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Abstract
Introduction. Altered fractionation has demonstrated clinical benefits compared to the conventional 2 Gy/day standard of 70
Gy. When using synchronous chemotherapy, there is uncertainty about optimum fractionation. IMRT with its potential for
Simultaneous Integrated Boost (SIB) adds further to this uncertainty. This survey will examine international practice of
IMRT fractionation and suggest possible reasons for diversity in approach. Material and methods. Fourteen international
cancer centres were surveyed for IMRT dose/fractionation practised in each centre. Results. Twelve different types of dose
fractionation were reported. Conventional 70�72 Gy (daily 2 Gy/fraction) was used in 3/14 centres with concurrent
chemotherapy while 11/14 centres used altered fractionation. Two centres used �1 schedule. Reported schedules and
number of centres included 6 fractions/week DAHANCA regime (3), modest hypofractionation (52.2 Gy/fraction) (3),
dose-escalated hypofractionation (]2.3 Gy/fraction) (4), hyperfractionation (1), continuous acceleration (1) and
concomitant boost (1). Reasons for dose fractionation variability include (i) dose escalation; (ii) total irradiated volume;
(iii) number of target volumes; (iv) synchronous systemic treatment; (v) shorter overall treatment time; (vi) resources
availability; (vii) longer time on treatment couch; (viii) variable GTV margins; (ix) confidence in treatment setup; (x) late
tissue toxicity and (xi) use of lower neck anterior fields. Conclusions. This variability in IMRT fractionation makes any
meaningful comparison of treatment results difficult. Some standardization is needed particularly for design of multi-centre
randomized clinical trials.

Dose fractionation radiotherapy trials in head and

neck cancer over the past 20 years have established

clinical benefits for a variety of modified fractionation

schedules compared to the conventional 2 Gy per day

to a total of 70 Gy over 7 weeks. When concurrent

chemoradiation is used, there is further variation over

the choice of optimum fractionation schedule.

IMRT, with its potential for Simultaneous Integrated

Boost (SIB), further adds to this uncertainty [1] such

that there is an increasing lack of uniformity of

practice with no single ‘standard of care’.

In SIB, each target volume is treated to the same

number of fractions and therefore receives a different

dose per fraction. Planning studies suggest that this

method produces the most conformal dose distribu-

tion compared with using sequential IMRT plans

[2]. Although this offers the distinct advantage of

tailoring the appropriate dose to each target volume

according to risk, it is a departure from the uniform

fraction size conventionally employed.

There are now several published series of patients

treated with head and neck IMRT which together

demonstrate a plethora of fractionation regimes. It is

apparent that single institutions are developing not

only protocols that are ‘in-house’ but which are also

evolving and changing with experience. We aim to

examine the international practice of IMRT used for

head and neck cancer through a survey of IMRT

dose fractionation currently used in cancer centres

around the world. A radiobiological comparison of

the schedules is made. The variability of IMRT

practice that currently exists is discussed with

suggestions of possible reasons for this diversity in

approach.
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Material and methods

A postal survey was sent out in April 2006 to enquire

about the IMRT dose fractionation used for the

definitive treatment of head and neck cancer in 18

international cancer centres. Clinicians that were

approached were those felt to be from centres which

had contributed significantly to recent published

literature on the radiotherapy practice for head and

neck cancer. In the questionnaire, each centre was

asked about the number of target volumes employed,

mean dose to CTVs, number of fractions, Gross

Target Volume (GTV) expansion to Clinical Target

Volume (CTV) and use of concurrent systemic

agents. We defined the target volumes as follows:

CTV1�GTV with margin for microscopic spread,

CTV2�organs and nodes at high risk of micro-

scopic spread (e.g. 1st station lymph nodes or post

operative node �ve regions), CTV3�surgically

unperturbed or electively treated nodes at modest

risk of microscopic disease.

The aim of radiotherapy is to deliver a high dose to

the tumour sufficient to eradicate gross disease

whilst limiting the total dose to mucosa to ensure

that patients complete treatment without unplanned

interruptions. Furthermore, normal tissue at risk of

late effects must be protected from exceeding radia-

tion tolerance. These factors were all evaluated and

compared for each radiotherapy schedule according

to three radiobiological criteria [3]:

1. Acute Mucosal Biologically Effective Doses

(BED)

2. Tumour BED

3. Late Tissue BED

Fowler et al. estimated an acute mucosal BED

threshold level of 61 Gy10 (grey zone of 59-61 Gy10)

for intolerable acute oral and pharyngeal mucosal

reactions from radiotherapy only treatments. This

threshold was developed from analysing clinical data

from conventional radiotherapy trials and therefore

is provisional for any new radiotherapy modality

such as IMRT [4]. His suggested parameters and

BED formula (Figure 1) were applied to calculate

the acute mucosal BED for comparing between

schedules: a�0.35 Gy�1, a/b�10 Gy, Tk�7days,

Tp�2.5days [4]. The first treatment is on day 0

rather than on day 1 onwards when calculating

overall treatment time. All treatments were assumed

to commence on a Monday.

For calculation of tumour BED, the following

parameters were applied to the linear quadratic

formula: a/b�10 Gy, Tk�21days, k�0.66 Gy/

day. When calculating late tissue BED, a/b was

3 Gy and the threshold was taken to be 117 Gy3

based on rates of late toxicity when using conven-

tional 70 Gy delivered in 2 Gy/fraction. Both tumour

and acute mucosal BED were corrected for overall

treatment time but late tissue BED was not. Log10

cell kill is calculated using calculated tumour BED

multiplied by a (0.35 Gy�1) and this number

divided by 2.303 [3].

Results

A total of 14 head and neck clinicians (including our

centre), responded to the survey and returned the

questionnaire (Table I). Schedules were available for

comparison from nine European cancer centres four

from North America and one from Japan.

Dose fractionation

A total of 12 different schedules were reported from

the survey (Table I). More than one schedule was

used in two centres, either because of trials or

according to departmental treatment protocol tai-

lored to different indications. Conventional fractio-

nation of 2 Gy per fraction daily for a total of 7

weeks, considered by many as the standard of care,

was only used in three centres. The majority of the

other centres surveyed used altered fractionation

In centres that used altered fractionation, three

centres selected an accelerated schedule of 6 frac-

tions/ week delivering 66�70 Gy based on the

DAHANCA regime [5]. In another three centres,

dose per fraction was increased up to 2.2 Gy per

fraction. An even higher dose per fraction was used

for four centres, including our own, for phase I

radiotherapy dose escalation trials. The concomitant

boost schedule employing a 2 phase treatment was

used for IMRT in 1 centre surveyed. In the one

centre where hyperfractionation schedule was used,

patients are treated continuously twice daily for 10

days followed by a week’s break and then another 10

days of twice daily fractions to complete the treat-

ment.

The dose escalated hypofractionated schedules are

all being used within a phase I study design in each

of the four centres to investigate its safety and

tolerability. The MD Anderson Cancer Centre is
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Figure 1. Calculation of Acute Mucosal BED.
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using the accelerated schedule of 6 fractions per

week as part of the RTOG 0522 protocol. The other

dose fractionation reported as part of clinical trials

were by Shirato, De Neve [6], Nutting [7,8] and

Slevin.

The median total overall treatment time for all the

schedules used for primary radiotherapy is 39 days

(range 25 � 47 days) or 6 weeks. Dose per fraction to

the PTV1, PTV2 and PTV3 ranged between 1.5 to

3.0 Gy (median 2.0 Gy), 1.4 to 2.3 Gy (median 1.8

Gy) and 1.15 to 2 Gy (median 1.8 Gy) respectively.

Nine of the fourteen centres incorporated an

intermediate dose to a moderate risk target volume

for a primary radiotherapy treatment plan to make a

total of 3 dose levels (Figure 2). Eight centres

reported using the same number of fractions for all

target volumes. The other six centres reported using

different number of fractions and dose per fraction

mainly for prophylactic PTV3 where an anterior

neck field can be matched on to the IMRT plan.

Biologically Equivalent Dose (BED) comparison

Table II ranks the schedules according to the tumour

BED delivered. At least half of the centres were

using schedules that delivered a high tumour dose

of above 11 log10 cell kill. The dose escalated

fractionation delivered the highest tumour BED

and unsurprisingly, also delivered a high late tissue

BED, acute mucosal dose or both. The top tumour

Table I. IMRT dose fractionation reported in survey.

CTV1 CTV2 CTV3

Schedule

type

Weeks Dose (Gy) Fraction Gy per

fraction

Dose

(Gy)

Fraction Gy per

fraction

Dose

(Gy)

Fraction Gy per

fraction

Conventional 2Gy per fraction

1 Prof J Bernier,

Switzerland

6.5�7 70�72 35�36 2 54�60 35 1.5�1.7 50 25 2

Prof V Gregoire,

Belgium

7 70 35 2 � � � 50 25 2

Prof A Eisbruch,

USA

7 72 35 2 64 35 1.8 60 35 1.7

Modest Acceleration

2 Prof P Levendag,

Netherland

6 70 35 2 � � � 46 23 2

Prof K Ang/ Dr A

Ahamad, USA

6 70 35 2 56 35 1.6 50 25 2

Prof C Grau,

Denmark

5.5 66�68 33�34 2 60 33�34 1.8 50 33�34 1.5

Continuous Acceleration

3 Prof B

Maciejewski,

Poland #

6 72 40 1.8 70 40 1.8 50 40 1.25

Concomitant Boost

4 Prof W

Mendenhall, USA

6 72 42 1.5�1.8 � � � 49.5�54 30 1.7�1.8

�2Gy per fraction

5 Prof P Harari,

USA

6.5 70 33 2.1 60�66 33 1.8�2 54 33 1.63

6 Dr C Nutting, UK

#

6 65 30 2.2 � � � 54 30 1.8

7 Prof J Bourhis,

France

7 70�75 35 2.1 � � � 50 25 2

Dose Escalated Hypofractionation

8 Dr H Shirato,

Japan

6 74 30 2.5 68 30 2.3 60 30 2

9 Prof W De Neve,

Belgium

6.5 72.5�77.5 32 2.5�3.0 62�65.9 32 1.9�2.1 56 32 1.75

10 Dr C Nutting, UK

#

5.5 63�67.2 28 2.3�2.4 � � � 51.8 28 1.85

11 Dr N Slevin, UK 5 62.5�65 25�26 2.5 55�57.5 25�26 2.2�2.3 50 25�26 2

Hyperfractionation

12 Prof B

Maciejewski,

Poland #

4 64 40 1.6 � � � 50 40 1.25

# Uses 2 IMRT schedules.

Head and neck cancer IMRT dose fractionation variability 433



cell kill was achieved by De Neve through a dose

escalation study treating the high dose volume to

72.5�77.5 Gy in 32 fractions delivering a very high

log10 cell kill of 12.5 or tumour BED of 82.2 Gy.

The first phase consisted of dose escalation to a focal

FDG-PET defined region to a dose of 25 Gy (dose

level 1) and 30 Gy (dose level 2) in 10 fractions. The

second phase delivered 47.5 Gy in 22 fractions (2.16

Gy per fraction) using a sequential IMRT plan [6].

The potential of the top 3 schedules for tumour cell

kill in this survey has already exceeded (�11.25

log10 cell kill) the tumour cell kill ability from the top

head and neck schedules previously ranked by

Fowler [3].

Four of the schedules lay in the ‘grey zone’ (59�61

Gy10) for intolerable acute oral and pharyngeal

mucosal reactions with 2 schedules markedly (by

�10%) above this provisional limit of 61 Gy10. If a

contribution of 3�5 Gy10 by systemic chemotherapy

toward this threshold was taken into account, the

majority of the schedules will either be in or

exceeding this provisional limit [4].

The majority of the schedules were used within a

multi-modality treatment strategy for locally ad-

vanced stage disease. Centres that used synchronous

chemotherapy all preferred platinum based che-

motherapy, most commonly Cisplatin single agent

while 2 other centres reported the use of combination

doublet chemotherapy. All the 5 centres using con-

ventional dose fractionation of 70�72 Gy in 2 Gy per

fraction treating 5 times a week used synchronous

chemotherapy. One centre combined nimorazole and

Cisplatin with their modestly accelerated radiother-

apy schedule. Two centres were using synchronous

cetuximab including one centre participating in a

Table II. Radiobiological comparison of schedules.

Mean Dose to

CTV1

Tumour BED

(Gy10)

Tumour Log10

cell kill

Acute Mucosal BED

(B61Gy10)

Late Tissue BED

(B117Gy3)

Systemic Concurrent

Treatment

De Neve 77.5Gy/32f

(DL2)

82.2 12.5 68.3 141.7 Cisplatin

Shirato 74Gy/30f 80.4 12.2 66.9 134.8 Cisplatin

Bourhis 70�75Gy/35f 74.6 11.3 60.2 128.6 Cisplatin

De Neve 72.5Gy/32f

(DL1)

74.5 11.3 60.5 131.0 Cisplatin

Maciejewsk

i#

72Gy/40f 73.1 11.1 58.8 115.2 None

Nutting # 67.2Gy/28f

(DL2)

72.8 11.1 58.8 121 Cisplatin

Mendenhall 72Gy/42f 72.5 11.0 59.1 113.4 Cisplatin

Levendag 70Gy/35f 72.1 11.0 58.7 116.7 Cisplatin

Ang/Ahamad Cisplatin�/�
Cetuximab

Slevin 65Gy/26f

(DL2)

72.0 10.9 59.1 119 Cetuximab

Maciejewski

#

64Gy/40f 71.6 10.9 59.9 98.1 None

Slevin 62.5Gy/25f

(DL1)

70.9 10.8 58.3 114.6 Cetuximab

Grau 68Gy/34f 70.4 10.7 57 113.3 Nimorazole/Cisplatin

Harari 70Gy/33f 69.7 10.6 55.5 119.5 Cisplatin

Bernier 72Gy/36f 67.9 10.3 53.1 120 Cisplatin

Gregoire 70Gy/35f 67.5 10.3 53.1 117 Carboplatin/ 5FU

Eisbruch Carboplatin/ Paclitaxel

Nutting # 65Gy/30f 67.2 10.2 53.7 111.8 None

Nutting # 63Gy/28f

(DL1)

66.6 10.1 53.4 110.3 Cisplatin

DL1: Dose Level 1.

DL2: Dose Level 2.

# Uses 2 IMRT schedules.

Figure 2. Two vs Three target volume delineation.
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chemoradiation trial randomised to with or without

cetuximab (RTOG 0522). Only 2 centres were

deploying IMRT as a single modality primary treat-

ment with both using altered fractionation.

Table III ranks the schedules according to the

calculated acute mucosal dose and looks at any

correlation between how ‘hot’ a schedule is with the

decision to deliver concurrent treatment, number of

target volumes and margins around CTV. Only the

top dose level is displayed if there is a

2 dose level escalation study. For comparison,

schedules are divided into those that lie above or

within the ‘grey zone’ of acute mucosal BED as

proposed by Fowler et al. [4].

Six centres were using schedules that lay in or

above the acute mucosal BED ‘grey zone’ (59�61

Gy10) including 2 dose-escalated schedules, deliver-

ing 66.9 Gy10 and 68.3 Gy10, that were well beyond

this provisional limit. Four of these six centres were

also using systemic chemotherapy with their sche-

dule. Eight of ten centres below this provisional limit

listed systemic chemotherapy as part of the treat-

ment. Late tissue BED exceeds 117 Gy3 in 7 of these

schedules. When comparing dose to late tissues,

despite the relatively high late tissue BED (�125

Gy3) for 3 of the schedules, Cisplatin synchronous

chemotherapy was used in these 3 schedules.

Minimum margins placed around a GTV to form

the CTV as per ICRU 50 and 62 varied considerably,

mainly ranging between 0.3 � 1 cm with a maximum

of 2 cm stipulated by two centres. Four respondents

did not specify any figures and indicated that their

margins were either variable according to the clinical

case or expanded to the anatomical compartment

within which the GTV is contained. For the respon-

dents who defined a minimum margin, half (5

centres) selected B1 cm with the other half (5

centres) preferred a minimum margin of 1 cm.

Margins used for CTV expansion to PTV were not

surveyed.

Discussion

The implementation of IMRT not only involves

delivering highly conformal non-uniform beams but

demands a whole new approach to the treatment

planning process, right from initial patient immobi-

lisation to accurate beam delivery and verification.

Factors at each stage will influence the selection of a

preferred dose fractionation.

We wish to emphasise that the radiotherapy

schedules, systemic agents used and margins applied

to target volumes reported are not intended to justify

or support any one particular approach for IMRT.

Furthermore, the institutions surveyed may not have

fully specified the entire IMRT protocol used due to

specific indications for individual dose fractionation.

We recognise that any survey, however comprehen-

sive, may not fully represent the entire picture of

what is ultimately a complex treatment. However,

we feel that a comparison and discussion of the

radiotherapy schedules kindly provided by the re-

spondents can provide important and informative

views of the variability of the IMRT dose fractiona-

tion currently in use.

Table III. Acute mucosal tolerance factors.

Acute Mucosal BED

(B59�61Gy10)

Systemic Concurrent

Treatment

Intermediate target

volume

Margin from GTV to

CTV1

De Neve 68.3 Cisplatin Yes Compartment

Shirato 66.9 Cisplatin Yes 5mm

Bourhis 60.2 Cisplatin No Variable

Maciejewski # 59.9 None No 1�1.5cm

Mendenhall 59.1 Cisplatin No 1cm

Slevin 59.1 Cetuximab Yes ]0.5cm

Maciejewski # 58.8 None Yes 1�1.5cm

Nutting # 58.8 Cisplatin No 1�2cm

Levendag 58.7 Cisplatin No 5mm

Ang/Ahamad 58.7 Cisplatin �/�
Cetuximab

Yes 1cm

Grau 57 Cisplatin/

Nimorazole

Yes Variable

Harari 55.5 Cisplatin Yes 3mm

Nutting # 53.7 None No 1�2cm

Bernier 53.1 Cisplatin Yes 5mm

Gregoire 53.1 Carboplatin/5FU No Compartment

Eisbruch 53.1 Carboplatin/

Paclitaxel

Yes 1�2cm

# Uses 2 IMRT schedules.
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Dose escalation

There is a well established steep dose response

relationship in head and neck carcinoma for local

tumour control which translates into improved

survival. It is well accepted that the increase (or

decrease) of loco-regional control in head and neck

cancer (near the middle of a dose-response curve) is

approximately 1.7% of loco-regional control per 1%

change in total dose (expressed as Normalised

Tumour Dose in 2 Gy fraction equivalents; and

this means 1.2% of tumour BED), assuming that a/b
is 10 Gy for tumours [9]. However at higher doses,

increased levels of acute normal tissue toxicity

become dose limiting with conventional radiother-

apy techniques. From the survey, half of the centres

were already attempting to deliver more than 11

log10 cell kill using IMRT despite some schedules

delivering a high acute mucosal BED beyond the

provisional limit (61 Gy10) estimated by Fowler et al.

[4]. This acute mucosal BED constraint is by no

means definitive but can be useful to provide a safety

threshold beyond which any higher mucosal BED

needs to be considered with caution and to exceed

only gradually.

In the three centres investigating a 2 dose level

escalation, the schedules selected have followed a

strategy of increasing dose per fraction (mean 2.6

Gy/fraction) and reducing overall treatment time

(mean 37.5 days). On the other hand, there were

different approaches to the use of synchronous

systemic treatment. De Neve and Nutting are both

using synchronous Cisplatin chemotherapy, espe-

cially for patients with locally advanced disease.

Although chemoradiation may be the standard

treatment for locally advanced disease, local control

may be improved with IMRT dose escalation rather

than adding chemotherapy to radiotherapy with its

unpredictable enhanced toxicities. Combination of

cetuximab with radiotherapy is reported not to be

associated with increase in acute radiation toxicity

(e.g. mucositis) compared with radiotherapy alone

(in contrast to synchronous chemotherapy) and is

therefore ideal for study in a radiotherapy dose

escalation study [10].

Total volume

It is well accepted that acute radiotherapy toxicity

correlates with total irradiated volume. Mucositis

has always been a crucial dose limiting factor for

radiotherapy and Fowler et al. estimated a provi-

sional limit (61 Gy10) beyond which acute mucosal

reaction becomes intolerable [4]. However, this limit

was based on conventional treatment planning and

does not take into account field size or treatment

volume which was frequently relatively large. IMRT

is superior to conventional planning and delivery in

terms of the closeness of fit to the desired dose map

potentially leading to smaller target volumes and

therefore, as Fowler predicted, IMRT is already

testing this mucosal tolerance threshold.

However, there has been little research into the

actual impact of IMRT on acute mucositis and

no randomised study comparing conventional con-

formal radiotherapy and IMRT in sparing mucositis.

A comparison of 2 series of patients, found that

regardless of treatment technique, mucositis

remained a severe acute reaction for any patient

having to receive head and neck radiotherapy [11].

Total treatment volume can an important con-

sideration when selecting an appropriate dose frac-

tionation although a comparison of treatment

volumes between each centre is beyond the scope

of this survey. Ultimately, many head and neck

patients need to have extensive PTV coverage and

hence spare relatively little mucosa compared to

conventional treatment. Bernier and Grau will vary

the total dose slightly (�/�2 GyGy) based on the

total treatment volume. Another centre (Macie-

jewski) used a continuous accelerated (CAIR) sche-

dule of 72 Gy in 40 fractions for small to average

treatment volume but preferred to offer patients

hyperfractionated radiotherapy for irradiating large

treatment volumes. However, radiobiological mod-

elling (Table II) shows that the hyperfractionation

regime in fact delivers a higher mucosal dose (59.9

Gy10) compared to the CAIR schedule (58.8 Gy10).

The PET guided radiotherapy used in the dose

escalation study by De Neve recognizes the pitfalls of

irradiating too large a high dose volume and there-

fore limits the dose escalated PTV to 10 cm3 [6].

Number of target volumes

SIB fully utilizes the potential of IMRT by tailoring

the dose to each tissue volume according to risk.

Theoretically, there can be any number of target

volumes although in practice, most radiotherapists

will delineate not more than 3 target volumes.

Regions at high risk of microscopic spread, tradi-

tionally treated to a radical dose, can be encom-

passed within an intermediate dose target volume

which reduces the total volume receiving a high

dose. By restricting the high dose volume, acute

radiotherapy toxicity can be reduced and GTV can

potentially be dose escalated.

From the survey, however, clinicians seem to be

divided on the benefit of an intermediate target

volume in primary IMRT with many opting for the

traditional 2 target volumes approach. The type of

schedule used did not seem to influence the decision

of whether each centre chose 2 or 3 dose levels. This
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may be due to the absence of any randomized IMRT

studies comparing patterns of recurrence between

the use of 2 or 3 target volumes. Secondly, although

a sub-radical dose is acceptable and commonly used

for post-operative regions at high risk of microscopic

disease, there is limited evidence to indicate that this

dose is sufficient to eradicate microscopic disease

around a GTV or in a first station lymph node level.

To date, in published case series of patients treated

with 3 target volumes IMRT, the area of recurrence

remains mainly in the high dose region but further

follow-up is awaited to show that an intermediate

dose does not compromise tumour control [12,13].

Additionally, the definition of an intermediate target

volume is unclear. One respondent found it difficult

to define an intermediate zone where an elective

dose of 50 Gy is inadequate and where a definitive

dose of 70 Gy potentially over treats; and hence

preferred to continue using just 2 target volumes.

Another respondent remarked that CTV1 is difficult

enough to delineate without even considering an

intermediate target volume yet. This is likely due to a

lack of confidence in the accurate localization of

GTV and consequently is compensated by a larger

high dose volume. It remains to be seen if promising

imaging modalities like FDG-PET can help to

localize gross disease more accurately and make an

impact on target volume delineation. Early work

suggests that GTV drawn with FDG-PET guidance

is smaller than with CT or MR and where there are

surgical specimens for comparison, perhaps more

accurate [14].

Systemic synchronous treatment

Chemoradiation is now widely adopted for treating

locally advanced disease but the optimal radiother-

apy schedule to be used with synchronous che-

motherapy remains unclear. Although altered

fractionation remains an attractive option due to its

superior tumour control rates, its role in chemor-

adiation is even more uncertain as this combination

is regarded by some as intolerable for routine use

and may be the reason why some of these schedules

were delivered without chemotherapy.

Fowler et al. estimates that concurrent chemother-

apy adds an equivalent of 3�5 Gy10 to the acute

mucosal dose [4]. Centres that were using schedules

delivering mucosal dose at or above the threshold for

mucosal tolerance seemed to be less likely to use

systemic chemoradiation compared to those centres

using less intensive schedules in our survey (4/6 vs 8/

10) although this did not approach statistical sig-

nificance due to the small numbers (p�0.60,

Fisher’s Exact Test). Centres that offered hyperfrac-

tionation did not use synchronous chemotherapy

although the addition of chemotherapy to hyperfrac-

tionation has shown evidence of improved local

control compared with hyperfractionation alone

[15�17]. However, adding in synchronous che-

motherapy into hyperfractionation, which already

appears to fall into the threshold grey zone of

uncertainty (59�61 Gy10), can potentially push the

acute mucosal dose beyond this threshold resulting in

intolerable acute mucositis, treatment gaps or con-

sequential normal tissue damage.

Overall treatment time

Shorter overall treatment time is advantageous for

tumour control in head and neck carcinoma to

overcome accelerated repopulation of tumour clono-

gens [18], In SIB, the approach of using a higher

dose/fraction conveniently adds the advantage of a

shorter course of treatment. Overall, IMRT sche-

dules surveyed showed a considerably shorter overall

treatment time (median 39 days) than the conven-

tional 70 Gy delivered over 7 weeks (46 days).

Treatment planning and delivery

Planning of IMRT demands considerable resources

in planning and verification which restricts the

choice of schedules requiring two or more plans

such as the concomitant boost technique where a

separate plan is required for the second phase boost.

The dose escalation schedule by De Neve also

requires a 2 phase IMRT treatment plan which

may make this type of schedule more difficult to

implement.

IMRT plans require multiple beams, sometimes in

excess of 10 beams, which means a prolonged

immobilization time for the patient on the treatment

couch. Furthermore, clinicians may employ complex

patient positioning systems that requires patient

immobilization up to 35 minutes [19]. This may

increase patient discomfort leading to increased

intra-fraction movement and reduced treatment

accuracy. A longer treatment couch time may favour

schedules using less number of fractions which is

probably reflected in the RTOG-0522 study where a

6 fractions/week schedule (35 fractions) was pre-

ferred for IMRT while centres using 3D-conformal

radiotherapy were recommended to use the conco-

mitant boost schedule (42 fractions) [20]. Prolonged

treatment time may result in loss of efficiency in

tumour cell kill due to purported intracellular repair

in 1/2 hour or more [21].

GTV to CTV margins

There is undoubtedly a wide variation in margins

applied around GTV to form the CTV in this survey
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reflecting the lack of research into what defines an

optimal GTV margin. An analysis of the extent of

microscopic disease around an involved lymph node

has been reported and a minimum of 1 cm was

proposed to account for extracapsular spread [22].

However, there is a lack of corresponding data to

make any recommendations when delineating the

primary CTV. Some respondents believe that entire

tissue volumes bounded by natural barriers (or

compartments) such as fascial planes should be

treated while others may employ a larger margin to

avoid local recurrence. If a larger head and neck total

volume is irradiated, a less intense dose fractionation

is sometimes used ostensibly to enable patients to

complete treatment safely. In our survey, however,

there do not seem to be any association between

margins applied around the GTV and BED doses to

the mucosa or late tissues.

Geometric margins

Implementation of IMRT, especially when escalating

treatment dose, demands highly accurate imaging

for verifying treatment position. Lack of confidence

in consistent reproducibility of patient setup may

result in wrapping a larger margin around the CTV

for expansion to PTV. This is increasingly an

important issue when the use of intensive altered

fractionation combined with chemotherapy is ex-

panding. This increases the risk of significant weight

loss and rapid tumour shrinkage, leading to a change

in planned dose distributions where at present,

guidance on whether and when re-planning should

be carried out is lacking [23]. In our survey, Shirato

reports using 3 gold fiducial markers in a precise

mouthpiece with 2 sets of fluoroscopy for real time

tumour tracking to enable treatment with a markedly

dose escalated IMRT schedule in his study [19].

Harari (University of Wisconsin) reports using

optical guidance in his centre with continuous

monitoring and thereby justifying a small geometric

expansion margin of 3 mm.

Late tissue toxicity

The SIB delivery of a higher than 2 Gy/fraction to

the CTV1 is a concern for radiotherapists worried

about late tissue toxicity. This is especially important

in IMRT where relatively more inhomogeneity

within the target volume will result in higher dose/

fraction than prescribed [24]. However, this survey

indicated that nearly half of the centres selected a

schedule with a higher than conventional dose/

fraction, especially for 2 level dose escalation studies.

Keeping high dose target volumes small with IMRT

and utilizing 3 target volumes may be a factor why

this strategy was considered. In addition, we look

forward to learning whether schedules that deliver a

high late tissue BED, especially the top 4 schedules

(Table II) delivering �125Gy3, can be maintained

after longer follow-up.

Although the use of synchronous chemotherapy is

widely recognised to increase late tissue toxicity,

relatively little is known of its actual consequences.

Hence, the addition of chemotherapy to already

markedly dose escalated schedules delivering a high

late tissue BED merits careful scrutiny. Even if

IMRT can reduce dose to tissues and organs outside

of target volumes, normal tissue embedded within

the target volume will inevitably risk long-term

damage.

Lower neck irradiation

Conventional elective dose to the lower neck is 50

Gy/25 fractions or 40Gy/15 fractions using a

matched-on anterior field. One of the key advantages

of IMRT is the ability to treat an entire volume in a

single plan which reduces the uncertainty of match-

ing on an anterior neck field or a posterior neck

electron beam. To enable this approach using a

conventional schedule of 35 fractions, at least 56�60

Gy will have to be delivered to the lower neck over

the same number of fractions. This dose has not

been validated to be an adequate prophylactic dose

especially when the dose per fraction is much lower

(1.6�1.7 Gy/fraction). Concerns have been ex-

pressed about this low dose/fraction; in order to

maintain a daily dose/fraction of at least 1.8 Gy,

either a smaller than conventional number of frac-

tions (530 fractions) or separate sequential IMRT

plans will have to be considered [25].

Conclusions

There is wide variation in the dose and fractionation

used internationally in head and neck IMRT. There

is perhaps a larger variation in the results reported

due to the sampling of more research-oriented

centres and therefore more likely to modify dose

fractionation.

Based on this survey, we have surmised that the

variables include (i) the desire to dose escalate; (ii)

total irradiated volume; (iii) number of target

volumes delineated; (iv) synchronous use of systemic

treatment; (v) shortening of overall treatment time;

(vi) availability of resources for IMRT planning; (vii)

longer time on treatment couch; (viii) variable GTV

margins; (ix) confidence in treatment position setup;

(x) late tissue toxicity concerns and (xi) use of lower

neck anterior fields.
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Together with a remarkably heterogeneous varia-

tion in head and neck IMRT target delineation [26]

and substantial discrepancy in dose prescribing dur-

ing planning [27], it becomes even more difficult to

make any meaningful comparison of IMRT treatment

results. Some standardization is needed particularly

for design of randomized multi-centre clinical trials.
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