ORIGINAL ARTICLE

Impact of geometric uncertainties on dose
distribution during intensity modulated
radiotherapy of head-and-neck cancer: the

need for a

planning target volume and a

planning organ-at-risk volume

O. Ballivymp,* W. Parkermse,*T T. Vuongvp,*
G. Shenoudanp,* and H. Patrociniousc * T

ABSTRACT

We assessed the effect of geometric uncertainties

target coverage and on dose to the organs abrsg)(
during intensity-modulated radiotherapyrr) for
head-and-neck cancer, and we estimated the requ
margins for the planning target volunme\() and the
planning organ-at-risk volumerv). For eight head-
and-neck cancer patients, we generated plans
with localization uncertainty margins of 0 mm

2.5 mm, and 5.0 mm. The beam intensities were th

applied on repeat computed tomograptmy) Ecans

a high degree of conformity to the target volume and
greater sparing of normal tissue. In the treatment of
ohead-and-neck canceurt is used mainly to preserve
salivary function after radiotherapy*and to improve
dose coverage for complexly shaped tumours located
iredear critical structures’. In addition, becauserT
allows a higher dose to be delivered to the macro-
scopic tumour than to the area at risk for microscopic
disease within the same fraction, ther technique
is ideally suited to the simultaneous delivery of inte-
ergrated-boost accelerated fractionation schéfes
Accounting for geometric uncertainties is an im-

obtained weekly during treatment, and dose distri-portant issue withmrt, because the isodose lines

butions were recalculated.

The dose—volume histogram analysis for the 1
peatcT scans showed that target coverage was
equate (\,, = 95%) for only 12.5% of the gross
tumour volumes, 54.3% of the upper-neck clinic
target volumesdrvs), and 27.4% of the lower-neck
cTvs when no margins were added fov. The use
of 2.5-mm and 5.0-mm margins significantly im
proved target coverage, but the mean dose to the @
tralateral parotid increased from 25.9 Gy to 29.2 G
Maximum dose to the spinal cord was above limit
57.7%, 34.6%, and 15.4% of cases when 0-m
2.5-mm, and 5.0-mm margins (respectively) we
used forrrv.

Significant deviations from the prescribed dos
can occur duringvrT treatment delivery for head-
and-neck cancer. The use of 2.5-mm to 5.0-mm m
gins for pTv and rPrv greatly reduces the risk of
underdosing targets and of overdosing the spinal cg
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1. INTRODUCTION

Intensity modulated radiotherapyi{T) uses an op-

conform tightly to the target volume. One approach
e-to compensate for set-up errors, organ motion, and
adehanges in target geometry consists of defining plan-
ning target volumesrtv) for targets and planning
al organ-at-risk volumesgv) for critical structures, as
recommended by the International Commission on
Radiation Units and Measuremenisr() 1911 For
- the head-and-neck region, the safety margins included
onn thepTv are usually chosen to reflect expected set-
y.up uncertainties.
in During treatment, portal imaging can be used to
m,assess the accuracy of field alignment. However, ac-
re quiring port films forivrT is often impractical be-
cause of the complex modulation of the beam
se intensity. Thus, set-up verification forrt usually
consists of acquiring orthogonal images to check the
arisocentre localization. Verification methods that rely
on this kind of two-dimensional imaging may not
rdprovide a comprehensive overview of all the geo-
metric variations that can influence dose distribution
in aniMrRT treatment. Slight variations in the patient’s
neck and shoulder positioning may not be properly
2r-assessed, and some significant changes in shape be-
cause of a patient’s weight loss or tumour shrinkage
may not be detected. Furthermore, the effects of these
changes on the dose distribution are not as intuitive
during treatment witlvrT techniques. A propetrv
andprv definition forimrT should not only focus on

timized modulation of the beam fluences to generatethe potential location of the target and the organs at

complex dose distributions that are characterized

byrisk during treatment, but should also integrate any
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geometric variation in the surrounding tissue that mjay2.3 Contouring Target Volumes and OAR
result in significant deviation from the prescribed
dose. The gross tumour volumeiv), clinical target vol-

In the present study, we assessed the effect oime ¢T1v), and organs at risk£rs) were contoured
geometric variations—including changes in patient on the initial planningt scan according taru defi-
anatomy and set-up uncertainties—on the target covsitions. The primary tumour and each positive node
erage and the dose to organs at risk by recalculatingvere delineated as separate volumes, except when
IMRT dose distributions on repeat computed tomogra-they were immediately adjacent. Tdw was defined
phy (1) scans taken during treatment. In addition, as any potential area of microscopic disease and usu-
we generatedvrT plans using 2.5-mm and 5.0-m ally included a margin of at least 1 cm around the
localization uncertainty margins to estimate #the GTVv to account for direct tumour invasion (except
andprv that would be effective in preventing signifir when it was adjacent to structures known not to be
cant underdosing of the target volume and overdos-involved), plus the lymph-node regions at risk. For
ing of the critical structures. dose prescription anovH analysis, the upper and
lower nodal neck regions were contoured separately.
The normal structures that were defined were the
spinal cord and brain stem, the ipsilateral and con-
tralateral parotids, the mandible, and the larynx. The
target volumesdrtv andcTtv) andoars were then re-

We included 8 head-and-neck cancer patients condrawn on all the repeat scans by a single radiation
secutively treated withurT at our institution in this | oncologist. An anatomy-matching fusion algorithm
dosimetric study. Primary tumour sites included semiautomatically matched the original with the re-
oropharynx (4 patients), nasopharynx (2 patients),peat CT scans so that the original targets were super-
maxillary sinus (1 patient), and nodal metastasis fromimposed on the repeat CT scans. The target contours
an unknown primary (1 patient). All patients had were then modified with respect to changes in pa-
locally advanced stage-iv(a) disease according to tient anatomy.

the 2002 American Joint Committee on Cancer clas-

sification. In 7 patients, the treatment volume cop- 2.4 IMRT Treatment Planning

sisted of comprehensive nodal irradiation (upper and

lower neck nodes), and 1 patient received treatmenfThectimages and radiotherapy structures were trans-
to the primary tumour site and upper neck region only.ferred from the initial planningr scans to an inverse
Two patients also received concurrent chemotherapyplanning system (Corvus 5.0: Nomos Corporation,

2. PATIENTS AND METHODS

2.1 Patient Characteristics

with cisplatin. Sewickley, PA, U.S.A.), anthrT plans were gener-
ated using 7-9 equally spaced 6-MV photon beams.
2.2 CT Scans The prescribed dose was 66—70 Gy todhes, 54—

60 Gy to the upper neckv, and 54 Gy to the lower
Two weeks before the start of treatment, all patientsneckcTv, planned for delivery in a single phase using
first underwentT simulation in the treatment posit fractions of 1.6-2 Gy for thervs and 2.12-2.4 Gy
tion. To ensure proper immobilization and treatment for thectvs. The planning goal was to provide ad-
reproducibility, custom-made thermoplastic face equate target coverage (prescription isodose encom-
masks and shoulders pulls were used. The slice thickpassing at least 95% of each target) while limiting
ness of thet scan was 5 mm through the entire head the dose to thears (spinal cord: <45 Gy; brain stem:
and neck region. Each patient then underwent repeat54 Gy; parotid mean dose: <26 Gy).
cT scans at weekly intervals during treatment, with For each patient, threert plans were generated:
the goal of obtaining at least four scans per pa-| one with no margins for localization uncertainty, and
tient. However, because of severe weight loss (3 patwo with margins (2.5-mm, 5.0-mm) around thwe
tients) or significant shrinkage of a large neck massandcTv (resulting irrTvs) and around the spinal cord
(1 patient), some patients required a new mask durand brain stenr&vs). No margins were added around
ing the course of treatment. In each of these cases, the parotids and the othekrs.
newIMRT plan was generated for the remainder of the
treatment. As a result, only the repeatscans that | 2.5 Recalculation of Dose Distributions and Analysis
were made with the initial mask were used for the
study. Thus, 4 patients had four repeatscans as| The beam configurations and intensity profiles of the
planned, 2 patients had threrescans, and 2 patients initial iImrT plans generated from the planningscans
had twocT scans, for a total of 26 repeatscans. All were then applied on each repeascan. The radio-
the repeatT scans were acquired using the same| opaque fiducials placed on the thermoplastic mask
protocol that was used in the plannitigscans and | were used for isocentre alignment. Dose distributions
radio-opaque markers were placed on the thermoplaswere recalculated, and dose—volume histogramss]
tic masks to indicate the treatment isocentre. were generated for the targets angs. To assess dose
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coverage, the dosimetric parameters that were analargerptvs overlapped with the surrounding normal

lyzed included the percentage of the that received

at least 100% and 95% of the prescribed dosg,(V
V4o). In addition, the lowest dose to 1% of the targ
volume, which can also be defined as the dose de
ered to at least 99% of the volumeg,{Dwas used to

monitor for cold spots inside the target volume.

For the spinal cord and brain stem, the maximu
dose () and the highest dose to a volume of £ cn

(D,.m9 Were analyzed. The mean doseg (D) to

the ipsilateral and contralateral parotids were used

assess parotid sparing, and thg Rto the larynx,
plus the Q5 to the mandible were also recorded.

3. RESULTS

3.1 Analysis of the Target Coverage

Tabler summarizes the analysis of the target covg
age for the initialvrT plans and for the recalculatec

dose distributions from the repeatscans. Note that,

for the initialimrt plans, the values reported are fq

theprTvs generated with O-mm, 2.5-mm, and 5.0-m
uncertainty margins, and for the repeascans, val-
ues are for theTtvs andcTvs.

3.1.1 Initial IMRT Plans

The coverage of thervs as assessed by the mesg

values of \/,,and V,; was similar for the initiamrr

plans generated without any margins and for plq
with 2.5-mm and 5.0-mm margins. However, th

mean value of [y was lower for the upper- and lower

structures (such as the parotid glands), resulting in a
compromise in target coverage to achieve adequate
et organ sparing. In addition, tlhevs generated by add-
iving 5.0-mm margins around the nodal-regmms
frequently extended into the build-up region close to
the skin surface, where the calculated dose may be
mlower.
n
3.1.2 Repeat CT Scans
tdOverall, when no localization uncertainty margins
were added at the time of planning, the mean values
of V, oo Vo5 and g were significantly lower for the
repeatct scans than for the initiahrt plans. The
dose coverage improved for all target volumes when
PTVS were generated. Most of the benefit was seen
with the use of the 2.5-mm margins; the 5.0-mm
margins resulted in modest further improvement. The
or-rate of adequate target coverage, as defined by the
i proportion of targets with a,y,greater than or equal
to 95% also improved with the useraf’s. When no
r margins were added for uncertainty, only 12% of the
m cTvs, 54% of the upper-neckvs, and 25% of the
lower-neckctvs had a Y,,= 95%. With the use of
2.5-mm and 5.0-mm margins, this proportion in-
creased to 87.5% and 97.5% for theys, and to
97.1% and 100% for the upper-neaks respectively.
an However, with the 2.5-mm and 5.0-mm margins alike,
only 72.7% of the lower-neakrvs were adequately
nscovered by the prescription isodose. This result re-
e flects significant variation in shoulder position at the
time of the repeatt scan from the position at the

neckprtvs when 5-mm margins were used. This dif- initial planningct scan. As shown in Figure 1, the
ference probably arose because portions of theselevation of the shoulder on tle scan acquired

TABLE | Target coverage for the initial intensity modulated rad

iotheraysy )(plans and repeat computed tomography §cans when

0-mm, 2.5-mm, and 5.0-mm localization uncertainty margins were®used

Targets Magins (mean % + standard deviation)
0mm 2.5 mm 5.0 mm
Initial plan  Repeatt Initial plan  Repeatt Initial plan  Repeatt
GTV
Vlo%b 95.7+0.7 85.949.8 95.6+0.7 96.9+4.1 95.8+1.4 99.1+1.1
Vs 99.9+0.2 97.443.9 99.840.2 99.6+1.0 99.7+0.4 99.9+0.1
Dy 98.4+0.4 94.0£3.2 97.9+1.1 98.5+2.3 97.8+2.0 99.9+1.3
cTv upper neck
Vlo%b 97.6+0.4 94.742.9 97.5+1.0 98.4+1.3 95.4+1.4 98.7+1.2
Vs 99.5+0.3 97.91£1.6 99.310.5 99.5+0.5 98.1+0.5 99.7+0.3
Dy, © 97.3+1.2 91.045.6 96.0£3.1 98.9+2.8 91.4+3.2 99.74£2.2
ctv lower neck
Vlo%b 96.9+1.2 88.318.3 97.91£1.0 94.815.6 96.1+0.4 96.8+4.4
Vs 99.4+0.3 95.1+4.5 99.340.3 98.5+2.2 98.5+0.4 99.4+0.9
Dy °© 97.0£1.6 85.1+10.5 98.0%£1.6 95.315.4 90.047.1 98.9+3.0

99

a For the initialimrT plans, values are for the planning target volume obtained by expanding the gross tumour amluared(clinical

target volumedtv) with 0 mm, 2.5 mm, and 5.0 mm localizatio

n uncertainty margins. For the tayseatns (recalculated dose distribu-

tions), the values are for tleevs andcTtv, given that the localization uncertainty margins were added for planning only.

b Reported as a percentage (%) of the absolute volume.

¢ Reported as a percentage (%) of the prescribed dosedovéhandcTvs.
V00 = 100% of the prescribed dose; = 95% of the prescribed dose,J> the dose delivered to at least 99% of the volume.
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FIGUREL For this patient, elevation of the shoulder during the repeat computed tomogeapbgan (right) as compared with the planning
ct scan (left) resulted in reduced coverage of the lower neck region because of greater attenuation of the oblique beauosoiiteeeff
prescription isodose (orange) is significant, but influence on the coverage by the 90% isodose (green) is minimal.

during week 2 caused a major change in the shape of Unsurprisingly, the R __ to the parotids and lar-
the external contour at that level, resulting in increasedynx, and the Q. . to the mandible increased when
attenuation of the oblique beams. However, the im-2.5-mm and 5.0-mm margins were added around the
pact of positioning errors on coverage by the 95%target volumes to generatevs.

isodose was not as pronounced, and when 5.0 mm

margins where used, thg Mor the lower-neckTv 3.2.2 Repeat CT Scans

was greater than or equal to 95% in all cases. The D, ., to the spinal cord was greater than 45 Gy
in 57% of repeatT scans when nerv was used, as
compared with 35% with 2.5-mm margins and 15.4%
with 5.0-mm margins. However, thg 3 to the brain
Tablen summarizes the analysis of the dose to thestem was above 54 Gy in only 3.8% of the cases when
oARs for the initialvrT plans and of the recalculated noprrvwas generated and in 7.8% of the cases when
dose distributions from the repeatscans. Note that,| 2.5-mm and 5.0-mm margins were added. A possible
for the initialimrT plans, the values of . and O 5 explanation is that the=vs were generated only when
for the spinal cord and brain stem are for thes similar margins were also added for the. Because
generated with O-mm, 2.5-mm, and 5.0-mm local- of the narrower separation between the target vol-
ization uncertainty margins; for the repeatscans, ume and the brain stem when 2.5-mm and 5.0-mm
the values are for the anatomic structures only. margins were added, the 54 Gy isodose was closer to
the brain stem for the plans witinv andprv than for
3.2.1 Initial IMRT Plans the plans with no margins. The highest 3 to both

The average )., to the spinal cord and brain stem the spinal cord and the brain stem were below 45 Gy
PRvS was slightly above the specified limit for the inj- and 54 Gy, respectively, for all repeatscans.

tial imrT plans generated with 2.5-mm and 5.0-m The D, . to the parotids and larynx and thg D,
localization uncertainty margins. However, the doseto the mandible were also higher for the recalculated
to the anatomic structures (without margins) wasdose distributions than for thert plans. The aver-
below 45 Gy for the spinal cord and 54 Gy for the age increase in the R, was 1-1.5 Gy for the con-
brain stem in all plans. tralateral parotid, but 2—3 Gy for the ipsilateral

3.2 Analysis of the Dose to the OARs
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TABLE I Dose to organs at risk4rs) for the initial intensity mod

ulated radiotherapyrt) plans and repeat computed tomography (

scans when 0-mm, 2.5-mm, and 5.0-mm localization uncertainty margins were used

OAR
0 mm
Initial plan? RepeatT?

Margins (mean Gy * standard deviation)

5.0 mm
Initial plan@ Repeatt®

2.5mm
Initial plan? Repeatt®

Spinal cord

Dy ax 43.1+1.4 45.9+3.1

Dicms 37.9+1.0 38.5+2.1
Brain stem

Dpax 40.848.1 42.1+7.4

Dicms 33.9+8.4 34.548.2
Parotid contralateral

Drean 24.4+0.6 25.9+4.0
Parotid ipsilateral

Drrean 25.8+1.6 28.1+3.3
Larynx

D.mean 30.6%1.5 33.4+2.7
Mandible

D 60.5+3.4 61.5+3.9

lcm3

45.8+0.8 44.9+2.6 46.9+0.9 43.0+£3.3
41.1+0.6 38.8+1.7 42.6x1.0 38.1+2.1
49.5+£3.9 45.6+5.9 55.6+2.6 48.4+4.0
41.8+5.4 35.9+6.8 49.4+3.3 41.2+4.8
25.6+0.5 26.7x4.4 27.7+¥1.5 29.2+5.4
28.6+3.8 31.4+4.3 31.2+4.5 34.0£5.4
32.4+32.4 35.3+3.8 36.9+2.5 39.3+3.6
63.3+3.6 64.1+4.0 66.0+2.8 66.9+3.6

a Values are for the planning organ-at-risk volumm) obtained by expanding the spinal cord and brain stem volume with 0 mm, 2.5 mm,
and 5.0 mm localization uncertainty margins. i%es were generated for the parotids, larynx, and mandible.
b Values are for the spinal cord and brain-stem volume; the localization uncertainty margins were added for planning only.

D,ax = Maximum dose; R, .= the highest dose to a volume of 13cM

parotid. The magnitude of the increase was simi
for all plans whether generated with O-mm, 2.5-mp
or 5.0-mm localization uncertainty margins.

4. DISCUSSION

As compared with conventional portal imagesscan
imaging for treatment verification provides a mor
accurate representation of the geometric variatid
that occur during a course of head-and-neck,
including uncertainties in patient position, isocent
localization, organ motion, and changes in exterr
contour because of weight loss or tumour shrinkag
The anatomic information from ther scan can also
be used to generate three-dimensional (3-D) dc
distributions to estimate with greater accuracy t
dose delivered to the targets and the critical stry
tures during a fractionated coursanofr. However,
such evaluation is labour-intensive and not witho
inconveniences.

First, delineation of target volumes atreks may
not be identical for the treatment planniegscan
and each of the repeatscans acquired during treat
ment. A recent study by Barket al.12 showed that
thecTvs decreased in size throughout the course
treatment at a median rate of nearly 2% per treatm
day. Contouring variations or changes in tumo
shape or size may thus influence tives for these
structures.

In our study, image-fusion techniques and sta
dardized target volume definitions based on we
defined anatomic landmark3d'4 were used to
minimize contouring discrepancies between the ir
tial planningcT scan and the repeat scans. As

hean— Mean dose.

arshown in Tablau, only small variations in the size of

m, the cTvs andctvs occurred, except in the case of a
few positive nodes that shrank during treatment. Also,
the use of dosimetric parameters alone to assess tar-
get coverage and organ sparing may not be sufficient
for imrT dose distributions. AnalyzingvHs does not
give information about whether an area of lower dose

e is localized in the periphery or in the central region

nsof the target volume, or if an area of higher dose rep-
resents a clinically significant hot spot within a criti-

re cal structure or instead consists of multiple hot foci

1alof negligible size. In addition, it is impossible to tell

yjeif areas of dose perturbation are always located at the
same place on each of thescans.

pse  However, despite these limitations, the usetof

heimaging together with 3-D dosimetric analysis con-

Ic-stitutes an effective method to study the effects of

geometric uncertainties on the dose.

Adding margins for localization uncertainty at the
time of treatment planning can effectively reduce the
hazardous effect of these variations on target cover-
age and dose to critical structures. However, the ad-
dition of margins may not compensate completely
for dose perturbation caused by a significant change
ofin external contour.
ent In fact, redesign or modification of tieev can-
ur not compensate for the underdosing in the lower neck

region observed when the shoulders were not prop-

erly repositioned at the time of the repeatscan.
n-The effect of less radical changes in the shape of the
II- external contour, such as those related to weight loss

or tumour shrinkage, are probably not as important.
ni- A dosimetric study by Kinet al.'®> showed that ex-
pansion and contraction of the external contour by

ut
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TaBLE Il Difference? in the gross tumour volumetv) and clinical target volumectv) between the repeat computed tomography (
scans and the planning scans

GTV Upper neck Lower neck
Primary Nodal cTv cTv
Mean difference (%) +1.6£3.4 -6.0+£10.0 -1.34£2.6 +1.7£4.0

a Percentage of the absolute volume, obtained by comparingr¢h@endcTv volumes from the repeat scans with the corresponding
planningcT scan.

5 mm in all directions for a head-and-naekr plan upper-necketv. Manninget al.2° proposed the use
does not result in significant dose perturbation for of apPrv for the contralateral parotid to compensate
the tumour and critical structures. for the detrimental effect of the geometric variation
Our results also suggest that the amplitude of theon parotid sparing. Their work suggests that 5.0-mm
PTV required to assure ideal target coverage duringmargins were effective in preventing the increase in
treatment may vary, depending on target volume |o-the contralateral parotid volume irradiated to 30 Gy
cation, size, and shape. In our study, adding 2.5-mnwhen the isocentre was shifted toward that side.
localization uncertainty margins appeared sufficient In addition to physical position uncertainties,
to provide good target coverage more than 95% ofother geometric variations, such as changes in the
the time (V.= 95%) for the upper neckv; 5.0-mm volume of the glands during treatment, may also in-
margins were required to achieve the same level ofluence the dose delivered to the parotids. In the study
coverage fotTvs. This finding may be explained by by Barkeret al.'?, the parotid glands decreased in
the fact that a given set-up error—a 3-mm misaligh-volume with time, at a rate of 0.6% per day, and the
ment of the isocentre, for example—will have |a centre of the glands shifted medially because of the
greater influence on the target coverage (as assesseatkight loss that occurred during treatment. Thus, sim-
by the V,,) for a positive lymph node measuring ply addingrrv margins around the parotids may not
1 cm than for the entire upper-neck region. In addi-compensate properly for the overall effect of geo-
tion, set-up accuracy is rarely uniform through the metric uncertainties on the R, to the parotids.
whole treatment volume; the importance of the ggo-Moreover, in the study by Mannireg al.2% the use
metric uncertainty may vary depending on the loca-of 5-mmprv margins around the contralateral parotids
tion of the target. resulted in decreased coverage of the nodal region
In a study by Gilbeaat al.%, reproducibility of adjacent to the parotids. To avoid this problem and
the set-up was found to be significantly worse at theto limit planning complexity, we consider thetv
level of the shoulder with the use of a thermoplasticshould be used only for structures such as the brain
mask that covers the head only. A similar observa-stem and spinal cord, for which the consequence of
tion was made by Garet al.1”, who reported that,| overdosing may be serious.
despite custom immobilization, the curvature of the In the present study, the selection of 2.5-mm and
cervical spinal changes during the course of treat-5.0-mm margins was based mainly on the range of
ment, and set-up reproducibility was inferior far the set-up errors reported for head-and-neck cancer
isocentres located in the low-neck region. Additional patients treated with custom immobilization de-
margins for organ motion may also be required for vices!®16.21-26 Qur results suggest that these mar-
tumours involving the base of the tongue or the lar-gins appear to give satisfactory target coverage, but
ynx 18, but such margins are probably unnecessarycare must be taken when generalizing about required
for a nasopharyngeal tumour. margins forrtv andrrv. Because the repeat scans
Properrtv margins should not only focus on tar- were not acquired with the patient lying on the treat-
get coverage, but also consider the effect on normaliment couch, this study did not assess some of the
tissue sparing. Our results showed that thg_[to mechanical uncertainties inherentitar treatment
the parotids and larynx increases when larger mardelivery. Thus, we cannot assume that the variations
gins are added farrv at the time of planning. Simi-| in set-up between the planniagand each repeat
lar observations have also been made by van Asselescan are truly representative of those encountered at
et al.’®, who reported that the use of large mar- the treatment machine. Uncertainties in couch and
gins reduces parotid sparing and increases the morgantry geometry or in alignment of the lasers rela-
mal-tissue complication probability for xerostomia. tive to the treatment machine isocentre may effec-
Geometric variations between the planningcans tively introduce systematic errors between the
and the repeatt scans also seem to influence the planning and treatment machine se€u@he inte-
mean dose to the parotids in a similar manner, withgratedct/Linac unit?82°now allows for 3-D imaging
the greater increase being observed when 5.0-mnverification at the treatment machine, and such sys-
localization uncertainty margins are added around theaems may be used for future investigations.
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Our study did not address the issue of theoverdosing the spinal cord. However, thg D to
intrafractional variations attributable to patient and both parotids and to the larynx tends to increase with
internal-organ motion. However, in a study by Lee the size of the margins added for. Based on our
et al.3% 20 patients undergoingrr for head-and- | findings, use of 5.0-mmrv margins for thestv and
neck cancer had a set of orthogonal portal image<.5-mmptv margins for the upper neckv achieves
taken before and after each fraction of radiotherapya satisfactory compromise between target coverage
for 3 consecutive days. Overall, the magnitude jofand parotid sparing.
intrafraction patient motion was minimal (x axis: Our results also show that, for patients treated
0.4 mm + 1.2 mm; y axis: 1.2 mm + 1.6 mm; z axis: with comprehensive nodalrt, errors in shoulder
—0.6 mm + 1.2 mm), and no persistent intrafraction repositioning can cause significant dose perturbations
motion was observed. In another study using an n-in the lower neck region despite the use of 5.0-mm
frared camera monitoring system, Kanhal.3! also PTV margins. The use of a thermoplastic mask ex-
found that intrafraction positioning uncertainty was tending down to the level of the shoulder should be
less than 2 mm for head-and-neck cancer patientgonsidered in these patients to improve set-up
treated withmrT. Based on these results, intrafractian reproducibility.
patient motion does not seem to differ significantly Finally, the concept afrv andrrv will certainly
from interfraction set-up uncertainty. evolve with the use of inverse planning methods for

Finally, our results are based on a relatively low iMRT. Integration of the geometric uncertainty in the
number of repeatt scans per patient (median: 3). form of probabilistic algorithms in the optimization
For that reasomvHs from the 26T scans obtained| process has been proposed to maximize the probabil-
for the 8 patients were pooled to assess target covelity of target coverage anodar sparing®3. Further
age and dose tnrs. This population-based approach quantification of the geometric variations and their
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