus 5%). Late oesophageal toxicity Grade 1 
or Grade 2 was also more frequent in the concurrent arm (22% versus 11%), but no 
difference in severe late oesophageal toxicity was seen between the two treatment 
arms. In Chapter 7 we extended patients treated according to this EORTC protocol 
with patients treated with high-dose radiotherapy only and analyzed clinical and 
dosimetric parameters to predict acute esophageal toxicity. We concluded that the 
most significant clinical parameter to predict acute esophageal toxicity was the 
concurrent use of CRT. Other factors determining the risk for acute esophagitis were 
the maximum dose to the esophagus, the volume of the esophagus receiving 35 Gy 
or more (V35) and the length of the irradiated oesophagus [1,4,45,48]. A relationship 
between acute and late esophageal toxicity was described by Singh [45] and Ahn [1]. 
Patients presenting with severe acute oesophageal toxicity had a higher risk for late 
toxicity [1]. It also correlated with the severity of late esophageal toxicity [45]. In the 
EORTC 08972-22973 protocol the length of the oesophagus receiving a dose of 66 Gy 
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was restricted to 12 cm, according to the outcome of previous pilot studies and this 
restriction proved to be safe. 

In the EORTC 08972-22973 trial no significant difference in overall survival or 
progression-free survival between the treatment arms could be observed. In the 
sequential arm a median survival of 16.2 months was reported and in the concurrent 
arm 16.5 months. The overall survival rate equals the results of other trials comparing 
sequential and concurrent CRT [11,19,20,52]. In our trial however we didn’t use full 
dose chemotherapy, but low-dose cisplatin as a radiosensitizer. The accelerated high 
dose radiotherapy of 66 Gy in 24 fractions in 32 days overall treatment time, in the 
EORTC 08972-22973 trial may have contributed to these survival results. Furuse et al 
used a lower dose of 56 Gy in 28 fractions and Curran and Zatloukal prescribed 60 Gy 
in 30 fractions. Fournel applied a dose of 66 Gy in 45 days overall treatment time.
At this moment there is no evidence that concurrent full dose chemotherapy is superior 
to daily low-dose cisplatin alone if combined with high dose radiation. After the closure 
of this EORTC 08972-22973 trial an identical trial was initiated within the Netherlands 
and the pooled data of both trials will be analyzed in the near future.
Epidemiological studies show that, with increasing age, the percentage of people treated 
with chemotherapy decreases. However age is not an independent prognostic factor 
in stage III and IV NSCLC [26,43,46,50]. Elderly patients with marginal renal function 
(creatinine clearance < 70 ml/min) or marginal cardiac function (hyperhydration contra-
indicated) are eligible for administration of low dose cisplatin, while administration of 
full dose chemotherapy is often not possible. Combination of concurrent low dose 
cisplatin with radiation appears to be a good alternative, especially in these elderly, 
frail patients. 

Future strategies: adding monoclonal antibodies
To improve outcome in NSCLC patients increasing the radiation dose (Chapter 3 and 
4) or shortening the overall treatment time (Chapter 5) or the use of sequential and 
concurrent chemo-radiotherapy (Chapter 6) have been investigated in this thesis. 
Recently the addition of monoclonal antibodies targeting the epidermal growth factor 
receptor to radiotherapy was reported. In a large phase III trial [8] for head and neck 
cancer patients the addition of such a monoclonal antibody to high dose radiotherapy 
significantly improved loco regional control and overall survival compared to high dose 
radiotherapy only. However the addition of this monoclonal antibody to concurrent 
chemo-radiotherapy (cisplatin 100 mg/m2 week 1 and 4) increased toxicity considerably 
in head and neck cancer patients irradiated up to 70 Gy (six weeks overall treatment 
time) [34]. The strategy of adding a monoclonal antibody that targets the epidermal 
growth factor receptor to concurrent chemo-radiotherapy with daily cisplatin will be 
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subject of a future study in locally advanced NSCLC patients after administration of 
2 courses chemotherapy. The addition of such a monoclonal antibody to daily low 
dose cisplatin (6 mg/m2 concurrent with radiotherapy) might be better tolerated 
than to full dose of cisplatin (100 mg/m2) in week 1 and 4 [34]. However the daily 
cisplatin administration given one to two hours before each fraction seemed difficult 
to implement in routine clinical management in the majority of the institutions in the 
Netherlands. To develop a treatment schedule that can be used more widely, we 
want to assess the toxicity of the addition of this monoclonal antibody to a weekly 
administration of cisplatin (40 mg/m2) concurrent with the irradiation as well.  

Future strategies: tests predicting outcome 
To be able to prescribe a more customized treatment to the patient, one would like to 
be able to predict treatment outcome before the start of treatment for the individual 
patient. Several factors like TNM stage, performance and weight loss are independent 
predictive factors that we already use clinically to tailor treatment in NSCLC patients. 
However we would like to know more about individual tumor characteristics like 
proliferation rate, radio- and/or chemotherapy sensitivity before (or shortly after) 
the start of treatment. A simple test looking at the extent of platinum-induced DNA 
modification (cisplatin-DNA adduct level) in buccal cells provided a good prediction of 
treatment outcome in 27 patients with NSCLC treated with daily concurrent cisplatin 
and irradiation (Chapter 9). This cisplatin-DNA adduct test was repeated in head and 
neck cancer patients, treated with cisplatin-radiation, for normal tissue (white blood 
cells and buccal cells) as well as for tumor cells [25]. Cisplatin-DNA adduct formation in 
the primary tumor was predictive for disease-free survival. For normal tissue however 
no clear correlation between the cisplatin-DNA adducts and treatment outcome was 
established. Some studies have found that higher adduct levels are associated with 
a better response [5,36,37,42,49] while others have found no association [7,18,32]. 
One of these studies [6] found that high adducts on day 5 of the first cycle were 
correlated with a worse response, while there was no difference for day 1 adduct 
levels. These inconsistencies between studies can be partly explained by the different 
tumor types studied, the range of chemotherapy schedules, different measurement 
methods, different assay times and different cell types chosen for study.
Another prognostic factor, the maximum standardized uptake value (SUVmax), 
obtained from pre-treatment 18FDG PET scans was retrospectively analyzed (Chapter 
10). The SUVmax within the primary tumor was a sensitive and specific factor for 
predicting treatment response in NSCLC patients treated with high dose radiotherapy. 
Although the number of patients was small and the treatment was inhomogeneous, 
we concluded that the 18FDG SUV is potentially a good indicator for selecting patients 
for different treatment strategies.
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Recently another test imaging apoptosis (by 99mTc- annexinV scintigraphy) was 
reported to predict treatment response [27]. Whether one of the above mentioned 
tests can be used clinically remains to be determined in larger series of patients.

Future strategies: improving radiotherapy accuracy 
The higher the level of geometrical accuracy we can reach in radiotherapy delivery, the 
smaller the margins we need around the gross tumor volume. With smaller margins, 
we reduce the amount of normal tissues irradiated, and we can safely reach higher 
doses in the tumor and pathologic lymph nodes. Geometrical uncertainties like patient 
set-up variation, organ motion and delineation variation must therefore be kept as low 
as possible. Stereotactic body radiation therapy (SBRT) is characterized by this high 
accuracy and a high dose per fraction. It is a new treatment option for early stage 
NSCLC in inoperable patients. The advantages of SBRT compared to conventional 
irradiation are a short overall treatment time (1-2 weeks) and a high biological effective 
dose. The possibility to minimize the number of treatment sessions is an obvious 
benefit for medical inoperable patients suffering from cardiopulmonary disease and/
or other co-morbidities or simply because of their old age. A potential negative effect 
of a high radiation dose per fraction is (long-term) toxicity. 
At this moment we are using respiration correlated planning CT scans and cone-beam 
CT scans for all lung cancer patients irradiated with a radical or curative scheme. In 
the near future we will use cone beam imaging and on-line tumor matching for visible 
tumors in a routine way. This way we can increase geometrical accuracy and further 
reduce the margins needed to correct for patient set-up variation and tumor motion. 
Steenbakkers et al demonstrated a reduction in the observer variation in delineation 
of lung cancer patients with an adapted delineation protocol and software, and the 
implementation of a matched 18FDG PET with CT [47]. We have implemented this 
protocol and software for routine clinical setting. 

Conclusion 
For radiation oncologists the treatment of lung cancer patients has become a 
challenge because we are working in a ‘moving field’. The conventionally used large 
irradiation fields (elective nodal irradiation) can be safely omitted in 18FDG PET staged 
NSCLC patients. With the omission of these large fields, escalation of the radiation 
dose was safe up to 94.5 Gy in 42 fractions within six weeks overall treatment time 
in small-volume lung tumors. Increasing the radiation dose significantly improved the 
failure-free interval and overall survival for the patients with small-volumes NSCLC. 
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We developed a treatment scheme of high dose accelerated radiotherapy (66 Gy in 24 
fractions). This treatment scheme given concurrently with daily low-dose cisplatin or 
after two courses of gemcitabine and cisplatin was well tolerated in a large group of 
inoperable NSCLC patients. The question whether chemo-radiotherapy should be given 
in a concurrent or sequential way has unfortunately not been answered in this thesis.

During the past decade various improvements were rapidly incorporated into our 
clinical practice to optimize radiotherapy treatment in lung cancer patients. We moved 
from conventional two-dimensional radiotherapy to three-dimensional radiotherapy 
by using CT scan information for treatment planning. We now have reached four-
dimensional radiotherapy, incorporating tumor movement into our treatment plans, 
using respiration correlated planning CT scans and cone-beam CT scans mounted on 
our linear accelerators. This approach is further supported with the use of new, more 
advanced, dose calculation algorithms implemented in the treatment planning process. 
The introduction of the 18 FDG PET scans in the staging procedure, and its integration 
in the chain of radiotherapy treatment preparation, will lead to better selection of 
patients for the appropriate radiotherapy approach and opens new very sophisticated 
treatment approaches. This all forms an excellent basis for full exploitation of our new 
treatment schedules for example the use of concurrent chemo-radiotherapy in small 
cell- and non-small cell lung cancer. These developments are also used to explore new 
areas in fractionation schemes using large fraction sizes (stereotactic irradiation) and we 
are reaching margin-less irradiation. We will move into the fifth dimension…. adaptive 
radiotherapy (ART), in which the treatment fields will be adapted during the course of 
treatment according to tumor shrinkage.
So…a moving and an exciting field to be part of. 
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Summary / Samenvatting





Summary
Chapter 1 contains a general overview of the objectives explored in this thesis to 
optimize treatment strategies for inoperable lung cancer patients. 

Chapter 2 
Elective nodal irradiation (ENI) is the irradiation of clinical and radiological uninvolved 
lymph node areas to account for possible microscopic tumor invasion in these lymph 
nodes. The disadvantage of ENI is the enlargement of the treatment volume. In lung 
cancer it is well known that the toxicity of the irradiation is dependent on the volume 
irradiated and the prescribed dose. The influence of ENI on lung toxicity was analyzed 
in a planning study. In this study for 10 patients a treatment plan with and without 
elective nodal irradiation was compared. 
Omitting ENI resulted in a reduced estimated probability to develop a radiation 
pneumonitis grade ≥ 2 (Southwest Oncology Group criteria). If the same estimated 
complication probability to develop a radiation pneumonitis was accepted for the 
treatment plan without ENI, the dose to the tumor could be increased significantly (on 
average 30%) compared to the radiation treatment plan with ENI. Especially in Stage 
I and II patients with small tumor volumes an important increase in dose to the tumor 
could theoretically be reached (average increase: 50%). Data from this study conclude 
that ENI hampers dose escalation to the tumor, which is the site most at risk for IocaI 
failure.

Chapter 3
The first results of a phase I/II dose escalation trial using 3D conformal radiation 
therapy (3 DCRT) were reported. The primary objective of this trial was to establish the 
maximum tolerable dose. In addition, tumor recurrence and pulmonary damage as a 
function of the 3D dose distribution were evaluated. Patients selected for this study 
were NSCLC patients with favorable prognostic features. The patients were irradiated 
5 days a week with 2.25 Gy per fraction and a fixed overall treatment time of six 
weeks (twice daily irradiation if more than 30 fractions were prescribed). No elective 
irradiation was performed. After constructing the 3D treatment plan, the patients 
were divided into five risk groups according to their mean lung dose (MLD). Fifty-five 
patients were included and analyzed for acute and late toxicity. 
We conclude that for non-small cell lung cancer patients the use of 3D conformal 
radiation therapy, no elective nodal irradiation and stratifying the patients into risk 
groups (based on the mean lung dose), enables a significant escalation of radiation 
dose. The maximum tolerable dose was not yet reached in any of the defined risk 
groups. 
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Chapter 4
The final results of the dose escalation trial (described in chapter 3) were reported. 
Eighty-eight patients were included. Tumor Stage I or II was found in 53%, IIIA in 31% 
and IIIB in 17%. The maximum tolerated dose (MTD) was not achieved in risk group 1 
(reached dose 94.5 Gy). For risk groups 2 and 3 the MTD was 81 Gy. The 74.3 Gy was 
safe for group 4 and the 60.8 Gy for risk group 5. 
An isolated lymph node relapse in not intentionally irradiated lymph node areas occurred 
in 2 patients (2%). In multivariable analysis higher doses significantly increased the 
failure-free interval (p=0.02) for the total group. The overall survival was significantly 
increased in the lower (p=0.05) but not in the high risk group (p=0.4).
We conclude that dose escalation is safe up to 94.5 Gy in 42 fractions in 6 weeks in 
patients with a MLD ≤ 13.6 Gy. Higher doses were associated with a better failure-free 
interval and overall survival for smaller tumor volumes. Omitting the ENI resulted in a 
low percentage of isolated nodal relapses. 

Chapter 5
In a phase I/II study (EORTC 08912) forty patients were treated with escalating doses 
of radiotherapy and cisplatin. In this study the feasibility of increasing the radiotherapy 
dose from 55 Gy (split course) with an overall treatment time (OTT) of 40 days to 66 
Gy (given in 24 fractions of 2.75 Gy) with an OTT of 32-34 days was demonstrated 
using a concomitant boost technique. Every radiotherapy fraction was preceded by 
administration of cisplatin 6 mg/m2  to a total dose 144 mg/m2 

Chapter 6
In a phase III EORTC 08972-22973 study the concomitant chemo-radiotherapy (CRT) 
schedule described in Chapter 5 was compared to sequential chemo-radiotherapy in 
patients with inoperable NSCLC Stage I, II and low volume stage III. Patients scheduled 
for sequential CRT, received two courses of gemcitabine (1250 mg/m2 day 1 and 8) 
and cisplatin (75 mg/m2 day 2). In both treatment arms patients received accelerated 
high dose conformal radiotherapy; using a concomitant boost technique. A total of 66 
Gy in 24 fractions of 2.75 Gy was given to the tumor and pathologic lymph nodes in 
32 days. Elective nodal irradiation was given to a dose of 40 Gy in 20 fractions.
The trial opened in February 1999 and was closed prematurely in March 2003 because 
of poor recruitment after 158 patients were randomized.
Accelerated high dose radiotherapy given concomitantly with daily low dose cisplatin 
or after two courses of gemcitabine/cisplatin was safe in this large group of inoperable 
NSCLC pts. For patients receiving concomitant CRT the incidence and severity of acute 
esophageal toxicity was higher. Late lung toxicity and late esophageal toxicity was not 
different in both treatment arms. 
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Delays in starting treatment were longer in the concomitant arm. Because of the 
premature closure of this trial, no conclusions concerning superiority of concomitant 
or sequential CRT could be made. 

Chapter 7
To correlate acute esophageal toxicity with dosimetric and clinical parameters we 
analyzed the data of 156 patients with medically inoperable or locally advanced NSCLC 
treated with radiotherapy (RT) alone or with chemo-radiotherapy (CRT). 
Seventy-four patients were irradiated with high dose RT only, 45 patients with 
sequential CRT (gemcitabine/cisplatin) and 37 patients with concurrent CRT (cisplatin 
daily 6 mg/m2). The radiation dose delivered ranged from 49.5 to 94.5 Gy (2.25 – 
2.75 Gy per fraction) with an overall treatment time of 5-6 weeks. For all patients the 
maximal acute esophageal toxicity (RTOG/EORTC criteria) was scored and related to 
dose-volume parameters, as well as to clinical and treatment-related parameters. 
The most significant clinical parameter to predict acute esophageal toxicity was the 
concurrent use of CRT. The most significant dosimetric parameter was the esophagus 
volume that received at least 35 Gy. 
For patients treated with sequential CRT, the risk to develop acute esophageal toxicity 
is not significantly increased compared to patients treated with radiotherapy only. 

Chapter 8 contains the results of a multi-centre phase II study in patients with limited 
disease Small Cell Lung Cancer. Thirty seven patients were treated with 4 courses 
carboplatin (AUC 5), paclitaxel (200 mg/m2) and etoposide (2 x 50 mg orally for 5 
days) and irradiation of the thorax concurrent with the second course. The radiotherapy 
to the thorax was given to the primary tumor and involved lymph nodes, without 
elective nodal irradiation,  to a dose of 45 Gy (25 fractions of 1.8 Gy). Grade 3 and 4 
haematological toxicity occurred in 21 patients with febrile neutropenia in 9 patients. 
Grade 3 toxicities were esophagitis (27%), radiation pneumonitis (6%), anorexia (14%), 
nausea (16%), dyspnea (19%) and lethargy (22%). Adjustments of the chemotherapy 
schedule were necessary in 62% of the patients. 
The partial and complete response rate was 92% with a median survival time of 19.5 
months. The 1, 2 and 5-year survival rate was 70, 47 and 27% respectively. Local 
recurrences within the radiotherapy field occurred in 6 patients. Distant metastases 
were observed in 19 patients of which 13 in the brain. Our study demonstrates that the 
three-drug combination and concurrent involved-field thoracic radiotherapy is feasible. 
Despite prophylactic cranial irradiation, the brain remained the most important site of 
recurrence.
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In Chapter � biological factors related to radio-sensitivity and chemo-sensitivity were 
investigated to predict clinical outcome of twenty-seven patients with NSCLC treated 
with daily low dose cisplatin and radiotherapy. 
Tumor specimens were analyzed for p53 and bcl-2 expression, and for cell proliferation 
using antibodies against ki-67. In addition, apoptosis was measured using an end-
labeling technique. Finally, cisplatin-induced DNA modification in buccal cells were 
assessed immunocytochemically using a specific antiserum. In a univariable analysis, 
age, tumor stage and cisplatin-DNA adduct staining were the only factors significantly 
associated with survival. P53, bcl-2, Ki-67 and apoptosis showed no relationship 
with survival. In multivariable analysis cisplatin-DNA adduct staining remained an 
independent prognostic factor, with shorter survival for patients with a low adduct 
staining. The determination of the extent of platinum-induced DNA modification in 
buccal cells could provide a simple way to predict treatment outcome in patients with 
NSCLC treated with daily concurrent cisplatin and radiation and select those patients 
that benefit from concurrent cisplatin chemotherapy.

In Chapter 10 the relationship between standardized uptake value (SUV), obtained 
from [18F] fluorodeoxyglucose positron emission tomography (FDG PET), and treatment 
response and survival of fifty-one inoperable NSCLC patients treated with high dose 
radiotherapy were retrospectively analyzed. Prognostic factors including stage, 
performance, weight loss, tumor volume, histology, lymph node involvement, SUV, 
and radiation dose delivered were studied. The maximum SUV (SUVmax) within the 
primary tumor was a sensitive and specific factor for predicting treatment response. 
Apart from SUVmax, stage and performance were independent predictive factors for 
treatment response also. In a multivariate disease-specific survival analysis, SUVmax, 
performances status and stage were prognostic factors. For overall survival, SUVmax 
and performance were important prognostic factors. SUVmax was an important 
prognostic factor for survival of inoperable NSCLC patients and a predictive factor for 
treatment response. Although the number of patients was small and the use of 18FDG 
PET SUV may have constraints, we conclude that the 18FDG SUV is potentially a very 
good indicator for selecting patients for different treatment strategies.

Chapter 11 contains a general discussion of the outcome of the studies performed 
and highlights some issues and concerns about the results. Areas of interest and future 
directions are given.
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Samenvatting
Het doel van de onderzoeken beschreven in dit proefschrift is om de behandeling van 
longkanker patiënten die bestraald worden te verbeteren. 

Inleiding
Radiotherapie is een belangrijke behandelingsmodaliteit bij longkanker patiënten 
en wordt frequent toegepast. Bij een bestralingsbehandeling worden meerdere 
bestralingsbundels gericht op de tumor. Het is onvermijdelijk dat hierbij ook gezond 
weefsel bestraald wordt (longweefsel en slokdarm).Om de longtumor en de normale 
anatomie van de patiënt zichtbaar te maken wordt er een computertomografie scan 
gemaakt voordat de bestralingsbehandeling begint. De kans dat er schade aan gezonde 
weefsels optreedt (bijwerkingen) is afhankelijk van het volume van het weefsel dat 
bestraald wordt en de stralingsdosis, uitgedrukt in Gray (Gy). Een gebruikelijke dosis 
die gegeven wordt bij een longkanker patiënt is 60 tot 66 Gy, in een behandelingsduur 
van vijf tot zes weken. Na een dergelijke bestralingsbehandeling is de genezingskans 
echter beperkt. 

Er zijn meerdere mogelijkheden om de effectiviteit van een bestralingsbehandeling 
te verhogen (Hoofdstuk 1). Allereerst is er de mogelijkheid om de bestralingsdosis 
op te hogen (dosis-escalatie) door gebruik te maken van zogenaamde conformatie 
radiotherapie. Hierbij wordt rekening gehouden met het driedimensionale (3D) 
tumorvolume en is het mogelijk het bestralingsgebied zo beperkt mogelijk te houden. 
Hierdoor wordt de kans op complicaties zo laag mogelijk gehouden. Een andere 
mogelijkheid is om een chemotherapeuticum, dat de tumorcellen gevoeliger maakt 
voor de bestraling (radiosensitisatie), toe te voegen aan de bestraling. Ook is het 
belangrijk gebleken om de bestralingsbehandeling in een zo kort mogelijke tijd te geven 
door bijvoorbeeld een hoge dosis per fractie of meerdere fracties per dag te geven. 
Voorts is een zo nauwkeurig mogelijke voorbereiding (bepaling van het doelgebied en 
de tumorbeweging) en minutieuze uitvoering van de bestraling noodzakelijk. 

Bij longkankerpatiënten is het gebruikelijk om naast de longtumor en even-
tuele aangedane lymfeklieren ook lymfekliergebieden te bestralen die bij 
onderzoek geen zichtbare kanker bevatten. Het doel van deze zogenaamde 
‘electieve lymfeklierbestraling’ is om eventueel aanwezige kankercellen (die bij 
röntgenonderzoek niet zichtbaar gemaakt kunnen worden) in het bestralingsveld 
mee te nemen. Het nadeel van deze aanpak is dat het bestralingsveld veel groter 
wordt. In een studie, beschreven in hoofdstuk 2, bij tien longkanker patiënten 
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werden twee verschillende bestralingsplannen met elkaar vergeleken: èèn met en èèn 
zonder electieve lymfeklierbestraling. We wilden weten hoeveel de bestralingsdosis 
op de longtumor zou kunnen worden verhoogd, als het electieve bestralingsveld 
zou worden weggelaten. Zonder electieve lymfeklier bestraling was het mogelijk een 
aanzienlijk hogere dosis op de longtumor te geven (gemiddeld 30%) terwijl de kans 
op complicaties niet toenam. 
We hebben longkanker patiënten die in aanmerking kwamen voor een bestraling 
gevraagd deel te nemen aan een dosis-escalatie studie waarbij een zo hoog mogelijke 
bestralingsdosis werd gegeven met behulp van driedimensionale conformatie-
radiotherapie. De bestralingen (met weglaten van de electieve velden) werden in een 
totale behandelingstijd van zes weken gegeven. De patiënten werden vijf dagen per 
week bestraald en als er meer dan 30 bestralingen voorgeschreven waren, werden 
de patiënten twee keer per dag bestraald, met een minimaal interval van zes uur 
tussen de bestralingen. De patiënten werden ingedeeld in vijf risicogroepen met 
verschillende complicatiekansen, afhankelijk van het te bestralen volume. Nadat een 
driedimensionale dosisverdeling was berekend en de gemiddelde longdosis bekend 
was, werd op grond daarvan de risicogroep bepaald. In elke risicogroep werd de 
dosis stapsgewijs verhoogd met drie fracties van 2,25 Gy. Patiënten met een kleine 
tumor en een kleine kans om longschade te ontwikkelen begonnen met een hogere 
bestralingsdosis dan de patiënten met grote longtumoren. Nadat bij drie patiënten 
na een minimale follow-up van zes maanden geen dosislimiterende toxiciteit was 
geconstateerd, werden patiënten tot een hogere dosis bestraald. 

In totaal werden in deze studie 88 patiënten geïncludeerd. Een analyse van de eerste 
55 patiënten staat beschreven in hoofdstuk 3. In hoofdstuk 4 is een uitgebreide 
analyse gedaan van de totale groep. Bij een dosis van 94,5 Gy was de maximaal 
tolerabele dosis nog niet bereikt (in de laagste risicogroep). Voor de risicogroepen 
2 en 3 was de maximaal tolerabele dosis 81 Gy en voor de hoogste risicogroepen 
was de maximaal tolerabele dosis 74,3 Gy. Er bleek een relatie te bestaan tussen de 
bestralingsdosis, en de kans dat de kanker in de long gedood werd. We noemen dit 
‘lokale controle’. Hoe hoger de bestralingsdosis, hoe groter de kans dat de longkanker 
in de long niet meer terugkwam. Als er een hogere bestralingsdosis werd gegeven bij 
kleinere tumoren vertaalde de verbeterde lokale controle zich in een betere overleving. 
Voor de grotere tumoren waren er wel minder recidieven in de long als er een hogere 
dosis werd gegeven, alleen deze verbeterde lokale controle resulteerde niet in een 
betere overleving.

In een studie van Schaake-Koning werden patiënten met longkanker behandeld met 
radiotherapie, met of zonder cisplatin, een chemotherapeuticum. Dit onderzoek toonde 
aan dat de combinatie met dagelijkse toediening van cisplatin betere resultaten geeft 

178

Chapter 12



dan wekelijkse toediening of radiotherapie alleen. Wij wilden de radiotherapie die in 
deze studie was gegeven verbeteren door de behandelingsduur te verkorten, en de 
dosis van de radiotherapie en de cisplatin te verhogen (hoofdstuk 5). De radiotherapie 
werd gegeven met een ‘gelijktijdige boosttechniek’, waarbij in één fractie de electieve 
bestralingsvelden én een boost op de tumor en aangedane klieren werd gegeven.
De bijwerkingen van de behandeling (acuut en laat) werden beoordeeld bij 40 
patiënten. Het lage aantal bijwerkingen bij verhoging van de bestralingsdosis van 55 
Gy (gegeven in zeven weken) naar 66 Gy (gegeven in vijf weken), verzekerde ons 
dat deze hogere dosis radiotherapie en chemotherapie veilig kon worden gegeven.
In een Europese studie wilden we vervolgens gelijktijdige chemo-radiotherapie (de 
behandeling met dagelijks een lage dosis cisplatin en een hoge bestralingsdosis) 
vergelijken met sequentiële chemo-radiotherapie (een behandeling waarbij dezelfde 
dosis radiotherapie werd gegeven nadat er twee kuren chemotherapie waren 
toegediend) (hoofdstuk 6). Helaas verliep de inclusie van patiënten in deze studie 
traag, waardoor de gedefinieerde eindpunten niet werden behaald. Daardoor kon de 
vraag welke behandeling beter was, gelijktijdige of sequentiële chemo-radiotherapie, 
niet beantwoord worden. Wel konden beide patiëntengroepen vergeleken worden 
wat betreft toxiciteit, het optreden van uitzaaiingen op afstand van de long en de 
overleving.

Wij wilden graag voor de start van de behandeling patiënten kunnen identificeren die 
baat zouden hebben bij de toevoeging van cisplatin aan de bestralingsbehandeling 
(hoofdstuk �). Daartoe werden 27 patiënten gevolgd die werden behandeld met 
hoge dosis radiotherapie en dagelijks een lage dosis cisplatin. Bij deze patiënten 
werden wangslijmvliescellen afgenomen voor de start van de behandeling, op dag 1 en 
op dag 5 na de cisplatin-injectie. Met deze wangslijmvliescellen werden verschillende 
bepalingen gedaan. Onder andere werd gekeken naar de zogenaamde cisplatin-DNA 
adducten. Hoe meer DNA adducten er gevonden werden, hoe meer cisplatin in de 
normale weefsels was opgenomen. In een analyse met meerdere variabelen bleek de 
cisplatin-DNA adductmeting een significante prognostische factor voor de overleving 
in deze patiënten groep. 

Om een correlatie te vinden tussen slokdarmbijwerkingen en dosimetrische factoren 
werden de gegevens van 156 bestraalde patiënten nader geanalyseerd (hoofdstuk 
7). Van drie verschillende patiëntengroepen werd gekeken naar de incidentie en ernst 
van de slokdarmbijwerkingen. Deze slokdarmbijwerkingen werden gecorreleerd met 
behandelingskarakteristieken en de dosis en het volume van de slokdarm die bestraald 
werd. De meest belangrijke klinische factor die bepalend was voor de incidentie en 
ernst van de slokdarmbijwerkingen, was het geven van chemotherapie gelijktijdig met 
de bestraling. Voor patiënten die chemotherapie kuren gekregen hadden vóór start 
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van de radiotherapie, was de slokdarmtoxiciteit niet toegenomen ten opzichte van de 
patiënten die alleen radiotherapie kregen. De belangrijkste dosimetrische factor voor 
het ontwikkelen van slokdarmbijwerkingen was het volume van de slokdarm die een 
dosis kreeg van ten minste 35 Gy.

Voor patiënten met een bijzondere vorm van longkanker (het kleincellig type 
longkanker) is er in meerdere instituten onderzoek gedaan naar het gelijktijdig geven 
van chemo- en radiotherapie (hoofdstuk 8). Hierbij werden 37 patiënten behandeld 
met vier kuren chemotherapie (bestaande uit carboplatin, paclitaxel en etoposide) 
en werd er gelijktijdig met de tweede en derde kuur een bestralingsbehandeling 
gegeven.
De bestraling werd gegeven op een zogenaamd ‘involved field’, waarbij alleen de 
tumor en de aangedane lymfeklieren in het bestralingsveld worden opgenomen. Er 
werden veel problemen met de bloedaanmaak gezien waardoor bij sommige patiënten 
de chemotherapie moest worden onderbroken of het schema aangepast (62% van 
de patiënten). Bij zes patiënten werden er lokale recidieven gezien. Uitzaaiingen op 
afstand traden bij 19 patiënten op waarvan bij 13 patiënten in de hersenen. 

In hoofdstuk 10 werd een relatie gezocht tussen de ‘standardized uptake value‘ (SUV) 
verkregen met een 18FDG PET scan en de behandelingsresultaten bij 51 longkanker 
patiënten die tot een hoge dosis bestraald werden. De 18FDG PET SUV, de gegeven 
bestralingsdosis en (al bekende) prognostische factoren zoals ziekte stadium, conditie 
van de patiënt, gewichtsverlies, tumorvolume, tumortype en lymfeklier-aantasting 
werden bestudeerd. De 18FDG PET SUV waarde die voor de bestralingsbehandeling 
werd bepaald bleek een prognostische waarde te hebben. Hoe hoger de 18FDG PET 
SUV, hoe slechter de resultaten van de bestralingsbehandeling en de overleving van 
de patiënten. De 18FDG PET SUV is potentieel een goede indicator om patiënten voor 
verschillende behandelingsstrategieën te selecteren

In hoofdstuk 11, de discussie, worden de resultaten van de voorgaande hoofdstukken 
besproken. Aanbevelingen en plannen voor de toekomst komen aan bod.
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