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Abstract

Background: The aim of this study was to investigate the influence of the 
duration of the waiting time between end of induction chemotherapy and 
start of radiotherapy on tumour control probability (TCP).
Patients and methods: Twenty-three patients with inoperable stage III 
non-small cell lung cancer (NSCLC) received induction chemotherapy 
followed by radiotherapy. The mean waiting period between end of 
induction chemotherapy and start of radiotherapy was 80.3 days; in this 
period the median tumour volume increased with a factor of about 6. 
The Poisson model for TCP and the linear-quadratic model were used to 
calculate changes in TCP in the waiting time. 
Results: The 2-year survival of patients treated with curative intent was 8%, 
lower than the mean value of 26% derived from other studies. Assuming 
that radiotherapy started at day of restaging or at first day of radiotherapy 
(RT1), the calculated mean TCP at restaging was 13.3% and at RT1 was 
0.5% for patients treated with curative intent. 
Conclusions: The calculated TCP decreased in the waiting period from 13.3 
to less than 1%. Hence, the relatively long interval time between chemo- 
and radiotherapy had a deleterious effect on local control. We recommend 
the waiting time to be as short as possible.
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Introduction

Of the two main types of lung cancer, small cell lung cancer and non-small 
cell lung cancer (NSCLC), the latter is the most frequent and represents 
between 70 and 80% of cases. Overall survival is around 13%, and has not 
changed significantly in recent decades. The reason is that the majority 
of patients are diagnosed in advanced stages of the disease. Five-year 
survivals in surgical stages I, II and IIIA are 41-67%, 22-55% and 9-25%, 
respectively (1).
Among the treatments for inoperable stage III NSCLC, induction chemo-
therapy with gemcitabine and cisplatin for downstaging the tumours 
with the aim of further treatment with ionising radiation or surgery. If 
no stringent arrangements are made, the waiting time between induction 
chemotherapy and irradiation may be considerable. In general, waiting 
times for radiotherapy are a cause for concern in many radiotherapy 
departments. Fortin et al. (2) analysed the impact of delaying treatment on 
the outcome of 623 patients with early head-and-neck (H&N) squamous 
cell carcinomas and concluded that delaying radiotherapy had a dele-
terious effect. Waaijer and colleagues (3) investigated tumour growth 
of oropharyngeal tumours in the waiting time for radiotherapy. They 
estimated an average control loss of 16-19% for these tumours during the 
mean waiting period of 56 days. The risk of death increased by 2% for each 
day of waiting for radiotherapy for rapidly growing grade III/IV gliomas 
(4). In a theoretical study Wyatt et al. (5) calculated that slow growing 
tumours, such as prostate carcinomas are likely to be affected only to a 
small extent by delays in treatment, about 0.1% reduction in tumour control 
probability (TCP) per week of delay. Rapidly growing tumours, such as 
mammary tumours post-surgery and squamous cell carcinoma H&N 
tumours are affected to a much larger extent, up to about 7% reduction 
for each week’s delay for mammary tumours, and 1% reduction per week 
for H&N tumours. Advanced stage of H&N tumours has a clear negative 
effect on treatment results (6). In only a few clinical studies on early stage 
laryngeal and nasopharyngeal cancers, was the negative effect of waiting 
times on treatment outcome not convincing (7, 8).
We previously found that growth of NSCLC after induction chemotherapy 
was faster than that of untreated tumours (9). In the waiting period 
between end of induction chemotherapy and start of radiotherapy 41% of 
the tumours became stage IIIB and were treated with palliative intent (9). 
We applied a TCP model on our patient data, calculated tumour control 
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rate loss in the waiting period between the end of induction chemotherapy 
and start of radiotherapy and compared the results with the actual 
treatment outcome and results found in the literature. 

Patients and Methods

Patients characteristics. As previously reported, in the period 1999-
2000 13 males and 10 females with inoperable stage IIIA and B NSCLC 
received induction chemotherapy with cisplatin and gemcitabine at the 
University Medical Centre Utrecht and in 10 regional hospitals (9). The 
mean age of the patients was 59.3 years (range 41-73). Gemcitabine was 
administered at a dose of 1000-1250 mg/m2 on days 1 and 8, and in some 
regional hospitals also on day 15. Cisplatin was given at doses ranging 
from 80-100 mg/m2 on day 1. When gemcitabine was administered on 
days 1 and 8, the next cycle started on day 22. With administration on 
days 1, 8 and 15, the next cycle started on day 29. In general, patients 
received 3-4 cycles before re-evaluation with a CT- restaging and then 
were referred to the Radiotherapy Department in Utrecht for treatment 
with curative intent for stages IIIA NSCLC. We also reported that the 
mean interval time between end of chemotherapy and CT-restaging was 
16.1 days, between CT-restaging and CT-planning 50.1 days and between 
CT-planning and first day of radiotherapy (RT1) 14.1 days (9). Hence, the 
mean total waiting period between the end of induction chemotherapy 
and the start of radiotherapy was 80.3 days (range 29-141 days). The gross 
tumour volumes at the CT-restaging varied between 1 and 367 cm3 and 
at the moment of the CT-planning they varied between 45 and 793 cm3. 
The tumour volume doubling time Td ranged from 8.3 to 171.4 days with 
a mean of 45.8 days and a median value of 29.4
The given dose for curatively intended radiotherapy was 66 Gy in 33 
fractions, 5 times/week in 45 days, and for palliative radiotherapy it 
was 30 Gy in 10 fractions, 4 times/week in 15 days. The median survival 
duration and 2-year survival were calculated from the patients’ records. 

Tumour control probability analysis. The Poisson model for tumour control 
probability (TCP), an exponential function of tumour volume increase, 
and the linear-quadratic model of cell kill with a factor quantifying 
accelerated repopulation, were used to calculate changes in TCP in the 
waiting time (5, 10-12). TCP is given by
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 TCP = exp(-VN) 							       (1)    

where V is the tumour volume and N is the number of clonogens per 
cm3. The number of clonogens per cm3 surviving radiotherapy can be 
estimated by 

N = N0exp[-(αD(1+d/(α/β))+γ(To-Tdel)] 				    (2)

where N0 is the number of clonogens per cm3 before radiation treatment, 
D is the total dose, d is the fraction dose, α and β are the parameters which 
determine the initial slope and degree of curvature of the underlying cell-
survival curve, To is the overall treatment time of the radiation treatment, 
Tdel is the delay time to onset of accelerated proliferation and γ is the 
time factor for accelerated repopulation. For the factor γ we used 0.693/
Tpot where Tpot is the potential doubling time (5). For NSCLC we applied 
a Tpot value of 5 days, the same value as was previously used for H&N 
cancers (13).
For our analysis we used a clonogen density N0 = 107 cm-3, according to 
Webb (14) who found that value as the best fit to clinical data for squamous 
cell carcinoma of the upper respiratory and digestive tract. 
The volume at first day of radiotherapy V(RT1) was calculated:
 
V(RT1) = V1*2t/Td 							       (3)

where V1 is the volume on the CT-restaging, t is the time interval between 
restaging and start of radiotherapy and Td is the tumour volume doubling 
time. Td can be derived as follows: 

Td = 0.693trp /ln(Vp/V1)						      (4)

where Vp is the tumour volume at CT-planning and trp the time interval 
between CT-restaging and CT-planning.
The TCP was analysed according to α = 0.30 Gy-1 with a spread σ = 0.02 
Gy‑1 as approximation for the whole population (3), and Tdel = 14 days, 
assuming that accelerated repopulation in a previous untreated tumour 
started in the third week after start of radiotherapy (15, 16). Furthermore, 
for tumours after induction chemotherapy, we assigned Tdel = 0 days, 
assuming that in that tumour accelerated repopulation was still present at 
the first day of radiotherapy and that the clonogen density was returned 
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to the pre-treatment level (17, 18). The parameters used in the TCP analysis 
are represented in Table I. In addition, due to a smaller fraction of quiescent 
cells implying less repair of potentially lethal damage (19), an increase in 
overall radiosensitivity was assumed. As a consequence, the value of the 
parameter α was increased.

Statistics. Kaplan-Meier survival analysis was performed using SPSS10.1 
by scoring the survival time after the start of radiotherapy as an event.

Table I. Parameters and values used in the TCP analysis.                                          

Parameter		  Value                                                                                               

N		  107 cells/cm3

α 		  0.30 +/- 0.02 resp. 0.32 +/- 0.02 Gy-1

α/β	 	 15 Gy
Tpot		  5 d
To		  45 d
Tdel		  14 d resp. 0 d
D		  66 Gy (33 x 2 Gy)                                                                             

Results

Survival. After induction chemotherapy, 23 patients were referred to the 
radiotherapy department of whom 22 for curative intent. However, 9 out 
of these 22 patients (41%) had progression of their disease in the waiting 
period to such extent that they could not receive the planned curatively 
intended radiotherapy. These patients were diagnosed at CT-planning as 
stage IIIB, and were treated according to our protocol with a total dose of 
30 Gy, mainly to prevent severe complications due to tumour extension. 
The 2-year survival of the 23 patients was 13% (3 out of 23), however, two of 
the three patients had a recurrent tumour and intrapulmonary metastases 
and only one patient is tumour-free after second-line chemotherapy and 
surgery but with severe normal tissue morbidity. The two-year survival 
of patients treated with curative intent was 8% (1 out of 13). However, this 
patient developed local recurrence.
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Survival as function of time after start of curatively intended radiotherapy 
for stage IIIA (total dose 66 Gy) is represented in Figure 1, curve A, and 
palliative radiotherapy for stage IIIB (total dose 30 Gy), in curve B of the 
same figure. Median survival duration for patients receiving curatively 
intended radiotherapy was 12.6 +/- 2.8 months, and 6.4 +/- 1.2 months for 
palliative-treated patients. 

Figure 1. Overall survival as a function of time after start of curatively intended 
radiotherapy (radiation dose of 66 Gy), curve A, and palliative radiotherapy 
(dose of 30 Gy), curve B.

Tumour control probability, radiation only. TCP was modelled for radiotherapy 
only (no induction chemotherapy) and it was assumed that accelerated 
repopulation started at day 14 after start of radiotherapy (15, 16). For N = 
107/cm3, α = 0.30 +/- 0.02 Gy-1 and a tumour volume of 75 cm3 (i.e. a diameter 
of about 5.3 cm), a reasonable TCP value was found according to clinical 
experience, i.e. for a TCP of about 5% (20). The relationship between TCP 
and tumour volume for Tdel = 14 days, α = 0.30, 0.28 and 0.32 Gy-1, and for 
the TCP as a mean for a population with different sensitivities

TCP = [TCP(α = 0.28 Gy–1) + TCP(α = 0.32 Gy-1)]/2,

is given in Figure 2. For the population average (Figure 2, diamonds) the TCP 
at 75 cm3 is 5%. For volumes in excess of 100 cm3, TCP is less than 2.5%. 

B A
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TCP, repopulation and radiosensitivity. After induction chemotherapy, Tdel 
was assumed = 0 d, thus accelerated repopulation was still present when 
radiotherapy started. The dose to compensate for the repopulation after 
induction chemotherapy Dr can be derived from equation (2). 
For α = 0.30 Gy –1, To = 45 d, Tdel = 0 d and Tdel = 14 d, γ = 0.693/Tpot d-1, 
Tpot = 5 d, d = 2 Gy, D = 66 Gy, α/β = 15 Gy: 
N(after radiation treatment, Tdel = 14 d, D) = N(after radiation treatment 
following induction chemotherapy, Tdel = 0 d, D + Dr).
N0exp[-0.30x66x[1+2/15] + 0.693x(45-14)/5] = N0exp[-0.30x(66 + Dr)x[1+2/15] 
+ 0.693x(45-0)/5]. 
This results in a Dr of 5.7 Gy. Thus, to compensate for accelerated 
repopulation, the dose after induction chemotherapy should be enhanced 
from 66 Gy to 71.7 Gy in order to keep the TCP equal to that of a 
tumour treated with radiotherapy only. In clinical practice however, the 
radiation dose after induction chemotherapy is generally not increased. 
Nevertheless, in general, a higher local control was observed for sequen-
tial chemo-radiotherapy (20). This can be attributed to a reduced tumour 
volume after induction chemotherapy, e.g. from 75 to 30 cm3. The mean 
TCP calculated for α = 0.30+/- 0.02 Gy-1, Tdel = 0 d and V = 30 cm3, 
however was less than 0.1% (Figure 3, triangles). Hence, a smaller tumour 
volume did not compensate the loss of a calculated dose of 5.7 Gy. It was 
therefore assumed that after chemotherapy the repopulating tumour had 
a higher radiosensitivity due to a smaller fraction of resting cells (hence, 
a larger fraction of proliferating cells) and as a consequence less repair of 
potentially lethal damage (19). Therefore, the radiosensitivity parameter 
α was increased. For a tumour volume of 30 cm3, Tdel = 0 d and α = 0.32 
+/-0.02 Gy‑1 (population with different sensitivities), a TCP value of 12% 
(Figure 3, diamonds) was calculated. This increase in radiosensitivity 
was sufficient to obtain the increased TCP values for combined modality 
treatment in the range of clinical values observed (20). TCP curves for α = 
0.34 and 0.32 Gy-1 are also depicted in Figure 3. 
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Figure 2. Tumour control probability (TCP) after radiotherapy only as function 
of tumour volume of previously untreated tumours. TCP was calculated for α = 
0.32 Gy-1 (large squares), α = 0.30 Gy-1 (open squares), α = 0.28 Gy-1 (triangles), and 
the average of the TCPs for α = 0.32 Gy-1 and α = 0.28 Gy-1 (diamonds); D = 66 Gy, 
N0  = 107/cm3, α/β = 15 Gy, Tdel = 14 days.

Figure 3. Tumour control probability (TCP) as function of tumour volume af-
ter sequential chemo-radiotherapy assuming accelerated repopulation. TCP was 
calculated for α = 0.34 Gy-1 (large squares), α = 0.30 Gy-1 (open squares), average 
of TCPs for α = 0.32 Gy-1 and α = 0.28 Gy-1 (triangles), and average of TCPs for α 
= 0.34 Gy-1 and α = 0.30 Gy-1 (diamonds); D = 66 Gy, N0  = 107/cm3, α/β = 15 Gy, 
Tdel = 0 days.
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Table II. Tumour volumes of individual patients (n = 18) at CT-restaging, CT-
planning and at first day of radiotherapy (RT1), as well as mean and median 
values.                                                                                                                                  

Patient	 nr	 Volume (cm3)		  Volume (cm3) 		  Volume (cm3) 	
		  CT-restaging 		  CT-planning 		  RT1		

4		  14			   793			   1277		
5		  62			   113			   118		
6*		  26			   99			   162		
7*		  10			   57			   131		
8		  52			   601			   871		
9		  1			   82			   204		
10*		  25			   52			   64		
12		  10			   48			   75		
13*		  242			   259			   280		
14*		  85			   223			   315		
15		  48			   104			   112		
16*		  25			   60			   98	 	
17*		  36			   60			   81		
18		  367			   752			   1031		
20		  91			   298			   434		
21*		  160			   254			   275		
22*		  19			   45			   65
23*		  16			   127			   234		

Mean		  72			   224			   324		
Median		 31			   108			   183		
                                                                                                                                             	
*10 Patients treated with curative intent (D = 66 Gy)
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TCP for clinical data. Using the gross tumour volumes (i.e. the sum of the 
volume of the primary tumour and that of a lymph node metastasis if 
present), at day of CT-restaging and of CT-planning and the interval 
times between CT-restaging and start of radiotherapy, the volumes of 18 
evaluable patients at start of radiotherapy (RT1) were calculated (Table 
II).
For these 18 patients the mean tumour volume at CT-restaging was 72 
cm3 and the median volume 31 cm3. At time of CT-planning and RT1 the 
mean (and median) tumour volumes were 224 (108) and 324 (183) cm3, 
respectively. 
For the 10 patients treated with curative intent (Table II), the mean TCP 
with standard deviation, calculated with α = 0.32 +/- 0.02 Gy-1, at CT-
restaging is 13.3% +/- 10.8%. The mean TCP at RT1 was 0.5 +/- 0.7%. Thus, 
due the mean waiting period of 73 d for these 10 patients, the mean TCP 
of 13.3% with a median tumour volume of 25 cm3 was reduced to less than 
1% with a median tumour volume of 146 cm3. 
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Discussion

Tumour volume and local control. The importance of tumour volume on 
local control is evident (e.g. 21-25). Dubben and colleagues (26) concluded 
that tumour volume is the most precise and most relevant predictor of 
radiotherapy outcome. For NSCLC tumours with a volume larger than 
100 cm3, doses up to 80 Gy did not improve local control, whereas for 
tumours smaller than 100 cm3, 3-year local control rates of more than 40% 
were reached (25). Martel et al. (27) observed a similar effect, and found 
an influence of dose larger than 73 Gy on local control only in tumours 
smaller than 200 cm3. This indicates that for tumours larger than 100-200 
cm3 doses in excess of about 80 Gy are required for long-term control. A 
strong correlation of survival time with tumour size was also reported by 
others (28-34). Using the TCP concept as described here, it is quite clear 
that for tumours in excess of 100 cm3 the TCP is almost zero (Figure 2). 
Also in our patients’ population two years after treatment, only one 
out of 13 patients treated with curative intent was still alive, albeit with 
tumour.
 
Median survival duration and 2-year survival.  From studies in which results 
of chemotherapy followed by radiotherapy were compared to those of 
radiation alone median survival duration and 2-year survival were 
derived, Table III (29, 35-52). The mean of the median survival durations 
was 13.6 +/- 2.2 months and the mean of the 2-year local survival was 26.0 
+/- 6.9%. In our study, the median survival duration of the patients treated 
with curative intent was 12.6 +/- 2.8 months, within the range found in 
above-mentioned studies. However, survival at 2 years was only 8% (1 out 
of 13 patients treated with curative intent). The low survival percentage 
is due to the relatively long waiting time and hence increased tumour 
volume in our study as will be discussed below. 

Waiting time. Waiting times for radiotherapy are a cause for concern in 
many radiotherapy departments. In the waiting period, tumour volume 
increase may lead to a higher stage with negative consequences for local 
control. A strong independent association between tumour volume and 
survival was reported (25, 53-55). O’Rourke and Edwards (55) reported that 
in the waiting period for potentially curative radiotherapy that lasted from 
35 to 187 days, 6 of their 29 lung cancer patients (21%) became incurable. 
An even larger percentage of patients in our study got progression and 
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Table III. Two-year overall survival (OS) and median survival duration 
(MSD) of sequential chemo- radiotherapy on stage III NSCLC.                                              

References			   2-year OS (%)		  MSD (month)                

Graham et al (29)		  34			   16.9		
Brodin et al (35)			  21			   11
Choi et al (36) 						      12.3
Crino et al (37)			   30			   12
Cullen et al (38)			   24			   11.7
Curran	 et al (39)					     14.6
Dillman et al (40)		  26			   13.7
Furuse et al (41)			  27.4			   13.3
Gregor et al (42)			  20			   12
Kim et al (43)						      13.8
Kubota et al (44)			  36			   15.2
Le Chevalier et al (45)		  21			   12
Metha et al (46)			   28			   12  

37			   21 		
Pierre et al (47)			   23			   13.8
Sause et al (48)			   32			   13.2
Sculier et al (49)			  22			   12.4
Wolff et al (50)			   24			   13.7
Willner et al (51)			  10			   14.6
Zemanova et al (52)					     13
							     
Mean +/- SD			   26.0 +/-6.9		  13.6+/-2.2
Present study			   8%			   12.6+/-2.8 month         
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the planned curatively intended radiotherapy could not be given. Nine 
of the 22 patients (41%) were treated with palliative intent after a waiting 
period in our study ranging from 29 to 141 days. The higher stage (from 
IIIA to IIIB) is correlated with tumour volumes in excess of 100 cm3. The 
TCP analysis revealed that for tumours of that size, local cure is almost 
impossible with the doses usually applied in radiotherapy.

Partial response. Response rate after induction chemotherapy in our 
patients was 78% (9). Assume that the volume was reduced to 30% of the 
volume just before chemotherapy. For a tumour volume of 100 cm3 treated 
with radiotherapy only (D = 66 Gy), the TCP is about 2.5% (Figure 2). The 
calculated TCP of a volume of 30 cm3 after induction chemotherapy with 
accelerated repopulation and a higher radiosensitivity, is 12%. Hence, due 
to the double advantage of volume reduction and higher radiosensitivity as 
a result of induction chemotherapy, TCP is 5-fold enhanced, provided that 
radiotherapy is started as soon as possible after induction chemotherapy. 
For a delay in treatment of 80 days (i.e. the mean waiting period in our 
study, almost 3 doubling times), the median volume of about 30 cm3 was 
increased to about 180 cm3 for which the TCP is less than 1%. This is 
further evidence of the deleterious effect of a waiting period on tumour 
control probability.

Conclusions

In the mean waiting period of 80 days between end of induction 
chemotherapy and start of radiotherapy, the median tumour volume in 
our patients increased with a factor of about 6. As a consequence, the 
observed two-year survival of patients treated with curatively intended 
radiotherapy is only 8%, while from other studies a mean two-year survival 
value of about 26% was found for sequential chemo-radiotherapy. This is 
also reflected in the calculated TCP for the curatively intended treated 
patients; the TCP decreased in the waiting period from 13.3% to less 
than 1%. We conclude from our material that the interval time between 
chemo- and radiotherapy should be as short as possible. In further studies 
simultaneous chemo-radiotherapy treatment should be considered.

78



TCP of stage III NSCL tumours after sequential chemo-radiotherapy

References

1.	 Mountain CF: Revisions in the International System for Staging Lung Cancer. 
Chest 111: 1710-1717, 1997.

2.	 Fortin A, Bairati I, Albert M, Moore L, Allard J, Couture C: Effect of treatment 
delay on outcome of patients with early-stage head-and-neck carcinoma 
receiving radical radiotherapy. Int J Radiat Oncol Biol Phys 52: 929-236, 
2002.

3.	 Waaijer A, Terhaard CH, Dehnad H, Hordijk GJ, van Leeuwen MS: Waiting 
times for radiotherapy: consequences of volume increase for the TCP in 
oropharyngeal carcinoma. Radiother Oncol 66: 271-276, 2003.

4.	 Do V, Gebski V, Barton MB: The effect of waiting for radiotherapy for grade 
III/IV gliomas. Radiother Oncol 57: 131-136, 2000.

5.	 Wyatt RM, Beddoe AH, Dale RG: The effects of delays in radiotherapy 
treatment on tumour control. Phys Med Biol 48: 139-155, 2003.

6.	 Lee WR, Mancuso AA, Saleh EM, Mendenhall WM, Parsons JT, Million RR: 
Can pretreatment computed tomography findings predict local control in 
T3 squamous cell carcinoma of the glottic larynx treated with radiotherapy 
alone? Int J Radiat Oncol Biol Phys 25: 683-687, 1993.

7.	 Barton MB, Morgan G, Smee R, Tiver KW, Hamilton C, Gebski V: Does 
waiting time affect the outcome of larynx cancer treated by radiotherapy? 
Radiother Oncol 44: 137-141, 1997.

8.	 Brouha XD, Op De Coul B, Terhaard CH, Hordijk GJ: Does waiting time for 
radiotherapy affect local control of T1N0M0 glottic laryngeal carcinoma? 
Clin Otolaryngol 25: 215-218, 2000.

9.	 El Sharouni SY, Kal HB, Battermann JJ: Accelerated regrowth of non-small 
cell lung tumours after induction chemotherapy. Br J Cancer 89: 2184-2189, 
2003.

10.	 Barendsen GW: Dose fractionation, dose rate and iso-effect relationships for 
normal tissue responses. Int J Radiat Oncol Biol Phys 8: 1981-1997, 1982.

11.	 Jones B, Dale RG: Mathematical models of tumour and normal tissue 
response. Acta Oncol 38: 883-893, 1999.

12.	 Porter EH: The statistics of dose/cure relationships for irradiated tumours. 
Part I. Br J Radiol 53: 210-227, 1980.

13.	 Bourhis J, Dendale R, Hill C, et al: Potential doubling time and clinical 
outcome in head and neck squamous cell carcinoma treated with 70 Gy in 7 
weeks. Int J Radiat Oncol Biol Phys 35: 471-476, 1996.

14.	 Webb S: Optimum parameters in a model for tumour-control probability 
including interpatient heterogeneity. Phys Med Biol 39:1895-1914, 1994.

15.	 Tarnawski R, Fowler J, Skladowski K, et al: How fast is repopulation of tumor 
cells during the treatment gap? Int J Radiat Oncol Biol Phys 54, 229-236, 
2002.

16.	Terhaard CHJ, Kal HB, Hordijk GJ: Why to start the concomitant boost in 

79



Chapter 4

accelerated radiotherapy for advanced laryngeal cancer in week 3. Int J 
Radiat Oncol Biol Phys 61: 62-69, 2005.

17.	 Hermens AF, Barendsen GW: Changes of cell proliferation characteristics in 
a rat rhabdomyosarcoma before and after X-irradiation. Eur J Cancer 5: 173-
189, 1969.

18.	 Stephens TC, Currie GA, Peacock JH: Repopulation of gamma-irradiated 
Lewis lung carcinoma by malignant cells and host macrophage progenitors. 
Br J Cancer 38: 573-582, 1978.

19.	 Barendsen GW, Van Bree C, Franken NA: Importance of cell proliferative state 
and potentially lethal damage repair on radiation effectiveness: implications 
for combined tumor treatments. Int J Oncol 19: 247-256, 2001.

20.	 Sirzén F, Kjellen E, Sorenson S, Cavallin-Stahl E. A systematic overview of 
radiation therapy effects in non-small cell lung cancer. Acta Oncol 42: 493-
515, 2003.

21.	 Bentzen SM, Thames HD: Tumor volume and local control probability: 
clinical data and radiobiological interpretations. Int J Radiat Oncol Biol Phys 
36: 247-251, 1996.

22.	 Brenner DJ. Dose, volume, and tumor-control predictions in radiotherapy. 
Int J Radiat Oncol Biol Phys 26: 171-179, 1993.

23.	 Doweck I, Denys D, Robbins KT: Tumor volume predicts outcome for 
advanced head and neck cancer treated with targeted chemoradiotherapy. 
Laryngoscope 112: 1742-1749, 2002.

24.	 Kurek R, Kalogera-Fountzila A, Muskalla K, et al: Usefulness of tumor 
volumetry as a prognostic factor of survival in head and neck cancer. 
Strahlenther Onkol 179: 292-297, 2003.

25.	 Willner J, Baier K, Caragiani E, Tschammler A, Flentje M. Dose, volume, and 
tumor control prediction in primary radiotherapy of non-small-cell lung 
cancer. Int J Radiat Oncol Biol Phys 52: 382-389, 2002.

26.	 Dubben HH, Thames HD, Beck-Bornholdt HP: Tumor volume: a basic and 
specific response predictor in radiotherapy. Radiother Oncol 47: 167-174, 
1998. 

27.	 Martel MK, Strawderman M, Hazuka MB, Turrisi AT, Fraass BA, Lichter 
AS. Volume and dose parameters for survival of non-small cell lung cancer 
patients. Radiother Oncol 44: 23-29, 1997.

28.	 Dosoretz DE, Katin MJ, Blitzer PH, et al: Radiation therapy in the management 
of medically inoperable carcinoma of the lung: results and implications for 
future treatment strategies. Int J Radiat Oncol Biol Phys 24: 3-9, 1992.

29.	 Graham PH, Abell FL, Capp A, et al: Concurrent end-phase boost radiation 
therapy to 65 Gy in 5 weeks for non-small cell lung cancer with or without 
cisplatin chemotherapy. Lung Cancer 41: Suppl 2, 243-245, 2003.

30.	 Karstens JH, Andreopoulos D, Ammon J: Initial tumor size and local control 
in stage III non-small cell lung cancer treated by radio-chemotherapy. 
Onkologie 13: 144-145, 1990.

80



TCP of stage III NSCL tumours after sequential chemo-radiotherapy

31.	 Krol AD, Aussems P, Noordijk EM, Hermans J, Leer JW: Local irradiation 
alone for peripheral stage I lung cancer: could we omit the elective regional 
nodal irradiation? Int J Radiat Oncol Biol Phys 34: 297-302, 1996. 

32.	 Noordijk EM, vd Poest Clement E, Hermans J, Wever AM, Leer JW. 
Radiotherapy as an alternative to surgery in elderly patients with resectable 
lung cancer. Radiother Oncol 13: 83-89, 1988.

33.	 Oehler W, Eichhorn HJ: Primary tumor volume and prognosis in bronchial 
carcinoma. Strahlenther Onkol 168: 73-78, 1992.

34.	 Sandler HM, Curran WJ Jr, Turrisi AT 3rd. The influence of tumor size and 
pre-treatment staging on outcome following radiation therapy alone for 
stage I non-small cell lung cancer. Int J Radiat Oncol Biol Phys 19: 9-13, 1990.

35.	 Brodin O, Nou E, Mercke C, et al: Comparison of induction chemotherapy 
before radiotherapy with radiotherapy only in patients with locally advanced 
squamous cell carcinoma of the lung. The Swedish Lung Cancer Study 
Group. Eur J Cancer 32A: 1893-1900, 1996.

36.	 Choi JH, Lim HY, Kim HC, et al: The addition of induction chemotherapy 
failed to improve therapeutic outcome of concurrent chemoradiotherapy in 
patients with locally advanced non-small cell lung cancer. Lung Cancer 41: 
Suppl 2, S238, 2003.

37.	 Crino L, Latini P, Meacci M, et al: Induction chemotherapy plus high-dose 
radiotherapy versus radiotherapy alone in locally advanced unresectable 
non-small-cell lung cancer. Ann Oncol 4: 847-851, 1993.

38.	 Cullen MH, Billingham LJ, Woodroffe CM, et al: Mitomycin, ifosfamide, and 
cisplatin in unresectable non-small-cell lung cancer: effects on survival and 
quality of life. J Clin Oncol 17: 3188-3194, 1999.

39.	 Curran WJ, Scott CB, Langer CJ, et al: Long-term benefit is observed in a phase 
III comparison of sequential vs concurrent chemo-radiation for patients with 
unresected stage III NSCLC: RTOG 9410. Ann Meeting Am Soc Clin Oncol, 
May 31-June 3, Chicago (abstract 2499), 2003.

40.	 Dillman RO, Herndon J, Seagren SL, Eaton WL Jr, Green MR: Improved 
survival in stage III non-small-cell lung cancer: seven-year follow-up of 
cancer and leukemia group B (CALGB) 8433 trial. J Natl Cancer Inst 88: 1210-
1215, 1996.

41.	 Furuse K, Fukuoka M, Kawahara M, et al: Phase III study of concurrent 
versus sequential thoracic radiotherapy in combination with mitomycin, 
vindesine, and cisplatin in unresectable stage III non-small-cell lung cancer. 
J Clin Oncol 17: 2692-2699, 1999.

42.	 Gregor A, Macbeth FR, Paul J, Cram L, Hansen HH: Radical radiotherapy 
and chemotherapy in localized inoperable non-small-cell lung cancer: a 
randomized trial. J Natl Cancer Inst 85: 997-999, 1993.

43.	 Kim TY, Yang SH, Lee SH, et al: A phase III randomized trial of combined 
chemoradiotherapy versus radiotherapy alone in locally advanced non-
small-cell lung cancer. Am J Clin Oncol 25: 238-243, 2002.

81



Chapter 4

44.	 Kubota K, Furuse K, Kawahara M, et al: Role of radiotherapy in combined 
modality treatment of locally advanced non-small-cell lung cancer. J Clin 
Oncol 12: 1547-1552, 1994.

45.	 Le Chevalier T, Arriagada R, Tarayre M, et al: Significant effect of adjuvant 
chemotherapy on survival in locally advanced non-small-cell lung carcinoma. 
J Natl Cancer Inst 84: 58, 1992.

46.	 Mehta MP, Wang W, Johnson D, et al: Induction chemotherapy followed 
by standard thoracic radiotherapy vs. hyperfractionated accelerated 
radiotherapy for patients with unresectable stage IIIA and B non-small 
cell lung cancer: phase III study of the eastern cooperative oncology group 
(ECOG 2597). Int J Radiat Oncol Biol Phys 57: S141, 2003.

47.	 Pierre F, Maurice P, Gilles R, et al: A randomized phase III trial of sequential 
chemoradiotherapy in locally advanced non-small cell lung cancer [abstract]. 
Proc Amer Soc Clin Oncol 20: 312a, 2001.

48.	 Sause W, Kolesar P, Taylor S IV, et al: Final results of phase III trial in regionally 
advanced unresectable non-small cell lung cancer: Radiation Therapy 
Oncology Group, Eastern Cooperative Oncology Group, and Southwest 
Oncology Group. Chest 117: 358-364, 2000.

49.	 Sculier JP, Paesmans M, Lafitte JJ, et al: A randomised phase III trial comparing 
consolidation treatment with further chemotherapy to chest irradiation in 
patients with initially unresectable locoregional non-small-cell lung cancer 
responding to induction chemotherapy. European Lung Cancer Working 
Party. Ann Oncol 10: 295-303, 1999.

50.	 Wolf M, Hans K, Becker H, et al: Radiotherapy alone versus chemotherapy 
with ifosfamide/vindesine followed by radiotherapy in unresectable locally 
advanced non-small cell lung cancer. Semin Oncol 21: 42-47, 1994.

51.	 Willner J, Huber R, Poellinger B, et al. CTRT 99/97 a randomized trial of 
simultaneous paclitaxel and radiotherapy vs radiotherapy alone following 
induction chemotherapy in stage III inoperable NSCLC. Int J Radiat Oncol 
Biol Phys 57: S140, 2003.

52.	 Zemanova M, Petruzelka L, Zemanova M, et al : Concurrent versus sequential 
radiochemotherapy with vinorelbine plus cisplatin (V-P) in locally advanced 
non-small cell lung cancer. A randomized phase II study (Abstract 1159). 
Proc Am Soc Clin Oncol (ASCO) 290a, 2002.

53.	 Etiz D, Marks LB, Zhou SM, et al: Influence of tumor volume on survival 
in patients irradiated for non-small-cell lung cancer. Int J Radiat Oncol Biol 
Phys 53: 835-846, 2002.

54.	 Jensen AR, Mainz J, Overgaard J: Impact of delay on diagnosis and treatment 
of primary lung cancer. Acta Oncol 41: 147-152, 2002.

55.	 O’Rourke N, Edwards R: Lung cancer treatment waiting times and tumour 
growth. Clin Oncol (R Coll Radiol) 12: 141-144, 2000.

82



Gemcitabine as a radiosensitizer in undifferentiated tumors

Chapter 5

Gemcitabine as a radiosensitizer in 
undifferentiated tumors

Anticancer Research 26: 139-146, 2006

H.B. Kal
S.Y. El Sharouni
A.D. Barten-van Rijbroek



Chapter 5

84

Abstract

Background: Gemcitabine (dFdC) may cause radiosensitization by specific 
interference with homologous recombination-mediated DNA double-
strand break repair. The radiosensitizing effect of dFdC might be less 
in normal healthy tissue and more restricted to undifferentiated tumor 
cells, making it a tumor-selective radiosensitizer. Whether dFdC acted 
as radiosensitizer in undifferentiated and well-differentiated rat tumors 
and on rat foot skin was tested.
Materials and Methods: Undifferentiated L44 lung tumors in BN rats, MLL 
prostate tumors in Copenhagen rats, and well-differentiated L42 lung 
tumors in WAG/Rij rats were used. The tumors were treated with a single 
X-ray dose, combined or not with dFdC (30 mg/kg) administered 24 h 
earlier. Tumor volume growth delay was the end-point used. In addition, 
rat foot skin was treated with a single dose of 22.5 Gy with or without 
dFdC. The degree of skin damage was determined according to a scoring 
system.
Results: For tumor growth delay, dose-enhancement ratios were 1.37 and 
1.23-1.36 for the L44 and MLL tumors, respectively. No radiosensitization 
was observed for the well-differentiated L42 tumors and foot skin.
Conclusion: Radiosensitization by gemcitabine was observed in the 
undifferentiated tumors, but not in the well-differentiated tumors and 
skin. Our data support further trials to evaluate the usefulness of dFdC 
as radiosensitizer in undifferentiated tumors.
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Introduction

Gemcitabine (2’,2’-difluoro-2’-deoxycytidine, Gemzar, dFdC) is a deoxy-
cytadine analogue well known for its antitumor activity in different 
tumor types (1-8). It has been shown that dFdC enhanced radiation-
induced chromosomal aberrations (9), which suggests interference with 
repair of DNA damage, particularly the repair of double strand breaks 
(DSBs). It was found that homologous recombination (HR) was involved 
in the synergistic interaction between dFdC and cisplatin (10) and that 
dFdC causes radiosensitization by specific interference with HR (11). 
Increased radiosensitivity was observed in HR-deficient irs1 and irs1SF 
hamster cell lines and in HR-deficient Drosophila melanogaster (12). 
Adult mice deficient in HR, however, did not show hypersensitivity to 
radiation, and the impact of HR deficiency only became apparent in a 
non-homologous end joining (NHEJ)-deficient background (13, 14). From 
these, it was concluded that HR plays a minor role in the repair of double 
strand breaks in matured, differentiated cells (11). In undifferentiated cells, 
HR may contribute to DSB repair and hence to cellular radiosensitivity. 
It was speculated that the radiosensitizing effect of dFdC in patients 
might be less in normal tissues and more restricted to undifferentiated 
tumors (11). The radiosensitizing effect of dFdC was reported for 
several experimental tumors, most of them undifferentiated to poorly-/
moderately-differentiated (1-8). In the present study, rats were used to test 
whether dFdC-mediated radiosensitization occurs in undifferentiated 
lung and prostate tumors and in a well-differentiated lung tumors. In 
addition, responses of skin as a well-differentiated tissue were scored.

Materials and Methods

Animal strains and tumors. The L44 is a radiation- (external chest irra-
diation) induced undifferentiated carcinoma, originally diagnosed as 
an adenosquamous lung carcinoma, which grows in female BN (Orl) Ico 
rats (Charles River, Maastricht, the Netherlands) with a tumor volume 
doubling-time of about 4 days (15-17). The R3327-MATLyLu prostate tumors 
(MLL) in male Copenhagen rats (Cop/Hsd, Harlan World Head Quarters, 
Indianapolis, Indiana, USA) is a fast growing anaplastic and metastasizing 
tumor (18, 19) with a tumor volume doubling-time of about 2 days. The 
L42 is a radiation- (I-125) induced well-differentiated squamous cell 
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carcinoma and grows in female WAG/Rij rats (Charles River, Maastricht, 
the Netherlands) with a tumor volume doubling-time of about 4 days (15-
17). 
Female BN and WAG/Rij rats and male Copenhagen rats were inoculated 
in the flank under isoflurane anesthesia with tumor pieces of about 2 mm3.

Treatment. DFdC (Eli Lilly, Nieuwegein, the Netherlands) was reconstituted 
in physiological saline and stored at –30° C. The drug was injected i.p. into 
rats at room temperature using single doses ranging from 10 to 90 mg/kg 
in a volume of about 2 to 3 ml. The weight of the animals at the start of 
the treatments was about 170 gram (BN and WAG/Rij rats) and 220 gram 
(Copenhagen rats).
X-ray doses (200 kV, 20 mA, 0.5 mm Cu, dose rate 4 Gy/min, Philips 
Orthovolt RT250) were administered locally under hypnorm/dormicum 
anesthesia. When combined with dFdC at a concentration of 30 mg/kg, 
irradiation was performed 24 h after dFdC administration. The time 
interval of 24 h was chosen based on data in the literature (2, 3).
Tumors were treated at a volume of about 0.5 - 1 cm3. L44 tumors were 
treated with a single dose of 10 Gy, MLL tumors with single doses 
of 20 and 30 Gy, and L42 tumors with a single dose of 15 Gy with or 
without dFdC. Tumors were measured twice per week with calipers. 
The tumor volume was based on 2 orthogonal cross-sectional diameter 
measurements (V=0.5a2b with a the smallest diameter). The volumes 
were then expressed as a percentage of the pretreatment volume on day 
1, which was designated as 100%.

Skin. Early skin responses of a hind foot following irradiation with a 
single dose of 22.5 Gy with or without dFdC, were scored over a period of 
5 weeks. The degree of damage as a function of time after treatment was 
determined according to the scoring system shown in Table I. 
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Table I. Scoring system of acute skin reactions of rat foot after radiation treatment.                                                                                                                             

Symptom						      Score                                 

Slight reddening, dry desquamation, or			   0.5
	 moist desquamation of < 25% of sole area
Reddening, or moist desquamation > 25%	  	 1
	 of sole area
Two toes attached					     2
Three toes attached					     3
Four toes attached					     4
Club-foot						      5                                          

Score can be higher by combination of symptoms

End-points. Excess growth delay (EGD) is the time interval for the tumor 
to reach four times its pre-treatment volume (T4t) minus the time for a 
control tumor (with the same volume as the pre-treatment volume of the 
treated tumor) to reach four times that volume (T4): EGD = T4t-T4. Specific 
growth delay (SGD) was calculated for each treated tumor: SGD = EGD/T4. 
Using SGD, differences in the growth rate of tumors differing in starting 
volume at day 0 and between experiments can be dealt with. For skin the 
mean value and standard error of the maximal skin scores of animals at 
risk per experimental group were determined. The enhancement ratio is 
defined as the SGD (radiation+dFdC)/SGD (radiation).

Statistics. The Kaplan-Meier analysis was performed using SPSS10.1 by 
scoring an event as EGD, SGD or maximum skin score.

Approval. The Animal Experiments Ethical Committee of the University 
Medical Center Utrecht, the Netherlands, approved the animal experi-
ments.
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Results

Toxicity of dFdC. Single doses of dFdC ranging from 10 to 90 mg/kg were 
administered i.p. to tumor-bearing animals. The weight of the animals 
and tumor volumes were recorded. The maximal mean weight loss of BN 
rats for dFdC doses from 10 to 90 mg/kg was 0.6 to 4.3 gram (0.9 to 2.5%), 
for Copenhagen rats for dFdC doses from 15 to 90 mg/kg, this value was 
in the range of 2.5 to 9.7 gram (1.1 to 4.4%); for Wag/Rij rats it was 1.3 gram 
(0.8%) for a dose of 30 mg/kg, Figure 1. 

Figure 1. Maximum weight loss of Copenhagen, BN and WAG/Rij rats after 
administration of a single dose of dFdC.

DFdC, tumors. For a dFdC dose of 30 mg/kg, the mean and standard 
error (SE) of the EGD and mean and SE of the SGD for L44 tumors in 
BN rats were 1.6 ± 0.4 d and 0.24 ± 0.06, respectively. For MLL tumors in 
Copenhagen rats, these values were 1.1 ± 0.7 d and 0.3 ± 0.2 respectively, 
and for L42 tumors in Wag/Rij rats were 10.4 ± 2.7 d and 0.78 ± 0.21, 
respectively. For the experiments to determine whether dFdC would 
interact with radiation, the dose of 30 mg/kg dFdC was selected, i.e. a 
dose with a small effect on weight loss and on tumor growth delay.
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DFdC and radiation, tumors. L44 tumors were treated with a single 
dose of 10 Gy, this resulted in a mean SGD of 1.53 (95% confidence 
interval: 1.19-1.87). For the combined treatment of dFdC (30 mg/kg) 
and a dose of 10 Gy, the SGD = 2.09 (95% confidence interval: 1.86-
2.33). The enhancement ratio (ER) was 2.09/1.53 = 1.37 ± 0.23, Table II. 
MLL tumors were treated with single doses of 20 and 30 Gy, and the 
results are shown in Table II. The ERs were 1.36 ± 0.34 and 1.23 ± 0.22 
for the combinations dFdC + 20 Gy and dFdC + 30 Gy, respectively.  
L42 tumors were treated with single doses of 15 Gy. The results 
are shown in Table II. The ER was 1.0 ± 0.1. Although L42 tumors 
were more affected by the dFdC dose than the 2 other tumors 
(SGD=0.78 versus 0.24 and 0.32), the combined effect of dFdC and 
radiation did not show any radiosensitization by DFdC at all.   
Examples of growth curves of the 3 tumors and responses to treatments 
are shown in Figure 2.

Table II. Specific growth delay (SGD) for three rat tumors with 95% confidence 
interval (95% CI) for dFdC, single radiation doses, and combined treatments, 
with enhancement ratio (ER) ± standard error (SE); N, number of tumors tested.

Tumors	 Treatment		  N	 SGD (95% CI)		  ER ± SE              

L44	 dFdC (30 mg/kg)		  11	 0.24 (0.13-0.35)
	 10 Gy		  15	 1.53 (1.19-1.87)
	 dFdC + 10 Gy		  15	 2.09 (1.86-2.33)		  1.37 ± 0.23

MLL	 dFdC (30 mg/kg)		  10	 0.32 (0-0.69)
	 20 Gy		  5	 2.91 (1.87-3.95)
	 dFdC + 20 Gy		  5	 3.97 (3.43-4.51)		  1.36 ± 0.34
	 30 Gy		  10	 3.55 (3.17-3.94)
	 dFdC + 30 Gy		  8	 4.37 (3.33-5.40)		  1.23 ± 0.22

L42	 dFdC (30 mg/kg)		  14	 0.78 (0.37-1.19)
	 15 Gy		  13	 3.73 (3.30-4.17)
	 dFdC + 15 Gy		  19	 3.73 (3.45-4.01)		  1.0 ± 0.1               

dFdC = gemcitabine
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Figure 2. Growth curves of control L44, MLL and L42 tumors, and curves after 
start of treatment with dFdC, a single dose of X-rays and combined treatments.
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DFdC and radiation, skin. For BN rats at the dose of 22.5 Gy, the mean skin 
score was 2.9 ± 0.7, and for the combination of dFdC (30 mg/kg) and 22.5 
Gy, the mean score was 2.5 ± 0.7. For Copenhagen rats the mean scores 
were 4.5 ± 0.7 and 3.7 ± 0.7 and for WAG/Rij rats were 2.9 ± 0.9 and 2.75 
± 0.3, respectively. Surprisingly, the mean scores after the combination 
treatment are less than after radiation only, indicating radioprotection 
by dFdC. However, these differences are not statistically significant. The 
mean maximum skin scores and 95% confidence intervals for the 3 rat 
strains are summarized in Table III.

Table III. Mean scores with standard errors (SE) and 95% confidence intervals 
(CI) of foot skin reactions of 3 rat strains after treatments with a single dose of 
22.5 Gy, and a dose of 22.5 Gy 24 h after administration of dFdC (30 mg/kg) 
(dFdC+ 24 h + 22.5 Gy).                                                                                            	

                                                         Mean skin score                                                                                                                  
	 	           22.5 Gy	                      	        dFdC + 24 h + 22.5 Gy           
Rat strain	 N	 Mean ± SE	 95% CI	 N	 Mean ± SE	 95%CI       

BN	 17	 2.9 ± 0.7	 (1.5 – 4.2)	 15	 2.5 ± 0.7	 (1.2 – 3.8)
Cop/Hsd	 16	 4.5 ± 0.7	 (3.2 – 5.8)	 15	 3.7 ± 0.7	 (2.4 – 5.1)
WAG/Rij	 5	 2.9 ± 0.9	 (1.3 – 4.4)	 4	 2.7 ± 0.3	 (2.3 – 3.2)

dFdC = gemcitabine
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Discussion

In our experiments, it was found that dFdC enhanced the radiation 
response in 2 undifferentiated rat tumors, but not in the well-differentiated 
L42 tumor or rat skin. This is in accord with the expectation that a radio-
sensitizing effect of dFdC might be present in undifferentiated tumors.
Evidence suggests that the radiosensitization effect of dFdC is associated 
with redistribution of cells into the S-phase with a simultaneous depletion 
of dATP pools (20-22). Others reported that dFdC is an effective inhibitor 
of DNA synthesis (23-25) and inhibits the repair of radiation-induced 
chromosome damage in vitro (26). Experiments have also addressed the 
possibility that reoxygenation of hypoxic cells is an additional mechanism 
by which dFdC enhances tumor radioresponse (2). In addition, the 
elimination of the S-phase cells from the tumor population by dFdC and the 
redistribution of surviving cells into a more radiosensitive compartment of 
the cell cycle may play a part (2). The target for radiosensitization induced 
by dFdC was found to be homologous recombination (HR) of DNA 
double-strand breaks (11) rather than the non-homologous end-joining 
pathway (27). As was demonstrated by Essers et al. (14), HR-deficient 
mice are hypersensitive to ionizing radiation at the embryonic, but not 
at the adult stage. Thus, a defect in HR may affect the radiosensitivity of 
undifferentiated embryonic stem cells (13) and cultured cell lines (28-37) 
and its impact on the radiosensitivity of differentiated adult cells in vivo 
might be limited or even absent (11). Wachters et al. (11) speculated that the 
radiosensitizing effect of dFdC in patients might be less in normal healthy 
tissue and more restricted to (undifferentiated) tumor cells, making it a 
tumor-selective radiosensitizer. Therefore, it was of interest to study the 
responses of un- and well-differentiated experimental tumors to dFdC 
and ionizing radiation as well as the response of the skin. Our results do 
indicate that the expectation of Wachters et al. might be true. 

Radioenhancement in experimental tumors
Several authors (1-8) reported the enhancement of radiosensitivity by dFdC 
in experimental tumors. We expected that radioenhancement primarily 
occurs in undifferentiated and poorly-differentiated tumors. The tumor 
models showing radioenhancement are detailed in Table IV. The human 
squamous carcinoma FaDu (1) and pancreatic tumors MiaPaCa-2 (8, 
38), the mouse Sa-NH sarcoma (2, 3, personal communication) and SCC 
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VII squamous cell carcinoma (4, 39) all are undifferentiated or poorly 
differentiated. The mouse mammary adenocarcinoma CH3/TIF (6, 7) 
and human BxPC-3 pancreatic tumor (8, 40) are poorly- to-moderately 
differentiated. The mouse hepatocarcinoma Hca-I might be a well-
differentiated tumors (personal communication, 2004) and may be an 
exception. However, this tumor was described as “looking as a well 
differentiated tumor“, leaving other possibilities open. In all these tumors 
dFdC enhanced the radioresponsiveness.
The enhancement factors described were 1.6 to 3.3 for the human squamous 
carcinoma FaDu, depending on the dFdC dose and administration 
schedule (1) and larger than 3 for the MiaPaCa-2 xenograft (8). For the Sa-
NH tumors the enhancement factors were 1.54 to 2.03, also depending on 
time-interval between dFdC and radiation administration and end-point 
(cure, growth delay) (2), and 1.34 to 1.46 for growth delay (3). Fields et al. 
(4) reported an enhancement ratio of 1.6 to 1.8 for the SCC VII squamous 
tumors. An enhancement ratio larger than 2 for the BxPC-3 xenograft 
could be derived from the experiments described by Buchsbaum et al. (8).
Cividalli et al. (7) reported an enhancement ratio of 1.55 to 1.96 for single 
dose irradiation and 2.17 to 4.86 for fractionated irradiation. The ER was 
1.6 for the hepatoma (5). These dose schedules and enhancement ratios 
are summarized, in Table IV. From this table it is clear that our dFdC dose 
of 30 mg/kg was relatively low. Only in the experiments of Mason et al. 
and Joschko et al. (1, 3) were comparable dose levels used. 
In this study the response of the MLL tumor to combined treatment - ER 
= 1.23 to 1.36 - may be somewhat less than that of L44 tumor with an 
ER of 1.37, depending on the radiation dose. This may be caused by the 
inappropriate vasculature of the tumor, preventing dFdC from adequately 
reaching all tumor cells. In earlier experiments interaction with the 
radiosensitizer Motexafin was not observed (41). For our L42 tumors, no 
enhancement at all could be found. 
The specific growth delays after combined treatment in the L44 and MLL 
tumors are larger than the sum of the SGDs of the treatments with dFdC 
or radiation only (Table II). In contrast, although L42 tumors were more 
affected by the single dFdC dose than the two other tumors, the combined 
effect of dFdC and radiation did not show any radiosensitization at all.
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Normal tissues. We did not find any radioenhancement by dFdC (30 mg/
kg) in the rat foot skin; on the contrary, some protection was observed. 
This effect was also reported for a nude mice model by Classen et al. (42), 
who found that acute and late toxicity of skin and underlying soft tissues 
of the hind leg of NMRI-nu/nu-nude mice was not significantly increased 
after single-dose irradiation in combination with dFdC (550 mg/kg) with 
time intervals of –36 to + 24 h. Even a slight radioprotective effect for dFdC 
was suggested. Cividalli et al. (6) in their study of acute skin reactions in 
mouse hind leg, reported that the addition of dFdC to radiation did not, in 
any case, modify the results. The response of the jejunum of C3Hf/Kam 
mice with the microcolony assay was strongly dependent on the schedule 
of dFdC administration, single dose of 25 mg/kg, 2x12.5 mg/kg or 5x5 
mg/kg. A slight radioprotection to enhanced radiation response was 
observed ranging from 0.96 to 1.23 (3). Gastrointestinal toxicity was also 
investigated by Gregoire et al. (9), who applied whole-body irradiation. 
Depending on the time interval between dFdC administration (150 mg/
kg) and irradiation, an enhancement ratio of 0.9 to 1.3 was observed. These 
ratios are quite similar to those found by Mason et al. (3). These results 
indicate that the enhancement ratio’s observed are not related to relatively 
high dFdC concentrations. An increase in oral mucosa reaction of C3H 
mice was observed with the combination of 5 daily fractions of 5.5 Gy 
and dFdC administered as a single dose of 800 mg/kg or 2 x 100 or 2x150 
mg/kg versus radiation only (4). From the figures shown by Fields et al. 
(4), it can be deduced that the combined treatment (27.5 Gy and dFdC) is 
equivalent to radiation alone at about 29 Gy. The enhancement ratio thus 
is about 1.05. However, the dFdC doses alone produced a weight loss of 
about 10% and were much higher than in our experiments or in those of 
Mason et al. (3). Gregoire et al. (43) studied the effect of dFdC (150 mg/kg) 
on the tolerance of the lung to single-dose irradiation in C3H mice. The 
time interval between dFdC and irradiation varied from 3 to 48 h. Their 
data indicated a minimal effect of dFdC on lung tolerance after irradiation. 
LD50 values for the combination were reduced by about 10%.
From this short review on normal tissue tolerance, (Table V), we may 
conclude that a slight protection to enhanced radiation response was 
observed for normal tissues. The observed enhancement ratio’s are, in 
general, less  (≤ 1.3), than those observed for undifferentiated to poorly-/
moderately-differentiated tumors, ranging from 1.23 to larger than 4, 
(Table IV), hence indicating a therapeutic gain. These findings support 
the concept of using full dose radiation and of attempting to improve local 
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control with dFdC applied at a relatively low dose as a radiosensitizing 
agent.
Conclusion. Radiosensitization due to a relatively low dose dFdC was 
observed in the undifferentiated L44 and MLL tumors, but not in the 
well-differentiated L42 tumors or skin. Our data support further trials 
to evaluate the usefulness of dFdC as radiosensitizer for undifferentiated 
tumors.

Table V. Enhancement ratio (ER) of some normal tissues.                                         

Tissue	 Strain	 dFdC	 Interval*	 ER	 Reference
		  (mg/kg)	 (h)                                                                                   

Skin	 NMRI-nu/nu	 550	 36 - 2;	 ns	 (42) 
			   24 h after irr.	
Skin	 C3D2F1	 30, 60, 120	 24	 1	 (6)
Jejunum	 C3Hf/Kam	 25	 24	 0.96 - 1.23	 (3)
Jejunum	 C3H	 150	 3 - 48	 0.9 - 1.3	 (9)
Oral mucosa	 C3H	 800	 6 	 1.05	 (4)
		  2x100/150		  1.05	 (4)
Lung	 C3H	 150	 3 - 48	 1.1	 (43)

Skin	 BN, Copenh.,	 30	 24	 <1	 present
	 WAG/Rij                                                                                                

dFdC = gemcitabine
*interval between dFdC and irradiation
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Abstract 
 
Background: Concurrent chemoradiotherapy is the standard of care in 
stage III non-small cell lung cancer (NSCLC) patients. This prospective 
study analyzed the feasibility and efficacy of weekly docetaxel/cisplatin 
(DC) and concurrent radiotherapy (RT) followed whenever possible by 
surgery. 
Methods: Between March 2005 and September 2006, 45 patients were 
included, of whom 42 patients were evaluable, 25 with stage IIIA and 17 
patients with stage IIIB. DC consisted of docetaxel 20 mg/m2 and cisplatin 
20 mg/m2 at days 1, 8, 15, 22, 29 and 36. RT was given in once-daily fractions 
of 1.8 Gy, 5 fractions a week to a total dose of 45 Gy, started on day 8 of 
the DC. When complete mediastinal clearance of malignant disease was 
achieved, surgery was performed. The primary endpoint was radiological 
response. The secondary endpoints included toxicity, efficacy of surgery, 
postoperative morbidity and mortality and overall survival. 
Results: One patient developed fatal haemoptysis after 4 cycles of chemo- 
radiotherapy. Forty-one patients were evaluable for radiological response. 
Nineteen of the 41 patients achieved partial and complete responses (46%), 
14 patients stable disease (34%) and 8 progressive disease (20%).
Toxicity was mild. Surgery was performed in 24 patients (59%). Complete 
clearance of mediastinal malignant disease was achieved in 22 patients 
(54%). Twenty patients achieved a complete resection (49%). Four patients 
showed complete pathological response. The 30-day mortality after 
surgery was 4%. 
Conclusion: Weekly docetaxel/cisplatin with concurrent radiotherapy 
resulted in radiological response of 46% and complete clearance of 
mediastinal malignant disease in 54%. The complete resection rate was 
49%. This regimen is feasible with limited toxicity and seems to be 
effective in stage III NSCLC. 
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Introduction 

The 2003-ASCO guidelines (1) recommend (platinum-based) chemotherapy 
in association with thoracic radiotherapy for selected patients with 
unresectable locally advanced non-small cell lung cancer (NSCLC). 
However, the optimal sequencing of chemotherapy and radiotherapy 
has not been established and it is unclear whether surgery plays a role in 
combined modality treatment for stage III NSCLC. 
A variety of multimodality therapies that include chemotherapy, surgery 
and/or radiotherapy have recently been assessed in clinical phase III trials 
but none showed a significant survival difference (2-4).
Taxanes are known to have radiosensitizing potential (5, 6). Docetaxel has 
demonstrated greater radiosensitizing potential, possibly through different 
mechanisms such as immunomodulation or antiangiogenesis effects (7-10). 
Toxicity of docetaxel can be decreased by administration in a weekly 
schedule (11).  Several phase-I and -II studies showed that cisplatin and 
docetaxel both administered at 20 mg/m² once a week can be combined 
with radical thoracic radiotherapy (12-20). 
This study analyses the results of a chemoradiotherapy regimen consisting 
of docetaxel and cisplatin and involved-field thoracic radiotherapy for a 
total dose of 45 Gy. Following invasive mediastinal restaging, patients 
with pathological mediastinal downstaging underwent a thoracotomy 
with the aim of a radical resection. The remaining patients continued 
radiotherapy for a maximum of 60 Gy in order to maximize local control 
rates. 
The primary endpoint of this phase II study was radiological response; 
the secondary endpoints included toxicity, efficacy in terms of radical 
resection rate and pathologic response, postoperative morbidity and mor-
tality and overall survival (OS).

Methods

Patients
From March 2005 to September 2006, 45 patients with stage IIIA/ 
IIIB NSCLC were entered into this prospective multicenter phase II 
trial. Patients were staged according to the guidelines of the National 
Comprehensive Cancer Network in the United States and the American 
College of Chest Physicians (ACCP) guidelines (21). 
Eligibility criteria included pathologically proven primary NSCLC stage 
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Table 1: Pre-treatment characteristics of patients and type of mediastinal lymph-
node assessment in patients eligible for treatment.                                                       

	                                                                                    Number of patients (%) 
Gender			        
	 Male 	 27 (64%)
	 Female	 15 (36%)

Median age (range), year	 59 (41-78)

ECOG performance status  	
	 0	 26 (62%) 
	 1	 16 (38%)

Histological type 			 
	 Squamous cell carcinoma  	 16 (38%)
	 Adenocarcinoma 	 4 (10%)
	 Large cell carcinoma	 22 (52%)

Stage 	
	 IIIA 	 25 (60%)
	     cT1-3N2M0 	 25 (60%)
	 IIIB	 17 (40%)
	     cT4N0-1M0	 4 (9%)
	     cT4N2M0	 10 (24%)
	     cT1-3N3M0 	  3 (7%)  	

Type of mediastinal staging	
	 Mediastinoscopy	 7 (17%)
	 EUS	 17 (41%)
	 Mediastinoscopy anterior	 1 (2%)
	 Thoracotomy	 1 (2%)
	 TBNA 	 6  (14%) 
	 No invasive staging	 10 (24%)                            
ECOG: Eastern Cooperative Oncology Group
EUS: Esophageal ultrasonography
TBNA: Transbronchial needle aspiration
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IIIA/IIIB (every T, N2 and/or N3 and M0, except malignant pleural 
effusion or scalene/supraclavicular lymph node involvement), age 
between 18 and 76 years, Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 or 1, platelet count > 100 x 109/l, absolute neutrophil 
count > 2 x 109/l, normal liver and renal functions with a creatinine 
clearance > 60 ml/min. 
The calculated postoperative forced expiratory volume in 1 second (FEV1) 
and CO transfer coefficient should be for both > 40% of the predicted 
values and maximum oxygen consumption (VO2max) had to be more than 
15 ml/min/kg.
Out of the 45 patients with stage IIIA/IIIB NSCLC, 3 patients were excluded 
from the study: 2 patients did not meet the criteria of stage III and one 
patient was diagnosed with a mesothelioma on pathological review. The 
characteristics of the 42 patients are provided in Table 1.
Thirty-two patients had pathological proof of mediastinal involvement 
of which 29 had mediastinal lymph node metastases (N2-disease). 
Ten patients with cT4 disease were not staged invasively before 
chemoradiotherapy because of gross involvement of the mediastinum 
(Table 1).
All patients were entered after written consent was obtained according to 
local medical ethical committee regulations. 

Chemotherapy
Chemotherapy consisted of six cycles of docetaxel and cisplatin. Both 
drugs were administered on day 1, 8, 15, 22, 29 and 36 at a dose of 20 mg/
m2 as an intravenous infusion along with an appropriate hydration and 
antiemetic regimen.
Treatment was stopped if disease progressed or unacceptable toxicity 
occurred. Dose reductions were specified per protocol. 

Radiotherapy
Following one cycle of docetaxel/cisplatin, concurrent radiotherapy 
started on day 8 of the chemotherapy. Radiotherapy was delivered in 
once-daily fractions of 1.8 Gy, five fractions a week, to a total dose of at 
least 45 Gy. The overall treatment time of the radiotherapy was five weeks 
and was not interrupted except in the event of a grade III or IV esophageal 
or pulmonary toxicity, or a grade IV haematological toxicity (NCIC-CTC 
grading). The use of a planning CT-scan and a 3-D treatment-planning 
program with a beam-eye-view facility was mandatory. The gross tumor 
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volume (GTV) included all tumor identified prior to start of the treatment 
by means of radiological imaging, PET-scan, bronchoscopy, cervical 
mediastinoscopy, esophageal ultrasonography (EUS), mediastinoscopy, 
video-assisted thoracoscopic surgery (VATS) or thoracotomy. Mediastinal 
lymph nodes with a short-axis diameter of > 1 cm were included in the GTV. 
The GTV was contoured using both the lung and mediastinal windows 
settings. The clinical target volume (CTV) included the ipsilateral hilus 
even if this was radiologically normal. The CTV included the GTV plus 
a symmetrical margin of 1 cm. The planning target volume  (PTV) was 
delivered by adding a margin of 1 cm to the CTV but this margin should 
only be 0.5 cm in case of a contralateral N3 node. The full dose of 45 Gy 
could be delivered to the spinal cord, and preference was given sparing 
pulmonary tissue in order to limit the V20, which was defined as volume 
of both lungs minus the PTV, which receives a dose of 20 Gy (22).  
In patients who were not eligible for complete resection due to persistent 
N2/N3 - or non-resectable T4 disease, additional radiotherapy up to 60 
Gy was given when the gap between the end of the 45 Gy and restarting 
the radiotherapy was limited to less than three weeks and when disease 
progression outside the previous planning target volume was absent.  

Response assessment
Tumor response after concurrent chemoradiotherapy (CRT) was assessed 
with CT-scan and PET-scan using the response-evaluation-criteria in solid 
tumors (RECIST). PET-scan was also used to evaluate disease progression 
outside the chest. 

Invasive restaging
A planned re-evaluation following CRT took place within a few days after 
completion of the treatment. Patients initially staged as having T4N0-1 
disease, who did not show radiological progress after CRT proceeded 
directly to explorative thoracotomy. Patients initially staged as having 
N2 or N3 disease, and did not progress during or after the treatment, 
proceeded to a mediastinal evaluation using (repeat)-mediastinoscopy, 
EUS, VATS or mediastinotomy anterior. During mediastinoscopy, biopsies 
were taken from lymph node stations 2R, 2L, 4R, 4L and 7 (according to 
Naruke).

Surgery
All patients who at re-evaluation had potentially resectable disease and 
no progressive disease outside the thorax proceeded to thoracotomy with 
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intent to achieve a complete resection (R0 resection) (23). Surgery was to 
be performed between three to four weeks after the last fraction of the 
radiotherapy. 

Statistics 
In this phase II study the primary endpoint was the summed percentage 
of radiological complete and partial responses. For a sample size 
calculation a summed proportion of complete and partial responses of 
0.6-0.65 is expected and progress into a comparative randomised phase 
III is decided upon, when the lower end of the one-sided 95% confidence 
interval exceeds 0.5. A sample size of 40 patients was required. 
Interim analysis was performed after the inclusion of ten patients; if more 
than three patients died due to the treatment or more than four patients 
experienced grade IV esophageal toxicity, the study would have been 
terminated.
Survival was estimated from the date of inclusion, using the Kaplan-Meier 
survival analysis method (24). Survival comparisons were analyzed by the 
log-rank test (25). The difference was considered statistically significant 
when the p value was < 0.05.

Results

Chemoradiotherapy 
Thirty-six patients (86%) received six cycles of docetaxel and cisplatin 
without dose reduction or delays. No grade III or IV haematological toxicity 
was observed. The reasons for stopping the treatment in the remaining 6 
patients are as follows: in two patients treatment was discontinued after 
two and three cycles of chemotherapy respectively because of tumor 
progression. One patient developed fatal haemoptesis after 4 cycles of 
chemoradiotherapy. One patient needed dose reduction after one cycle 
of chemotherapy and was subsequently stopped after four cycles because 
of hepatic dysfunction. One patient discontinued chemotherapy and 
continued radiotherapy after 5 cycles of chemotherapy because of fever 
of unknown origin. For one patient the last two cycles were carboplatin/
docetaxel because of a cerebro-vascular accident. The results are shown 
in Table 2. The mean V20 was 21.4% (range: 6.0-34.0). One patient (2%) 
developed grade II radiation pneumonitis after chemoradiotherapy. 
Esophagitis grade III was observed in 3 patients (7%). One patient (2%) 
developed skin rash grade II. In 9 patients who had persistent N2/N3 
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disease radiotherapy up to 60 Gy was considered, except for one patient 
who received 65 Gy. One patient received concurrent chemoradiotherapy 
up to 75 Gy (Table 2). In all patients who underwent radiotherapy up to 60 
Gy the median gap was 8 days (mean: 17 days, range 6-52 days). 

		
Table 2. Treatment results with list of complications.                                                    	
			   	
		  Number of patients
Chemotherapy (n=42)
Patients receiving 6 cycles	 36
Patients receiving less than six cycles	 6
	 Progression during chemotherapy	 2
	 Fatal haemoptysis †	 1
	 Hepatic dysfunction	 1
	 Fever of unknown origin,	 1
	 change to other regimen because of cerebro-                     	 1                                     
	 vascular accident

Radiotherapy (n=42)	  
Patients receiving 45 Gy:	 30
	 CRT and surgery                                                                            	 23
	 Unknown                                                   	 2
	 Because of metastasis after CRT   	 5

Patients receiving up to 75 Gy (54-75 Gy)	 9
	 50 Gy*	 1	
	 54 Gy	 3
	 58 Gy	 1
	 60 Gy	 2
	 65 Gy	 1
	 75 Gy 	 1

Patients receiving less than 45 Gy   	 3   
      Fatal haemoptysis	 1	
      Brain metastasis	 1
      Leptomeningeal metastasis 	 1

Side-effects after chemoradiotherapy	 5	
      Radiation pneumonitis grade II	 1      		
	 Esophagitis grade III	 3
      Skin rash grade II	 1	
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Continuation Table 2                                                                                                                                            

		  Number of patients

Restaging procedures	 35		
	 Mediastinoscopy	 16      		
	 Remediastinoscopy	 2	  
	 EUS	 9      
	 Surgical exploration	 1      
	 TBNA	 6
	 Transthoracal needle aspiration	 1	
Patients undergoing surgery	 24
	 Pneumonectomy	 10
	 Right-sided/Left-sided	 1/9      
	 Sleeve lobectomy	 1
	 Bilobectomy	 1
	 Lobectomy	 11
	 Explorative thoracotomy	 1

Complications after surgery 	 18
Major complications <30 days
	 ARDS †	 1
	 Re-thoracotomy          
	   Subcutaneous emphysema/hemorrhage	 1
	 Empyema	 1
Major complications > 30 days
     	Hypovolemic shock due to gastric hemorrhage †	 1
	 Re-thoracotomy
	   Persisting atelectasis	 1
	 Pneumonia †	 1
Minor complications < 30 days
	 Atrium fibrillation	 5
	 Upper airway infection	 1
	 Pneumonia	 4
	 Wound dehiscence	 1
	 Gastric hemorrhage	 1                  

CRT: Concurrent chemoradiotherapy
EUS: Esophageal ultrasonography
TBNA: Transbronchial needle aspiration
ARDS: Acute respiratory distress syndrome
*: progression during radiotherapy
†: deceased
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Response rate
Forty-one patients were evaluable after chemoradiotherapy for radio-
logical response.
Radiological response rate after chemoradiotherapy is presented in Table 
3. Nineteen patients had complete or partial radiological response (46%). 
Fourteen patients had stable disease (34%) and in 8 patients progressive 
disease (20%). 

Table 3: Radiological response after chemoradiotherapy compared to mediastinal 
restaging and surgery (n=41).                                                                                                      

Radiological 
response  

Mediastinal restaging 
(path) (n=35)

Surgery 
(n=24)

CR  3 (7%)

PR  16 (39%)

SD  14 (34%)

PD  8 (20%)

3 downstaging
(1 micrometastasis)

2 R0,
1R2 (pN2) 

12 downstaging 
2 persistent N2
2 not performed

12 R0 
1 explorative thoracotomy (pN2) 
1 R0, 1 R2 (pN2)

7 mediastinal 
downstaging
(1 trachea carcinoma)
7 persistent N2

5 R0  
1 R0 (resection margin +)

3 persistent N2 
1 persistent N3

 

CR: Complete response
PR: Partial response
SD: Stable disease
PD: Progressive disease
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Restaging
Thirty-five patients (85%) underwent invasive restaging (Table 3). Complete 
clearance of mediastinal disease was achieved in 22 patients (54%). 
Different methods of restaging were used (Table 2). No complications 
occurred during restaging procedures. None of the patients showed 
persistent N2 disease during thoracotomy when downstaging was found 
at mediastinal restaging.
Seven patients out of 14 with radiologically stable disease did have 
complete clearance of tumor in mediastinal lymph node metastases by 
invasive restaging and 6 patients proceeded to thoracotomy. The seventh 
patient had a trachea carcinoma (Table 3). 

Surgery and treatment-related complications 
The median time from the end of CRT to surgery was 27 days (range 10-43 
days). Results of surgical therapy are shown in Table 3. Histopathologically 
proven downstaging and a complete resection (R0 resection) were obtained 
in 20 patients (49%). Three patients were diagnosed with persistent N2-
disease. One had a complete mediastinal response on PET-scan after 
chemoradiotherapy and proceeded directly to thoracotomy, a second 
patient showed mediastinal micrometastases and proceeded also to 
thoracotomy and the third patient had already N2 disease at mediastinal 
restaging and explorative thoracotomy was performed.
Four patients showed a pathological complete response after CRT and 
surgery. 
Treatment-related complications after surgery are shown in Table 2. 
Major complications < 30 days and > 30 days were observed in 3 and 3 
patients, respectively. In-hospital (30-day) mortality was 4% (one patient). 
This patient underwent a right-sided pneumonectomy and developed 
acute respiratory distress syndrome three days after the operation and 
expired one day later. Minor complications < 30 days were observed in 
12 patients.
 
Survival 
Until March 2009, 28 patients died after a median follow-up of 24 months. 
The survival of the whole group was 60% at one year, 50% at 2 years and 
38% at 3 years. Survival in responders treated with chemoradiotherapy 
and surgery (n=24) or chemoradiotherapy alone (n=18), p=0.001, is shown 
in Figure 1. The 1-, 2-, and 3-year survival of the responders was 70%, 65% 
and  57%, respectively, and for the non-responders it was 48, 37%, and 5%, 

111



Chapter 6

respectively. At the time of this analysis (March 2009), 14 patients are still 
alive of which 13 were operated upon. 
 
	

Figure 1: Survival in responders treated with chemoradiotherapy and surgery 
(n=24), dotted line, and in non-downstaged patients who only received 
chemoradiotherapy (n=18), full line (p=0.001).

Patterns of disease failure
Patterns of disease failure are shown in Table 4. Local and distant failures 
after CRT/adjuvant radiotherapy were observed in 6 and 1 patients, 
respectively, and after CRT/surgery in 1 and 8 patients, respectively 
(p=0.003). 
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Table 4: Patterns of disease failure after CRT/surgery and CRT/adjuvant 
radiotherapy (n=32).                                                                                                                    

Local failure
n

Distant failure 
n

CRT/Adjuvant radiotherapy (n=9) 6 1

CRT/Surgery (n=23) 1 8

CRT: concurrent chemoradiotherapy                                                                 

Discussion 

Complete and partial response, the primary endpoint of this study, was 
observed in 46% of patients.  In addition, pathological clearance of malignant 
mediastinal disease was achieved in 22/41 (54%) patients. No acute (non)-
haematological toxicity was encountered and a low incidence of treatment 
related pneumonitis was observed (2%) probably due to the constraints 
put on the V20 (median 20.4%) (22). Esophagitis grade III was encountered 
in 3 patients (7%). The low toxicity is probably due to the use of high-
technology radiotherapy. These results are comparable to those obtained by 
Katayama et al. using a similar treatment schedule (26). Although in their 
study the objective response rate after CRT was higher (73%), pathological 
downstaging of mediastinal lymph nodes was achieved in 59% of patients.  

In this study twenty patients (49%) underwent a complete resection of which 
six patients (15%) that had stable disease as their best response to CRT 
achieved complete mediastinal clearance, 5 of which achieved complete 
resection. 
Several studies have shown that pathological response in mediastinal lymph 
nodes predicts prolonged survival (2, 3, 27-30). Albain et al. published data 
on 126 patients with stage IIIA and IIIB NSCLC, treated with concurrent 
chemoradiotherapy followed by surgery (2). Of the patients that were 
resected the strongest predictor for long-term survival was the absence of 
mediastinal lymph node metastasis. Therefore, a careful selection of patients 
through accurate pathological restaging at completion of concurrent 
chemoradiotherapy is critical, preferably by using restaging tools such as 
(re) mediastinoscopy, EUS-FNA or thoracotomy. In case downstaging is not 

113



Chapter 6

established, adjuvant radical radiotherapy has to be continued at least up to 
60 Gy as this is the standard treatment for patients with irresectable stage 
III NSCLC. Chemoradiotherapy can induce extensive fibrosis and necrosis 
of the tumor and mediastinum (2). As a consequence, radiological response 
is not the optimal parameter to select patients for surgery as patients with 
radiological stable disease may have complete clearance of mediastinal 
malignant disease, as was found in our study. 
The types of surgery and CRT used are the major determinants of morbidity 
and mortality. Pneumonectomy has been reported to have significant 
negative influence on survival (3, 29).  Three recent randomized studies 
observed a significant higher mortality after induction therapies followed 
by a right-sided- and complex left-sided pneumonectomy as compared 
to lesser resections (2-4). Therefore, several authors advocate against 
pneumonectomy after pre-operative chemoradiotherapy (2, 4). 
In our study, the 30-day mortality of one patient (4%) was due to right-sided 
pneumonectomy.  

In our study, 13 (57%) patients with curative resection are alive after 46 
months compared to 1 of the non-operated patients (p=0.024). Japanese 
investigators reported comparable results with a median follow up of 32 
months, the 3-year overall survival rate was 66% (26). 
Two phase-III trials have been conducted in the last decade that investigated 
the role of preoperative chemoradiotherapy. In the Intergroup trial 0139 
(2) concurrent chemoradiotherapy followed by surgery vs concurrent 
chemoradiotherapy, the 5-year progression-free survival rate of 22.4% in 
the concurrent/surgical arm was better than in the concurrent arm, 11.1%. 
There was an absolute 5-year survival benefit of 7% for the surgery arm (2).  
In contrast, in the GLCCG trial, surgery preceded by chemoradiotherapy 
in addition to preoperative chemotherapy, or chemotherapy alone failed 
to show significant differences in progression free survival or overall 
survival between the treatment groups (4). The two studies mentioned 
above (2, 4) used some form of consolidation chemotherapy. Following the 
report by Hanna and colleagues (31) that showed no difference in survival 
between patients who received consolidation chemotherapy as compared 
to those who did not and also showed increased rate of hospitalization and 
premature death, we decided to omit consolidation chemotherapy. 
It can be concluded that although weekly docetaxel/cisplatin with 
concurrent involved-field radiotherapy resulted in radiological response 
of 46%, a complete clearance of mediastinal malignant disease of 54% can 
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be reached, resulting in a complete resection rate of 49%. This regimen 
is feasible with limited toxicity and seems to be effective in stage III 
NSCLC. 
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Abstract

Our patients with limited-disease (LD) small-cell lung cancer (SCLC) 
were treated with chemotherapy only and chemotherapy combined 
with radiotherapy. The treatment schemes with curative intention were 
sequential and concurrent chemoradiotherapy, both combined with 
prophylactic cranial irradiation (PCI).  
Patient -, treatment - and outcome – related items were retrospectively 
assessed. Up till 2001, LD-SCLC patients received 4-5 cycles of cyclophos-
phamide, doxorubicin and etoposide. In case of no complete response, 
palliative radiotherapy was given in 13 fractions of 3 Gy (CT-RT group, 
N=26). Because of different reasons, 89 patients did not receive 
radiotherapy after the chemotherapy (CT group). After complete 
response, curatively intended radiotherapy was given in 16 fractions of 2.5 
Gy, concurrently with PCI in 15 fractions of 2 Gy (SCT-RT group, N=111). 
From 2001, 40 patients received 4-5 cycles of cisplatin and etoposide 
concurrently with radiotherapy in 25 fractions of 1.8 Gy. PCI was applied 
to patients with complete response (CCT-RT group). Primary endpoints 
were median survival time (MST) and overall survival (OS); secondary 
endpoints included tumour-related death and frequency of metastases. 
Median survival times of CT only, CT-RT, SCT-RT and CCT-RT schemes 
were 8.1, 12.5, 14.0 and 21.8 months, and the 5-year OS 3.5, 4.8, 10.5 and 
26.9%, respectively. The cause of death of SCT-RT and CCT-RT patients 
was tumour related in 76.3% and 89.3% of the patients, respectively. Brain 
metastases frequencies after PCI in SCT-RT and in CCT-RT patients were 
16.4% and 8.7%, respectively. 
In conclusion, concurrent chemoradiotherapy resulted in longer 
median survival time and higher overall survival than sequential 
chemoradiotherapy, chemotherapy with palliative radiotherapy or 
chemotherapy only.
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Introduction

Small-cell lung cancer (SCLC) accounts for 17% of all lung cancer cases (1). 
SCLC is the most aggressive form of lung cancer, having greater potential 
to metastasise than other types of lung cancer. Nearly all patients (> 95%) 
diagnosed with SCLC are current or ex-smokers (2). Staging systems 
divide SCLC into limited disease (LD) and extensive disease. About one 
third of the SCLC patients have LD. LD is by definition confined to one 
side of the chest, and the remaining patients have extensive disease (2). 
SCLC is characterized by rapid tumour growth, early manifestation of 
metastases and an overall poor prognosis. Without treatment, tumour 
progression in LD SCLC is rapid, with a median survival time of only a 
few months (3, 4). The role of chemotherapy (CT) has been extensively 
tested. Long-term survival in these cases is <10% (5, 6). For palliative 
reasons, thoracic radiotherapy (RT) was given to CT patients who did 
not respond completely to chemotherapy. Thoracic radiotherapy, 
given in addition to chemotherapy after complete response, resulted in 
significantly improved survival rates when compared to those treated 
with CT only (7, 8). Furthermore, it was noted that prophylactic cranial 
irradiation (PCI) improved survival of SCLC patients who achieved 
complete response following primary therapy (9-12). Hence, the main 
treatment regimen for LD SCLC nowadays consists of a combination of 
chemotherapy, thoracic radiotherapy and PCI. Takada et al. (13) reported 
results of a randomized multicenter trial and concluded that concurrent 
chemoradiotherapy (CCT-RT) is more effective than sequentially applied 
chemotherapy and radiotherapy (SCT-RT). We analysed, retrospectively, 
treatment efficacy of our patients with LD SCLC who underwent CT only, 
CT with no complete response followed by palliative thoracic RT (CT-
RT), SCT-RT or CCT-RT.

Patients and methods

Patients 
The database on pathologically confirmed LD-SCLC patients provided 
by the Comprehensive Cancer Centre (IKMN), Utrecht, the Netherlands, 
was analysed. Patients were treated in 10 regional hospitals in the period 
1996-2005. The radiation therapy was applied at the University Medical 
Centre Utrecht, the Netherlands. Eighty-nine patients received CT only, 
26 patients received CT with no complete response followed by palliative 
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thoracic RT (CT-RT), and 111 patients who achieved complete response 
after CT were referred for curatively intended radiotherapy (SCT-RT). 
Starting in 2001, 40 patients were offered CCT-RT. Patient characteristics 
are shown in Table 1. 

Table 1. Patient characteristics: gender, age, and tumour volume.                               

				   CT		  CT-RT	 SCT-RT	 CCT-RT

				   N=89	 N=26		  N=111	 N=40                    

Gender
	 Male		  63 (70.8%)	 16 (61.5%)	 68 (61.3%) 	 26 (65%)	
	 Female	 26 (29.2%)	 10 (38.5%)	 43 (38.7%)	 14 (35%)	

Age (y)			 
	 Mean +/- SD	 68.3 +/- 8.8 	 63.9+/-9.0	 63.1 +/- 9.7	 61.7 +/- 9.2
	 Range		 34.7 – 86 	 49.7-80.6 	 32 - 81.7	 42 – 76 

					     N=43	 N=23
Tumour volume before	 	
CT (cm3)
	 Median 					     81	 40
	 Range 					     8-883	 16-526
                                                                                                                                              
CT: chemotherapy; CT-RT: CT and palliative thoracic radiotherapy; SCT-RT: 
sequentially applied chemotherapy and radiotherapy; CCT-RT: concurrently 
applied chemoradiotherapy; N: number of patients;  SD: standard deviation. 

Chemotherapy only and sequentially applied chemotherapy and radiotherapy
The CT consisted of 4 or 5 cycles, given in a 3-week cycle, of 
cyclophosphamide (1000 mg/m2 on day 1), doxorubicin (45 mg/m2 on day 
1) and etoposide (100 mg/m2 on days 1, 2 and 3) (CT group, N=89). When 
the chemotherapy did not result in complete response as determined by 
bronchoscopy, CT-scan and or chest X-ray, palliative thoracic irradiation 
with 13 fractions of 3 Gy, 4 fractions/week was the preferred treatment 
(CT-RT group, N=26). The reasons for the 89 patients not to receive 
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radiotherapy after chemotherapy were tumour progression during 
chemotherapy, pancytopenia, refusal of further therapy, worsening of 
patient’s condition or death. 
In case of complete response, patients received thoracic RT with 16 daily 
fractions of 2.5 Gy, 5 fractions/week, with a total dose of 40 Gy (SCT-
RT group, N=111). The volume that has been irradiated was based on 
the pre-treatment CT-scan. Concurrently with the thoracic irradiation, 
prophylactic cranial irradiation was applied consisting of 15 fractions of 2 
Gy, 5 fractions/week with a total dose of 30 Gy.
 
Concurrent chemoradiotherapy
The chemotherapy applied consisted of 4 or 5 cycles, given in a 3-week 
cycle, of cisplatin and etoposide. The cisplatin dose was 60 mg/m2 on day 
1, and that of etoposide 120 mg/m2 on days 1, 2 and 3. The RT started on 
day 22 after the start of the first chemotherapy cycle and consisted of 25 
fractions of 1.8 Gy, 5 fractions/week, to a total dose of 45 Gy with 3D-
treatment planning (CCT group, N=40). The planning CT-scan was made 
in the week before the start of the chemotherapy or in the first week of 
the first cycle. PCI was applied to patients with a complete response after 
completion of the chemotherapy. A total dose of 30 Gy was given in 15 
fractions of 2 Gy/day, 5 fractions/week. 

Tumour volume measurement
The tumour dimensions of the SCT-RT and CCT-RT patients were taken 
from the CT diagnostic scan made prior to chemotherapy. The maximum 
diameter in medio-lateral or ventro-dorsal direction was measured, d1, 
as well as the maximum diameter in cranial-caudal direction, d2, i.e. the 
number n of CT slices in cranial-caudal direction on which the tumour 
was visible, times the slice thickness t, d2=nt. The tumour volume 
was calculated as V= 0.5d1

2d2 in case d1 was the smallest dimension or 
V=0.5d1d2

2 when d2 was the smallest value. 

Endpoints
Primary endpoints were median survival time (MST) and overall survival 
(OS). The MST is defined as the time from the start of the treatment, when 
half of the patients were found to be still alive. Overall survival time is 
defined as the interval between the start of the treatment and death (from 
all causes) or last known follow-up. Secondary endpoints were tumour- 
related cause of death and frequency of metastases.
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Statistics 
The Kaplan-Meier method was applied to determine the MST and the 
OS-rates and the log rank (Mantel-Cox) test to compare treatment results. 
The Χ2 test was applied to determine differences in metastases frequency. 
Tests were performed using the Statistical Package for Social Sciences, 
version 13.0 (SPSS, Chicago, IL).

Results

Patient population
The four groups of patients did not differ significantly with one another 
with respect to the distribution of gender and age although the percentage 
of  males and a higher mean age were present in the CT group. The 
tumour volumes as derived from the CT-diagnostic scans of 43 SCT-RT 
patients and 23 CCT-RT patients show some differences, relatively more 
larger tumour volumes were present in the SCT-RT group as shown by 
the median values and range, Table 1. 

Chemotherapy only
In the group of 89 patients who received CT only, 12 patients were lost to 
follow-up. Of the 77 evaluable patients the MST was 8.1 months. The 1-, 3- 
and 5- year OS was 32.5, 5.2 and 3.5%, respectively, Table 2, Figures 1-3.
The radiological response after CT was evaluated: 6 patients had 
complete response of which 2 were long survivors (more than 5 years). 
All other patients had partial response, stable or progressive disease. No 
information was available about the tumour volume at the start of the 
therapy.

Chemotherapy followed by palliative thoracic radiotherapy
From the IKMN database 26 patients were recorded who had palliative 
thoracic radiotherapy because chemotherapy did not achieve complete 
response. Five patients were lost to follow-up. One long survivor was 
identified. The MST of 21 evaluable patients was 12.5 months. The 1-, 3- 
and 5-year OS was 52.4, 4.8 and 4.8%, respectively, Table 2, Figures 1-3. 
Data on tumour volumes were not recorded.
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Table 2. Median survival time and overall survival of patients treated with 
chemotherapy only, chemotherapy and thoracic radiotherapy, sequential and 
concurrent chemoradiotherapy.                                                                                          

	 CT	 CT-RT	 SCT-RT	 CCT-RT

Evaluable patients	 N=77	 N=21	 N=95	 N=40                  

MST +/- SE (month)	 8.1+/-0.9	 12.5+/-1.0	 14.0+/-0.6	 21.8+/-3.2
95% confidence int.	 6.6-9.9	 10.6-14.4	 12.9-15.1	 15.5-28.0

Overall survival +/- SE (%)
	 1-year	 32.5+/-5.3	 52.4+/-10.9	 67.4+/-4.8	 75.0+/-6.8

	 3-year	 5.2+/-2.5	 4.8+/-4.6	 17.3+/-3.9	 32.2+/-7.7
	 5-year	 3.5+/-2.2	 4.8+/-4.6	 10.5+/-3.2	 26.9+/-8.1

CT: chemotherapy; CT-RT: CT and palliative thoracic radiotherapy; SCT-RT: 
sequentially applied chemotherapy and radiotherapy; CCT-RT: concurrently 
applied chemoradiotherapy; MST: median survival time; SE: standard error.

Sequential chemotherapy and radiotherapy
Of the 111 SCT-RT patients, 16 were lost to follow up. Of the 95 evaluable 
patients, the MST was 14.0 months and the 1-, 3- and 5-year OS was 67.4, 
17.3 and 10.5%, respectively, Table 2, Figures 1-3.
The median tumour volume of 43 patients, measured from the CT-scans 
made prior to the CT, was 81 cm3, Table 1.
Of 69 patients information on the interval between end of chemotherapy 
and start of RT as well as on the total overall treatment time was available. 
The interval between the end of the CT and the start of the RT varied 
between 25 and 194 days with a mean of 66 days. The mean overall 
treatment time (OTT) was 182 days, Table 3. Sixty-seven of these 69 patients 
(97%) had a complete response, and 2 a partial response. The complete 
responders received PCI, however, 11 patients (16.4%) developed brain 
metastases after PCI.
In 59 patients the cause of death was known and it was tumour related 
in 45 patients (76.3%). Local recurrence was present in 19 patients, 7 of 
which had also distant metastases. The remaining 26 patients developed 
distant metastases. 
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Table 3. Interval between the end of chemotherapy and start of radiotherapy, of 
patients treated with sequentially and concurrently applied chemoradiotherapy.

			   SCT-RT	 CCT-RT

Evaluable patients	 N=69	 N=40                                              

				    Interval end CT-start	 Interval end CT/RT-start
				    RT/PCI (d)	 PCI (d)
	 Mean+/-SD	 66+/-25	 55+/-22
	 Median	 62	 48
	 Range	 25-194	 27-109

				    Interval start CT-start	 Interval start CT-start
				    RT/PCI (d)	 PCI (d)
	 Mean+/-SD	 159+/-20	 139+/-22
	 Median	 156	 133
	 Range	 115-215	 107-177

OTT (d)
	 Mean+/- SD	 182+/-25	 88+/-22; with PCI: 159+/-20
	 Median	 177	 91; with PCI: 154
	 Range	 141-308	 42-128;  with PCI: 123-197

CT: chemotherapy; RT: radiotherapy; SCT-RT: sequentially applied chemotherapy 
and radiotherapy; CCT-RT: concurrently applied chemoradiotherapy; PCI: 
prophylactic cranial irradiation; OTT: overall treatment time; SD: standard 
deviation.

Concurrent chemoradiotherapy
The median tumour volume at start of the CCT-RT of 23 patients was 40 
cm3, Table 1. The mean OTT was 159 days with a range of 123-197 days. 
Without PCI the OTT was 88 days, with a range of 42 to 128 days. This 
implies that not all patients received the planned full CT in the treatment 
time of 65 days (4 cycles of 3 weeks) or 86 days for 5 cycles. For those 
patients who had a shorter OTT than the median treatment time of 91 
days, the MST was 15.3 months. The other patients had a MST of 24.1 
months. The overall MST was 21.8 months and the 1-, 3- and 5-year overall 
survival was 75, 32.2 and 26.9%, respectively, Table 2, Figures 1-3. 
Five patients received palliative cranial irradiation of 8 fractions of 3.5 Gy 
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in two weeks because of the presence of brain metastases at the end of 
chemotherapy.   
After CCT-RT, 24 (60%) of the 40 patients had a complete response and 
23 patients received PCI. Later on, brain metastases were observed in 2 
patients (8.7%) out of the 23 patients who received PCI. 
The causes of death in 25 (89.3%) of 28 evaluable patients were tumour 
related. Ten patients had local recurrence of which 2 patients had 
also distant metastases. The remaining 16 patients developed distant 
metastases.  

Figure 1. Cumulative overall survival as a function of time after start of treatment. 
Curve 1: chemotherapy (CT) only; curve 2: CT and palliative radiotherapy (CT-
RT); curve 3: sequentially applied chemotherapy and radiotherapy (SCT-RT) and 
curve 4: concurrently applied chemoradiotherapy (CCT-RT).
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Figure 2. Median survival time (MST) of patients treated with chemotherapy (CT) 
only, CT and palliative radiotherapy (CT-RT), sequential applied chemotherapy 
and radiotherapy (SCT-RT) and concurrently applied chemoradiotherapy (CCT-
RT). Error bars indicate standard deviation.

Figure 3. Overall survival (OS) at 1, 3 and 5 year of patients treated with 
chemotherapy (CT) only, CT and palliative radiotherapy (CT-RT), sequentially 
applied chemotherapy and radiotherapy (SCT-RT) and concurrently applied 
chemoradiotherapy (CCT-RT). Error bars indicate standard deviation.

1-year OS	 3-year OS	 5-year OS
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Discussion and conclusion

The observed bad results of our patients who received CT only are in line 
with results obtained by others (5, 6). The combination chemotherapy with 
radiation therapy has improved the results significantly. In our patients 
when chemotherapy was followed by palliative radiotherapy, the MST 
increased significantly (p<0.05) from 8.1 to 12.5 months, with curatively 
intended radiotherapy to 14 months, and with CCT-RT to 21.8 months. 
The MST of the CCT-RT group is significantly longer than those of the 
other treatment groups, p<0.05. Also the 5-year survival increased, from 
3.5% (CT) to 10.5% for the SCT-RT and to 26.9% for the CCT-RT. Survival 
was significantly higher in the CCT-RT group as compared to the SCT-RT 
group as determined with the log-rank test (p=0.016). 
The SCT-RT and CCT-RT groups did not differ significantly with respect 
to the distribution of gender and age. The pre-treatment tumour volumes 
in the CCT-RT group were smaller than in the SCT-RT group as shown by 
the median values, Table 1. 
Our data for CCT-RT patients showed an MST of 21.8 months; and 2- and 
5-year survivals of 44.1% and 26.9%, respectively. Our results with CCT-
RT are comparable with those of others (13-17). Takada et al. reported on a 
randomized multicenter trial (13). The MSTs they noted were 19.7 months 
with SCT-RT and 27.2 months with concurrent therapy. The 2-, 3- and 
5-year survivals for SCT-RT were 35.1, 20.2 and 18.3%, respectively, for 
CCT-RT 54.4, 29.8 and 23.7%, respectively. Turrisi et al. (14) reported for 
a single and a twice-daily radiotherapy scheme for CCT-RT patients an 
MST of 19 and 23 months; for the 2-year survival 41 and 47%, and for the 
5-year survival 16 and 26%, respectively, Table 4. Baas et al. reported on a 
Dutch multicenter phase II study (15). They concluded that combination 
of CT with concurrent involved-field radiation therapy is an effective 
treatment for LD SCLC. The 2- and 5-year survival rates were 47 and 27%, 
respectively. The MST was 19.5 months. Park et al. reported no significant 
differences between concurrent and sequential chemoradiotherapy in 
overall response rates (78% versus 63%, respectively, p=0.13) or MST 
(mean 18.3 months versus 13.2 months, respectively, p=0.33), Table 4 (16). 
However, the data were limited and with only 51 patients the trial was 
likely underpowered to detect a statistical significant survival difference; 
anyhow, the trend is that a concurrently applied scheme yields better 
results. De Ruysscher et al. also concluded from a systematic review and 
meta-analysis of randomized trials, that with platinum CT and early chest 
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radiotherapy, i.e. radiotherapy started within 30 days after start of the 
CT, resulted in higher survival rates than when radiotherapy was applied 
later (17).

Table 4. Median survival time and overall survival at 2, 3 and 5 years of patients 
treated with sequentially and concurrently applied chemoradiotherapy. Results 
of several studies.                                                                                                               

	 SCT-RT  CCT-RT		  SCT-RT		  CCT-RT
	 MST	   MST		  OS (%)		  OS (%)
	        (month)
		
Reference			   2-y	 3-y	 5-y	 2-y	 3-y	 5-y       

(13)	 19.7	 27.2	 35.1	 20.2	 18.3	 54.4	 29.8  	 23.7
(14)*		  19; 23				    41; 47	 28; 32	 16; 26	
(15)		  19.5				    47	  	 27
(16)	 13.2	 18.3	 27.7	 8.8		  29	 13.8 
Present study	 14.0	 21.8	 23.5	 17.3	 10.5	 44.1	 32.2  	 26.9

SCT-RT: sequentially applied chemotherapy and radiotherapy; CCT-RT: 
concurrently applied chemoradiotherapy; OS: overall survival; MST: median 
survival time. 
*Results of once-daily and twice-daily thoracic radiotherapy.

In our study we noted that the overall treatment time (OTT) in the SCT-
RT group, when compared to that of the CCT-RT group, was significantly 
longer, p<0.05. This is caused by the time required for restaging 
procedures (CT-scan, chest X-ray, bronchoscopy) and referring the patient 
to the department of radiotherapy. SCLC have a shorter tumour volume 
doubling time, when compared to that of squamous cell carcinoma and 
adenocarcinoma (23 days versus 88 and 161 days, respectively) (18-20). 
Accelerated growth during the interval time may cause a substantial 
tumour volume increase. For example, we observed in an earlier study 
accelerated tumour growth for non-small cell lung carcinomas in 
the interval between the end of induction chemotherapy and start of 
radiotherapy (21). The mean tumour volume-doubling time was about 
half that of non-treated tumours. Therefore, analogous to non-small cell 
lung cancer, the overall treatment time in SCLC must be shortened or RT 
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must be given concurrently with the CT. 
PCI has shown to be effective in preventing cerebral metastases (9-11) and 
to improve survival when applied to patients with LD SCLC who had 
achieved complete response after primary therapy (12). A trend towards 
decrease in brain metastases was also noted with earlier administration 
of PCI (12). Even with extended disease SCLC, PCI has also improved the 
survival (22). 
In our study SCT-RT patients received PCI on an average of 159 days 
after the start of the CT and the CCT-RT patients on an average of 139 
days after the start of CT. The frequency of brain metastases in patients 
who received PCI was 16.4% for the SCT-RT patients and 8.7% in CCT-
RT patients. Although the 16.4% is not statistically different from 8.7%, 
it may indicate that early PCI is warranted. For example, PCI may start 
about two weeks after the chemotherapy instead of the 7-9 weeks after 
end of CT for the CCT-RT and SCT-RT patients, preventing a mean of 
about 5-7 weeks of cell proliferation, respectively. Furthermore, it may 
also be important that delay of radiotherapy of the primary tumour may 
also allow ongoing cumulative risk of metastatic events in the brain.
In the present study, the OTTs, without PCI, of concurrent treated patients 
were in the range of 42 to 128 days. There are several reasons why this 
range is that large. Expected is an overall treatment time of about 65 days 
(4 cycles of 3 weeks) or 86 days (5 cycles of 3 weeks). The OTTs in excess 
of 86 days were a consequence of interruptions in the treatment caused by 
side effects. Those patients with the relatively short OTT did not receive 
the planned full course chemotherapy because of severe chemotherapy 
side effects. In this group of patients the mean survival time is to be 
expected shorter than in the group of patients who received the planned 
course of CT. The MST is indeed lower for the patients with the short OTT 
as compared to the remaining patients, 15.3 months versus 24.1 months. It 
indicates the importance of having the planned chemotherapy course.
When the PCI is included in the OTT of CCT-RT patients, the mean OTT 
is 159 days (median 154, range 123-197 days). Here again the interval 
between end of the chemotherapy and start of the PCI is relatively long. 
The mean interval is 55 days, the median 48, and the range 27-109 days. 
Probably, the delay is caused by restaging procedures (CT-scan and 
or a chest X-ray, bronchoscopy) and referring the patient again to the 
department of radiotherapy. However, the total OTT is shorter than that 
of SCT-RT with a mean value of 182 days. The question can be raised 
whether the interval between the end of chemotherapy and start of the 
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PCI can be shortened. In the interval, micro metastases not recognizable 
on CT- or MRI-scan may grow to a size for which the total PCI dose of 
30 Gy is not sufficient to kill all cells. From the radiobiological point of 
view, a dose of 30 Gy may eliminate all tumour cells with a volume of 
up to 1 mm3, larger sizes harbouring more than 106 cells may still not be 
recognizable on the CT- or MRI-scan but still will survive the PCI dose.
Our results indicate that CCR-RT resulted in a significantly longer median 
survival time and higher survival rate than SCR-RT. These results are 
comparable with those of others. However, in this retrospective study 
some of the base line data of the CCT-RT group were slightly different 
from those of the SCT-RT group: the follow-up time was shorter, the mean 
age lower and the median tumour volume smaller. Only in a randomized 
trial these differences in base line data can be avoided.
Improvements of the CT-scan technology would have resulted in 
stage migration, resulting in better staging of the more recent cohort 
of patients receiving concurrent chemoradiotherapy. Furthermore, the 
cyclophosphamide-based chemotherapy has been demonstrated inferior 
to etoposide and cisplatin in a randomized trial where the sequence of 
chemotherapy and radiotherapy was kept constant (23). Improvements of 
CT-scan technology and change in chemotherapy may also result in the 
improved overall survival of the concurrent therapy cohort as compared 
to the sequential therapy cohort. 
In conclusion, the concurrently applied chemoradiotherapy resulted in 
longer median survival time and higher survival rates than sequentially 
applied chemotherapy and radiotherapy. Probably, results may improve 
further by applying PCI at an earlier stage. 
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Lung cancer is one of the main causes of cancer death in the world, 
accounting for 25-29% of all male deaths from neoplasia in the United 
States and Europe. The incidence in women is lower although it is rapidly 
increasing and, since 1987, it has overtaken breast cancer as the primary 
cause of death in the United States (Weir et al, 1997) and since 2007 also 
in the Netherlands (CBS 1, 2). The 5-year survival of lung cancer patients 
worldwide is between 6 to 14% among males and 7 tot 18% among females 
(Youlden et al, 2008).
Of the two main types of lung cancer, non-small cell lung cancer (NSCLC) 
is the most frequent and represents about 83% of the cases in the 
western world (Youlden et al, 2008). Only 20% of patients with NSCLC 
are candidates for surgery at presentation. The optimal management of 
patients with stage III NSCLC is still unclear. The standard of care for this 
group of patients is a combination of chemotherapy and radiation, often 
referred to as combined modality treatment (Pfister et al, 2004).
Small-cell lung cancer (SCLC) accounts for 17% of all lung cancer cases 
(Youlden et al, 2008). Staging systems divide SCLC into limited disease 
(LD) and extensive disease. About one third of the SCLC patients have LD 
(Jackman et al, 2005). The main treatment regimen for LD SCLC nowadays 
consists of a combination of chemotherapy, thoracic radiotherapy and 
prophylactic cranial irradiation (Takada et al, 2002).

In the review presented in chapter 2, it is clear that progress has been made 
in the past decade for patients with unresectable stage III NSCLC. The 
5-year survival has increased from about 7% for radiotherapy alone to 
10% for sequential and about 15% for concurrent chemoradiotherapy 
(El Sharouni et al, 2006). For the clinician, it is a challenge to optimise 
the treatment, e.g., by delivering a large radiation dose to the target area 
(Senan et al, 2004, Socinski et al, 2004), keeping the dose to surrounding 
tissues as low as possible. In addition, schemes for drug delivery have to 
be optimised. Further improvements may be obtained with consolidation 
chemotherapy after concurrent chemoradiotherapy (Sakai et al, 2004, 
Gandara et al, 2003, Gaafar et al, 2004).
Although the predominant cause of death in NSCLC is believed to be 
distant metastases, local recurrence is still a major cause of failure (Ramsay 
et al, 1988, Fu et al, 1996, Freiha et al, 1984, Whelan et al, 2000). Therefore, 
a further increase of local control for NSCLC could lead to improvement 
in survival. 
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In the analysis in chapter 3, we presented evidence that after induction 
chemotherapy fast regrowth of NSCLC occurs; the accelerated repopu-
lation of surviving tumour cells is responsible for the fast regrowth. It 
is clear that the beneficial result of induction chemotherapy, i.e. tumour 
volume regression, has faded away in the waiting time between the end 
of induction chemotherapy and the start of the radiotherapy (El Sharouni 
et al, 2003). It is tragically that interval times up to more than three 
months are found whereas radiotherapy can be started within one month 
after induction chemotherapy. Forty-one percent of potentially curable 
patients became incurable in that waiting period. We recommend that 
radiotherapy should start as soon as possible, preferably within two to 
three weeks after the last chemotherapy cycle. Due to the accelerated cell 
proliferation observed, accelerated radiotherapy should be given serious 
consideration to keep overall treatment time short. A growing body of 
data shows that concurrent chemoradiotherapy improves survival in 
selected patients in stage III NSCLC (Schaake-Koning et al, 1994, Furuse 
et al, 1999, Curran et al, 2003, Aupérin et al, 2007, El Sharouni et al, 2008).

In chapter 4, we showed in our patients that in the mean waiting period of 
80 days between end of induction chemotherapy and start of radiotherapy 
the median tumour volume increased with a factor of about 6 (El 
Sharouni et al, 2005). As a consequence, the observed two-year survival 
of the patients treated with curatively intended radiotherapy is only 8% 
while from other studies for sequential chemo-radiotherapy a mean two-
year survival value of about 26% was found. This is also reflected in the 
calculated tumour control probability (TCP) for the curatively intended 
treated patients, the TCP decreased in the waiting period from 13.3% 
to less than 1%. It is clear that the interval time between chemo- and 
radiotherapy should be as short as possible. 

In chapter 5 we described results of experiments of the combination of 
radiotherapy and gemcitabine (dFdC) on rat tumours and skin. It was 
speculated that the radiosensitizing effect of dFdC in patients might be less 
in normal healthy tissue and more restricted to (undifferentiated) tumour 
cells, making it a tumour-selective radiosensitizer. Therefore it was of 
interest to study responses of undifferentiated and well-differentiated 
experimental tumours and skin to dFdC and radiotherapy. 
Indeed, with respect to tumour growth delay, the dose enhancement 
ratios were up to 1.37 for the undifferentiated L44 and MLL tumours (Kal 
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et al, 2006). No radiosensitization was observed for the well-differentiated 
L44 tumours and rat skin.
Our data support further trials to evaluate the usefulness of dFdC as 
radiosensitizer for undifferentiated tumours.

In our multicentre phase II study described in chapter 6 we analysed the 
feasibility and efficacy of weekly docetaxel/cisplatin and concurrent 
thoracic radiotherapy followed by surgery in patients with stage III non-
small cell lung cancer. We observed a complete and a partial radiological 
response, the primary endpoint of this study, in 46% of the patients. 
Chemoradiotherapy can induce extensive fibrosis and necrosis of the 
tumour and mediastinum. It follows that radiological response is not the 
optimal parameter to select patients for postinduction surgery. Studies 
have shown that pathological response in mediastinal lymph nodes 
predicts prolonged survival (Van Meerbeeck et al, 2007, Farray et al, 2005, 
Betticher et al, 2003, Martin et al, 1995, Albain et al, 1995).
Pathological clearance of malignant mediastinal disease was achieved in 
54% in our patients. No acute (non)-haematologic toxicity was encountered 
and a low incidence of treatment-related pneumonitis and esophagitis 
grade III was observed. Twenty patients (49%) underwent a complete 
resection of which six patients (15%) that had stable disease as their best 
response to induction treatment. 
The 30-day mortality was 4%. The types of surgery and induction 
treatment used are the major determinants of morbidity and mortality. 
Pneumonectomy has been reported to have significant negative influence 
on survival. (Albain et al, 2005, Van Meerbeecke et al, 2007, Thomas et 
al, 2007, Martin et al, 1995). Approximately 57% of our patients with a 
curative resection are alive after 46 months compared to 5% of the patients 
without resection (p=0.024). Japanese investigators reported comparable 
results (Katayama et al, 2004).
Although weekly docetaxel/cisplatin with concurrent involved-field 
radiotherapy resulted in radiological response of 46%, a complete clearance 
of mediastinal malignant disease of 54% can be reached, resulting in a 
radical resection rate of 49%. This induction regimen is feasible with 
limited toxicity and seems to be effective in stage III NSCLC. 

The treatment of our patients with limited disease small-cell lung cancer is 
discussed in chapter 7. The combination chemoradiotherapy has improved 
the results significantly especially when they were concurrently ap-
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plied, e.g. the 5-year survival increased from 10.5% for the sequential 
chemoradiotherapy to 26.9% for the concurrent treatment. 
We noted that the overall treatment time (OTT) in the sequentially applied 
chemotherapy and radiotherapy group (SCT-RT), when compared to that 
of the concurrent chemoradiotherapy group (CCT-RT), was significantly 
longer, p<0.05. This is caused by the time required for restaging 
procedures (CT-scan, chest X-ray, bronchoscopy) and referring the 
patient to the radiotherapy department. Accelerated growth during the 
interval time may cause a substantial tumour volume increase. Therefore, 
analogous to non-small cell lung cancer, as discussed in chapter 3, the 
overall treatment time in SCLC must be shortened or RT must be given 
concurrently with the CT. 
Prophylactic cranial irradiation (PCI) has shown to be effective in 
preventing cerebral metastases and to improve survival when applied to 
patients with LD SCLC who had achieved complete response after primary 
therapy. A trend towards decrease in brain metastases was also noted 
with earlier administration of PCI (Aupérin et al, 1999, Kotalik et al, 2001, 
Pugh et al, 2007, Prophylactic Cranial Irradiation Overview Collaborative 
Group, 2000). In our study, SCT-RT patients received PCI on an average 
of 159 days after the start of the CT, the CCT-RT patients on an average 
of 139 days after the start of CT. The frequency of brain metastases in 
patients who received PCI was 16.4% for the SCT-RT patients and 8.7% 
in CCT-RT patients. Although the 16.4% is not statistically different from 
8.7%, it may indicate that early PCI is warranted. 
In conclusion, the concurrently applied chemoradiotherapy resulted in 
longer median survival times and higher survival rates than sequentially 
applied chemotherapy and radiotherapy. Probably, results may improve 
further by applying PCI at an earlier stage.

Conclusions and recommendations

Chapter 2: Concurrent chemoradiotherapy demonstrated increased 
efficacy over sequential chemoradiotherapy and should be the treatment 
of choice. The concurrent chemoradiotherapy schedules were associated 
with higher toxicity as compared to sequential therapy with the same 
drug doses.
The suggestion that amifostine may protect the oesophagus was not 
confirmed in a large RTOG randomised trial (Werner-Wasik et al, 2003). A 
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growing body of data shows that concurrent chemoradiotherapy improves 
survival in selected patients in stage III NSCLC (Schaake-Koning et al, 
1994; Furuse et al, 1999; Curran et al, 2003; Aupérin et al, 2007; El Sharouni 
et al, 2008).

Chapters 3 and 4: In the time interval between end of induction chemo-
therapy and start of radiotherapy rapid tumour progression occurs 
as result of accelerated tumour cell proliferation. The mean tumour-
doubling times are much shorter than those in not treated tumours. As a 
consequence, the gain obtained with induction chemotherapy with regard 
to volume reduction was lost in the waiting time for radiotherapy.
The calculated tumour control probability decreased in the waiting period 
from 13.3 to less than 1%. Hence, the relatively long interval time between 
chemo- and radiotherapy had a deleterious effect on local control.
We recommend diminishing the time interval between chemo- and 
radiotherapy to be as short as possible. Fortunately, most of the patients 
with stage III NSCLC are nowadays treated with concurrent chemo-
radiotherapy. The problem of the waiting time is disappearing.

Chapter 5: Radiosensitization by gemcitabine was observed in two un-
differentiated tumours, not in a well-differentiated tumour and skin. 
These data support further trials to evaluate the usefulness of dFdC as 
radiosensitizer in undifferentiated tumours.

Chapter 6: Weekly docetaxel/cisplatin with concurrent radiotherapy 
resulted in radiological response of 46%, and complete clearance of 
mediastinal malignant disease was achieved in 54% of the patients. The 
complete resection rate was 49%. This induction regimen is feasible with 
limited toxicity and seems to be effective in stage III NSCLC. A phase III 
study can be initiated for further investigation of the role of preoperative 
concurrent chemoradiotherapy. 

Chapter 7: Treating limited-disease small-cell lung cancer with concurrent 
chemoradiotherapy resulted in longer median survival time and higher 
overall survival than sequential chemoradiotherapy, chemotherapy with 
palliative radiotherapy or chemotherapy only.
More investigations are needed for further improvements in survival of 
limited-disease small-cell lung cancer. Probably, results may improve 
further by applying PCI at an earlier stage. 
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This thesis concerns the treatment of stage III non-small cell lung cancer 
(NSCLC) and limited disease (LD) small-cell lung cancer (SCLC).

In chapter 2 we described a systematic review on the clinical results of 
radiotherapy, combined or not with chemotherapy, for inoperable 
NSCLC stage III with the aim to define the best sequence of radiotherapy 
and chemotherapy. The mean median survival duration ± standard 
deviation for radiotherapy only was 10.4±1.8 months. For sequential 
chemoradiotherapy it was increased to 13.0±1.2 months. When induction 
chemotherapy was followed by concurrent chemoradiotherapy, the mean 
median duration was 15.8±2.6 months. For concurrent chemoradiotherapy 
it was further increased to 16.4±2.7 months. The mean 2- and 3-year 
overall survivals for radiotherapy alone, sequential and concurrent 
chemoradiotherapy were 17.1±4.6 and 10%, 23.8±6.3 and 18.5±7.0, and 
32.5±8.7 and 25.7±6.3%, respectively. The 5-year survival has increased 
from about 7% for radiotherapy alone to 10% for sequential and about 
15% for concurrent chemoradiotherapy. We concluded that concurrent 
chemoradiotherapy demonstrated increased efficacy over sequential 
chemoradiotherapy and should be the treatment of choice. However, the 
concurrent chemo-radiotherapy schedules were associated with higher 
toxicity as compared to sequential therapy with the same drug doses. 
Although the predominant cause of death in NSCLC is believed to be 
distant metastases, local recurrence is still a major cause of failure. Animal 
experiments and clinical data in lung, prostate and mammary cancers 
indicated that improvements in local control would decrease distant 
metastases, since part of the distant metastases was derived from local 
recurrences of the cancer. Further improvements may be obtained by 
optimising the conditions for concurrent chemoradiotherapy.

In chapter 3 we investigated the influence of the waiting time for 
radiotherapy, i.e. the interval between the end of induction chemotherapy 
and the start of radiotherapy, on the rate of tumour growth for patients with 
NSCLC stage III. In the period 1999-2000, 23 patients with stage III NSCLC 
received induction chemotherapy with cisplatin and gemcitabine.
The mean time interval between the end of the chemotherapy and the 
day of diagnostic CT-scan was 15.8 days, and till the first day of the 
radiotherapy 80.3 (range 29 - 141) days. Forty-one percent of potentially 
curable patients became incurable in the waiting period. The ratio of 
gross tumour volumes of the two CT-scans ranged from 1.1 to 81.8 and 



the tumour volume doubling times ranged from 8.3 to 171.4 days with a 
mean value of 45.8 days and median value of 29.4 days. This is far less 
than the mean tumour volume doubling time of NSCLC in untreated 
patients found in literature.
We demonstrated that in the time interval between the end of induction 
chemotherapy and the start of radiotherapy rapid tumour progression 
occurs as a result of accelerated tumour cell proliferation. As a consequence, 
the gain obtained with induction chemotherapy with regard to volume 
reduction was lost in the waiting time for radiotherapy. We recommend 
that radiotherapy should start as soon as possible, preferably within two 
to three weeks after the last chemotherapy cycle. Due to the accelerated 
cell proliferation observed, accelerated radiotherapy should be given 
serious consideration to keep overall treatment time short. 

In chapter 4 we discussed the influence of the duration of the waiting 
time between end of induction chemotherapy and start of radiotherapy 
on tumour control probability (TCP). Twenty-three patients with 
inoperable stage III NSCLC received induction chemotherapy followed 
by radiotherapy. The mean waiting period between the end of induction 
chemotherapy and the start of radiotherapy was 80.3 days; in this period 
the median tumour volume increased with a factor of about 6. 
The importance of tumour volume on local control and the strong 
independent association between tumour volume and survival are 
evident and were reported in the literature. Stage III NSCLC is correlated 
with tumour volumes in excess of 100 cm3. The TCP analysis revealed 
that for tumours of that size local cure is almost impossible with the doses 
usually applied in radiotherapy.
The two-year survival of our patients treated with curative intent was 8%, 
lower than the mean value of 26% derived from other studies. Assuming 
that radiotherapy started at the day of restaging instead of at the first 
day of radiotherapy (RT1), for patients treated with curative intent the 
calculated mean TCP at restaging was 13.3%, at RT1 it was 0.5%. The 
relatively long interval time between chemo- and radiotherapy had a 
deleterious effect on local control and survival and we recommend the 
waiting time to be as short as possible.

In chapter 5 we investigated whether gemcitabine (dFdC) may cause radio-
sensitization. dFdC may cause radiosensitization by specific interference 
with homologous recombination-mediated DNA double-strand breaks 
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repair. The radiosensitizing effect of dFdC might be less in normal tissue 
and more restricted to undifferentiated tumour cells, making it a tumour-
selective radiosensitizer. We tested whether dFdC acted as radiosensitizer 
in undifferentiated and well-differentiated rat tumours and on rat foot 
skin.
We used undifferentiated L44 lung tumours in BN rats, MLL prostate 
tumours in Copenhagen rats, and well-differentiated L42 lung tumours in 
WAG/Rij rats. Tumours were treated with a single X-ray dose whether or 
not combined with dFdC (30 mg/kg) administered 24 h earlier. Tumour 
volume growth delay was the endpoint used. In addition, rat foot skin was 
treated with a single dose of 22.5 Gy with or without dFdC. The degree of 
skin damage was determined according to a scoring system.
For tumour growth delay, dose-enhancement ratios were 1.37 and 1.23-
1.36 for the L44 and MLL tumours, respectivley. No radiosensitization was 
observed for the well-differentiated L42 tumour and foot skin. Our data 
support further trials to evaluate the usefulness of dFdC as radiosensitizer 
in undifferentiated tumours.

In chapter 6 we describe the results of a phase II national multicentre study 
with weekly docetaxel/cisplatin and concurrent thoracic radiotherapy 
followed, whenever possible, by surgery in patients with stage III non-
small cell lung cancer.
Concurrent chemoradiotherapy is the standard of care in NSCLC stage 
III patients. This prospective study analysed the feasibility and efficacy of 
weekly docetaxel/cisplatin (DC) and concurrent radiotherapy followed by 
surgery. The primary endpoint was radiological response. The secondary 
endpoints included toxicity, efficacy of surgery, postoperative morbidity 
and mortality, and overall survival.
The chemotherapy consisted of docetaxel 20 mg/m2 and cisplatin 20 mg/
m2 at days 1, 8, 15, 22, 29 and 36. The radiotherapy was given in once-
daily fractions of 1.8 Gy, 5 fractions a week to a total dose of 45 Gy started 
on day 8 of the chemotherapy. When complete mediastinal clearance of 
malignant disease was achieved, surgery was performed.
Between March 2005 and September 2006, 45 patients were included, 
of whom 42 patients were evaluable. Twenty-five patients with 
stage IIIA disease and 17 patients with stage IIIB disease (10 patients 
cT4N2, 4 patients cT4N0/1, 3 patients N3) were included. One patient 
developed fatal haemoptysis after 4 cycles of chemoradiotherapy. 
Forty-one patients were evaluable for radiological response. Nineteen 
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partial and complete responses (46%), 14 stable disease (34%) and 8 
progressive disease (20%) were observed. Esophagitis grade III was 
observed in 3 patients (7%). Surgery after chemoradiotherapy was 
performed in 24 patients (59%) of which 22 (54%) achieved complete 
clearence of mediastinal malignant disease. Twenty patients underwent 
a complete resection (49%). Four patients showed complete pathological 
response after surgery. The 30-days mortality after surgery was 4%.  
At the time of this analysis (March 2009), 14 patients are still alive 
of which 13 were operated upon. This induction regimen is feasible 
with limited toxicity and seems to be effective in stage III NSCLC.

In chapter 7 we analysed the treatment results of our patients’ population 
with limited-disease small-cell lung cancer (LD-SCLC). They were treated 
with chemotherapy only and chemotherapy combined with radiotherapy. 
The treatment schemes with curative intention were sequential and 
concurrent chemoradiotherapy, both combined with prophylactic cranial 
irradiation (PCI).  
Patient -, treatment - and outcome – related items were retrospectively 
assessed. Up till 2001, LD-SCLC patients received 4-5 cycles of cyclo-
phosphamide, doxorubicin and etoposide. In case of no complete 
response, palliative radiotherapy was given in 13 fractions of 3 Gy (CT-
RT group, N=26). Because of different reasons, 89 patients did not receive 
radiotherapy after the chemotherapy (CT group). After complete response, 
curative radiotherapy was given in 16 fractions of 2.5 Gy, concurrently 
with PCI in 15 fractions of 2 Gy (SCT-RT group, N=111). From 2001, 40 
patients received 4-5 cycles of cisplatin and etoposide concurrently with 
radiotherapy in 25 fractions of 1.8 Gy. PCI was applied to patients with 
complete response (CCT-RT group). The primary endpoints were median 
survival time and overall survival and the secondary endpoints included 
tumour-related cause of death and frequency of metastases. 
The median survival times of CT only, CT-RT, SCT-RT and CCT-RT 
schemes were 8.1, 12.5, 14.0 and 21.8 months, and the 5-year overall 
survival 3.5, 4.8, 10.5 and 26.9%, respectively. The cause of death of SCT-
RT and CCT-RT patients was tumour related in 76.3% and 89.3% of the 
patients, respectively. Brain metastases frequencies after PCI in SCT-
RT and in CCT-RT patients were 16.4% and 8.7%, respectively. SCT-RT 
patients received PCI on an average of 159 days after the start of the CT, the 
CCT-RT patients on an average of 139 days after the start of CT. Probably, 
results may improve further by applying PCI at an earlier stage.

152



Summary

Our results indicate that the concurrently applied chemoradiotherapy 
resulted in longer median survival time and higher overall survival 
than sequential chemoradiotherapy, chemotherapy with palliative 
radiotherapy or chemotherapy only. 
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Dit proefschrift gaat over de behandeling van stadium III niet-kleincellig 
longcarcinoom (NKCLC) en kleincellig longcarcinoom (KCLC), limited 
disease (LD).

In hoofdstuk 2 beschreven wij een systematisch overzicht van de 
klinische resultaten van de radiotherapie, al dan niet gecombineerd 
met chemotherapie, voor inoperabel NKCLC stadium III met als 
doel te definiëren wat de beste volgorde is van de radiotherapie en de 
chemotherapie. 
De gemiddelde mediane overlevingsduur ± standaarddeviatie 
voor alléén radiotherapie was 10,4±1,8 maanden. Voor sequentiële 
chemoradiotherapie steeg de waarde naar 13,0±1,2 maanden. 
Wanneer inductiechemotherapie gevolgd werd door concurrente 
chemoradiotherapy was de gemiddelde mediane waarde 15,8±2,6 
maanden. Voor concurrente chemoradiotherapie steeg de waarde 
verder naar 16,4±2,7 maanden.  De gemiddelde 2- en 3- jaars overall 
overleving voor radiotherapie alleen, sequentieel en concurrente 
chemoradiotherapie was 17,1±4,6 en 10, 23,8±6,3 en 18,5±7,0, en 32,5±8,7 
en 25,7±6,3%, respectievelijk. De 5-jaars overleving steeg van circa 7% 
voor radiotherapie alleen naar 10% voor de sequentiële behandeling 
en voor de concurrente chemoradiotherapie was het circa 15%. We 
concludeerden dat concurrente chemoradiotherapie effectiever is dan 
sequentiële chemoradiotherapie en dat het de standaardbehandeling zou 
moeten zijn. De concurrente chemoradiotherapie schemata leidden echter 
tot meer toxiciteit in vergelijking met de sequentiële behandeling wanneer 
dezelfde dosis gegeven werd.
De belangrijkste doodsoorzaak van NKCLC is metastasen op afstand, 
maar lokaal recidief is nog steeds een groot probleem. Dierexperimenten 
en klinische data over long-, prostaat- en mammacarcinoom laten zien dat 
verbetering in lokale controle metastasen op afstand kan doen afnemen, 
omdat een deel van deze metastasen afkomstig is van het lokale recidief. 
Verdere verbetering kan bereikt worden door optimalisering van de 
condities voor concurrente chemoradiotherapie.

In hoofdstuk 3 onderzochten wij de invloed van de wachttijd voor 
de radiotherapie, dat wil zeggen het interval tussen het einde van 
inductiechemotherapie en de start van de radiotherapie, op de 
proliferatiesnelheid van tumoren bij patiënten met NKCLC stadium III. 
In de periode 1999-2000, kregen 23 patiënten met stadium III NKCLC 



inductiechemotherapie met cisplatine en gemcitabine. 
Het gemiddelde tijdsinterval tussen einde chemotherapie en de dag 
waarop de diagnostische CT-scan vervaardigd werd, was 15,8 dagen. Tot 
de eerste dag van de radiotherapie was het gemiddelde tijdsinterval 80,3 
(spreiding 29 – 141) dagen.
Eenenveertig procent van potentieel curabele patiënten werd in de 
wachtperiode incurabel. De verhouding tussen de tumorvolumina van 
de twee CT-scans varieerde van 1,1 tot 81,8. De tumorverdubbelingstijd 
varieerde van 8,3 tot 171,4 dagen met een gemiddelde waarde van 
45,8 dagen en een mediane waarde van 29,4 dagen. Deze gemiddelde 
verdubbelingstijd is veel korter dan de gemiddelde verdubbelingstijd 
van onbehandelde patiënten met NKCLC vermeld in de literatuur.
Wij lieten zien dat in het tijdsinterval tussen het einde van 
inductiechemotherapie en de start van de radiotherapie, versnelde 
tumorgroei werd waargenomen als resultaat van versnelde 
tumorcelproliferatie. Als consequentie werd de behaalde winst met 
inductiechemotherapie, met betrekking tot volumereductie, teniet gedaan 
in de wachtperiode op de radiotherapie. Wij adviseren dat radiotherapie 
zo spoedig mogelijk moet starten, bij voorkeur binnen twee tot drie weken 
na de laatste chemotherapie cyclus. Vanwege de geobserveerde versnelde 
celproliferatie moet versnelde radiotherapie serieus in overweging 
worden genomen.

In hoofdstuk 4 hebben wij de invloed van de duur van de wachttijd tussen 
einde inductiechemotherapie en start radiotherapie op “tumour control 
probability” (TCP) besproken. Drieëntwintig patiënten met inoperabel 
stadium III NKCLC kregen inductiechemotherapie gevolgd door 
radiotherapie. De gemiddelde wachtperiode tussen het einde van de 
inductiechemotherapie en de start van de radiotherapie was 80,3 dagen. 
In deze periode nam het mediane tumorvolume met een factor 6 toe. De 
invloed van het tumorvolume op de lokale controle en de sterke invloed 
van het tumorvolume op de overleving zijn evident en gerapporteerd in 
de literatuur. Stadium III NKCLC is geassocieerd met tumorvolumina 
van meer dan 100 cm3. De TCP-analyse toonde aan dat lokale controle van 
tumoren met een dergelijk volume, met de gebruikelijke radiotherapie 
doseringen, vrijwel onmogelijk is.
De twee-jaars overleving van patiënten behandeld met curatieve intentie 
was 8%, deze is lager dan de gemiddelde waarde van 26% afgeleid van 
andere studies. 
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Voor patiënten behandeld met curatieve intentie, er van uit gaande dat 
radiotherapie op de dag van restadiëring gestart kon worden in plaats 
van op de geplande eerste radiotherapiedag (RT1), was de berekende 
gemiddelde TCP op de dag van restadiëring 13,3% en op RT1 slechts 
0,5%. 
Het relatief lange tijdsinterval tussen chemo- en radiotherapie had dus 
een desastreus effect op de lokale controle en de overleving. Wij adviseren 
om de wachttijd zo kort mogelijk te houden.

In hoofdstuk 5 onderzochten wij of gemcitabine (dFdC) een radiosen-
sibiliserende werking heeft. dFdC kan radiosensibilisering veroorzaken 
via specifieke interferentie met herstel van DNA-dubbelstrengsbreuken 
via homologe recombinatie. De radiosensibiliserende werking van 
dFdC is misschien minder in gezond weefsel en meer beperkt tot 
ongedifferentieerde tumorcellen, waardoor het een tumor-selectieve 
radiosensibilisator is. We testten of dFdC een radiosensibiliserende 
werking in ongedifferentieerde en goed gedifferentieerde rattentumoren 
en in de voethuid van de rat heeft. 
We gebruikten ongedifferentieerde L44 longtumoren in BN ratten, MLL 
prostaattumoren in Copenhagen ratten en goed gedifferentieerde L42 
longtumoren in WAG/Rij ratten. Tumoren werden behandeld met een 
eenmalige röntgendosis al dan niet gecombineerd met dFdC (30 mg/
kg), toegediend 24 uur eerder. Groeiuitstel van het tumorvolume was het 
eindpunt. De voethuid werd behandeld met een eenmalige dosis van 22,5 
Gy met of zonder dFdC. De mate van de huidreactie werd vastgesteld op 
basis van een scoringssysteem. Voor tumorgroeiuitstel waren de dosis-
modificerende ratio’s 1,37 en 1,23-1,36 voor de L44 en MLL tumoren, 
respectievelijk. Geen radiosensibiliserende werking werd waargenomen 
voor de goedgedifferentieerde L42 tumor en de voethuid. Geconcludeerd 
werd dat dFdC radiosensibiliserend werkt in de ongedifferentieerde 
tumoren en niet in de goedgedifferentieerde tumor en de huid. Onze 
gegevens ondersteunen verdere studies ter evaluatie van het nut van 
dFdC als radiosensibilisator in ongedifferentieerde tumoren.

In hoofdstuk 6 beschreven we de resultaten van een prospectieve fase 
II studie met wekelijks docetaxel/cisplatine en gelijktijdige thoracale 
radiotherapie gevolgd, waar mogelijk, door een operatie bij patiënten met 
stadium III NKCLC. 
Concurrente chemoradiotherapy is de standaardbehandeling van NKCLC 
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stadium III patiënten. In deze prospectieve studie werd de haalbaarheid 
en effectiviteit van de wekelijkse chemotherapie met concurrente 
radiotherapie, gevolgd door chirurgie geanalyseerd. Het primaire 
eindpunt was radiologische respons. De secundaire eindpunten omvatten 
toxiciteit, de effectiviteit van de operatie, de postoperatieve morbiditeit en 
mortaliteit en de overleving.
De chemotherapie bestond uit docetaxel 20 mg/m2 en cisplatine 20 mg/
m2 op dag 1, 8, 15, 22, 29 en 36. De radiotherapie werd één keer per dag 
gegeven in fracties van 1,8 Gy, 5 fracties per week tot een totale dosis van 
45 Gy vanaf dag 8 van de chemotherapie. Wanneer geen pathologische 
mediastinale lymfomen gevonden werden, werd de patiënt geopereerd.
Tussen maart 2005 en september 2006, werden 45 patiënten geïncludeerd, 
waarvan 42 patiënten werden geëvalueerd. Vijfentwintig patiënten met 
stadium IIIA en 17 patiënten met stadium IIIB werden geïncludeerd. 
Eén patiënt overleed na 4 cycli chemoradiotherapie ten gevolge van 
haemoptoë. Eenenveertig patiënten waren evaluabel voor radiologische 
respons. Negentien patiënten bereikten partiële of complete respons 
(46%), 14 hadden stabiele ziekte (34%) en 8 patiënten progressieve ziekte 
(20%). Behoudens graad III oesophagitis in slechts 3 patiënten (7%), was 
de toxiciteit beperkt. Vierentwintig patiënten (59%) werden geopereerd, 
waarvan 22 patiënten (54%) zonder pathologische mediastinale lymfomen. 
Twintig patiënten (49%) ondergingen een complete resectie. Vier patiënten 
vertoonden een complete pathologische respons. De 30-dagen mortaliteit 
na de operatie was 4%. Op het moment van deze analyse (maart, 
2009), zijn 14 patiënten nog in leven waarvan 13 geopereerd waren. De 
bovenbeschreven behandeling is haalbaar met beperkte toxiciteit en lijkt 
doeltreffend te zijn in fase III NKCLC.

In hoofdstuk 7 analyseerden we de behandelingsresultaten van onze 
patiënten met limited disease kleincellig longcarcinoom, LD-KCLC. 
Ze werden behandeld met chemotherapie alleen en chemotherapie 
gecombineerd met radiotherapie. De behandeling met curatieve intentie 
bestond uit sequentiële en concurrente chemoradiotherapie, beide 
gecombineerd met profylactische schedelbestraling (PSB). 
De patiëntendossiers werden retrospectief geanalyseerd. Tot 2001 
kregen LD-KCLC patiënten 4-5 cycli van cyclofosfamide, doxorubicine 
en etoposide. Wanneer er geen complete respons bereikt werd, werd 
palliatieve radiotherapie (RT)  gegeven in 13 fracties van 3 Gy (CT-RT-
groep, N=26). Vanwege verschillende redenen, hebben 89 patiënten 
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geen radiotherapie na de chemotherapie gehad (CT-groep). Na complete 
respons, werd curatieve radiotherapie gegeven in 16 fracties van 2,5 Gy, 
gelijktijdig met PSB in 15 fracties van 2 Gy (SCT-RT-groep, N=111).
Vanaf 2001, kregen 40 patiënten 4-5 cycli van cisplatine en etoposide 
gelijktijdig met radiotherapie in 25 fracties van 1,8 Gy. PSB werd toegepast 
bij patiënten met een complete respons (CCT-RT-groep). De primaire 
eindpunten waren de mediane overlevingstijd en de overleving. De 
tumor-gerelateerde doodsoorzaak en de frequentie van de metastasen 
waren de secundaire eindpunten.
De mediane overleving van CT alleen, CT-RT, SCT-RT en CCT-RT 
schemata waren 8,1, 12,5, 14,0 en 21,8 maanden, en de 5-jaars overleving 
3,5, 4,8, 10,5 en 26,9%, respectievelijk. De oorzaak van overlijden van SCT-
RT en CCT-RT patiënten was tumor gerelateerd in 76,3% en 89,3% van de 
patiënten, respectievelijk. De frequentie van hersenmetastasen na PSB in 
SCT-RT en CCT-RT patiënten was 16,4% en 8,7%, respectievelijk. SCT-RT 
patiënten kregen PSB gemiddeld 159 dagen na het begin van de CT, en 
de patiënten van de CCT-RT-groep 139 dagen na het starten van de CT. 
Waarschijnlijk zullen de resultaten verder verbeteren door het toepassen 
van PSB in een eerder stadium.
Onze resultaten geven aan dat de concurrente chemoradiotherapie 
resulteerde in langere mediane overleving en in een hogere totale 
overleving dan sequentiële chemoradiotherapie, chemotherapie met 
palliatieve radiotherapie of chemotherapie alleen.
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