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Interfractional set-up errors evaluation by daily electronic portal
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Abstract
Introduction. Interfractional set-up errors were assessed from daily portal images (PI) registration for head and neck cancer
patients. We aimed to evaluate whether a daily PI is worthwhile and we derived the Planning Target Volume (PTV) margins
from the estimation of systematic and random errors. Material and methods. Twenty patients were treated in supine position
with a fixed 5-point mask immobilisation system and head-and-knee supports. DRRs (Digitally Reconstructed Radiograph)
were obtained from the planning CT-scan and considered the reference images to be compared with two orthogonal PI by
matching bone anatomy landmarks. A total of 567 PI were done. For the set-up errors analysis, we determined the
systematic, random, and overall standard deviations (SD), as well as the overall means in three directions (cranio caudal
CC, medio lateral ML and anterior posterior AP). PTV-margins were calculated according to three methods. Differences of
SD regarding the overall displacements among portals performed every day and each 2, 3, or 4 days were tested. Results.
The systematic set-up errors were less than 1 mm in the three directions whereas the random set-up errors were around 2
mm. PTV margins varied from 3 to 4 mm in the 3 directions. Corrections were significant in the CC direction only, in which
the set-up error increased significantly when the scenario of one PI every 3 fractions was adopted. Conclusions. It is of
practical importance to apply on-line protocols with contouring of the bony landmarks on the PI in order to decrease the
systematic mean error in this patient group. This study suggested that a PI in AP and ML directions once a week and every
two days in the CC direction would be adequate to overcome the problem of set-up errors.
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The efficacy of the radiotherapy treatment depends

partially on patient’s set-up at each fraction, espe-

cially when the head and neck region is treated, and

where safety margins are narrow due to the close

proximity of organs at risk such as salivary glands,

spinal cord and brain stem. Furthermore, optimized

intensity modulated radiation therapy (IMRT) plans

usually have high dose gradients between tumor

volume and adjacent normal tissue. Set-up uncer-

tainties in patient positioning can produce under-

treatment of some part of the tumor, increasing the

possibility of local tumor recurrence, while some

non-target tissues may be over-irradiated. Geometric

uncertainties are more important in IMRT planning

as compared with conventional treatments and it is

worthwhile to quantify, and if possible to reduce,

patient set-up errors during treatment.

The main issue is to reproduce the patient

position in each treatment fraction as established at

the time of the planning CT-scan. Different immo-

bilization and reliable alignment systems have been

used to reduce the patient setup error [1�6]. How-

ever, patient positioning is based on the outer

surface of the body and therefore effects of patient-

dependent factors, such as weight loss and coopera-

tion, are not taken into account.

Portal imaging (PI) allows for easily repeated

imaging and image processing, rapid quantitative

assessment of treatment set-up errors, and auto-

mated verification of the field shape. Several pub-

lications on PI guided set-up corrections for

conformal and IMRT have been reported [7�15],

but they have included small patient groups or did

not use daily PI, making difficult to draw conclu-
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sions on improving the positioning of patients and

the needed frequency of PI verification.

In this study, we performed interfractional set-up

verification for each day of treatment in 20 patients.

We compared the Digital Reconstructed Radiogra-

phy (DRR) and the PI, to ensure a good patient

positioning at the time of irradiation by using

internal anatomic landmarks. The aim of this study

was to analyze the set-up accuracy and the efficacy of

the daily portal imaging on-line protocol for the

positioning of patients treated with IMRT.

Patients and methods

Patients

Twenty head and neck cancer patients treated with

IMRT using dynamic multileaf collimation were

included in this study. Doses ranged from 46 to 72

Gy delivered in 23�36 fractions over 5�7 weeks.

Patient and tumor characteristics are listed in Table

I. Bilateral cervical lymph nodes and primary target

volumes were irradiated. Target volume was deli-

neated according to the CT-scan planning images.

Patients were treated in supine position on a Varian/

Clinac 2300 C/D. A fixed 5-point mask system was

used for immobilization of the head, neck and

shoulders (MCP Posicast PRL on a Posifix carbon

plate). The head support was adapted to the neck

position of the patient.

Generation of DRR and portal imaging

DRRs were generated from the radiotherapy plan-

ning Computed Tomography scan with a slice

thickness of 3 mm. The virtual simulation software

was the VARIAN/Somavision and a mixed bone/soft

tissue contrast was adjusted to approach the PI

quality of the linac. Anterior and lateral DRRs were

done with a 10�10 cm2 field superposed center on

the treatment isocenter. Daily portal images were

obtained with a 6 MV photon energy beam on a

256�256 ionisation chamber arrays (Varian). Ante-

rior and lateral PI were generated with double

exposures (a small field of 10�10 cm2 and a second

field of 20�20 cm2) of 2�3 monitor units.

Before the first treatment session, patient posi-

tioning was checked in a conventional simulator and

the planned isocenter projection marked on the

patient mask. At the treatment unit, patients were

positioned by aligning lasers on the marked isocen-

ter. If the PI were incorrect (tolerance level was 2

mm), the patient position was corrected within the

mask and the PI was performed to recheck the

positioning. The additional table parameters were

unchanged and kept constant every day. A total of

567 PI were completed.

Set-up error evaluation

The portal vision software (Varian, Portal Vision

Version 6.1) allowed detection and quantification of

Table I. Characteristics of 20 head and neck cancer patients.

Age Gender Primary site Stage Histology

58 M Oropharynx T3N2a Epidermoid

75 M Oropharynx T1N0 Epidermoid

40 M Oropharynx T2N1 Epidermoid

82 M Oropharynx T3N2 Epidermoid

61 M Oropharynx T2N1 Epidermoid

51 M Oropharynx T3N0 Epidermoid

45 F Oropharynx T2N1 Epidermoid

55 M Oropharynx T1N2b Epidermoid

58 M Oropharynx T2N2b Epidermoid

46 M Oropharynx T1N3 UC

51 M Nasopharynx T3N0 Epidermoid

37 M Nasopharynx T3N2c Epidermoid

51 F Nasopharynx T3N2c UC

61 M Nasopharynx T2N1 UC

31 F Nasopharynx T1N0 UC

48 F Nasopharynx T1N0 UC

17 M Paranasal sinus T4N0 Rhabdomyosarcom

49 F Paranasal sinus T4N0 Adenoid kystic

41 M Hard palate T2N0 Adenoid kystic carcinoma

16 F Hypopharynx T4N2b Rhabdomyosarcoma

SCC: squamous cell carcinoma (instead of epidermoid)

UC: undifferenciated carcinoma instead of lymphoepithelial or ‘‘indifferencie’’
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the set-up error by comparison and superposition

with the portal image and the DRR. The super-

position was performed by achieving the best possi-

ble matching of the outlines of the 10�10 cm2 fields

(the so called ‘‘split’’ method). The anatomic land-

marks of interest were the superior orbital ridges, the

nasal septum and the anterior border of the mand-

ible which were easily identifiable on both images.

The considered daily set-up errors were the displa-

cement measured between the landmarks of the

DRR and the ones of the daily PI. The cranio-

caudal displacement (CC) was measured according

to the superior orbital ridges, and the medio-lateral

(ML) displacement was measured according to the

nasal septum; both on the anterior portal imaging.

The anterior border of the mandibule determined

the anterior-posterior (AP) displacement on the

lateral imaging.

If there were more than one PI in a day, the first

and the last portal of the day were used. Data were

analysed taking into account negativity and positivity

of each displacement. Positive�values indicated a

lateral movement to the right, positive y values

represented an anterior movement and positive z

values represented a cranial movement. The whole

data were collected by only one observer (BP).

Statistical methods

A statistical analysis was performed on the measured

displacements or set-up errors. For the set-up errors,

random (day-to-day variation, s), systematic (the

variation of the mean displacement of patients, S),

and overall standard deviations (total variation

around the overall mean, SD), as well as the overall

mean displacement, M) were determined according

to Remeijer et al. method [16].

PTV-margins were calculated according to the

three methods proposed by Stroom et al. [17], Van

Herk et al. [18] and ICRU-62 [19]. These methods

were defined using measured distributions of geo-

metrical uncertainties for groups of previously trea-

ted patients, which allow attributing a different

weight to systematic and random errors. ICRU-62

mentions that systematic and random uncertainties

should, in an ‘‘ideal approach’’, be added in quad-

rature to obtain one SD, i.e SDtot�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
S2�s2

p
; which

should then be used for margin calculation. Margin

equal to 1.96* SDtot would then include 95% of the

CTV. ICRU methods provide standard aproach to

radiation oncology community and they suggested

that random and systematic uncertainties have equal

effects on a patient dose distribution. However,

Stroom and Van Herk formules distinguished sys-

tematic errors from random errors as their effects on

dose distribution are quite different.

Stroom et al. [17] proposed a CTV-to-PTV

margin recipe that properly accounts for the differ-

ent consequences of systematic and random errors.

They found that a margin equal to 2Stot�0.7stot

ensured an adequate CTV coverage. This recipe

implies that the effect of systematic errors is about

three times more important than the effect of

random errors. Van Herk et al. [18] using another

criterion for margins prescription (on average more

than 99% of the CTV should at least receive 95% of

the dose as compared with 90% of the patients

receiving the minimum dose of at least 95%) than

that of Stroom et al., resulted in margins equal to

2.5Stot�0.7stot.

Differences of SD of the overall displacements

between portals every day and for those each 2, 3, 4

or 5 days were tested using the Levene test for

homogeneity of SDs [20]. A p-value of B0.05 was

considered statistically significant.

Results

A total of 567 anterior and lateral portal images for

the 20 patients were analyzed in this study. Of the

567 images analyzed, 462 first lateral portal images

(�80%) and 526 (�90%) in the anterior direction

were taken without an adjustment of the patient

position.

We evaluated set-up errors separately in the three

dimensions. Table II gives the overall mean, the

overall SD and the random SD of the treated patient

population before correction (first PI) and after

correction (last PI). Distributions of the displace-

ments are shown in Figure 1. The largest displace-

ment was in the cranial/caudal direction. The SD of

the systematic and random displacements in CC

direction was 1.20 and 2.26 mm, after correction

they were reduced to 0.95 and 1.93 respectively. The

overall mean values after corrections showed a

displacement of 1.2 in the anterior-posterior and

media-lateral direction and of 1.75 in the cranio-

caudal direction.

By combining the 2 SDs according to the three

different models [17�19], PTV margins were calcu-

lated and are shown in Table II. After corrections, it

varied from 2.82 to 4.22 mm in the three directions.

Finally, SDs of overall displacements are shown in

Table III for five different scenarios: one PI was done

at each fraction and every 2, 3, 4 or 5 days. The

overall displacement SD of each scenario was

compared with the SD of the ‘‘a PI every day’’

scenario. In the CC direction, the SD of the ‘‘a PI

every day’’ scenario was statistically lower than in the
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3, 4 and 5-day scenarios but not than that of the 2-

day scenario. In the other directions, the SD was not

significantly lower with the ‘‘a PI every day’’ scenario

than with the other scenarios.

Discussion

The treatment effects of patient set-up errors are

more pronounced in IMRT planning because of the

high dose gradients obtained to spare organs at risk

that are adjacent to the target volume. Xing et al.

[21] observed that 3 mm error of the couch location

in the AP direction resulted in a 38% decrease of the

minimal target dose or in a 41% increase of the

minimal spinal cord dose. Therefore, it is crucial to

quantify, and then reduce, patient set-up errors

during radiation treatment. The purpose of the

current study was to analyze the influence of daily

PI for reducing set-up errors and subsequently to

decide on the appropriate PTV margins definition

for the head and neck IMRT treatments in our

department. We applied an on-line protocol for 20

patients with a majority of oro- or nasopharynx

tumors. Security on daily patient’s positioning is

usually based on the immobilization mask, that it

may be different with the position of the internal

anatomy. Therefore, we used orbital ridge, nasal

septum and mandible as internal bone landmarks for

calculating set-up errors.

Two classes of set-up uncertainties are identified;

systematic and random. Systematic error is the

deviation between the planned patient position and

the average patient position over the whole course of

radiation therapy, and machine related errors and

target delineation uncertainties are part of this

systematic errors. The random error is the day to

day deviation from the average target position

introduced with internal motion, and it reflects the

patient related or mask related factors.

As in other series of the literature, we analyzed

errors according to random and systematic set-up

errors. In our study, we found that the systematic

errors in CC, ML and AP were respectively 1.20,

0.89 and 0.93 without corrections, and 0.95, 0.80

and 0.84 after corrections. We observed that the

overall mean values were 1.2 to 1.8 mm after

corrections in whatever the considered direction.

Table II. Set-up errors in CC, ML and AP directions and PTV margins for three models [18�20] and in the three spatial directions

Overall mean�M

(mm)

Systematic SD�S
(mm)

Random

SD�s (mm)

PTV-margins

ICRU (mm)

PTV-margins

Stroom (mm)

PTV-margins

Van Herk (mm)

Cranio-caudal

1st portal �2.34 1.20 2.26 5.02 3.98 4.58

After last portal �1.75 0.95 1.93 4.22 3.25 3.73

Medio-lateral

1st portal 2.00 0.89 1.93 4.17 3.13 3.58

After last portal 1.17 0.80 1.97 4.17 2.98 3.38

Anterior-posterior

1st portal �1.37 0.93 1.78 3.94 3.11 3.57

After last portal �1.23 0.84 1.63 3.59 2.82 3.24

Figure 1. Distribution of displacements in each direction for the

first portal images and after last portal images: (a) cranio-caudal,

(b) medio-lateral, (c) anterior-posterior.
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These systematic errors could be due to (i) the

precision on the lasers alignment either of the

simulator or of the treatment unit (tolerance level

of �/� 2 mm) or (ii) a systematic error of the

observer, or (iii) or of the set-up.

There are several publications addressing this

issue for conformal RT. Hurkmans et al reviewed

some of these publications for the head and neck

region treated with conformal RT [22]. In these

studies, standard deviations of the systematic and

random set-up errors varied respectively between

1.6�4.6 mm and 1.1�2.5 mm. Data for set up

verification by PI for head and neck IMRT is very

limited. Suzuki et al. published a study [23] in which

the mean of the systematic set-up errors for all

directions ranged within 1 mm, the average of the

individual random set-up errors ranged from 0.7 to

1.6 mm. However, they made verifications of the

isocenter every day for the first week of the treatment

and weekly thereafter.

It is generally accepted that systematic set-up

errors influence more the physical dose distribution

than the random set-up errors [24]. In the majority

of the studies, systematic errors were usually larger

than random errors. However, in our study while the

systematic set-up errors after correction were less

than 1 mm in the three directions, we found that the

random set-up errors were around 2 mm. It is

difficult to determine the inter-fractional random

set-up errors by weekly PI. It may be one of the

reasons why our results are different from other

studies where set-up error evalutions were made

weekly or only in the first few fractions of the

treatment.

When we tried to define how many PI should be

done per week, we found that the overall SD

displacement increased significantly in the CC

directions when the PI was done every 3 days or

less, but that PI could be done once a week without

increasing overall SD displacement in ML and AP

directions. Therefore, in practice, PI should be done

at least every 2 days in the CC direction. In the other

two directions, a daily PI seems not so useful and

could be performed once a week.

The most common approach to overcome uncer-

tainties in patient set-up and organ motions is to add

a margin to the clinical target volume (CTV) to

create a PTV according to the ICRU 50 [25].

However, improving the patient positioning and

performing regular position corrections would result

in smaller PTV margins, and consequently in a lower

normal tissue complication probability. Therefore,

we calculated PTV margins without or after correc-

tion according to the ICRU, Stroom and Van Herk

models [18�20].

PTV margins were between 3 to 5 mm without

correction in the three directions, after correction it

was estimated between 2 to 4 mm. Based on these

results we can conclude that a 5 mm PTV margin

can be enough for adequate dose distribution in

IMRT, and that this margin could be reduced to 4

mm if daily verifications are made. However, the set-

up error is only one of the problems from several

uncertainty reasons and we can only hypothesize at

the present time that the use of new image-guided-

radiotherapy modalities would allow to decrease the

PTV margin.
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