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Abstract: The aim of this study is to evaluate the decrease of biological effective dose (BED) and its correlation with local 

control of tumour in the treatment of nasopharyngeal carcinoma (NPC) when the overall treatment time is prolonged. A 

retrospective study was carried out on 39 NPC with stage II and III treated with fractionated High Dose Rate–Brachytherapy 

(HDR-BT)boost, following external beam radiation therapy (EBRT) treated in the period from 2009 to 2015. All patients were 

irradiated by HDR –Intra Luminal Radiotherapy (ILRT) following EBRT using a telecobalt unit and a technique that employed 

two lateral opposed fields with a dose of 66 ± 4 Gy. The total biological equivalent dose prescribed was 106.50 ± 9 Gy (range 

92 - 123 Gy). The probabilities of disease recurrence within a median follow-up of 25 months (range 13 – 72 months) are 

expected as 0.03, 0.26, 0.58 and 0.90 (p=0.05) for the overall treatment time of 75, 150, 250 and 350 days respectively. It was 

observed that the local recurrence of disease increases with increased treatment time and it is significant (p=0.05) when the 

overall treatment time is above 100 days where BED lost becomes more than 0.10 Gy/day. The relative risk of local recurrence 

of stage III is about 2.59 times higher than that of stage II patients. 
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1. Introduction 

Head and neck malignancies is relatively quite common in 

the north eastern part of India [1-2]. Among the head and 

neck cases, nasopharyngeal carcinoma (NPC) is observed 

frequently occupying top position in our hospital. NPCs are 

relatively radiosensitive tumours. The ideal treatment for 

primary NPC is normally radical radiotherapy with or 

without chemotherapy, as surgery is generally not feasible 

due to the peculiar location of the nasopharynx [3-8]. This 

anatomical site is surrounded by critical organs such as optic 

apparatus, pituitary gland, hypothalamus, spinal cord and the 

temporal lobes which could lead to significant morbidity. 

High Dose Rate brachytherapy (HDR-BT) is commonly used 

with External Beam Radiation Therapy (EBRT) to locally 

increase the dose to an area at greatest risk for tumour 

recurrence, such as the original distribution of gross tumour 

or to the tumour at a surgical resection site [9]. In our 

institute, HDR-BT following to EBRT is routinely used to 

boost the dose delivered to the primary NPC site in all loco-

regionally confined disease treated with intent to cure.  

The growth of unirradiated cancer cells have been 

observed showing the relatively long doubling times (median 

30 days) of tumour volumes. Studies showed that the 

prolongation of the overall treatment time resulted in worse 

results of radiotherapy [10-11] and doubling time of tumour 

cells might be reduced during RT to 5 days [12]. Clinical 

studies on advanced NPC [13] and other head and neck 

cancers irradiation have shown the importance of treatment 

time for local control of disease [12, 14-16]. Physical dose 

distributions in routine radiotherapy planning do not 
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necessarily reflect on the biological effects under various 

irradiation schemes. The Biological Effective Dose (BED) 

method has been used as a means to assess the biological 

effectiveness following irradiation of tissues. The linear-

quadratic (LQ) model is used by radiologists as a convenient 

tool to quantify biological effects of radiotherapy [17-19]. 

Inadequate BED delivery to the treated volume is frequently 

identified as a possible cause of failure in the radiotherapy of 

cancers [12-16, 20, 21]. In this study we evaluated BED of 

the prescribed dose at the reference points of treatment of 

NPC with the overall treatment time. It is also further 

discussed critically the need to maintain BED for local 

control of the NPC. 

2. Material and Methods 

2.1. Patient Selection 

Forty one consecutive patients of NPC stage II and III 

(stages II – 20 patients and III -21 patients) who attended the 

department of Radiotherapy, Regional Cancer Centre, 

Regional Institute of Medical Sciences, Imphal, India and 

were treated during the period from June, 2009 to July, 2015 

is the subject of study. All patients were subjected to the 

routine diagnostic and metastatic work-up. Two patients for 

stage III were found developed distant metastasis (1 each in 

lungs and bone) after the treatment was over in the median 

time of 18 months (range 15 – 21 months) and were excluded 

from the study. 

2.2. EBRT 

All patients (except 6, due to simulator machine problem) 

were simulated and planned in a customized thermoplastic 

mask in the supine position. All patients were irradiated 

using a cobalt unit with bilateral parallel-opposed portals 

with appropriate shielding. Treatment was performed once a 

day, 5 times a week. The dose was calculated in the mid-

plane on the axis of the beam. The total EBRT dose delivered 

was in the range of 60-70 Gy/30-35 #/6-7 weeks (median 

dose= 66 Gy). 

2.3. ILRT Applicator Placement and Brachytherapy 

Treatment Planning 

Inflatable balloon nasopharyngeal applicator (Elekta) was 

used. The applicator was inserted through the ipsilateral 

nostril depending on the location of the gross disease in the 

nasopharynx with patient in the seated position. About 6 cc 

of air was pumped inside the hollow plastic tube which lead 

to the nasopharyngeal balloon covering the source transfer 

tube toward the end expanding to about 3cm length with 2cm 

diameter. Nasal packing was done to avoid any displacement 

or changes in the geometry of the applicator placement. The 

position of the applicator was confirmed and simulation done 

using Simulix Simulator (Elekta). Brachytherapy treatment 

planning was done using Plato Sunrise Treatment Planning 

System (Elekta). Dose prescription was done at points1 cm 

away from the source for the total treatment length in the 

range of 3-5 cm (median= 4 cm) using standard source 

loading pattern. The median dose delivered with HDR-ILRT 

was 15 Gy (range: 3- 7.5 Gy in 5 -2 fractions). The strength 

of the source (Ir-192) was in the range from 4.081 to 0.347 

cGy x m
2
 x h

-1
. 

2.4. Overall Treatment Time 

ILRT is normally given following EBRT after a gap of 

about one week. However continuous radiotherapy was not 

possible in many NPC patients. The first day of the 

radiotherapy till the last day including all gaps is taken as 

overall treatment time. The relation between the overall 

treatment times with BED is discussed critically in this study. 

2.5. Clinical Details 

Out of 39 patients, 38 patients (Stage II – 20 patients, 

Stage III- 18 patients) were found to be having complete 

response; one patient of stage III was found to be partial 

responders at the completion of the treatment. The follow up 

at 6 - 12 months post treatment showed five patients of stage 

II and two patients of stage III had local disease seen and 

detected by imaging modalities. The median follow up of 

patients was 25 months (13-72 months). 

2.6. Biological Effective Dose Evaluation 

Biological effects (E) following to irradiation of tissues is 

determined by the surviving fraction of target cells [22-23] as  

E = -log (surviving fraction) 

= -log [exp{-(αd + βd
2
)}] = αd + βd

2
 - - -                (1) 

where α, β are the constants for linear and quadratic 

component of the surviving equation (α and β are normally 

expressed in the units of Gy
-1

 and Gy
-2

 respectively) and ‘d’ 

is the radiation dose delivered to the tissue.  

Eqn. (1) may be rewritten as: 

E/α = d[1+d/(α/β)] - - -                          (2) 

This E/α is term as Biological Effective Dose (BED).  

The assumption of α/β=10 Gy for rapidly proliferating 

tumours (e.g. Squamous cell cancer) [24-26] was used in this 

study. This value of α/β=10 Gy is in agreement with GEC-

ESTRO recommendation [27]. The cumulative BED (CBED) 

for the combined EBRT (BEDEBRT) and HDR ILRT 

(BEDILRT) may be written as 

CBED = BEDEBRT + BEDILRT + PCF ---           (3) 

Where PCF = -[{0.693/(αTp)}(T+G-Tk)] = proliferation 

correction factor, Tp = the potential doubling time of 

proliferating tumour cells, Tk= kicking off time in 

proliferation after starting irradiation, T = treatment time in 

days and G = gap in days between two treatment modalities 

of radiotherapy or between any one therapy respectively [28]. 

The value of α=0.35Gy
-1

[26], Tp=13 days[ 28-31], Tk= 28 

days [19, 26] is considered in this study. 
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GEC-ESTRO [27] also suggested that, for the whole 

treatment, total dose values should be reported as physical 

dose, indicating the fractionation and dose rate and in 

addition as biologically weighted dose, EQD2(biologically 

equivalent dose in 2 Gy fraction). EQD2 is logistically and 

conceptually equivalent to BED, but has numerical values 

which can be related directly to clinical experience as the 

method converts all treatments and partial treatments into 

isoeffective schedules of 2Gy fractions [31]. 

2.7. Statistics 

Disease control was measured from the date of the 

initiation of radiation therapy to the last follow-up 

examination. The survival analysis was determined using the 

Kaplan – Meier survival method. The statistical significance 

of observed data was calculated using the Student’s t-test and 

Chi-square test and P < 0.05 was considered as significant 

difference. 

3. Results 

The reduction factor of BED with overall treatment time 

and their respective percentage of fall are given in Table 1. 

The graph between BED and overall treatment time is shown 

in Figure 1. It is well fitted to a linear equation (Y = -0.152X 

+ 110.7) with co-efficient of determination R
2
 equal to 1. 

There is a sharp decline of BED with the increase of overall 

treatment time. The percentage of reduction of BED w. r. t. 

the prescribed BED (i.e. 106.50 Gy) are 3.14, 6.01, 6.72, 

10.30, 17.46, 31.76 and 46.06 for the overall treatment time 

of 50, 70, 75, 100, 150, 250 and 350 days respectively. The 

extra BED required for maintaining the prescribed BED is 

3.35, 6.40, 7.16, 10.97, 18.59, 33.82 and 49.05 for the above 

overall treatment times. The recurrence of disease for the 

patients both for stage II and III (P=0.05) treated with HDR-

ILRT (following to EBRT) within classes of overall 

treatment time is given in Table 2. The ratio of the outcome 

of event (i.e. recurrence of disease) and total number of 

events for respective classes of overall treatment time 

provides the probability of the event corresponding to the 

class of overall treatment time. Uncertainties (error) involved 

in obtaining the observed data (e.g. during the treatment 

procedure, small sample size etc.) may be minimized by 

fitting a mathematical model using least square technique to 

the observed data. The degree of goodness of fit is normally 

evaluated by co-efficient of determination R
2
. The best fit 

mathematical model (i.e. expected data) of this observed data 

is a linear equation (Y = 0.003x -0.214) with R
2
 value equal 

to 0.90 (Figure 2). The expected probabilities of recurrence 

of disease within a median follow-up of 25 months (range 13 

– 72 months) are 0.03, 0.26, 0.58 and 0.90 for the overall 

treatment time 75, 150, 250 and 350 days respectively. This 

expected probability is not significantly different from the 

observed data at 5 percent level of probability (as per χ
2
 

distribution). Figure 3 shows the Kaplan-Meier Graph of 

Disease free survival Probabilities (%) with the overall 

treatment time for stage II and III patients. The expected 

median value of overall treatment time at which disease free 

survival probability drops to 50 percent is observed as 271 

days for stage II and 175 days for stage III NPC patients in 

this study. The extra physical doses required to maintain the 

same biological effect are estimated at 2.65, 5.10, 5.97, 8.96, 

15.26, 27.95 and 40.80 Grays for the overall treatment time 

of 50, 70, 75, 100, 150, 250 and 350 days respectively. 

Table 1. Variation of BED with various overall treatment times for a prescribed Biological dose of 106.50 Gy. 

Overall treatment 

time (days) 

Biological equivalent dose 

(Gy) (without PCF in eqn-3) 

BED (Gy) With 

PCF Eqn(3) 

BED change w. r. t. 

prescribed BED (%) 

BED lost per 

day (Gy) 

Extra BED require to maintain 

prescribed BED (Gy) 

50* 106.50 103.15 3.14 0.07 3.35 

70 106.50 100.10 6.01 0.09 6.40 

75 106.50 99.34 6.72 0.09 7.16 

100 106.50 95.53 10.30 0.10 10.97 

150 106.50 87.91 17.46 0.12 18.59 

250 106.50 72.68 31.76 0.13 33.82 

350 106.50 57.45 46.06 0.13 49.05 

*A few cases ILRT duration is either shorten to a week with 1 or 2 days gap after EBRT or ILRT started during EBRT resulting overall treatment time less 

than two months. 

Table 2. Recurrence of disease in different overall treatment time of nasopharyngeal cancer. 

Stage of nasopharyngeal cancer 
Disease recurrence (total number of radiotherapy patients) for different treatment duration  

<100 days 100-200 days 200-300 days >300days 

II 0(9) 2(6) 2(4) 1(1) 

III 1(15) 1(3) 0(1) 0(0) 

Observed total  1(24) 3(9) 2(5) 1(1) 

Recurrence 
Probability from data 0.04 0.33 0.40 1.00 

Expected probability 0.03 0.26 0.58 0.90 

Expected total 1(24) 2(9) 3(5) 1(1) 
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Figure 1. Graph between BED (Gy) vs overall treatment time (days), 

Hollow line- is the prescribed biological equivalent dose, dash lines are the 

standard deviations Solid line- is the biological effective dose. 

 

Figure 2. Graph showing the probabilities of local recurrence with overall 

treatment time (days). Solid line is a simple mathematical model giving the 

probabilities of local recurrence with overall treatment time (days). 

 

Figure 3. Kaplan-Meier Graph of Disease free survival Probabilities (%) 

with the overall treatment time for stage II and III patients.  

4. Discussion 

The HDR – ILRT following to EBRT are widely used for 

effective management of NPC [7, 9, 13, 33]. There is also a 

routine gap of about a week in between EBRT and ILRT. 

However continuous radiotherapy was not possible in many 

NPC patients. Some patients had treatment interruption 

related to the machine break down, holidays and problems 

with the transportation of patients. Gaps of treatment for 

some patients were related to severe mucosal reaction after 

EBRT or other intercurrent illness.  

The gaps between EBRT and HDR brachytherapy were of 

different origin. In this resource crunch area using one Ir-192 

HDR source, there is variation of gap in scheduling HDR-BT, 

break down of HDR-BT machine and patient without report 

in time. Sometimes there is a gap in receiving new Ir-192 

source whereas the existing one had already exhausted its 

strength. A small group of patients was treated with a 

planned gap in between two treatment modalities. There was 

no intention to increase the overall treatment time of patient 

but unavoidable situation leads the increase in the overall 

treatment time. 

The purpose of this study is to share our experience of the 

use of brachytherapy boost NPC which is most cost effective 

in our present setting. The predictive quality of linear 

quadratic model in the radiotherapy of patients with NPC has 

been discussed in literatures [12-16]. Jones et al. [34] 

suggested that the concept of biological effective dose is 

useful for quantifying the treatment expectations; however, a 

careful interpretation of results is required before clinical 

decision. Jones et al.[35] evaluated the rate of loss of tumour 

control with extension of treatment time to assess the relative 

contributions of radiobiological parameters (radiosensitivity, 

clonogen doubling time, clonogen numbers and fractionation 

schedule) to such loss. Pitfalls in estimating the influence of 

overall treatment time on local control have been discussed 

by Tucker [36]. Randomised clinical studies have shown the 

importance of treatment time for local control of disease [12-

16]. Tarnawskiet al. [12] observed that when the treatment 

time is prolonged without treatment interruptions 0.36 

Gy/day is lost due to the repopulation of tumour cells. During 

the treatment gap proliferation is faster and 0.67 Gy/day is 

lost. In this study the variation of BED with different overall 

treatment times for a median prescribed biological dose of 

106.50Gy (i.e. BEDEBRT + BEDILRT) is shown in Table 1. 

There was a standard deviation of 9 Gy in the prescribed 

dose (range: 92 to 123 Gy). A few cases, either ILRT 

duration is shortened and completed in a week or ILRT 

started during the later part of EBRT resulting the overall 

treatment time lesser than two months which otherwise is 

more than two months. Figure 1 shows a sharp decline of 

BED with the increase of overall treatment time for the 

prescribed dose 106.50 Gy. This is in agreement with the 

earlier works on BED with overall treatment time [12-14, 21, 

37]. The BED lost per day (i.e. total BED lost per overall 

treatment time in days) in this study was found in the range 
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of 0.07 to 0.13 Gy. The change in BED w. r. t. the prescribed 

BED is more than 10 percent from 100 days onwards of the 

overall treatment times. The recurrence of disease within 

classes of treatment time for delivering the prescribed dose is 

given in Table 2. The expected total number of patients 

having recurrence of disease for respective classes are 

evaluated by multiplying corresponding expected 

probabilities with total number of patients within the classes 

of treatment times. Figure 2 shows graph between 

probabilities of recurrence of disease (stage II and III) with 

mid value of overall treatment time within classes of 

treatment time. This graph shows that NPC treated with 

ILRT following EBRT without any correction of biological 

dose at different overall treatment time indicates decline in 

disease free survival due to the possible repopulation of the 

disease [12] with increasing overall treatment time, 

especially from 100 days treatment time onwards. Thus, from 

Figures 1&2 reduction in BED may be correlated with the 

increasing disease recurrence. This is in agreement with 

earlier works on local control of Head and neck carcinoma 

with overall treatment time [12-14]. Moreover, prolonged 

radiation treatment time is associated with worse overall 

survival in patients receiving radiation therapy for head and 

neck cancer even in the setting of chemoradiation [10-11]. 

However, there is no such association between overall 

survival outcomes of NPC patients and treatment time 

duration in the range of 36 -63 days [38]. The sample size of 

this retrospective study is small; however it may be fitted to a 

simple linear equation (Y = 0.003X – 0.214) with R
2
 equal to 

0.90 for any statistical conclusion. The expected probabilities 

of disease free survival of this study of six years are 

estimated by subtraction of expected probability of 

recurrence from total probability (i.e. 1.00) as 0.97, 0.74, 

0.42 and 0.10 for the overall treatment time of 75, 150, 250 

and 350 days respectively. The disease free survival 

probabilities for stage II and III of nasopharyngeal patients 

treated with radiation using the Kaplan – Meier survival 

method for the overall treatment time is shown in Figure 3. 

The estimated relative risk of local recurrence occurring in 

stage III is observed as 2.59 times higher than stage II NPC 

patients at 95% confidence level of probability. If it is 

required to maintain a relatively constant BED, the study 

suggests a need to deliver an extra dose to compensate the 

BED lost to either EBRT or ILRT. There is also a suggestion 

that 1% change in BED may produce 1% change in tumour 

control probability [19]. This suggestion is in agreement with 

our finding of recurrence of disease with lowering BED. 

5. Conclusion 

This retrospective study of nasopharyngeal carcinoma 

patients of stage II and III treated with ILRT (following to 

EBRT) with various overall treatment time shows: 1. Linear 

Quadratic model based analysis of biological effective dose 

reveals fall of BED with increase of overall treatment time. 

The possible reason could be the increase of sub lethal 

damage repairing and repopulation of disease in the long 

overall treatment time; 2. The reduction in disease free 

survival with increase in overall treatment time may be 

associated with the decrease of biological effective dose at 

the target; 3. Clinical end point of this study is more 

significant from 100 days of overall treatment time where 

BED lost become more than 0.10 Gy/day; 4. The relative risk 

of local recurrence of stage III is higher (about 2.5 times) 

than that of stage II nasopharyngeal patients. 
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