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Abstract

Background and purpose: Waiting lists for radiotherapy have become longer over the past years. Apart from the psychological distress for

the patient we are concerned about tumour growth during this waiting time, which may worsen prognosis. The purpose of this pilot study was

to investigate tumour growth in the waiting time and to obtain an indication of its clinical consequences for patients with oropharyngeal

carcinoma. A tumour control probability (TCP) model was applied to evaluate consequences for outcome.

Methods and materials: Increase in tumour volume was measured for 13 patients with oropharyngeal carcinoma by outlining the tumour

on the diagnostic as well as on the treatment planning CT scan. Waiting time was defined as time between histopathological diagnosis and

start of radiotherapy. For each tumour we calculated the increase in tumour volume and the tumour doubling time. The potential increase in

TCP was calculated for each tumour for the situation without treatment delay.

Results: The mean increase in tumour volume was 70%. The mean waiting time was 56 days. Expected TCP with incorporation of delay

was 47%, without delay it might have been 63–66%.

Conclusion: This study shows tumour progression during the time between the diagnostic CT scan and the treatment planning CT scan in

oropharyngeal cancer. As a consequence of waiting time, which allows tumour volume increase, there may be an average control loss of 16–

19 % for these tumours during the total waiting time before radiotherapy.

q 2003 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

The present continuous increase in the number of cancer

patients exerts a strong pressure on the necessary facilities

for diagnosis and treatment, which in many parts of the

world does not match this necessity [3]. Therefore, waiting

lists for radiotherapy have become longer over the past

years in many countries [1,13,14,18]. This problem has been

reinforced by the fact that treatment schedules for radio-

therapy have improved and become more refined, but

require more preparation and are therefore more time

consuming [19]. In our clinic for head and neck tumours,

Brouha et al. already reported a median time period of 43

days between the date of histopathological diagnosis and the

start of radiotherapy in patients with early laryngeal

carcinoma treated between 1980 and 1996 [1]. Although

little is known about the clinical consequences, we regard

this situation as undesirable.

Since oropharyngeal carcinomas mostly presents at an

advanced stage and many of these tumours are treated by

radiotherapy, we started a pilot study in which we

investigated possible tumour growth during the waiting

time by measuring tumour volume on the diagnostic CT

scan as well as on the treatment planning CT scan. This last

CT scan is carried out in treatment position in addition to the

scan for diagnostic purpose. Thereby we also wanted to

estimate the clinical consequences of the volume difference

between the diagnostic scan and the planning scan.
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A survey by Dubben et al. showed a clear correlation

between tumour volume and treatment response [2]. In the

evaluation of new irradiation techniques, and especially

intensity modulated radiotherapy (IMRT), the use of tumour

control probability (TCP) models is well accepted [14,16,

17]. With these models we can estimate control rates for a

tumour with any given number of clonogenic cells and thus

estimate the clinical consequence of tumour growth during

the waiting period.

2. Methods and materials

2.1. Patients

All the patients with oropharyngeal carcinoma treated in

our radiotherapy department between 1996 and 2001 were

selected. Inclusion criteria were primary, squamous cell

carcinoma, without distant metastases. All the patients were

treated with primary radiotherapy or combined radio- and

chemotherapy with curative intent. Altogether 46 patients

with oropharyngeal carcinoma had been treated with

primary radiotherapy. In 23 cases a CT planning had been

performed. A further selection was done based on the

requirement that both the diagnostic and the planning CT

scan were made in our clinic to avoid a different acquisition

technique of CT. As many patients were referred with CT

scans performed in other hospitals, we had to exclude

another 10 patients. Finally, 13 patients with oropharyngeal

cancer were eligible for this study.

2.2. CT technique and volume measurements

To observe tumour growth during the waiting time we

evaluated each patient for diagnostic CT scan (CT1) and the

planning CT scan (CT2). To determine the tumour volume

we outlined the tumour manually on the individual CT

slices. Tumour volume was calculated by multiplying each

cross-sectional area by the inter-slice distance and sub-

sequently adding slices together (summation of areas

technique). CT scans made for diagnosis had an inter-slice

distance of 2 mm and a slice thickness of 3 mm. CT scans

made for planning of radiotherapy had an inter-slice

distance of 3 or 5 mm with a similar slice thickness of 3

or 5 mm. Contrast infusion was given in 1.5 ml/sec during

60 s with a fixed scan delay of 30 s in all cases.

Three observers, a resident and two experienced

radiation oncologists, delineated each tumour. For each

case the diagnostic and planning scan were evaluated

successively in order to discriminate developing lymph

nodes. When there was doubt about tumour delineation we

asked for an opinion from an experienced radiologist. User

defined magnification as well as adaptation of window/level

setting of the images was possible. The delineation of

tumour volume on CT scans was performed with the

software used for this purpose at the radiotherapy depart-

ment (PLATO IPS v 2.7, Nucletron, The Netherlands).

Volume increase was expressed as the difference

between the volume on CT2 and the volume on CT1 as an

average of three observations. For each patient the absolute

increase in volume and the percentage increase were

calculated. Knowing the time between CT1 and CT2, the

tumour doubling time could be estimated.Waiting time was

defined as time between the histopathological diagnosis and

the start of radiotherapy.

Neck nodes were considered positive if their largest

diameter was .1 cm. In that case their volume was

measured the same way as the primary tumour. We

classified each patient according to the TNM classification

at the time of CT1 and CT2, respectively, on the basis of the

CT scan.Clinical examination under general anaesthesia

was not repeated.

2.3. TCP analysis

To obtain an impression of the clinical consequences of

tumour growth we made use of a tumour control probability

(TCP) model. According to Webb and Nahum the TCP in

radiotherapy can be calculated starting with the number of

clonogenic cells (N0) [21]. The number of clonogenic cells

surviving fractionated radiotherapy (N) can be estimated by

the formula N ¼ N0e2aD, where a is the sensitivity and D

the total dose. The tumour control probability is given by

TCP ¼ e2N .

A doubling of the number of surviving tumour cells

directly translates into a decrease of the TCP. Assuming the

characteristics of the tumour do not change, the starting

number of clonogenic cells after one doubling of the tumour

volume becomes N ¼ 2N0. This results in a clonogenic cell

survival after radiotherapy of N ¼ 2N0e2aD, which results

in TCPð2N0Þ ¼ TCPðN0Þ
2. After a waiting period of m

doubling times the tumour control is equal to

TCPðNmÞ ¼ TCPðN0Þ
2m

. According to this formula the

effect of the treatment delay is independent of a, assuming

that the tumour characteristics do not change in this short

interval. To achieve clinical information about the TCP only

populations can be considered. Therefore, a certain spread

(s) of the value for a is assumed.

For our analysis we used a clonogenic cell density of 107

per cm3, an a ¼ 0.30 Gy21 with a spread s ¼ 0:02 [7]. The

dose was 66 Gy. We analysed the TCP according to a ¼

0:30Gy21 and according to a ¼ 0:30ðsÞGy21 for the whole

population. The relation between TCP and volume is given

in Fig. 1 for a ¼ 0:30Gy21, a ¼ 0:30 ^ 0:02Gy21 and the

average.

The volume of the tumour at the time of diagnosis and

the volume at the beginning of radiotherapy were estimated

using the volumes at CT1 and CT2 and the tumour doubling

times. The resulting differences in TCP were quantified by

means of the TCP formula.
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3. Results

In this study there were 10 men and three women, aged

47–102 years (mean 68). Two tumours were stage II, four

tumours stage III and seven were stage IV.

Table 1 shows the classification according to the

diagnostic CT scan for each tumour and according to the

treatment planning CT scan. In three cases, progress of T

stage could be determined. In eight cases an increase in the

number of lymph nodes between CT1 and CT2 was

observed. As a consequence of these changes three patients

(nos. 2, 6 and 8) progressed up to another stage according to

the UICC classification [20].

Increase in tumour volume between CT1 and CT 2 was

observed in all patients (Table 2). Two lymph nodes were

included in the analysis to illustrate lymph node progression

as well as tumour progression. The increase is shown as

absolute volume increase and as a percentage of the volume

on the diagnostic scan. The absolute volume increase ranged

from 0.8 to 149 cm3 (mean 22 cm3). The percentage change

of tumour volume ranged from 11 to 235% (mean 70%). The

mean time between the planning CT scan and the diagnostic

CT scan was 34 days (median 35, range: 12–47). Figs. 2 and

3 illustrate the growth of the tumour for patient no. 6.

The inter-observer differences we found were small

compared to the measured differences in volume between

CT1 and CT2. The paired sample t-test was applied to

evaluate the significance of the difference in volume

between CT1 and CT2 and this appeared to be statistically

significant (P , 0:02). The different settings of the

diagnostic and planning CT scans made it easy to

discriminate them but did not influence our measurements.

The volume doubling time was calculated for each

tumour, which varied from 21 to 256 days. The mean

waiting time between histopathological diagnosis and start of

radiotherapy was 56 days (median 54, range 45–69). Waiting

time, expressed in doubling times, was calculated by dividing

the waiting time between histopathological diagnosis and

start of radiotherapy by the tumour doubling time. In nine

cases the waiting time was more than one doubling time and

in four cases it was even two doubling times.

Using the volumes at CT1 and CT2 and the tumour

doubling time, we calculated the initial volume at diagnosis,

the volume at the start of radiotherapy and the related TCPs

for a ¼ 0:30Gy21 and according to a ¼ 0:30ðsÞGy21. TCP

analysis revealed large differences in TCP at the time of

diagnosis and TCP at the start of radiotherapy (Table 3). A

Fig. 1. Relation between TCP and tumour volume. The TCP was calculated

for a ¼ 0:30Gy21 and for a ¼ 0:30ð^sÞ where s ¼ 0:02Gy21.

Table 1

Patient characteristics

No TNM-classification Tumour localisation TNM-classification

1st scan 2nd scan

1 T2N1 Tonsillar fossa T3N1a

2 T2N1 Vallecula T2N2bb

3 T3N0 Vallecula T3N0

4 T4N1 Vallecula T4N2ac

5 T4N2b Pharynx wall T4N2b

6 T3N0 Tonsillar fossa T4N2bb

7 T4N2 Tonsillar fossa T4N2

8 T2N0 Tonsillar fossa T3N1d

9 T2N0 Palatum molle T2N0

10 T1N2 Vallecula T1N0e

11 T4N2 Tonsillar fossa T4N2

12 TxN3 Tonsillar fossa TxN3

13 T4N2c Tonsillar fossa T4N2c

a Progress in T classification only.
b Tumour progress from stage III to IV.
c Progress in N classification only.
d Tumour progress from stage II to III.
e This patient underwent neck dissection during the waiting time

Fig. 2. Case 6. Patient with oropharyngeal cancer, the tumour delineated at

time of diagnostic scan.
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maximum absolute TCP decrease of 53% was observed in

patient no. 6. The estimated TCP with incorporation of

waiting time was 47%, without any waiting time it might

have been 63–66%.

4. Discussion

Waiting times for primary radiotherapy treatment of

cancer increased during the last years [1,12,13,18]. At our

institution there was an increase from 43 to 54 days median

time between the date of histopathological diagnosis and

start of radiotherapy in patients with laryngeal carcinoma

treated between 1980 and 1996. Apart from the fact that

treatment delay will bring important psychological distress

for the patient, there is also the possibility that tumour

growth during this time diminishes treatment results. This

study was initiated as a pilot study to evaluate tumour

growth during the waiting time and to obtain an indication

of it’s clinical consequences.

We evaluated 13 patients with advanced stage orophar-

yngeal cancer and concluded that tumour growth could be

substantiated. The mean waiting time was 56 days, tumour

growth, however, was measured over a shorter period; the

mean time between the diagnostic and planning CT scan

was 34 days. In three cases there was progression to a more

advanced stage because of developing lymph node metas-

tases. The mean volume increase was 22 cm3 (70%).

Literature findings concerning waiting time and its

consequences are inconsistent. Brouha et al. could not

show a negative influence on local outcome for early stage

laryngeal carcinoma as a consequence of waiting time [1].

There is, however, a significant negative relation between

tumour volumes in advanced stage head and neck carcinoma

and outcome [6,9]. This negative relationship seems to be

stronger for larynx carcinoma [5,10]. For oropharyngeal

carcinoma T stage as well as volume are important

prognostic factors [8,15].

Recently, one study demonstrated a decrease in survival

Table 2

Waiting time expressed as number of volume doubling times per tumour, on basis of the calculated tumour volume increase between the two CT scans

Patient Tumour volume Tumour volume Tumour volume Tumour volume Time between Tumour doubling Time between Waiting time in

CT1 CT2 increase increase CT1 and CT2 time PA-RT tumour doubling

(cm3) (cm3) (cm3) (%) (day) (day) (day) time

1 15 26 11 77 21 26 69 2.7

2 10 11 1.1 11 35 233 62 0.3

3 8.5 10 1.9 22 26 89 49 0.5

4 5.6 13 7.3 130 47 39 60 1.5

5 61 69 8.1 13 41 229 63 0.3

6 20 66 46 235 37 21 50 2.4

7 49 103 55 112 28 26 54 2.1

8 5.1 11 5.5 107 32 30 60 2.0

9 4.1 6.2 2.1 51 35 59 63 1.1

10 1.3 2.1 0.8 62 43 62 60 1.0

11 55 65 9.8 18 12 51 54 1.1

12 8.6 9.5 0.9 11 37 256 48 0.2

12a 121 269 149 123 37 32 48 1.5

13 38 60 23 61 39 57 53 0.9

13a 14 16 1.8 13 39 229 53 0.2

Average 28 49 22 70 34 96 56 1.2

CT1, CT scan made for diagnosis; CT2, CT scan made in treatment position for planning of radiotherapy; PA, date of histopathological diagnosis; RT, date

of start of radiotherapy.
a Lymph node.

Fig. 3. Case 6. Treatment planning CT of the same patient prior to treatment

(37 days later). Growth of the tumour is clear; the tumour is extending to the

midline and infiltrates the m. pterygoideus medialis.
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for patients who have a delay of more than 40 days [4]. A

study from Glasgow reported about volume increase during

the waiting time (median increase of 19%, mean increase of

56%) for radiotherapy of lung cancer [18]. That study

demonstrates that 21% of the patients on the waiting list

became incurable during the waiting period (mean: 54 days

between the CT scans made for diagnosis and planning).

Our data are in line with these findings. We revealed

tumour volume increase up to 235% and progression of

staging in one-third of our study group during the time

between the diagnostic scan and the planning scan.

However, the true waiting time is more than 50% longer

because of the additional time between the diagnostic CT

scan and the histopathological diagnosis and by waiting

time between the planning CT scan and the start of

radiotherapy. When we regard the complete waiting time,

one can hypothesize that the increased tumour volume is

even larger. These results are consistent with the findings of

theoretical models as well as clinical observed data [4,11]

and must therefore be taken seriously.

Although the patients we studied constitute a relatively

small group, we think it is a realistic reflection of the treated

population in our clinic.

The TCP analysis gives some insight into the clinical

consequences of this treatment delay as estimated for

radiotherapy treatment alone. Mean TCP with incorpor-

ation of delay was 47%. Without delay because of

waiting time between PA and start of therapy we

estimate a TCP of 63–66%. Problems arise if we try

to identify the TCP for individual patients. We can only

consider the whole population; these TCP’s are dis-

tributed via the less steep average TCP curve defined by

the spread in a. This also implies that patients in a very

heterogeneous population, in which there are very high

and low TCP values, are only slightly affected by the

treatment delay and that results for individual patients

must be considered with care. However, for orophar-

yngeal carcinoma the spread in a is considered small [7].

We analysed for a ¼ 0:30Gy21 and a ¼ 0:30ðsÞGy21

and found that the results are consistent. Our results

confirm the findings by Mackillop et al. who investigated

the effect of tumour growth on local control without

taking into account the heterogeneity in a [11].

This study indicates that the waiting period is of great

importance for those tumours where local control defines

the treatment outcome. However, we must consider the fact

that it will be impossible to start treatment at the time of

histopathological diagnosis. In our clinic, patients are being

seen by a clinician who, when there is the suspicion of

malignancy, first makes a diagnostic CT scan to evaluate

tumour extent, then secondly the patients go through biopsy

combined with examination under anaesthesia. Within 1

week treatment options will be discussed in a multi-

disciplinary team. When primary radiotherapy is the

treatment of choice, the planning CT scan has to be made

before treatment can finally start. This implies that without

waiting time the minimum time between histopathological

diagnosis and start treatment will be at least 2 weeks.

5. Conclusion

This is the first study that shows relevant tumour

progression during the waiting time for radiotherapy in

oropharyngeal carcinoma. Mean volume increase was 70%

and we revealed progression of stage in three cases in a time

Table 3

TCP decrease during the waiting time

Patient Individual patient Whole population

a ¼ 0.30 Gy21 a ¼ 0.30 (0.02) Gy21

V-PA V-RT TCP: V-PA TCP: V-RT TCP: V-PA TCP: V-RT

1 7.0 46 0.84 0.32 0.77 0.36

2 9.4 11 0.79 0.75 0.71 0.67

3 7.6 11 0.83 0.76 0.75 0.68

4 6.5 19 0.85 0.62 0.78 0.56

5 56 68 0.24 0.18 0.31 0.27

6 13 66 0.72 0.19 0.64 0.28

7 30 128 0.47 0.04 0.45 0.15

8 3.7 14 0.91 0.70 0.86 0.62

9 3.5 7.3 0.92 0.83 0.87 0.76

10 1.1 2.2 0.97 0.95 0.96 0.91

11 38 79 0.39 0.14 0.40 0.24

12 8.6 9.7 0.81 0.78 0.73 0.71

12a 121 341 0.05 0.00 0.16 0.03

13 38 71 0.39 0.17 0.40 0.26

13a 14 17 0.70 0.65 0.62 0.58

Average 24 59 0.66 0.47 0.63 0.47

V-PA, volume calculated at the time of histopathological diagnosis; V-RT, volume calculated at the time of start of radiotherapy;
a Lymph node.
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span shorter than the true waiting time. The TCP analysis

indicates that tumour progression during the waiting time

constitutes a serious risk for our patients. We regard this as

an important finding with direct consequences for the

organisation of our clinic. Further investigations will be

performed.

Acknowledgements

We acknowledge Dr H.B. Kal for his useful comments

and criticism to this article.

References

[1] Brouha XDR, Op de Coul B, Terhaard CJH, Hordijk G. Does waiting

time for radiotherapy affect local control of T1N0M0 glottic laryngeal

carcinoma? Clin Otolaryngol 2000;25:215–8.

[2] Dubben HH, Thames HD, Beck-Bornhold HP. Tumor volume: a basic

and specific response predictor in radiotherapy. Radiother Oncol

1998;47:167–74.

[3] Edwards BK, Howe HL, Ries LAG, et al. Annual report to the nation

on the status of cancer, 1973-1999, featuring implications of age and

aging on U.S. cancer burden. Cancer 2002;94:2766–92.

[4] Fortin A, Bairati I, Albert M, Moore L, Allard JBA, 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 2002;52:929–36.

[5] Gilbert RW, Shulman H, MacKenzie R, et al. Correlation of tumour

volume with local control in laryngeal carcinoma treated by

radiotherapy. Ann Otol Laryngol 1987;96:514–8.

[6] Grabenbauer GG, Steininger H, Meyer M, et al. Nodal density and

total tumour volume as prognostic factors after radiation therapy of

stage 3/4 head and neck cancer. Radiother Oncol 1998;47:175–83.

[7] Hall EJ. Time, dose and fractionation in radiotherapy. In: Hall EJ,,

editors, 5th ed. Radiobiology for the radiologist, Philadelphia: JP

Lippincott, 2000. p. 397–415.

[8] Hermans R, Op de Beeck K, Van den Bogaert W, et al. The relation of

CT-determined tumour parameters and local and regional outcome of

tonsillar cancer after definitive radiation treatment. Int J Radiat Oncol

Biol Phys 2001;50:37–45.

[9] Johnson CR, Khandelwal SR, Schmidt-Ullrich RK, Ravalese J, Wazer

DE. The influence of quantitative tumour volume measurements on

local control in advanced head and neck cancer using concomitant

boost accelerated superfractionated irradiation. Int J Radiat Oncol

Biol Phys 1998;32:635–64.

[10] Lee WR, Mancuso AA, Saleh EM, Mendenhall WM, Parsons JT,

Million RR. Can pre-treatment CT findings predict local control in T3

squamous cell carcinoma of the glottic larynx treated with radio-

therapy alone? Int J Oncol Biol Phys 1993;25:683–7.

[11] Mackillop WJ, Bates JH, O’Sullivan B, Withers HR. The effect of

delay in treatment on local control by radiotherapy. Int J Radiat Oncol

Biol Phys 1996;34:243–50.

[12] Mackillop WJ, Fu H, Quirt CF, Dixon P, Brundage M, Zhou Y.

Waiting time for radiotherapy in Ontario. Int J Radiat Oncol Biol Phys

1994;30:221–8.

[13] Mackillop WJ, Zhou Y, Quirt CF. A comparison of delays in the

treatment of cancer with radiation in Canada and the United States. Int

J Radiat Oncol Biol Phys 1995;32:531–9.

[14] De Meerleer GO, Vakaet LAML, Gersem WRT, De Wagter C, De

Naeyer B, Neve W. Radiotherapy of prostate cancer with or without

intensity modulated beams: a planning comparison. Int J Radiat Oncol

Biol Phys 2000;47:639–48.

[15] Nathu RM, Mancuso AA, Zhu TC, Mendenhall WM. The impact of

primary tumour volume on local control for oropharyngeal squamous

cell carcinoma treated with radiotherapy. Head Neck 2000;22:1–5.

[16] Nederveen AJ, Heide UA, Hofman P, Welleweerd H, Lagendijk JJW.

Partial boosting of prostate tumours. Radiother Oncol 2001;61:

117–26.

[17] Nutting CM, Corbishley CM, Sanchez-Nieto B, Cosgrove VP, Webb

S, Dearnaley DP. Potential improvements in the therapeutic ratio of

prostate cancer irradiation: dose escalation of pathologically identified

tumour nodules using intensity modulated radiotherapy. Br J Radiol

2002;75:151–61.

[18] O’Rourke N, Edwards R. Lung cancer treatment waiting times and

tumour growth. Clin Oncol 2000;12:141–4.

[19] Radiotherapie: onze zorg. Actualisatierapport van de Nederlandse

Vereniging voor Radiotherapie en Oncologie. Utrecht maart 2000.

[20] UICC, TNM classification of malignant tumours, 5th ed. 5th, New

York: Wiley-Liss, 1997.

[21] Webb S, Nahum AE. A model for calculating tumour control

probability in radiotherapy including the effects of inhomogeneous

distributions of dose and clonogenic cell density. Phys Med Biol

1993;38:653–66.

A. Waaijer et al. / Radiotherapy and Oncology 66 (2003) 271–276276


	Waiting times for radiotherapy: consequences of volume increase for the TCP in oropharyngeal carcinoma
	Introduction
	Methods and materials
	Patients
	CT technique and volume measurements
	TCP analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


