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RESUME en français 
Le présent travail de thèse décrit le développement d’un protocole d’irradiation stéréotaxique 
combinée à une radiothérapie conformationelle avec modulation d’intensité (RCMI). Ce projet a 
été initié dans le service de Radiothérapie-Oncologie du Centre Hospitalier Lyon Sud.  
La première partie de ce travail fait état d’une revue de littérature sur les techniques d’irradiation 
du cancer de la prostate et plus spécifiquement sur l’état des connaissances en radiothérapie 
stéréotaxique. De cette analyse découle la justification des différents travaux réalisés dans le 
cadre de cette thèse. 
 Trois grands thèmes de recherche ont été identifiés et développés : 
 Un premier thème portant sur la définition optimale des volumes à irradier lors d’une 
irradiation stéréotaxique de la prostate : le volume cible anatomo-clinique (clinical target 
volume), le volume cible interne (internal target volume), le monitoring en temps réel du patient 
et de la cible sous l’accélérateur pour la définition de la marge correspondant aux incertitudes de 
réalisation du traitement (set-up margin) et la fiabilité d’un repérage de l’organe par des 
marqueurs intra-prostatiques.   
 La deuxième thématique de recherche était dédiée à la planification du traitement 
stéréotaxique de la prostate avec pour principal objectif une protection optimale de la paroi 
rectale avec deux approches différentes :  

a) une augmentation focalisée de la dose d’irradiation uniquement sur la tumeur 
macroscopiquement visible, ou 

b) l’utilisation d’un gel injecté entre la paroi du rectum et la prostate. 
Le nombre optimal de faisceaux à utiliser ainsi que l’énergie la mieux adaptée ont été évalués 
dans le cadre de la première approche avec boost intégré. 
 La troisième thématique portait sur les contrôles qualité à réaliser dans le cadre de la mise 
en route de cette technique d’irradiation. Trois détecteurs dédiés aux contrôles de la distribution 
de dose sous l’accélérateur ont été évalués. De nouvelles recommandations concernant le contrôle 
qualité à appliquer en radiothérapie stéréotaxique notamment dans les cancers de prostate ont pu 
ainsi être élaborées.    
L’ensemble de ces travaux serviront de supports à la réalisation d’une étude de phase II intégrant 
une irradiation stéréotaxique des cancers de la prostate avec injection de gel d’acide hyaluronique 
entre le rectum et la prostate. 

___________________________________________________________________________ 
DISCIPLINE  
Recherche clinique, innovation technologique 
__________________________________________________________________________ 
MOTS-CLES  
Cancers de la prostate, Irradiation stéréotaxique, Radiothérapie conformationelle avec modulation 
d’intensité, Contrôle qualité, Détecteurs 3D à diodes 
___________________________________________________________________________ 
INTITULE ET ADRESSE DE L'U.F.R. OU DU LABORATOIRE :
Ciblage Thérapeutique en Oncologie (Equipe 3 : ciblage par agents physiques) 
UFR Faculté de Médecine Lyon-Sud-Charles Mérieux BP12 
165 Chemin du Grand Revoyet, 69921 Oullins Cedex 
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TITLE (TITRE en anglais) 
The implementation of stereotactic body radiotherapy for prostate cancer with two different 
approaches for sparing the rectal-wall 
___________________________________________________________________________ 
ABSTRACT (RESUME en anglais) 
The current work describes the implementation of a protocol for stereotactic body radiotherapy 
(SBRT) combined with an intensity-modulated radiation therapy technique (IMRT). The project 
was initiated in the Department of Radiation-Oncology from Lyon Sud Hospital. 
The first part summarizes the state of the art of prostate cancer with a literature review on 
irradiation techniques, in particular for SBRT. Based on this analysis, the justification of different
works performed in this thesis is presented. 
Three research themes were described and developed:
The first theme discusses the optimal definition of the volumes to be irradiated during a prostate 
SBRT: the clinical target volume, the internal target volume, the real-time monitoring of the 
patient and of the target for the definition of set-up margins and the accuracy of the target 
localization using intraprostatic markers. 
The second theme of research describes the treatment planning for prostate SBRT having as main 
purpose an optimal protection of the rectal-wall with two different approaches: 

a) an augmentation of the dose with a simultaneous integrated boost only into the visible 
macroscopic tumor, or  

b) the use of a gel injected between the rectal-wall and the prostate. 
The optimal number of fields, as well as the most favorable energy, was evaluated in the context 
of the first approach with a simultaneous integrated boost. 
The third theme discusses the quality assurance (QA) that needs to be performed for an IMRT-
SBRT technique. Three detectors that are dedicated to the QA of dose distribution under 
accelerator were evaluated. New recommendations regarding especially the QA for prostate 
IMRT-SBRT were assessed.  
The results of all these studies will be used for the implementation of a phase II study for prostate 
SBRT with an injection of hyaluronic acid between the rectum and the prostate. 

___________________________________________________________________________ 
SUBJECT 
Clinical research, technological innovation  
__________________________________________________________________________ 
KEYWORDS 
Prostate Cancer, Stereotactic body radiotherapy, Intensity-modulated radiotherapy, Quality 
assurance, 3D diode arrays 
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peripheral zone, (2) central zone, (3) preprostatic region, and (4) anterior fibromuscular 

stroma. Below, a short description of McNeal’s concept on the prostate anatomic regions: 

a.) Transition zone (TZ): before the development of the benign prostatic hyperplasia 

(BPH), the transition zone corresponds to only 5% of the glandular prostatic volume. 

It is composed of two lobes that surround the proximal urethra and by the smooth 

muscle of the internal sphincter. McNeal et al. refer to this zone as the preprostatic 

region. Although this zone accounts for a small percentage of the glandular tissue in 

young men, it shows major increase with age, because the transition zone is the site of 

development of benign prostatic hyperplasia (BPH) and also of a minority of prostatic 

carcinomas (10-20% of cancers). 

b.) Central zone (CZ): represents 20% to 25% of the glandular volume in young man and 

is composed entirely of acinar tissue. It forms the central portion of the prostate and it 

extends proximally (to surround the paired ejaculatory ducts) and from the base of the 

prostate to the level of the verumontanum distally. It represents 10% of cancers. 

c.) Peripheral zone: has a postero-lateral position, surrounding the central zone and 

extending to the apex, as described by McNeal. It represents 70% to 75% of the 

prostate volume in the normal postpubescent prostate and the majority of prostatitis 

and prostatic carcinomas (70-80%) are most probable to develop. 

d.) Fibromuscular stroma: is situated on the anterior part of the prostate (from the 

bladder’s neck to the apex) and thins posteriorly and laterally to form the capsule of 

the prostate. This zone of the prostate comprises approximately one third of the size of 

prostatic tissue, before the development of BPH. 

A detailed and complete description of the prostate anatomy and imaging can be found in 

the literature [3]. 

1.1.2. Imaging of the prostate and disease 

The main purposes for the imaging methods are to determine the prostate size, to 

localize the gland, to distinguish the benign prostatic lesions from the prostate cancer [4], to 

detect the isolated lymph nodes [5] or bone metastases [6].  

Imaging of the prostate can be performed using several imaging techniques: 

- Diagnostic modalities such as transrectal ultrasound (TRUS); 

- Morphological imaging: computed tomography (CT), magnetic resonance imaging 

(MRI); 
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- Molecular imaging combined with morphological imaging techniques, such as 

whole-body positron emission tomography/computed tomography (PET/CT). 

1.1.2.1. Transrectal ultrasound (TRUS) 

Ultrasound provides guidance for transrectal prostate biopsy, when elevate prostatic 

specific antigen (PSA) is found for prostate patients. It offers an image of internal prostate 

anatomy and accurately estimates the volume of the prostate. 

1.1.2.2. Magnetic Resonance Imaging (MRI) of the prostate 

MRI is an excellent technique for imaging the pelvic organs, including the prostate [7-

9] and it is the most accurate modality, compared to CT and ultrasound, with a great 

resolution and the facility to image the prostate in multiple planes. It precisely describes the 

internal prostatic zonal anatomy, displays the physiologic complexity of the gland [10] and 

anatomic and volumetric determination of the prostate gland can also be done [9]. 

The normal prostate of the young adult male appears relatively homogeneous on MRI 

[8, 9], especially on the T1-weighted images, because the internal anatomy of the gland is not 

visible on such imaging sequences [10-12]. On the other hand, the T1 images are able to 

distinguish between the prostatic parenchyma, the surrounding periprostatic fat, and vascular 

plexus [10]. The T2-weighted images provide better tissue differentiation than the T1 images 

and clearly describe the zonal anatomy of the prostate. The clarity of the T2 signal depends on 

the strength of the magnet [10]. The peripheral zone is hyperintense on T2 images, whereas 

the central and transition zones show similar MR imaging characteristics with lower signal 

intensity than the peripheral zone [10, 11]. 

A clear definition of the prostate on MR images is obtained from older patients [7]. 

With age, the signal intensity increases in the peripheral and central glands MRI images and 

gives better tissue discrimination [7]. Differences in signal intensity become more pronounced 

as the size of the prostate increases. The central zone intensity increases by an average of 

175%, compared to the peripheral zone, which increases by 67%. The consequence is that the 

MRI is able to distinguish the peripheral zone from the central one, in older patient [7]. 

The changes that have been related to BPH are most clearly seen on the T2-weighted 

images. If BPH appears in the central gland of the prostate (transition zone), 70-80% of 

prostate cancer usually occurs in the peripheral gland [2]. It is possible that the MR imaging is 

able to distinguish the BPH from prostate cancer, based on localization. But sometimes, the 

prostate cancer may occur in the transition zone (about 10-20% of prostate cancer), or involve 
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both the transition and the peripheral zone. In this case, the MRI cannot reliably distinguish 

between BPH and prostate cancer. This is because changes in the MRI signal intensity that 

occur in patients with BPH are similar to those that occur in patients with prostate cancer, as 

described by several teams [8, 12, 13]. 

1.1.2.3. Prostate gland on the CT scan 

When compared with TRUS and MRI, the CT scan has a limited accuracy to define 

the intraprostatic zonal anatomy [9, 10, 14-16] and therefore, it presents a limitation in the 

diagnosis and in the management of the prostate cancer patients. In addition, as a consequence 

of the high interobserver variations on the CT scan, prostate delineation on these images 

involves subjective evaluation of prostate margins [15, 17, 18]. However, the CT scan can 

give the relationship between the prostate and other pelvic organs and is a useful exam for the 

localization of the prostate and for the treatment planning. 

1.1.2.4. Choline PET/CT for imaging prostate cancer

The PET/CT with [11C]- and [18F]-labeled choline derivates is a recent molecular imaging 

modality for the evaluation of the prostate cancer. Because of the low spatial resolution or the 

partial volume effect of PET imaging, this technique has a limited utility for the primary 

staging of the prostate cancer and for the detection of small lesions (tumors or lymph nodes). 

However, PET/CT imaging with 11C- and 18F-choline is generally used for the restaging 

prostate cancer patients with biochemical recurrence of prostate cancer or metastatic disease. 

Several publications offer a complete review of different aspects and clinical role of the 11C- 

and 18F-choline PET/CT for prostate cancer, with their importance and limitations [5, 6, 19-

21].  

1.1.3. Incidence of the prostate cancer and statistics 

The prostate cancer is an important health concern and the first cancer in men, with 

more than 70 000 new cases in 2011 in France (more than 8000 deaths) [22] and 

approximately 200 000 new cases in United States [23, 24]. The actual diagnostic methods 

permit a fast localization of the disease and, in consequence, the curing. The screening - with 

the prostate specific antigen (PSA) blood test alone or with both, the PSA and the digital 

rectal examination (DRE) - should detect cancer at an earlier stage than if no screening is 

performed [25]. In the last years, a decrease of the prostate cancer mortality seems to be 

present, even if the number of new prostate cancer cases is in continuously augmentation [25, 
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26]. In the majority of the cases (85%), the prostatic cancer is an adenocarcinoma. It is 

initially microscopic (and non-detectable by the actual exams and techniques), and that 

changes afterward to a stage of localized cancer. Thus, it is limited to the prostate only and 

becomes detectable by DRE or by blood dosage of the PSA. Abnormal results from screening 

with the PSA or the DRE require prostate biopsies in order to determine whether the abnormal 

findings are cancer. If the cancer exceeds prostate limits, it can extend to the neighbor organs: 

seminal vesicles, bladder, etc.  

1.1.4. The D’Amico classification for prostate cancer  

 Three risk groups were validated by D’Amico et al. (Table 1.1) for patients with 

clinically localized prostate cancer, to estimate the PSA control after radical prostatectomy, 

external beam radiotherapy, or brachytherapy with or without neoadjuvant androgen 

deprivation [27].  

Table 1.1. The D’Amico classification for prostate cancer.

Risk TNM Stage Gleason Score PSA (ng/ml)

Low  T2a (and)  6 (and)  10 

Intermediate T2b (or) 7 (or) 10-20 

High  T2c (or)  8 (or) > 20 

1.1.5. The treatment possibilities for prostate cancer  

The different treatment possibilities for prostate cancer are: 

- the surgery: which consists in a radical prostatectomy and the removal of the seminal 

vesicles, more or less the lymph nodes, if the cancer is advanced;

- the external beam radiation therapy: alone or in combination with the surgery and/or 

the brachytherapy is a localized conformal technique of treatment. The RT requires a 

dose prescription to the target (prostate only, prostate and seminal vesicles, etc.) and 

the dose control to the surrounding tissues;

- the brachytherapy: consists in the implantation of radioactive seeds (Iodine-125) into 

the prostate, in a certain number and configuration in order to obtain the required dose 

coverage;

- the hormone therapy: in combination with the RT, is administrated mainly for the 

high-risk prostate cancer;
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- the chemotherapy (less frequently);

- or a combination of these treatments. 

 The choice of the treatment(s) depends on the stage of the cancer, the patient’s general 

condition and his comorbidity at that time. Given the early screening with PSA testing, the 

majority of patients present localized prostate cancer mainly clinical stage T1-T2. In this case, 

standard treatment options are radical prostatectomy, brachytherapy or external beam 

radiation therapy (EBRT). Patients who benefit of EBRT are treated with conventionally 

fractionated radiation therapy with 1.8-2.0 Gy per fraction to a total dose of 74-80 Gy. 

1.1.6. The radiotherapy of prostate cancer 

1.1.6.1. Irradiation technique 

 The radiotherapy for the prostate cancer has been improved as a consequence of the 

novel and advanced techniques that are used: accelerators with integrated image-guided, 

dynamic multileaf collimator, three-dimensional (3D) CT scan and multimodality image 

registration. Within the past 20 years in France, the standard of care for the prostate cancer 

was the 3D conformal radiation therapy (3DCRT), that was delivered most commonly using a 

4- to 6-field irradiation technique. Recently, the intensity-modulated radiation therapy 

(IMRT) has become the most frequently used irradiation method in United States with at least 

a 5-field conformation technique. As well, volumetric modulated arc therapy (VMAT) with 

one or two dynamic arcs, helical irradiation or 6D-robotic delivery are used for the prostate 

irradiation. 

1.1.6.2. Dose prescription 

The 3DCRT technique already demonstrated its efficacy for low- and intermediate-

risk prostate cancer with standard irradiation doses of 1.8 to 2 Gy per fraction. At least seven 

randomized studies proved a biological control improvement at 5 years when the irradiation 

dose is between 70-80 Gy [28-34]. For instance, the estimated 5-year FFBF rate for 

intermediate-risk patients treated with radiotherapy alone to 76 Gy at 2 Gy per fraction is 70% 

[35, 36] and the 5-year FFBF rate for high-risk patients treated with 76 Gy plus 2 years of 

androgen deprivation is also estimated to be about 70% [37]. However, this represents a total 

of 2 months treatment time for the patients, with 35 to 40 fractions, 5 times per week. 
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Other studies reported that a dose escalation up to 80 Gy is feasible when image-

guided IMRT is available [29, 38-42]. This improvement in the dose optimization and the 

target conformation and localization allowed a reduction of late toxicities compared to 

3DCRT and an increase of the dose to the tumor without significantly increase the toxicities. 

However, the treatment duration remains time-consuming for patients (approximately 8 

weeks) and cost-effective. 

1.2. Radiobiology of prostate cancer: low α/β ratio  

1.2.1. Radiobiology - early versus late effects and the alpha/beta ratio 

It is important to understand the radiobiological notions of radiotherapy as they support 

the interest and the progress of this type of treatment. Some of these radiobiological concepts 

are: total dose and treatment duration, number of fractions, tumor control probability (TCP), 

normal tissue complication probability (NTCP), radiobiological models, the 4Rs of 

radiotherapy (Reoxygenation, Redistribution, Repair, Repopulation), etc. 

The most used radiobiological model is the linear-quadratic (LQ) model [43-48]. For 

example, for the cell survival, the curve for a single dose-response can be described by the LQ 

model [49] using: 

,  

where d is the dose per fraction. 

We can than express the surviving fraction for a multifraction regimen by the formula:  

or 

,  

where 

D= (n*d) and is the total dose; 

n= number of fractions; 

d= dose per fraction. 

The sensitivity of tissue to fractionation can be expressed as the alpha/beta (α/β) ratio.

It is the dose where the linear-α component is equal to the quadratic-β component. In the LQ 

model, alpha determines initial slope and beta determines curvature. The alpha (α) coefficient

corresponds to the linear model and is the non-repair component of the survival curve. The 

beta (β) coefficient corresponds to the quadratic model and represents the repair as well as 

mis-repair component of cell killing. 
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The LQ model takes into consideration the α/β ratio and the total dose, and is given by 

the relationship: 

 A tissue sensitive to the dose-fractionation will have a small α/β ratio (≤ 4 Gy), and 

will be more “late-responding” (sequelae of treatment are generally seen years following 

treatment) than a tissue with large α/β ratio (> 8 Gy). The tissues with large α/β ratios are less 

sensitive to the effects of the dose-fractionation and we say that they are “early-responding” 

tissues. In other words, if this ratio is close to 0, the cancer cells are sensitive to fractionation, 

but if this ratio is high (i.e., ≥10), than the impact of the fractionation is very low. 

In the LQ model, a smaller fraction size will have a relatively small benefit in reducing 

the acute effects, while a smaller fraction size gives also a component of tumor sparing. On 

the other hand, for late-effects, smaller radiation doses per fraction result in comparatively 

greater tissue sparing.  

The benefit of the fractionating radiotherapy is to increase the therapeutic ratio (tumor 

control/complications) by reducing the late effects in normal tissue. Thus, fraction size is the 

dominant factor in determining normal tissue late effects. 

1.2.2. Radiobiology of prostate cancer: low αααα/ββββ ratio 

The conventional prostate radiotherapy is delivered in fraction sizes of 1.8 to 2.0 Gy. 

This scheme of small fractionations was issued from studies where good local control was 

reached with reduced late-complication of the surrounding normal tissues such as rectum and 

bladder. In 1999, Brenner and Hall [50] calculated the α/β ratio for prostate cancer around 1.5 

Gy (95 percent confidence interval: 0.8-2.2 Gy) by using clinical data to assume the linear and 

quadratic components of cell killing. They used data from men treated by external beam 

radiotherapy (1.8-2.0 Gy per fraction) and by brachytherapy seed implant with 125-I. 

During the last years, many low dose-rate brachytherapy and external beam 

radiotherapy studies demonstrated the low α/β ratio for prostate cancer (perhaps between 1 

and 4 Gy) [48, 51-62] and supported the hypothesis of Brenner and Hall [63, 64]. Fowler et 

al. have modeled various hypofractionation regimens using the linear quadratic model with 

the assumptions that the alpha/beta ratio for the prostate tumors is in the range of 1 to 2 Gy, 

and have warned against the use of too few fractions (<5) because this may limit the 
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possibility of reoxygenation or redistribution of tumor cells into more sensitive phases of the 

cell cycle [65].  

Thus, decreasing the number of fractions up to 5 should have a good impact on the 

tumor, with the risk of increasing the late side effects, from the radiobiological view. 

1.2.3. The αααα/ββββ ratio for the rectum 

If a hypofractionation regimen is demonstrated to be favorable for the prostate cancer, 

it is very important to know the α/β ratio of the rectum. Unfortunately, the α/β ratio of the 

rectum is not precisely known. The common value used for late-responding rectum tissue is 3 

Gy, but several studies described a value ≥4 for late effects [64, 66-68]. Reports of various 

trials for late rectal damage showed different values: Terry and Denekamp reported 3.1 to 5.1 

Gy [69], Van der Kogel et al. established a value of 4.1 Gy [70], Dewit et al. found 4.4 Gy 

[71], Dubray et al. found a range of 2.7 Gy to 6.7 Gy [67] and Brenner et al. found a value of 

4.6 Gy [72]. 

Two situations may be then possible: (a) if the α/β ratio for the rectal damage is 

greater than the α/β ratio of the prostate, then large hypofractionated doses could give larger 

clinical gains for the same late complication rates [65], and (b) if the α/β ratio of late-rectal 

reaction is smaller than the α/β ratio of the prostate, than the rate of complications will rise. 

1.3. Rationale for hypofractionated radiotherapy of prostate cancer 

The hypofractionated radiotherapy (HRT) is the escalation of the irradiation dose per 

fraction with a decrease of the fraction number, compared to the standard fractionation of 2 

Gy per day fraction [73-81]. If the α/β ratio for the prostate cancer and rectum are of 1.5 Gy 

and 3 Gy, respectively, then the hypofractionation presents several potential benefits and two 

circumstances are feasible: the tumor control may be increased for a certain level of late 

complications, or the late toxicities may be reduced for a certain level of tumor control.  

Several reasons justify the development of the HRT for prostate cancer: 

- The prostate cancer has a particular sensitivity to the delivered dose per fraction as 

presented above. Some of the studies demonstrated that this α/β ratio is between 1.5 

and 3 Gy for prostate cancers. Consequently, by increasing the delivered dose per 

fraction we can have an increase of the irradiation efficacy to the tumor; 

- The standard external beam radiotherapy for the prostate cancer needs between 35 and 

40 irradiation fractions, equal to 8 treatment weeks, with a standard dose of 2 Gy per 
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fraction. A reduction of the treatment time represents an amelioration of quality of life 

for patients treated of prostate cancer; 

- The number of patients treated with radiotherapy increase every year, causing an 

augmentation of the costs for the Health Insurance institution (treatment and patient’s 

transportation). A reduction of the weeks of radiotherapy treatment could permit a 

significant cost reduction; 

- A diminution of the accelerator occupancy time represents an advance of the treatment 

accessibility for other patients, in the radiotherapy department. 

Hence, two approaches could be considered for the HRT: 

1. The first one is a “moderate” HRT with an increase dose per fraction from 2 Gy to 

2.5-3.3 Gy. It’s then recommended to use conformity radiotherapy with intensity 

modulated radiotherapy (IMRT). The total treatment fraction is reduced by 30 to 

50% (depending of the dose per fraction used) with the same biological effect as 

when using 35-40 fractions of 2 Gy. 

2. The second approach is a “high” HRT with doses between 6 Gy and 10 Gy per 

fraction and a number of 4 to 5 fractions. We can talk then of stereotactic body 

radiotherapy for prostate cancer. The high-doses per fraction used for this technique 

require even more accurate prostate localization and repositioning equipment, 

treatment planning systems and irradiation devices of a very high precision. Indeed, 

the security margins around the prostate should be reduced to a few millimeters in 

order to allow an optimal sparing of the healthy tissues. The latter is an important 

condition in order to realize such a treatment.  

The advantages of the hypofractionation radiotherapy attracted significant attention within 

the past years. However, the several randomized and non-randomized hypofractionation 

clinical trials found in the literature, started with modest increased doses per fraction, having 

as main concern the possibility of augmented rectal toxicity. Some of the hypofractionated 

studies are detailed in Appendix 1, with a description of the irradiation technique and the first 

clinical results. 
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1.4. Rationale for SBRT of prostate cancer 

1.4.1. Stereotactic body radiation therapy (SBRT) 

The term stereotactic refers to a precise positioning of the target volume within three-

dimensional (3D) space, using a frame of reference that can be related to the treatment 

machine. The term body is used to distinguish the technique from the current terminology of 

stereotactic radiosurgery [82] used for the radiation treatment of the lesions of the central 

nervous system with a full course of therapy consisting of five or fewer treatment fractions. 

Stereotactic body radiotherapy (SBRT) refers to the delivery of a high dose of radiation to the 

target, either in a single dose or a small number of fractions (less or equal to 5) with a high 

level of precision within the body. The basis aspects for the development of SBRT are: a) the 

ability to deliver a single or few fractions of high-dose radiation with high targeting accuracy; 

b) the dose falls off rapidly with distance from the target within the patient and c) the 

consequences of a high biological effective dose (BED). Anatomical and radiobiological 

concerns of the normal tissue tolerance limit SBRT to those targets no larger than 3 to 4 cm in 

any dimension. 

Patient immobilization devices and tumor motion tracking allowed to reduce the 

treatment margins required to account for the geometric uncertainty in the tumor position and 

to avoid local recurrence from target miss of the radiation. Appropriate accounting of internal 

organ motion may be necessary, depending on the body site under treatment (patient motion, 

respiratory and cardiac motion, bladder and rectum filling, soft tissue deformation, etc.). The 

results obtained in terms of local control for such metastasis and the new technologies in the 

spatial localization or repositioning, allowed the development of this irradiation technique for 

the extra-cranial tumors. 

Several guidelines and recommendations already described the practical 

implementation of SBRT for different localizations (lung, non-small cell lung cancer, primary 

liver tumors, lung and liver metastases, pancreas, spine, kidney and prostate) [83-91]. The 

first cases of SBRT for extracranial sites were reported in 1994 by Lax et al. using an external 

body frame and a respiratory motion device [92]. Hamilton et al. developed in 1995 a rigid 

spinal immobilization system that is surgically locked to the spinous processes for spinal 

radiosurgery [93]. The first experience with lung SBRT was reported by Uematsu et al. in 

1998 [94], followed by the one of Timmerman et al. [95]. The first prospective phase I/II 
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single-fraction liver SBRT was described in 2001 by Herfarth et al. [96]. Other different 

experiences with SBRT are moreover described in a very recent review [97]. 

1.4.2. Prostate SBRT: results for local control and toxicities 

The few experiences of different radiotherapy centers that developed prostate SBRT in 5 

fractions were reported [98-105]. At Seattle department, 40 patients were included in a phase 

I/II study and treated with dose of 33.5 Gy in 5 fractions of 6.7 Gy, which is equivalent to 78 

Gy with a standard 2 Gy dose/fraction [98]. After a mean of 41 months of follow-up, only a 

Grade 3 urinary toxicity was reported. The actuarial rate of survival without biological relapse 

was 90% at 48 months, using Phoenix definition for local relapse. A repositioning based on 

the intraprostatic implants was used before each fraction. The dose was delivered with a linear 

accelerator [98]. At Stanford University, 41 patients included in a phase I/II study received a 

dose of 36.25 Gy in 5 fractions of 7.25 Gy [101]. With a mean follow-up of 33 months, no 

toxicity of grade 4 or more was observed. Two urinary toxicities of grade 3 were observed, 

but no grade 3 rectal toxicity. At the time of publication, no patient presented any local 

relapse [101]. In Toronto, Tang et al. treated 30 patients with doses of 35 Gy in 5 fractions of 

7 Gy with an intensity modulated radiotherapy (IMRT) technique [99]. After six months, no 

toxicity superior to grade 2 was observed in the whole group of patients [99]. In Naples 

department, 112 patients having a low risk prostate cancer were treated with doses of 35-36 

Gy in 5 fractions [104]. With a median follow-up of 24 months, 2 patients presented a local 

relapse that was histological proved and only one patient presented a rectal toxicity of grade 3 

[104]. Finally, at the ASTRO 2009 meeting, Boike et al. presented the results from the Dallas 

team of a phase I study with a dose escalation for three arms: 45 Gy, 47.5 Gy and 50 Gy in 5 

fractions [100]. Fifteen patients were included in each arm. After 11 months, only 2.5% of 

patients presented a rectal toxicity of grade 2 and no grade 3 toxicity was found. The PSA 

control was 100%. The SBRT studies for prostate cancer are detailed in Appendix 2, with a 

description of the irradiation technique and the initial clinical results. 

Preliminary experiences from these SBRT reports let us note important information: 

1) The stereotactic radiotherapy is technically feasible for prostate cancers; 

2) Little reported acute morbidity: the urinary and rectal toxicities of grade 3 or more are 

not frequent; 

3) The local control is excellent (between 90% and 100%) with a PSA response of an 

importance comparable to that seen with conventionally fractionated radiotherapy; 
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4) There might be a dose-effect; with a 6.7 Gy dose per fraction the biological control 

rate is 90% in the study of Madsen et al., but in Naples study this rate is of 98% with 

doses of 7 Gy and 7.2 Gy. In the report of King et al. (7.5 Gy per fraction) and Boike 

et al. (9 to 10 Gy per fraction) this biological control rate is 100%. 

1.5. Concepts for rectal-wall protection 

1.5.1. Simultaneous-integrated boost 

The cancer can be multifocal with the presence of one or more main tumors, clinically 

detectable on MRI, and of secondary tumors that might not be detectable by using the actual 

imaging methods. A global treatment of the whole prostate seems more reasonable. The 

control of the microscopic cancer cells might require smaller irradiation doses than the control 

of the macroscopic tumor. Hence, the issue of a bifocal irradiation appears interesting to 

develop. However, only a few studies were reported. Miralbell et al. treated 50 patients using 

the following schema: 64Gy in 32 fractions to the whole prostate, followed by a focal 

irradiation of two SBRT fractions of 5 to 8 Gy [106]. The survival rates without any 

biological relapse are of 98% at 5 years with acceptable long-term rectal and urinary 

toxicities. There were two patients that presented Grade 3 acute urinary toxicity and the 5-

year probabilities of Grade 2 late urinary and late low gastrointestinal toxicity–free survivals 

were 82.2%±7.4% and 72.2%±7.6%, respectively [106]. At ASTRO 2009 meeting, 

Willoughby et al. reported the results of a series of 31 patients treated using a 

hypofractionation schema of 70 Gy in 28 fractions of 2.5 Gy to the whole prostate with a dose 

per fraction augmentation to 2.86 Gy to the tumor region [107]. At 70 months, the rectal and 

urinary toxicity rates of grade 2 or more were respectively 11% and 3%. Until now, this 

concept was never evaluated for SBRT of prostate cancer, but it should be developed. 

1.5.2. Rationale of a simultaneous-integrated boost in SBRT 

In fact, the 10 Gy dose per fraction proposed by Boike et al. probably permits an optimal 

biological control, but could be excessive for the healthy tissues (this was tested only in phase 

I). The dose proposed by Seattle, of 5 x 6.7 Gy, is probably sufficient for an intraprostatic 

microscopic control, considering the biological equivalent dose of 78 Gy of 2 Gy per fraction, 

with a α/β=1.5 Gy. But the biological relapse rates of 10% let us think that it’s maybe not 

always sufficient to also control the macroscopic tumor. It seems that: 
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- the optimal dose to control the macroscopic disease, always limiting the toxicities 

risks, it’s between 5 x 6.7 Gy (Seattle) and 5 x 10 Gy (Dallas). 

- it’s perhaps not necessary to deliver this dose to the whole prostate, but more using a 

focalization technique to this macroscopic tumor. 

In 2013, King et al. presented a pooled analysis from a multi-institutional consortium of 

prospective phase II trials for SBRT of localized prostate cancer [108]. They stated that a 

dose-response within the range of 35-40 Gy in 5 fractions has not been observed and therefore 

escalation beyond 40 Gy is not warranted at this time, especially for low- and intermediate-

risk patients [108]. Moreover, potential higher rates of grade 3 GI and GU toxicities could be 

observed for SBRT at 50 Gy in 5 fractions, as previously presented by Boike et al.  

Consequently, combining a “moderate” irradiation of 6.7 Gy per fraction to the whole 

prostate (in order to limit the dose to the healthy tissues, but also treating the microscopic 

disease) with a higher dose to the macroscopic disease could be an optimal solution. A dose of 

5 x 8.5 Gy could have the advantage of: 

- Being feasible, because it’s inferior to 5 x 10 Gy, as it was used in the phase I study of 

Boike et al. and that was delivered to the whole prostate. 

- Representing an equivalent biological dose of 110 Gy (with a α/β=1.5Gy), which is 

sufficient to control a macroscopic disease.  

- Offering a macroscopic disease control probability close or equal to 5 x 10 Gy, always 

avoiding the toxicities risk. 

1.5.3. Prostate-rectum separation 

A prostate-rectum separation has been proposed in the past years, with the intention of 

possibly improving the quality of life for prostate cancer patients. This approach was 

previously described by Prada et al. for brachytherapy treatments and for external beam 

radiotherapy, using an injection of hyaluronic acid [109, 110]. 

1.5.4. Study justification 

The SBRT seems to be safe, but with a “narrow-border” between tolerance and toxicity. If 

the first results for prostate SBRT from some expert centers are promising in terms of rectal 

and urinary toxicities, probably the risk of toxicity increases with any positioning error. 

Therefore, an optimal protection of the rectal-wall could be obtained using three different 

methods: 



39 

1) With an exclusive SBRT integrated boost into the tumor – but it’s not a reasonable 

method for multiples tumors; 

2) With a SBRT technique to the entire prostate and a simultaneous SBRT integrated 

boost into the macroscopic tumor – it gives a sufficient dose to the microscopic tumors 

into the prostate, increases the dose to the macroscopic tumor and the rectum is spared 

from the high doses; 

3) With a prostate-rectum separation – for example, an injection of hyaluronic acid in the 

perirectal fat. 

Following these conclusions and based on methods (2) and (3), a study was initiated for 

the implementation of prostate SBRT in the Department of Radiotherapy-Oncology from 

Lyon Sud Hospital (France). The present work evaluates all the critical aspects (target 

definition, treatment planning, healthy-organ sparing and quality assurance of the treatment) 

for the development of a SBRT approach with an integrated boost into the prostate and an 

injection of hyaluronic acid for rectum sparing. 
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CTV delineation 

The stereotactic body radiation therapy is a very precise technique which requires high 

accuracy from the very beginning of the treatment planning, in consequence, starting with the 

delineation of the CTV. An underestimation of the prostate organ may lead to underdosage 

and therefore to treatment failure. In addition, an overestimation of the target in particular for 

SBRT may potentially increase the acute and the late toxicities of bladder and rectum.  

In general practice, the prostate is considered as the clinical tumor volume, to account 

for direct microscopic extension and because the macroscopic disease is not visible on the 

simulation CT scan. Generally, for prostate SBRT the GTV and CTV are considered to be the 

same. 

With the progress of the MR imaging, the primary tumor becomes often visible. Then, 

a gross tumor volume can be delineated. Thus, CTV can be defined as the prostate and the 

GTV as the visible tumor with its direct extensions (prostatic capsule and seminal vesicles) 

that may be detectable on MRI. The improvement of the target definition with a GTV within 

the CTV opens the way for developing an irradiation scheme with two levels of dose. 

However, several aspects may influence the delineation of the GTV: the tumor characteristics, 

the imaging technique, the experience of the physician in delineating that region, etc. 

Regardless of the stereotactic irradiation that is used, the constraint of volume 

limitation required by this technique imposes the most precise definition of the prostate on the 

CT/MRI fusion. Then, one major question is if the prostate contour can be performed by a 

radiation oncologist alone, or with the help of a radiologist, especially if the radiation 

oncologist is not a “great” expert in prostate cancer. Therefore, in section 2.2 is reported a 

study that evaluates if a radiologist could improve the prostate delineation of radiation 

oncologists, non-experts in prostate cancer, using a CT-MRI registration. 

ITV delineation   

The internal target volume depends mainly on the respiratory motion. Subsequently, it 

is possible that prostate changes its position during free breathing. The purpose of the second 

study (section 2.3) was to verify the respiratory-induced prostate motion using a four-

dimensional computed tomography scan (4DCT). 

SM definition 

 To guarantee that the CTV receives an adequate radiation dose, an appropriate 

planning target volume (PTV) margin should be added. The CTV to PTV margins are based 
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on random and systematic errors that represent the setup margin (SM). Setup margin 

exactness depends on the uncertainties related to the equipment (e.g., mechanical 

uncertainties of the devices or technical restrictions of the accelerator, beam penumbra) and is 

related to patient and target position (intrafraction and interfraction motion). Thus, SM take 

into consideration all possible geometrical deviations and inaccuracies. 

Systematic errors are due to the treatment preparation (setup errors, variations in 

patient positioning, etc.) and may occur during all fractions, while random errors may arise 

during only one fraction.  

One approach to limit the SM for SBRT is the use of three to four markers into the 

prostate as surrogates in localizing the target. The markers became a gold standard in 

monitoring and correcting the intrafraction and interfraction motion of the prostate. This 

method was implemented at Lyon Sud Hospital in 2009 and three gold markers are used in 

routine for radiotherapy treatment of prostate cancer. The accuracy of the prostate localization 

at each treatment fraction could allow to greatly reduce the PTV margins. However, before 

limiting the SM for SBRT, it was indicated to verify that the markers didn’t migrate during 

the treatment. Their stability was studied in a series of patients treated with image-guided 

intensity-modulated radiotherapy and with three gold markers, as described in section 2.4.   

A second approach to limit the SM for SBRT is to be able to control the prostate 

position throughout irradiation. The ExacTrac® system (BrainLab), available on the Novalis 

stereotactic-dedicated accelerator, presents the Snap Verification® (SV) tool. It acquires 

instant images before or during the irradiation and allows the verification of the patient’s 

position or of the target, using bony landmarks or implanted markers, respectively. In section 

2.5, the Snap Verification (SV) tool from the ExacTrac® system was evaluated. 
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2.2. Clinical target volume delineation 

Computed tomography has been shown to considerably overestimate the volume of 

the prostate [4, 5]. Three factors contribute considerably to the CT contour variation in 

prostate cancer patients: 

- poor distinction of the prostate from important adjacent structures on CT; 

- large variation in anatomic position of the prostate compared with the pelvic bones 

and other structures, and 

- difference in the shape of the prostate because of cancer stage or initial treatment 

choice (e.g. hormone therapy). 

The reduced distinction of the prostate from adjacent structures on CT was 

demonstrated with underestimation in the posterior prostate (at the prostate and rectal 

interface) [6]. Moreover, intraobserver and intramodality variations occur when this imaging 

technique is used. In consequence, delineation suggestions were recently proposed for CT [7] 

and MRI contouring [8] in order to possibly improve the prostate delineation for radiation 

oncologists. 

If the delineation of the target only using the CT scan seems to be sufficient for three-

dimensional conformal radiotherapy, in the last report of AAPM (TG101) multimodality 

imaging is highly recommended for prostate SBRT treatment planning [3]. 

Magnetic resonance imaging can offer superior definition of the prostate gland with 

respect to the surrounding tissue, providing excellent soft tissue contrast on T2-weighted 

images and allowing image acquisition of multiple planes with good spatial resolution [9]. 

Several studies demonstrate the difference between CT- and MRI-delineated prostate contours 

and therefore, the interest in using registrations between these two exams [10-12].  

Nowadays, image registration for prostate cancer between CT scan and MRI 

acquisition is recommended for visualization of target and organs and is increasingly used for 

IMRT and SBRT techniques. In Table 2.1 are summarized several SBRT studies with the 

delineation technique, as well as the PTV margins used for the treatment planning.
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If SBRT demands increased precision in delineation of the prostate, a high level of 

expertise for the radiation oncologist is required. With the development of prostate SBRT in 

large number of radiotherapy departments, less expert radiation oncologists in prostate cancer 

could venture in the delineation of the prostate for SBRT. A major issue is to define if these 

physicians can use CT/MRI registrations alone or if they should be helped by a radiologist in 

the delineation of the prostate.  

2.2.1. Publication 

In collaboration with the Radiology Department from Lyon Sud Hospital we created in 

2009 a protocol for pelvic MRI acquisitions that is additionally described below. This 

protocol is used in routine for prostate delineation on CT/MRI registrations. We subsequently 

initiated a study in order to evaluate the contribution of CT/MRI registrations without and 

with the prostate delineated by a radiologist on the MRI exam to improve the CTV definition 

for prostate SBRT. This work includes the evaluations of the prostate contour made by five 

non-expert radiation oncologists on three different imaging modalities: only on the planning 

CT scan, on the CT/MRI registration and on the registration with the contour of a radiologist 

available on the MRI. The initial results were accepted as a poster at the ESTRO 29 meeting 

(September 12-16, 2010) in Barcelona (Appendix 3, abstract number 1186) [13]. The study is 

presented below as an article.    
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Summary: 

The aim of this study was to evaluate if a CT/MRI registration, integrating the prostate 

contour made by a radiologist on the T2-MRI exam, could reduce the interobserver variations 

and improve the prostate delineation of the radiation oncologists who are not experts in 

prostate cancer. Alone, a CT/T2-MRI fusion didn’t improve the contouring variability among 

the radiation oncologists (p=0.12). But a CT/T2-MRI fusion with a radiologist contour 

decreased significantly the volume variation between radiation oncologists (p=0.0002). 

Abstract 

Purpose 

The objective of this study was to evaluate if an image registration between the 

dosimetric computed-tomography (CT) scan and the magnetic resonance imaging (MRI) 

decreases the variation in contouring between radiation oncologists non-experts in prostate 

cancer.  

Methods and Materials 

Five prostate cancer patients had a CT/T2-MRI image registration (AdvantageFusion® 

software, General Electric Medical Systems) based on three gold markers. The prostate was 

delineated on the T2-MRI exam by one radiologist, specialist in prostate cancer. Five 

radiation oncologists (RO) not specialized in prostate cancer delineated three contours on 

each CT scanin the following order: 1) without the MRI (CT), 2) with the CT/T2-MRI 

registration available (CT/T2-MRI) and 3) with the CT/T2-MRI registration and the 

radiologist’s prostate delineation available on the T2-MRI (CT/T2-MRI+CR). The volume 

variation and the contouring variability were evaluated for each RO and modality using the 

CRCV ratio (the contour of the RO divided by the common volume for a modality), the 

Jaccard index, the uncertainty ratio (inverse of Jaccard) and measures for directional 

variability.  

Results

The results for prostate delineations for all the patients showed a volume variation 

(CRCV ratio) of 1.46±0.19, 1.58±0.38 and 1.25±0.13 (mean±SD) for CT, CT/T2-MRI and 

CT/T2-MRI+CR, respectively. There was a significant difference between CT and CT/T2-

MRI+CR (p=0.0003) and between CT/T2-MRI and CT/T2-MRI+CR (p=0.0002) but no 

difference between CT and CT/T2-MRI (p=0.12). 

The overall Jaccard index, (mean±SD) was of 0.51±0.04, 0.46±0.09 and 0.65±0.05 for 

CT, CT/T2-MRIand CT/T2-MRI+CR, respectively. There was a significant difference for CT 
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vs CT/T2-MRI+CR (p=0.03) and for CT/T2-MRI vs CT/T2-MRI+CR (p=0.02) and no 

difference between CT and CT/T2-MRI (p=0.34). Similar results were obtained using the 

ratio of uncertainty.  

Evaluating the impact of the radiologist contours for different directions, it improved 

the prostate contouring especially at the apex: in the anterior part of the organ (p=0.02) and in 

the caudal direction (p=0.02).  

Conclusions 

A CT/T2-MRI fusion didn’t improve the volume variation among the radiation 

oncologists, non-experts in prostate cancer. Only a CT/T2-MRI image registration with the 

contour of the prostate delineated by a radiologist improved the delineation of the RO. The 

variation between radiotherapists decreased significantly when this method was used.

Keywords: Prostate delineation, radiotherapy, CT-MRI, image registration 
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Introduction 

According to the International Commission on Radiation Units (ICRU, reports 50 and 

62) it is recommended to accurately delineate the target [1, 2]. The recent irradiation 

techniques for prostate cancer, such as intensity-modulated radiation therapy and stereotactic 

body radiation therapy, require a higher level of precision at any step of the treatment. 

Therefore, the definition of the prostate becomes essential.   

Prostate definition on the CT scan is associated with high interphysician and interscan 

variations [3-7] and an overestimation of the clinical target volume (CTV) with CT images 

was confirmed [8]. However, these differences are significantly reduced when a magnetic 

resonance imaging (MRI) is used [9-12].  

The importance of using a CT/MRI image registration or a MRI exam for prostate 

delineation in radiotherapy was already demonstrated for: a) apex and base definition [13], b) 

reducing the dose to the rectum, penile bulb and the erectile arteries in order to improve the 

patients post-therapy sexual functioning and quality of life [14, 15], c) precision in prostate 

delineation for patients with bilateral hip prostheses [16], d) postimplant dosimetry for 

prostate brachytherapy [17] or permanent implantation [18] and e) tumor validation and 

localization into the prostate using different MRI sequences [19-21]. 

However, the interpretation of a pelvic MRI may be difficult and its usefulness for 

prostate contouring could be complex. Therefore, it’s reasonable to verify if the CT/MRI 

image registration could improve the prostate contouring or it could be a source of error for a 

radiation oncologist who treats less frequent prostate cancer patients.  

The aim of this study was to evaluate if a CT/MRI registration, with and without the 

prostate contour made by a radiologist on the T2-MRI exam, could reduce the interobserver 

variations and could improve the prostate delineation of the radiation oncologists who are not 

specialized in prostate cancer, compared to a CT/MRI registration alone. 

Methods and Materials 

Patients 

Five patients with prostate cancer were treated by an exclusive IMRT irradiation 

technique, with total dose of 74 Gy to 76 Gy (2 Gy daily fractions). They underwent three 

gold markers implantation with a transrectal ultrasound-guided technique. 
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Image acquisition and registration 

In 2009, a protocol was established in our radiotherapy department for low- and 

intermediate-risk prostate cancer patients for prostate tumor delineation. This protocol was 

furthermore used for the present study. Each patient had two image sets acquired with the 

patient in supine position:  

- a CT scan (GE LightSpeed16®) used for treatment planning purpose and acquired in 

helical mode with image slice thickness of 2.5 mm; 

- an axial T2-MRI pelvic acquisition  made using Achieva® 1,5 Tesla system (Philips). 

In collaboration with the Radiology Department the parameters of the T2-MRI exam were 

defined in order to optimize the visualization of the markers and the definition of the prostate: 

turbo spin echo images (TSE) (TR=7449 ms, TE=135 ms) with an axial slice thickness of 3 

mm and no space between the slices (gap = 0 mm), the images were acquired using a Sense 

body coil 4 elements (a phased array coil for increased signal-to-noise ration and high-

resolution body imaging), with a 332 x 243 matrix, a TSE factor of 19 and a field of view 

(FOV) of 200 x 200 mm.  

The MRI images were registered with the CT images using the Advantage Fusion®

software (General Electric Medical Systems) and the fusion was based on the three gold 

markers visible on both acquisitions. The registrations were constantly made and approved by 

the same radiation physician (OC), specialist in prostate cancer.  

Prostate delineation 

Initially, the prostate was delineated on T2-MRI exam by one radiologist (Rad), 

specialist in prostate imaging. Subsequently, 5 radiation oncologists (RO) were asked to 

independently contour the prostate on the available images. They weren’t specialized in 

prostate cancer, but they were in charge of different tumor localizations (head and neck, lung, 

etc). All RO completed three contours for each patient, in the following order:  

Step 1) using only the CT scan (CT);  

Step 2) having available the CT/T2-MRI fusion (CT/T2-MRI);  

Step 3) having available the CT/T2-MRI fusion with the projection of the prostate outlined 

constantly by the same radiologist (OR) on the T2-MRI exam (CT/T2-MRI+CR).  

During contouring, the physicians were blinded to the others and no repeated 

delineations to study the intraobserver variation were performed.  
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Contour evaluation 

The volume in cubic centimeters (cc) of each contour was measured using the 

treatment planning system (Eclipse®TPS, Varian). A common volume (CV) and a union 

volume (UV) were created using the Boolean operators. The common volume is the volume 

common to all radiation oncologists in one modality. The union volume is the volume that 

encompasses all the volumes defined by the radiation oncologists in one modality. 

The volume variation was calculated as the ratio between the contour of the radiation 

oncologist and the common volume on each modality (CT, CT/T2-MRI and CT/T2-

MRI+CR). This volume variation will be furthermore called CRCV (the contour of the 

radiation oncologist divided by the common volume for a modality).  

The contouring variability was calculated: 

a) with the Jaccard index (the ration between the CV and the UV), as recently 

published by Usmani et al. [12].  

b) with the ratio between the UV and the CV [10, 22]. This ratio of uncertainty is the 

inverse of the Jaccard index thus we calculate them both, allowing a comparison of our results 

with the ones of Rasch and Usmani. 

c) for different directions - In order to see where the contouring variability was present 

in a particular modality, measures were taken on the axial view between the CV and the UV 

on the same central axis, in the anterior (A), posterior (P), right (R) and left (L) directions. 

This analysis was made at different levels through the prostate (following the representation 

of Kagawa et al. [23]: 

- at the base, 5, 10, 15 and 20 mm superior to the geometrical isocenter of the prostate 

defined on CT (noted “(+)5mm”, “(+)10mm”,“(+)15mm” and “(+)20mm”); 

- at the isocenter of the prostate (noted “0 mm”) and

- at the apex, 5, 10, 15 and 20 mm inferior to the isocenter of the prostate (noted  

      “(-)5mm”, “(-)10mm”,“(-)15mm” and “(-)20mm”).

For the cranial-caudal direction (CC), the measures were taken on the coronal view. 

Statistical method

The CRCV was calculated for each modality by obtaining the average, the standard 

deviation (SD), the median and the range values for each physician and among all patients. 

The overall interobserver contouring variability for a particular imaging modality was 

assessed using the Jaccard index and the ratio of uncertainty, by obtaining the mean and the 

standard deviations in the entire patient population.  
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The Wilcoxon matched-pairs test was used to analyze the overall contouring 

variability between two modalities. 

Subsequently, the contouring variability (in millimeters) for each level of the prostate 

in the A, P, R and L directions and for the CC direction was compared between imaging 

modalities using a repeated measures Friedman test.

All tests were bilateral with a significant threshold set at p<0.05 and were made using 

GraphPad Prism V5.0 (GraphPad Software Inc., La Jolla, CA). 

Results 

General evaluation 

The average clinical prostate volume was 63.2 cc (range 44.7–100.4 cc). The average 

delineated prostate volumes for all patients and all radiation oncologists were 74.1 cc (range 

45–134.6 cc), 62.6 cc (range 30.7–129.5 cc) and 69.3 cc (range 39.8–141.2 cc) for CT, 

CT/T2-MRI and CT/T2-MRI+CR, respectively. The average prostate volume delineated by 

the radiologist on T2-MRI was 60.7 cc (range 39.9-124.3 cc). The average±SD, median and 

range values of the prostate are presented for each physician in Table 1. 

CRCV 

The overall volume variation between each modality (CRCV) is presented in Figure 1. 

The mean±SD was of 1.46±0.19, 1.58±0.38 and 1.25±0.13 for CT, CT/T2-MRI and CT/T2-

MRI+CR, respectively. There wasn’t any statistical difference between CT vs CT/T2-MRI 

(p=0.12), but a significant difference was found for CT vs CT/T2-MRI+CR (p=0.0003) and 

for CT/T2-MRI vs CT/T2-MRI+CR (p=0.0002). The average results for volume variation in 

terms of CRCV for each radiation oncologist on each modality are detailed in Table 1. 

Interobserver contouring variability  

The average overall contouring variability (the Jaccard index) for each modality is 

presented in Figure 2 (left). For the overall Jaccard index, the mean±SD was of 0.51±0.04, 

0.46±0.09 and 0.65±0.05 for CT, CT/T2-MRI and CT/T2-MRI+CR, respectively. There 

wasn’t any significant difference between CT and CT/T2-MRI (p=0.34), but a significant 

difference was found for CT vs CT/T2-MRI+CR (p=0.03) and for CT/T2-MRI vs CT/T2-

MRI+CR (p=0.02). 

The average ratio of uncertainty (inverse of Jaccard index) between each modality is 

illustrated in Figure 2 (right). For the ratio of uncertainty, the mean±SD was of 1.99±0.19, 

2.23±0.48 and 1.55±0.14 for CT, CT/T2-MRI and CT/T2-MRI+CR, respectively. There 
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wasn’t any significant difference for CT vs CT/T2-MRI (p=0.31), but a significant difference 

was found for CT vs CT/T2-MRI+CR (p=0.03) and for CT/T2-MRI vs CT/T2-MRI+CR 

(p=0.03). 

Contouring variability through the prostate 

The average contouring variability (in mm) for each modality is showed in Figure 3 

for the anterior, posterior and right-left directions for the different regions of the prostate. In 

the anterior direction, there was a significant difference between the 3 modalities for 

“+15mm” (p=0.02), “-10mm” (p=0.008), “-15mm” (p=0.02) and “-20mm” (p=0.02). The 

contouring variability (in mm) between the three modalities in the cranial-caudal direction is 

illustrated in Figure 4. There wasn’t any significant difference between modalities at the base 

of the prostate (p=0.09), but a significant difference was found at prostate’s apex (p=0.02). 

Discussion 

The overestimation of the target may contribute to higher acute and late toxicities. On 

the other hand, the underestimation of the prostate contour may have an implication on the 

local control. 

Gao et al. have demonstrated that the prostate volume delineated on CT was 

overestimated by an average of 30% of the real prostate volume (available from anatomical 

photographic digital images of pelvic region) and that included only 84% of the existent 

prostate volume [5]. For 8 patients, Sannazzari et al. reported a mean overestimation of the 

CTV of 34% with CT compared with MRI [8]. Along the anterior-posterior and superior-

inferior direction the authors found that CTV was a mean 5 mm larger with CT scans 

compared with MRI acquisitions.  

In 2003, Parker et al. assessed the feasibility of using intra-prostatic gold markers for 

the registration of CT and MR images. Overall, the magnitude of the prostate volume 

contoured on CT did not differ significantly from that contoured on MR images (p=0.20) [22]. 

Their results are similar to the ones found in the present study for the comparison of the CT 

versus CT/T2-MRI (p=0.25). Moreover, the authors showed that prostate contouring on MR 

is associated with less inter-observer variation than on CT (p=0.036) [22]. They obtained an 

average ratio of uncertainty in delineating the prostate of 1.58 for CT scans and of 1.37 for 

MRI scans [22]. 

In 1999, Rasch et al. calculated the mean ratio between the scan encompassing and 

scan common volume for several scans, including CT and axial MRI. They found that the 
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mean ratio±SD was of 1.5±0.4 and of 1.5±0.2 for CT and axial MRI, respectively. Their 

results indicated that the variation between the observers was similar in each modality [10]. 

Recently, Usmani et al. demonstrated that MRI decreased the contouring variability of 

the prostate compared with CT. They observed that the Jaccard index for the whole prostate 

becomes >0.8 when an MRI is used. However, the radiation oncologists attended a contouring 

workshop with a radiologist experienced in prostate MRI, or they completed the prostate atlas 

and contouring modules [12].  

The first intend of the present study was to evaluate the use of CT/MRI registrations 

for radiation oncologists who were in charge of different tumor localizations, but not 

specialized in prostate cancer. They didn’t attend any workshop for prostate contouring on 

T2-MRI. This absence of expertise may explain the low Jaccard index for CT/T2-MRI image 

registration and the high ratio of uncertainty whatever the modality used (1.99±0.19 with CT 

and 2.23±0.48 with CT/T2-MRI registration).  

The second intend of the study was to evaluate if an additional prostate delineation 

contoured by a radiologist on the T2-MRI (CT/T2-MRI+CR) may reduce the interobservers 

variability in this group of RO non-experts in prostate cancer. The results show an increase of 

the Jaccard index from 0.46±0.09 for CT/T2-MRI to 0.65±0.05 for CT/T2-MRI+CR (Figure 

2, left). The variation in contouring between all radiotherapists was significantly reduced 

(p=0.02) when the prostate contour of the radiologist was available. A more precise analysis 

revealed that the radiologist’s delineation improved the prostate contouring in all directions, 

but more specifically at the apex in the anterior part (p=0.02) (Figure 3) and in the caudal 

direction (p=0.02) of the organ (Figure 4).  

 In the past years, guides for prostate contouring were suggested when using only the 

CT scan [24] or the MRI data [25]. These may be an option for prostate delineation and 

should be furthermore studied. In the current work, we present another method in order to 

possibly improve prostate definition for standard image registration using the prostate contour 

made by a radiologist on the MR images.   

Conclusion 

A CT/T2-MRI fusion didn’t improve the volume variation among the radiation 

oncologists who were not specialists in prostate cancer. The prostate contouring on a CT/T2-

MRI fusion with a radiologist contour is associated with less inter-observer variation than on 

CT or CT/T2-MRI for physicians that are not familiar with MR imaging of prostate cancer. 

This seems to be even more relevant in defining the apex and the anterior region of the 
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prostate volume. These results may suggest that a CT/T2-MRI registration should not be used 

by RO who are not experts in prostate cancer unless a prostate delineation on MRI performed 

by a radiologist is available. The level of expertise of the radiologist was not evaluated in this 

study but could impact on the accuracy of the final CTV definition. 
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Figure 1. Overall volume varia
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ation between each modality (CRCV).



Figure 2. The average overall 
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Figure 3. The average contouring variability (in mm) for each modality and for: anterior, 
posterior and right-left directions for the different regions of the prostate. 



Figure 4. The contouring var
caudal direction. 
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riability (in mm) between the three modaliities in the cranial-
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2.2.2. Conclusion 

The variation of the inter-observers in the delineation of the prostate on CT is high 

when the radiation oncologists are not experts in the prostate cancer. Sole the CT/MRI 

registration could increase this variation by the difficulties meet to correctly read the MRI. 

Hence, the help of a radiologist is highly recommended when a SBRT treatment is planned. 
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2.3. Internal target volume definition 

Both, intrafraction (organ motion) and interfraction (patient movement and patient 

setup) contribute to increased uncertainty in defining the PTV margins. The magnitude of this 

uncertainty is summarized in a review of the prostate motion by Langen and Jones [14]. It has 

been demonstrated that the intrafraction prostate motion is less than the interfraction prostate 

motion [15-22]. But quantifying all these motions is crucial in order to create adequate 

smaller PTV margins minimizing these uncertainties that become important particularly when 

techniques like SBRT are considered [23, 24]. 

There are two types of intrafraction prostate motion: 

1) random motion of the organ (e.g. because of adjacent organ condition – rectum and 

bladder repletion); 

2) respiration-induced organ motion (e.g. abdominal pressure). 

The random prostate motion will be discussed in section 2.5, as it’s directly linked to the 

definition of the setup margins. 

2.3.1. Respiratory-induced prostate motion 

Internal margin (IM), or ITV, is part of the PTV margin design and may cause a 

problem for high-dose escalation irradiation. Usually, for the SBRT of the thoracic and 

abdomen localizations, the ITV accounts for in the delineation of the PTV margins. This is 

generally true because of the important target motion during free breathing. Such motion can 

be verified and comprised in the treatment planning using four-dimensional CT (4DCT) scans 

[25-27]. In our department, the 4DCT scan (LightSpeed16®, General Electric Medical 

Systems) is used in routine for the thoracic and abdomen irradiations.  

2.3.2. Publication 

In 2009, we performed a study in order to verify if prostate motion could occur during 

free breathing. If important displacements exist, they should be taken into consideration for 

SBRT irradiation, as the reduction in PTV margin is required. The initial results were 

presented at the ESTRO 29 meeting (September 12–16, 2010) in Barcelona (Appendix 3,

abstract number 1191) [28] and the study was accepted for publication in 2012 in the 

Radiotherapy Oncology journal [29]. 
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Background and purpose: During the irradiation of the prostate cancer, it is crucial to take into account
the possible displacements in defining the planning target volume. The objective of this study was to spe-
cifically analyze the respiratory-induced prostate motion using a four-dimensional CT scan (4DCT).
Materials and methods: Ten patients have been treated for prostate cancer in the supine position and with
three implanted gold markers; they underwent a 4DCT using a GE LightSpeed16� CT scan (slice thickness
2.5 mm). This acquisition was divided into 10 phases over the respiratory cycle using the Advantage4D
software. For each phase, digitally-reconstructed radiographs (DRRs) were created at 0� and 90� with
the view of the markers. The coordinates of each marker center were generated from the scan isocenter.
The motion amplitude was: visually analyzed on the dynamic 4DCT sequences and then more precisely
calculated by comparing the marker coordinates on the 10 scans.
Results: There was not any difficulty in defining the coordinates of the markers on each series. No pros-
tate motion was observed on a simple visual analysis of the dynamic 4DCT sequences. After a more spe-
cific analysis, using the coordinates of the fiducials on the 10 phases, the prostate motion remained below
1 mm in all directions, except for the cranio-caudal, where it was undetectable (thereby below the slice
thickness of 2.5 mm).
Conclusions: To our knowledge, this is the first study that evaluates the respiratory-induced prostate
motion, using a 4DCT scan. Even if important prostate displacement can occur during the prostate treat-
ment, because of the bladder or rectum filling, in the present study no respiratory-induced prostate
motion was observed.

� 2012 Published by Elsevier Ireland Ltd. Radiotherapy and Oncology 103 (2012) 266–269

The prostate motion is an important issue to define the internal
target volume (ITV) and the planning target volume (PTV) margins
around the organ. The subject becomes crucial when a hypo-
fractionated intensitymodulated radiotherapy (HIMRT) [1–9] or ste-
reotactic body radiation therapy (SBRT) [10–14] approach is sched-
uled, with limited PTV margins and high doses per fraction. An
inadequate definition of the PTV could result in an underdosage for
the target and/or an overdosage for the rectum and/or bladder.

The prostate intrafraction movement was already analyzed
using fluoroscopic [15–22], electronic portal [23] or kV [24] images
and intraprostatic gold markers; radiofrequency transponders with
the Calypso system [25–27], or using dynamic MRI [28–30] but
never with a four dimensional (4D) CT scan. The patient position
(prone vs. supine) was specially considered and substantial reduc-
tions in the prostate motion were seen for the supine position
compared with the prone position [19,20,31,32]. The 4DCT

technique is the most efficient one for detecting the motion of
the thoracic and abdominal organs (lungs, liver, kidneys, etc.)
and has been routinely used by our department team for ITV delin-
eation, for more than three years. Due to its image quality, the
4DCT scan offers a precise analysis of the prostate and of the intra-
prostatic gold markers motion during normal breathing. The aim of
the present study was to analyze the potential respiratory-induced
prostate motion on patients who underwent a 4DCT scan, in the
supine position, after the implantation of three gold markers.

Materials and methods

Patients

In our department, patients are often treated for low- and
intermediate-risk prostate cancer with an intensity modulated
radiotherapy (IMRT) technique and three gold markers implanted
by a urologist surgeon or a radiologist. The markers are 3 mm long
and 1.2 mm thick and are implanted in triangle: one at the base on
the right side of the urethra, one at the middle left laterally and the
third one at the apex, on the right side of the urethra. The three
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gold markers are used for: (1) better delineation of the prostate on
an image fusion between the dosimetric CT scan and the T2-MRI
series, (2) the daily kV/kV prostate repositioning under the acceler-
ator. All the patients are treated supine, using specific knee cushion
and leg immobilization (Civco Medical Solutions).

The 4D acquisition technique

Ten patients underwent a dosimetric scan (in helical mode), for
the treatment planning, followed by a 4D acquisition (in cine clus-
ters with multiple acquisitions along the Z-axis), using the GE
LightSpeed16� CT scan. The 4D acquisition was made 2 cm above
the prostate to 2 cm below during normal breathing. The dose
delivered to one patient for a GE 4DCT scan acquisition was
20–23 mSv. The 4D cine acquisition protocol used for these
patients is presented in Table 1.

The respiratory-induced motion was recorded via an external
gating system, Real-Time Position Management (RPM) from Var-
ian. Both, the 4DCT exam and the respiratory motion data file were
transferred to the Advantage4D� software (General Electric Medi-
cal Systems), where the respiratory phase was correlated with the
acquired image. Ten CT scan phases were created for each respira-
tory cycle, all with the same isocenter.

Prostate movement analysis

The prostate motion was first evaluated by a simple visual anal-
ysis of the dynamic 4DCT scan sequences and then more precisely
measured on each phase of the respiratory cycle, according to the
following procedure:

– for each patient and for each CT scan phase, two digitally recon-
structed radiographs (DRRs) were created at 0� (anterior) and 90�
(left lateral) with a view of the markers (image pixel
size = 0.02 cm). On these two DRRs, the coordinates (x, y and z) of
the middle of the three markers were generated from the isocenter
of the CT scans, taken as a reference (coordinates: 0,0,0). The
amplitude of the prostate motion was calculated by comparing
the coordinates of the markers on the 10 scans. All the values in
millimeters were analyzed in order to observe a possible move-
ment of the prostate during respiration.

Results

The 4D acquisitions were performed on an average of 10 respi-
ratory cycles [7–14], with an average of 4 s per breathing cycle. The
average time for a cine acquisition was of approximately 2 min. No
prostate motion was observed on a simple visual analysis of the 10
dynamic 4DCT scan sequences.

There was not any difficulty in defining the coordinates of the
markers on each CT scan series. After a more specific analysis on
the DRRs, using the coordinates of the seeds on each of the 10

respiratory phases, the prostate motion remained below 1 mm
with an average of 0.27 mm in both left–right (LR) and anterior–
posterior (AP) directions. The maximum values and the aver-
ages ± standard deviations (SD) of the movement amplitudes for
every direction and each patient are presented in Table 2. In the
cranio-caudal (CC) direction, the prostate motion remained unde-
tectable according to the slice thickness and thereby below
2.5 mm. Smaller slice thicknesses were not used in order to avoid
an increasing dose to the pelvis, for the 4D acquisition.

Discussion

Ventilatory prostate motion in the supine vs. prone position

The respiratory-induced prostate organ motion with particular
regard to the patient’s position (supine or prone) was previously
studied using three gold markers and fluoroscopic images
[21,33]. When using, or not, an immobilization device, the results
are not always similar. Malone et al. [21] evaluated images from
20 patients (prone with and without thermoplastic shells and su-
pine without their shells) and measured the prostate position dur-
ing quiet respiration over 20-s fluoroscopy time interval. When the
patients were immobilized prone in thermoplastic shells, the pros-
tate moved synchronously with the respiration. In their study, the
prostate was displaced at a mean distance of 3.3 ± 1.8 (SD) mm
(range, 1–10.2 mm), with 23% of the displacements being 4 mm
or greater due to the intra-abdominal pressure. The respiration-
associated prostate movement decreased significantly in supine
without thermoplastic shells.

A comparison of the prostate motion in four different treatment
positions was made on four patients and using fluoroscopic images
by Dawson et al. [19]: prone in an alpha cradle, prone with an
aquaplast custom mold, supine on a flat table and supine with a
false table top under the buttocks. The fluoroscopic observation
times were of 10–30 s (2–6 breathing cycles). They noticed that
the largest prostate ventilatory movement was in the CC direction.
When the patient had a normal breathing, the prostate movement
remained below 1 mm in all directions for the supine position,
whereas, in the prone position the CC movements ranged from
0.9 to 5.1 mm, i.e. results comparable with the present study.
When the patient had a deep breathing, the CC movements were
of: 3.8–10.5 mm in the prone position (with and without an aquap-
last mold), 2.0–7.3 mm in the supine position and 0.5–2.1 mm in
the supine position with a false table top. They concluded that
the ventilatory movement of the prostate was substantial in the
prone position and was reduced in the supine position.

In 2002, Kitamura et al. [20] found similar results in the study of
10 patients, using two sets of real-time fluoroscopic images and no
immobilization. The coordinates of only one marker were recorded
automatically and analyzed in terms of 3D trajectories and

Table 1
4D-Cine Protocol that was used for the acquisitions of the prostate cancer patients.

Scan parameters � kV = 120
�mA for abdomen = 160–175
� Time = 0.5–1 s for Cine full, cine duration was 6

Scan type � Scan Type = Cine
� Rotation time = 0.5–1.0 s
� Rotation length = Full

Scan range � 2 cm around the prostate, in the cranio-caudal axis
Cine duration � Cine duration = breathing cycle + scan rotation
Slice parameters � Detector row = 16

� Axial thickness = 2.5 mm
� Number of images per rotation = 4i
� Cine time between images = breathing cycle/10

Table 2
The maximum (max), average (mean) and standard deviation (SD) values in
millimeters, representing the movement amplitudes for every direction and each
patient.

Patient No. LR (x axis) AP (y axis) CC (z axis)

Max Mean ± SD Max Mean ± SD Max (mm)

1 0.7 0.4 ± 0.2 0.8 0.5 ± 0.1 <2.5
2 0.3 0.1 ± 0.1 0.4 0.1 ± 0.1 <2.5
3 0.4 0.2 ± 0.1 0.6 0.3 ± 0.2 <2.5
4 0.6 0.2 ± 0.2 0.2 0.1 ± 0.1 <2.5
5 0.2 0.1 ± 0.1 0.3 0.1 ± 0.1 <2.5
6 0.1 0.1 ± 0.1 0.3 0.1 ± 0.1 <2.5
7 0.4 0.2 ± 0.1 0.4 0.2 ± 0.1 <2.5
8 0.1 0.1 ± 0.1 0.3 0.1 ± 0.1 <2.5
9 0.5 0.1 ± 0.1 0.5 0.2 ± 0.1 <2.5

10 0.2 0.1 ± 0.1 0.6 0.2 ± 0.2 <2.5

C. Udrescu et al. / Radiotherapy and Oncology 103 (2012) 266–269 267



movement frequency. The average amplitude in the supine
position was 0.1 ± 0.1, 0.3 ± 0.2 and 0.3 ± 0.4 mm vs. 0.5 ± 0.4,
1.4 ± 0.5 and 1.6 ± 0.4 mm in the prone position, in respectively
L–R, CC and AP directions. The supine position amplitude was
statistically smaller in all directions than in the prone position.
The authors agreed that with the limitation of their method, track-
ing a single marker in the prostate might not reflect the movement
of the entire prostate gland.

Normal breathing vs. deep inspiration

A study was conducted in 2004 [18] to quantify the intrafrac-
tion motion of the prostate using digital fluoroscopy and gold
seeds. Thirty-two patients were instructed to breathe normally
and then to provide a deep inspiration in order to observe its ef-
fects. Means and standard deviations for superior–inferior, lateral
and anterior-posterior prostate motions were 0.5 ± 0.2, 0 ± 0.1 and
0.2 ± 0.2 mm, respectively, during quiet respiration. Results for
deep inspiration for the same three directions were 2.1 ± 1.6,
0.6 ± 0.6 and 1.7 ± 0.5 mm, respectively, with observed extremes
of motion in the superior–inferior direction of 6.3, 2.5 mm in
the lateral direction and 6.5 mm in the anterior–posterior
direction.

Recently, a total of 43 patients and eight healthy volunteers
were examined with dynamic MRI [30]. Images during deep respi-
ration and during the contraction of abdominal musculature (via a
coughing maneuver) were obtained with dynamic two-dimen-
sional (2D) balanced SSFP; 3 frames/s were obtained over an acqui-
sition time of 15 s. Images were acquired in the sagittal orientation
to evaluate motion along both the craniocaudal (cc)-axis and
anteroposterior (ap)-axis. The prostate motion was quantified
semi-automatically using dedicated software tools. The respira-
tory-induced mean cc-axis displacement of the prostate was
2.7 ± 1.9 (SD) mm (range, 0.5–10.6 mm) and the mean ap-axis
displacement 1.8 ± 1.0 (SD) mm (range, 0.3–10 mm). In 69% of
the subjects, breathing-related prostate movements were found
to be negligible (<3 mm). The prostate displacement for abdominal
contraction was significantly higher.

In the current study, displacements inferior to 1 mm were
found in all directions, except in the CC direction where they were
undetectable. The results are comparable to those of Dawson et al.
[19]. Similar results were also found in the study of Kitamura et al.
[20] for the supine position. To our knowledge, the present study is
the first to corroborate the previous results on the respiratory pros-
tate motion in the supine position, using a recent 4DCT scan tech-
nique and three intraprostatic gold markers, intended for normal
breathing respiration. The 4D scan is a continuous acquisition dur-
ing the entire breathing cycle and consequently allows an accurate
visualization of any motion of the pelvic organs (prostate, bladder,
etc.) induced by respiration. With an acquisition time of 2 min and
a breathing cycle around 3–4 s, any prostate motion could be well
monitored and the effect of respiration well observed.

Conclusions

Although an important prostate displacement can occur during
the prostate treatment, because of the bladder or rectum filling, in
our study we did not observe any motion of the prostate, linked to
normal breathing. Taking into consideration the slice thickness of
the CT scan (2.5 mm), our study shows that the prostate motion
with respiration, if present, remains always below 1 mm in AP
and LR directions and below 2.5 mm in the CC direction, a very
important aspect for the reductions of the PTV margins for the
3D-conformal radiotherapy and especially for hypofractionated
IMRT and/or SBRT irradiation techniques.
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2.3.3. Conclusion 

In conclusion, the prostate doesn’t move during free-breathing and should not be an issue 

throughout a stereotactic irradiation.  
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2.4. Setup margin definition: Reliability of the implanted fiducial markers

If no intrafraction prostate motion during free-breathing were noticed in the previous 

study [29], other important prostate displacements can occur during irradiation because of the 

bladder or rectum filling. This intrafraction prostate motion (as a result of organ repletion) 

and the interfraction prostate motion (primarily related to changes inpatient localization) 

continue, in consequence, to account for in the definition of prostate setup margins. Image-

guided radiation therapy (IGRT) can be used to determine and correct positional errors for 

patient/target and critical structures, before or during irradiation. Gold markers are commonly 

used for the localization of the prostate before the irradiation and the intra-fraction control.

2.4.1. Prostate localization and patient setup using fiducial markers 

A number of studies have been published analyzing PTV margins required for prostate 

radiotherapy based on setup errors (interfractional movement) and internal margin 

(intrafractional movement) for different repositioning techniques and using implanted 

markers. 

There were two studies that reported up to 50% PTV margins reduction when 

implanted markers are used. Beltran et al. reported PTV margins for pelvic bony anatomy 

setup of 4.3 mm, 9.8 mm and 11.5 mm in the left-right (LR), superior-inferior (SI) and 

anterior-posterior (AP) directions, respectively. When they used fiducials and EPID instead of 

kV imaging, they found margins of 4.8 mm, 5.4 mm and 5.2 mm for LR, SI and AP, 

respectively (using 5-mm action threshold), and 4.3 mm, 4.9 mm and 4.8 mm for LR, SI and 

AP, respectively (with no-threshold method) [18]. Moseley et al. compared kV cone beam CT 

with MV portal images in terms of MS patient setup, finding no difference between systems 

[30]. Nederveen et al. presented their results with markers and provide a smaller margin for 

the PTV (3.2 mm, 4.3 mm and 4.4 mm in the LR, AP and SI positions, respectively). Standard 

deviations for systematic marker displacement were of 2.4 mm in RL direction, 4.4 mm in the 

AP direction and 3.7 mm in the caudal-cranial direction (CC) [31]. Huang et al. studied 400 

alignment procedures with US for 20 patients and reported a small intrafraction movement of 

the prostate. The mean magnitude of shifts (±SD) was 0.2 ±1.3 mm, 0.1±1.0 mm, and 0.01 ± 

0.4 mm, in the anterior, superior and left directions, respectively. The maximal range of 

motion occurred in the AP dimension, from 6.8 mm anterior to 4.6 mm posterior [15]. 
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Cheung et al. used EPID and fiducial markers with 33 patients and a total of 297 

images. The average PTV margin used during the hypofractionated IMRT boost was of 3 mm 

in the LR direction, 3 mm in the SI direction, and 4 mm in the AP direction [32]. Vigneault et 

al. also studied the intrafraction motion with implanted markers using EPID. The 

displacements of the marker up to 1.6 cm were measured within 2 consecutive days of 

treatment, but they didn’t find any intrafraction motion [33]. Nederveen et al. reported the 

intrafraction motion of the prostate for 10 patients using an a-Si flat-panel imager. The 

detection of a marker displacement as large as 9.5 mm was possible and the authors affirmed 

that the prostate motion is typically in the posterior direction when patients are treated supine. 

Within 2 to 3 minutes, the average deviations from the initial marker position were 0.3 mm ± 

0.5 mm and -0.4 mm ± 0.7 mm in the AP and CC directions, respectively [34].  

In conclusion, intraprostatic markers are the gold standard for the detection of the 

intrafraction motion and are highly recommended for the prostate image-guided SBRT. We, 

as other teams, have demonstrated the stability of the fiducials and the importance that should 

be given for PTV margins reductions up to 3 mm for SBRT.  

2.4.2. Real-time tracking systems 

In addition, it is highly recommended to monitor the prostate motion with real-time 

tracking systems. 

On 11 patients, Litzenberg et al. assessed the impact of the intrafraction motion on the 

margins for prostate radiotherapy. Positioning by Calypso and three implanted transponders at 

the start of the treatment fraction required average margins of 1.8 mm, 5.8 mm, and 7.1 mm in 

the LR, AP and CC directions, respectively. Intrabeam adjustment provided margins of 1.3 

mm, 1.5 mm, and 1.5 mm, respectively [35]. Kupelian et al. carried out a real-time 

monitoring of the prostate with the Calypso system and three implanted electromagnetic 

transponders. Displacements ≥3 and ≥5 mm for cumulative durations of at least 30 seconds 

were observed during 41% and 15% of sessions. They observed good agreement with the X-

ray localization system [36].  

Alonso-Arrizabalaga et al. acquired 1330 pairs of ExacTrac® kV-images of 30 

patients. They suggested that the PTV margins, based on daily bony anatomy match, 

including intrafraction correction, would be of 4.5 mm, 13.5 mm and 11.5 mm in the LR, SI 

and AP directions, respectively. This margin could be additionally reduced to 4.8 mm, 8.6 

mm and 8.1 mm in the same directions (including intrafraction motion) if implanted marker 

seeds are used. They concluded that with daily markers repositioning, the PTV margins could 
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be reduced to 1.9 mm, 6.2 mm and 4.7 mm in LR, SI and AP, respectively [37]. ExacTrac®

seems to be an important system for target localization and combined with the Snap 

Verification® tool allow margin reductions below 5 mm. 

2.4.3. Fiducial markers stability  

If the implanted fiducials are commonly used for daily prostate localization and 

became the gold standard for a daily basis repositioning of the prostate before and also during 

the external beam radiotherapy, and more specifically for the stereotactic irradiation [38-45], 

the question of the potential migration of the markers within the prostate is essential. Usually, 

for SBRT, the CT scan is performed minimum one week after fiducial implantation, for 

potential stabilization of the fiducials in the prostate [39, 41-44]. However, the CT simulation 

and SBRT treatment might be performed immediately after fiducials implantation [40, 45]. 

Sometimes, the hormone therapy is administered before SBRT to downsize the 

prostate gland [43]. This is in agreement with the clinical observation that the prostate gland 

decreases in size after radiotherapy. The stability of the markers is crucial for SBRT as IGRT 

accuracy is < 1mm. The variations of the intermarker distance because of the prostate 

shrinkage or fiducials migration may affect or induce errors in prostate repositioning and can 

lead to overdosage or underdosage of the organs [46].  

2.4.4. Publication 

A study was conducted to evaluate the stability of the markers in the prostate 

specifically when the hormone therapy is used. We describe below our results following the 

assessment of the intermarker distance of three gold markers. The evaluation was made for 

two groups of patients who received (5 patients) or not (5 patients) a hormone therapy before 

prostate irradiation. This paper was presented at the 52nd Annual ASTRO Meeting (October 

31 – November 4, 2010) in San Diego (Appendix 4, abstract number 3052) [47] and 

published in 2013 in Cancer Radiothérapie [48]. 
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a  b  s t  r  a c t

Purpose.  – Gold markers  are frequently  used  for  a better  daily  repositioning  of  the prostate  before  irra-

diation. The purpose  of  this  work was  to analyze if  the combination  of  an androgen  deprivation  with the

external irradiation could  modify  the position of  the  gold  markers  in the  prostate.

Patients and methods.  – Ten patients  have  been  treated for a prostate  cancer,  using three  implanted  gold

markers. The variations  of the  intermarker  distances  in  the  prostate  were measured  and  collected  on

daily OBI® kilovoltage  images  acquired  at 0◦ and  90◦.  Five patients  had  a  6-month androgen deprivation

started before  the  external  irradiation  (H group)  and five  did not  (NH  group).

Results. – A total number  of  1062 distances  were  calculated.  No distance variation  greater than  3.7  mm

was seen between  two  markers,  in  any of  the  two groups.  The median  standard  deviations of  the  daily

intermarker distance  differences  were  0.7 mm (range  0.3–1.2  mm) for the  H group  and  0.6 mm (range

0.2–1.2 mm) for the NH  group.  The intermarker  distances  variations  were noted  as greater  than –2  mm,

between –2  mm and 2 mm  and greater  than  2 mm in  16.4, 83.4  and 0.2%  for the H  group  and  1.3, 98.5  and

0.2% for the  NH  group,  respectively.

Conclusion.  – The distance variations  remained  less than 4 mm  in both groups  and for  all the  measure-

ments. In  the  NH  group,  the  variation  of  the distance  between  two  markers remained  below  2  mm  in

98.5%. In  the H  group,  the  presence  of  a reduction  of  distance  above  2  mm  in  16.4%  of  measurements

could indicate  the  shrinkage  of  the  prostate  volume.

© 2013  Published  by  Elsevier  Masson  SAS on behalf  of  the Société  française  de radiothérapie

oncologique (SFRO).

Mots clés :
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Repositionnement de la prostate

Radiothérapie guidée par l’image

Hormonothérapie.

r  é  s u  m  é

Objectif  de  l’étude.  – Les  grains  d’or  sont  fréquemment  utilisés  pour  une  meilleure  localisation  de  la

prostate à chaque  séance  d’irradiation.  L’objectif  de  cette  étude  était  d’analyser  si l’association  d’une

hormonothérapie et  de  la radiothérapie  pouvait  modifier  la position  des  marqueurs  dans la  prostate  en

cours de  traitement.

Patients et méthodes. –  Les  images de  basse  énergie  (kV)  de  dix  patients,  traités  par  irradiation  avec

repositionnement sur trois  grains d’or pour  un cancer  de  la  prostate,  ont  été  analysées.  Les  variations  de

distance entre  les  marqueurs  ont  été  mesurées  sur  les  deux  images  de basse  énergie  acquises  chaque  jour

à 0◦ et  à 90◦.  Cinq  patients ont  reç u  une  hormonothérapie  de six  mois associée à l’irradiation  (groupe  H)

et cinq  ont  reç u une  radiothérapie  seule (groupe  NH).
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Résultats.  – Au total,  1062 distances ont  été  calculées  entre  marqueurs.  Aucune  variation  de  distance

supérieure à 3,7 mm  n’a  été  observée  en  cours  de  traitement  dans les deux  groupes.  Les déviations  standard

des variations de  distance entre  les marqueurs  ont  été 0,7 mm (0,3–1,2  mm) en cas d’hormoradiothérapie

et 0,6  mm (0,2–1,2 mm)  en  cas de  radiothérapie  exclusive.  Les  variations  des variations  de  distance entre

les marqueurs  ont  été notées  supérieures  à –2  mm, entre  –2 et  2 mm et supérieures  à 2 mm dans  16,4,

83,4 et  0,2  %  en  cas  d’hormoradiothérapie  et 1,3,  98,5  et  0,2 %  en cas de  radiothérapie  exclusive.

Conclusion. – La  réduction  des distances restait  inférieure  à  4 mm  dans les deux  groupes  pour toutes les

mesures. Pour le  groupe  exclusivement  irradié,  la  variation  de  distances  entre  deux  marqueurs  restait

inférieure à 2 mm dans 98,5  %. Dans  le groupe  H,  la présence  d’une réduction  de  distance  supérieure  à

2 mm dans  16,4  % de  mesures pourrait  signifier  une  diminution  du volume  prostatique.

© 2013 Publié  par Elsevier  Masson  SAS pour la Société  française  de  radiothérapie  oncologique  (SFRO).

1. Introduction

The high conformity of the dose to the target volume, which is

expected during the irradiation of prostate cancer, requires a  great

level of precision for the localization and the repositioning of this

organ [1–6].

The intraprostatic gold markers are frequently implanted for a

better daily repositioning of the prostate before and also during

the irradiation [7–13].  They could improve the prostate localization

and allow a reduction of the planning target volume (PTV) margins

[14–16]. However, any reduction of the PTV could be conditioned by

the risk of markers migration throughout the course of treatment.

Sometimes, the patients have a  hormonal therapy before or  during

radiotherapy [17,18]. Several studies evaluated the intraprostatic

markers stability for patients receiving [19–22],  or not, a  hormone

therapy [10,19–25].  However, none of these studies evaluated the

impact of the hormone therapy on the position of the markers using

daily kV-images throughout the whole course of the treatment.

Hence, the purpose of this study was to assess if  the variations of

the intraprostate gold seeds positions could be influenced by the

combination of an androgen deprivation with the irradiation.

2.  Patients and methods

2.1. Patients

Ten patients have been treated by exclusive irradiation for low-

or intermediate-risk prostate cancer (according to the D’Amico

classification). The total dose was of 74–76 Gy (2  Gy daily fraction),

delivered by image-guided irradiation. Five patients received a

neoadjuvant hormone therapy (6 months of androgen deprivation),

started during the week preceding the first session of radiotherapy.

Details regarding the patients’ stage and prostate characteristics are

presented in Table 1.  The daily patient repositioning was made in

the supine position, using specific prostate cradle for knee and leg

immobilization (Civco Medical Solutions).

2.2. Gold markers implantation technique

Three porous gold markers (Eckert and Ziegler Bebig) were

implanted into the prostate by an urologist surgeon (AR and MD)  or

a  radiologist (OR). The implantation technique was similar to biop-

sies, transrectally under ultrasound guidance and using three 17 G

(gauge) needles. The markers were 3 mm long and 1.2 mm thick

and were implanted in triangle: one at  the base on the right side of

the  urethra (M1), one at  the middle left laterally (M2) and the third

one at the apex, on the right side of the urethra (M3). They were

used for image fusions (between the T2-MRI exam and the dosi-

metric computed tomography scan) and for daily repositioning of

the prostate before irradiation.

2.3. Image acquisition

The patients underwent a  CT scan simulation (GE LightSpeed®

RT16 CT scan) with a  slice thickness of 2.5 mm.  Digitally recon-

structed radiographs (DRRs) were then created.

For each patient, two kV-images (pixel size of the

image =  0.02 cm)  were performed before each fraction at  0◦

(anterior) and 90◦ (left lateral) on an OBI® system from Varian

Medical Systems, Inc. The total irradiation dose delivered to one

patient  by the kV-images was of 0.22 Gy.

2.4. Statistical analysis

The analysis of the seeds displacements was made by the same

operator (CU) using an offline image software (Offline Review®,

Varian Medical Systems, Inc.). The size and the center of each

marker were precisely defined. The coordinates of the centers of

two markers, M1 and M2,  were measured on both kV-images (x,

y  and z axes) from the center of the M3  marker (coordinates: 0,  0,

0)  (Figs. 1  and 2). This marker (M3) was constantly used as refer-

ence, for all  kV-images. The distances between the markers were

extrapolated from the coordinates of these three markers using the

formula:

Dij =
√(

xj −  xi

)2 +
(

yj − yi

)2 +
(

zj −  zi

)2

The values in millimeters were recorded and analyzed in order

to  assess the time related to any distance variation, in the whole

Fig. 1. Example of an anterior OBI kV-image. The M3  marker was chosen as reference

(x, y, z) = (0, 0, 0) for all the  images. The coordinates x  and z  of the other two markers

were measured on the anterior acquisition.

Exemple d’image de basse énergie avec l’OBI (On-Board Imager) de face. Le marqueur
M3 a  été  choisi comme référence (x, y, z) = (0, 0, 0) pour toutes les  images. Les coordonnées
x  et z  des deux autres marqueurs ont été mesurées sur les acquisitions de face.
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Table 1
Details regarding the prostate cancer stage of the patients.

Caractéristiques des tumeurs prostatiques par patient.

Patient Hormone therapy Gleason Score PSA

(ng/mL)

Prostate T stage Prostate volume

(cm3)

1 No 7  (3 + 4) 3.5 T2a N0M0 32.3

2  No 7  (3 + 4)

grade 4 at  20%

8.9  T1c  N0M0 44.7

3  No 7  (3 + 4) 7.8 T1c  N0M0 62.7

4  Yes 7  (4 + 3)

grade 4 at  70%

16,  17 T1c  N0M0 56.4

5  Yes 7  (4 + 3)

grade 4 at  80%

grade 3 at  20%

8  T1c  N0M0 52.5

6  No 7  (3 + 4) T1c  N0M0 100.4

7 Yes 7  (4 + 3)

grade 4 at  60%

4.66 T1c  N0M0 51.7

8  Yes 7  (4 + 3)

grade 4 at  70%

4.5  T1c  N0M0 41.4

9  No 6  (3 + 3) 11.89 T1c  N0M0 36.9

10 Yes 7  (3 + 4) 11.94 T1c  N0M0 48.6

population. This analysis was made for both groups: the hormone

(H) and the non-hormone (NH), as follows:

• a general analysis of all the distances between markers was

made and the distance variations were presented as: significant

reduction of the distances (>  –2 mm),  significant increase of the

distances (> 2 mm)  and non-significant variation of  the distances

(–2  mm to 2 mm).  Because of the uncertainties in image definition

and  distance measurement, we considered that the variations

less  than 2 mm are not important. The results are presented in

percentages;
• the  intermarker distance variations throughout the treatment

time were analyzed and the mean ±  standard deviations were

noted as well. The daily differences of the intermarker distances

from the first day to the end of the treatment were calculated and

plotted in a histogram, as also described earlier by Dehnad et  al.

[26];
• the initial distance (i5D)  value between two markers was defined

as  the mean distance measured from the first five kV-pairs

and the final distance (f5D) value was noted as the mean dis-

tance calculated from the last five kV-pairs. For each patient,

a  distance variation (D5var) between two markers was thereby

Fig. 2. Example of a left  lateral OBI kV-image. The M3 marker was chosen as refer-

ence (x, y, z) = (0, 0, 0) for all the images. The y coordinates of the other two  markers

were measured on the lateral acquisition.

Exemple d’image de basse énergie avec l’OBI (On-Board Imager) de  profil. Le marqueur
M3 a été choisi comme référence (x,  y, z) = (0, 0, 0) pour toutes les  images. Les coordonnées
y  des deux autres marqueurs ont été mesurées sur les acquisitions de profil.

obtained by subtraction of  the final mean value from the initial

one (D5var =  f5D–i5D).

3.  Results

The implantation of the gold markers was  easily made under

local anesthesia. A total number of 758 images were acquired for

this study and 708 out of 758 images were available for analysis,

corresponding to 354 kV-pairs (0◦ and 90◦).  Fifty images couldn’t be

evaluated due to technical problems (for patients no 2, 8  and 10). A

total of 1062 distances were thereby calculated for all the patients

and all the marker pairs. The mean number of kV-pairs available

for analysis per patient was  35 (range 25–39).

3.1. General analysis of  the distance variations between the
markers

Among the 1032 daily variations measured, 940 (91.1%)

remained less than ±  2 mm.  An increase of the distance (greater

than 2  mm)  was observed on two (0.2%) measurements, which did

not exceed 2.7 mm.  A decrease of distance greater than –2 mm

was  noted on 90 (8.7%) measurements with a maximum value of

–3.7 mm.

The daily intermarker distance variations for the two groups

separately were: 507/1032 intermarker distance variations for the

H  group and  525 out of 1032 intermarker distance variations for

the NH group. These variations were greater than –2 mm,  between

–2  mm  and 2 mm and greater than 2 mm in 16.4, 83.4 and 0.2% for

the  H  group and 1.3, 98.5 and 0.2% for the NH group, respectively.

3.2.  Daily intermarker distance variations during the treatment
and the impact of hormone therapy

The mean standard deviations of the daily intermarker dis-

tance differences were 0.7 mm  (range 0.3–1.2 mm)  for the hormone

group and 0.6 mm (range 0.2–1.2 mm)  for the non-hormone group.

Performing a  linear regression analysis, for the H  group in all  15

intermarker distance s, the slope significantly differed from zero

(P < 0.001) and the slope coefficient was  negative for all these dis-

tances,  showing a decrease of the intermarker distances during

the  treatment. In the NH group, 4/15 intermarker distances had

a  positive slope coefficient (increased distance between markers),

which did not significantly differed from zero (P = 0.308). For the 11

remaining intermarker distance s, significant negative slope coef-

ficient was  noted (P <  0.005).
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Fig. 3. Frequencies of the daily intermarker distance deviations of the  hormone and no-hormone groups of patients.

Fréquence de variation journalière entre marqueurs pour les groupes de  patients avec et sans hormonothérapie.

The daily intermarker distance variations were grouped as well

in  a histogram that shows the frequency of the deviations (Fig. 3).

The  distance between two  markers seems to decrease more in the

H  group than in the NH group.

3.3. Analysis of the D5var (from the first five to the five last
measurements)

The D5var values between two seeds are presented in Table 2.

For  the hormone-therapy group, only reductions of the D5var val-

ues were observed and no increase in distances was seen. The mean

value of all the D5vars for this group was –1.55 mm,  with a mini-

mum  variation of –0.2 mm and a maximum of –3.1 mm.  For the

non-hormone group, reductions were noted, but also four non-

significantly increased values. The mean value of all the D5vars for

this group was –0.76 mm,  with a  minimum variation of 0.9 mm and

a  maximum of –3.3 mm.

4. Discussion

The present study evaluates the variations of the distances

between markers in two groups of patients (with and without

neoadjuvant androgen deprivation) treated for a  prostate cancer

with  exclusive irradiation. The present work used OBI® kV-images

at  0◦ and 90◦ from the first to the last day of the treatment. Tak-

ing  into account the pixel size of the image which is  of  0.02 cm and

the measurement accuracy, only the variations greater than –2 mm

and greater than 2 mm were considered important.

Several studies previously analyzed the migration of the fidu-

cials in the prostate. Among these studies, one attempted the effect

of the hormone therapy on the markers position into the prostate

[21]. In 2003, Pouliot et al. studied the migration of three gold

markers using an a-Si electronic portal imaging device (EPID) [21].

Daily images were acquired during the first week and  weekly there-

after. The average standard deviation of the distances between

two markers was  1.3 mm  and three out of 11 patients showed

a  standard deviation larger than 2  mm.  All three patients had

received neoadjuvant hormone therapy. The major distance reduc-

tion observed was  of 6 mm over 52 days during the treatment. No

significant migration was noted for all the patients but for the last

three ones a correlation with shrinkage of the prostate was made.

They concluded that the use of three markers is  an important tool

to  monitor the prostate position and volume changes that can occur

over time due to the hormone or radiation therapy. Further studies

did not evaluate the impact of hormone therapy on markers posi-

tion variations, but they all showed a  negligible to minimal markers

migration, using different methods of measurements [10,25].

In  the present study, data were collected on the variations of

intermarker distances between three implanted gold markers on

a  daily basis throughout the treatment. Five patients had a  hor-

mone therapy and five did  not. The impact of the hormone therapy

on markers variation positions was questioned and analyzed using

daily intermarker distance variations. This reduction did not exceed

3.7 mm and remained below 2 mm in 83.4% of the measurements.

A significant reduction of  distance (> –2 mm)  was  more frequently

observed in the H  group than in the NH group (16.4% vs 1.3%,

P-value =  0.0001). Between the first five and the last five mea-

surements, the variation of distance between two  seeds always

remains below 3.3 mm,  but was  significant in the H group than

in  the NH group (P-value = 0.045), with an average of –1.55 mm

and –0.76 mm,  respectively. Helou et  al. described, in a  series of

138 patients, that the hormone treatment started before the radio-

therapy course will reduce the prostates volume [27].  A  mean

of  3.8 months of hormone treatment was necessary to obtain a

mean reduction of prostate volume of 20.5%. Sanguineti et al. con-

firmed these results and showed approximately 15% mean prostate

gland reduction during the course of radiotherapy when the plan-

ning CT is  performed within 3 months from neoadjuvant androgen

deprivation. With longer time intervals between the neoadjuvant

androgen deprivation and the planning CT, the prostate gland vol-

ume  changes are less important, on average. Therefore, the authors

allow 2  to 3  months between the neoadjuvant androgen depriva-

tion and the planning CT for prostate cancer patients [22]. In  the

current study, when an androgen deprivation is combined with
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Table 2
D5var and statistical parameters of the daily intermarker distances, for the H and NH groups.

D5var et paramètres statistiques des variations de distance entre les  marqueurs journalières pour les  groupes avec et  sans hormonothérapie.

Patient Distance Slope coefficient P Standard deviation

(mm)

D5var

(mm)

Hormone therapy
4  M1M2 –0.0042 < 0.001 0.5 –1.5

M2M3 –0.0093 < 0.001 1.1 –3.1

M3M1 –0.0084 < 0.001 1.0  –2.9

5 M1M2 –0.0056 < 0.001 0.7 –1.6

M2M3 –0.002 0.01 0.5 –0.2

M3M1 –0.0043 < 0.001 0.6 –1.1

7  M1M2 –0.0048 < 0.001 0.6 –1.5

M2M3 –0.0098 < 0.001 1.1 –2.9

M3M1 –0.0108 < 0.001 1.2 –3.0

8 M1M2 –0.0032 < 0.001 0.5 –1.0

M2M3 –0.0035 < 0.001 0.4 –1.0

M3M1 –0.0032 < 0.001 0.5 –0.8

10 M1M2 –0.0059 0.001 0.7 –0.9

M2M3 –0.0023 0.004 0.3 –0.4

M3M1 –0.0063 < 0.001 0.7 –1.1

No hormone
1 M1M2 –0.0098 < 0.001 1.2 –3.3

M2M3 –0.0067 < 0.001 0.9 –1.9

M3M1 –0.0031 0.001 0.6 –0.7

2  M1M2 –0.0017 0.004 0.3 –0.4

M2M3 0.00036 0.443 0.2 0.03

M3M1 –0.0021 0.031 0.5 –0.4

3 M1M2 –0.0045 < 0.001 0.6 –1.3

M2M3 –0.0056 < 0.001 0.7 –1.6

M3M1 –0.0045 < 0.001 0.6 –1.3

6 M1M2 0.0017 0.007 0.4 0.9

M2M3 –0.001 0.011  0.3 –0.3

M3M1 0.00055 0.411 0.4 0.5

9 M1M2 0.00094 0.371 0.6 0.2

M2M3 –0.0028 < 0.001 0.5 –1.2

M3M1 –0.0024 0.007 0.6 –0.7

H group: patients receiving hormone therapy; NH group: exclusive radiotherapy.

the irradiation treatment, a significant reduction of the distances

between the markers is  observed along the irradiation. Based on

Sanguineti et al. and Helou et al. results, the present reduction may

be linked to the shrinkage of the prostate volume. However, there

was no difficulty in repositioning the prostate on the three gold

markers.

5.  Conclusion

Analysis of daily orthogonal OBI kV-images showed that the

variation of the distance between two seeds remained below

3.7  mm throughout the treatment. In the hormone therapy group,

the daily trend data confirmed gradual reduction of all intermarker

distance s, which may  be linked to a prostate shrinkage. As this

reduction remained less than a  few millimeters, it should not affect

the  prostate repositioning. In our department we will continue to

use this repositioning method for the standard prostate image-

guided and hypofractionated radiotherapy.
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2.4.5. Conclusion 

The stability of the gold markers was demonstrated for long radiotherapy duration. 

The distance variations remained below 2 mm in 98.5% of measurements when 

radiotherapy alone was delivered and didn’t reduce the repositioning accuracy. If the 

hormone therapy is administrated in combination with the radiotherapy, the shrinkage of 

the prostate might occur. However, for a short SBRT irradiation duration, these small 

distance variations should not affect the target repositioning.   
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2.5. Setup margin definition: Image-guided radiotherapy  

and intrafraction motion

2.5.1. IGRT for prostate SBRT 

The image guidance is a prerequisite for SBRT and must be used to improve the 

spatial accuracy of the delivered dose. The accuracy of the currently available IGRT 

techniques intended for SBRT allowed a diminution of the planning margins between 0 mm 

and 5 mm [38-45]. The patients treated in these studies have benefited of daily repositioning 

with MV or kV images with proper position of the markers, or real-time tracking of implanted 

fiducials with automatic beam adjustment carried out by the CyberKnife® system (Table 2.1). 

Moreover, various existing radiation units meet the rigorous localization requirements 

for SBRT. As shown in Table 2.2, the most common units have different imaging capabilities 

that have been used for SBRT (lung, liver, etc.). The real-time target monitoring and/or the 

positioning and motion correction before or during delivery are mandatory for SBRT.  

Table 2.2. Characteristics of several standard radiation units appropriate for SBRT. 

Radiation unit and company Image guidance 

CyberKnife, Accuray Two fixed pairs x-ray source-detector; simultaneous imaging 

Trilogy, Varian Two rotating kV pairs x-ray source-detector for fixed planar 

views and kV-CBCT 

Novalis, BrainLab Two fixed pairs x-ray source-detector; sequential imaging, 

and CBCT 

SynergyS, Elekta Rotating kV x-ray for fixed planar views and kV-CBCT 

CBCT = Cone Beam Computed Tomography; kV=kilovoltage 

In our department, two devices are available for SBRT-IGRT: On Board Imager (OBI) 

from Varian and ExacTrac® (ET) system from BrainLAB. The characteristics of the two 

systems are illustrated in Table 2.3. 
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Table 2.3. Characteristics of the OBI® and the ExacTrac® systems. 

 OBI® (Varian) ExacTrac® (BrainLAB) 

Acquisition type 2D/3D 

(kV image/CBCT) 

2D 

(kV image) 

Dose  3 mGy/image  

 20 mGy/CBCT 

 1-2 mGy/image 

Advantage 2D and 3D modes Image quality 

Real-time monitoring (Snap Verification) 

Disadvantage Real-time tracking 2D mode only 

2.5.1.1. The On Board Imager® system, Varian 

The OBI kV imaging system provides improved tumor targeting using high-resolution 

and low-dose digital images. The patient control and target movement are possible before and 

during the treatment with digital kilovoltage (kV) radiography and/or cone-beam CT (CBCT). 

The OBI uses two robotically-controlled arms that work with three axes of motion, 

optimizing the positioning of the imaging system for the best possible view of the target 

(Figure 2.2). Thus, it consists of a kV X-ray source (kVS) and an amorphous silicon kV panel 

that has the role of detector (kVD). The OBI allows for simultaneous acquisitions of MV and 

kV radiographic pairs without gantry rotation. The therapists may acquire either a pair of 

radiographs (kV/kV or MV/kV pair) or a CBCT scan. The verification can be done by using 

bony anatomy or implanted radiopaque markers in paired images, or by visualizing soft-tissue 

and bony anatomy in cone-beam CT images. The OBI images can be register with the 

reference image depending on the verification modality (kV radiographs, DRRs, or planning 

CT scans). An accurate quality assurance program has to be applied for each IGRT device. 

Therefore, a protocol has been proposed in our department in 2008 for the quality control of 

the OBI. The protocol is presented in Appendix 5 and it is applied monthly or weekly as 

described by the SBRT recommendations.  

The use of CBCT for prostate radiotherapy is important in order to locate the isocentre 

of the target, but also to identify the critical cases where repletion of rectum and bladder is not 

conforming to the initial scan. Recently, Voyant et al. found that CT acquisition during the 

treatment (scanner or CBCT) describes an increase or decrease of repletion. They recommend 

that if the change is out of the 95% interval, it is decided to redo the dosimetry [49]. This 

aspect is even critical for SBRT, for which the overdosage of the organs at risk may lead to 

high toxicity. Wang et al. compared two-dimensional (2D) orthogonal kV with three-
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Hospital integrates a Snap Verification® tools created to control the position of the target 

volume before or during irradiation. 

2.5.2.2. Snap Verification®

As the position of the patient is tracked (through body markers or reference device), 

it’s possible to generate the corresponding DRRs. Once the X-ray correction has been made, 

single X-ray images can be acquired. These images can be acquired at any time during the 

treatment in order to verify the repositioning precision at that instant. If a greater precision is 

needed with snap verification, then both X-ray tubes have to be used individually. The snap 

verification is based on a rigid 2D image fusion and provides only in-plane shift information 

without rotations (for both implanted and bony fusion). After the acquisition of SV, the DRRs 

and X-ray images are fused (could be bone or marker-based fusion) and the fusion results will 

define the position of the patient’s isocenter. The results of the 2D fusion are an in-plane 

deviation in the isocenter plane (perpendicular to flat panels). For example, if the correction 

has been initially calculated from a fusion based on markers, a tolerance value will be 

indicated and we have to check that the isocenter of the accelerator and the isocenter of the 

target are matched exactly in the same position. As the snap verification is based only on one 

image, a 2D correction is available. 

2.5.3. Publication 

Consequently, we initiated a study to assess the efficacy of the Snap Verification tool 

for the real-time detection of intrafraction motion for large SBRT fractions. Our former 

results were obtained for lung cancer patients with repositioning on bony anatomy, as this was 

our first SBRT experience with this device. In our department the ET-SV system is mounted 

on a single energy (6MV) beam accelerator and therefore, the prostate patients are so far 

treated on a different linear accelerator (with OBI-IGRT verification). 

The initial results for the verification of intrafraction lung motion with ET-SV were 

presented at the 51st Annual ASTRO Meeting (November 1-5, 2009) in Chicago (Appendix 

6, abstract number 2954) [56]. This work was also published in 2013 in the International 

Journal of Radiation Oncology Biology Physics and is presented below [57].
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Summary

Intrafraction patient verifica-
tion for lung stereotactic
body radiation therapy
involves precise imaging
systems for tracking possible
tumor motions, even during
irradiation, and eventually
for realigning the target
throughout the treatment
session, if displacements are
found. A study of 20 patients
showed ExacTrac X-ray 6D
Snap Verification tool gives
accurate targeting before and
during irradiation, from the
beginning to the end of each
fraction. This could raise
confidence to escalate the
dose.

Purpose: The intrafraction verification provided by ExacTrac X-ray 6D Snap Verification (ET-
SV) allows the tracking of potential isocenter displacements throughout patient position and
treatment. The aims of this study were (1) to measure the intrafraction variations of the isocenter
position (random errors); (2) to study the amplitude of the variation related to the fraction dura-
tion; and (3) to assess the impact of the table movement on positioning uncertainties.
Methods and Materials: ET-SV uses images acquired before or during treatment delivery or
both to detect isocenter displacement. Twenty patients treated with stereotactic body radiation
therapy (SBRT) for lung tumors underwent SV before or during each beam. Noncoplanar beams
were sometimes necessary. The time between the setup of the patient and each SV was noted,
and values of deviations were compiled for 3 SV time groups: SV performed at �10 min (group
1), between 11 and 20 min (group 2), and �21 min (group 3). Random errors in positioning
during the use of noncoplanar fields were noted.
Results: The mean isocenter deviation �SD was 2 � 0.5 mm (range, 1-8 mm). The average
deviations �SD increased significantly from 1.6 � 0.5 mm to 2.1 � 0.8 mm and 2.2 � 0.6
mm for groups 1, 2, and 3 (PZ.002), respectively. Percentages of deviation �3 mm were
7.06%, 22.83%, and 28.07% and 1.08%, 4.15%, and 8.4% for �5 mm (P<.0001). For 11
patients, table rotation was necessary. The mean isocenter deviation �SD increased significantly
from 1.9 � 0.5 mm before table rotation to 2.7 � 0.5 mm (PZ.001) for the first beam treated
after rotation.
Conclusions: SV detects isocenter deviations, which increase in amplitude and frequency with
the fraction duration, and enables intrafraction verification for SBRT (taking into account clin-
ical condition and technical issues). SV gives accurate targeting at any time during irradiation
and may raise confidence to escalate the dose. SV appears to be an important tool for ensuring
the quality control of SBRT. � 2013 Elsevier Inc.
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Introduction

Over the past few decades, stereotactic body radiation therapy
(SBRT) has undergone considerable development for all sites,
thanks to progress in dosimetric systems and image guided RT.
SBRT involves precise positioning of the patient and the target
volume in 3-dimensional space. External RT has an important role
in curative and palliative treatment for nonoperable lung cancer
patients. Improvement in local control rates of 85% to 95% has
been reported when high doses in a small number of fractions have
been used for stereotactic lung irradiation (1-6), with limited and
low overall toxicity (6-8).

Small margins are usually required for SBRT irradiation, as
recommended in 2010 by the American Association of Physicists
in Medicine (9). Monitoring of patient intrafractions for SBRT
needs precise imaging systems in order to track potential isocenter
displacements and eventually to realign the target during the
treatment session. Intrafraction motion for lung cancer patients
can have an important impact on planning target volume (PTV)
margins and, therefore, depends on the clinical implementation of
an image-guided system.

ExacTrac X-ray 6D (ET) system (BrainLab) enables precise
imaging and verification of patient intrafraction motion (10-12).
Recently, Wang et al (13) calculated the margin required to
account for setup errors for treating lung cancer patients using ET
bony anatomy as a surrogate for the target and found values
between 1.32 and 3.13 mm. An interesting work by Jin et al (14)
described residual position variations by using the Novalis system.
The study highlights the importance of rotational deviation for
spinal radiosurgery patients, but the authors did not consider the
impact of time on this deviation. In a study by Spadea et al (15),
32 lung patients were prepositioned by using an infrared system,
and the couch was moved to compensate for linear shifts.
Subsequently, kV images were acquired to perform automatic
image fusions with 6 degrees of freedom (6D) on digitally
reconstructed radiographs (DRRs) for setup refinement. In 16
patients, setup refinement was performed automatically with the
aid of a robotic couch featuring 6D, and in the remaining patients,
the 6D parameters estimated by x-ray image registration were
performed manually (nonrobotic couch). Retrospectively, median
� quartile values of the target registration error were reduced to
2.46 � 0.76 mm and 2.14 � 0.95 mm for the robotic couch and
nonrobotic couch patients, respectively. ET was also used to
calculate and automatically adjust patient positioning in a study by
Macklis et al (16). The absolute magnitude of the shifts (mean �
SD) for the targets’ centers of mass was represented for lung
patients in the range of 2 to 7 � 2 mm. An extra time of less than 5
min was added to daily clinical treatment time.

Similar results were found by Li et al (17) in a study of 108
SBRT lung patients in whom intrafractional geometric accuracy of
lung SBRT treated under image guidance was assessed using cone
beam computed tomography (CBCT) imaging. Tumor matching
was performed with the internal target volume (ITV) contour, and
couch position was adjusted when positional discrepancies
exceeded �3 mm in any direction, verified with a second CBCT.
The mean time from localization to end fraction CBCT was 31
min 50 sec. After initial setup, CBCT assessment of ITV coverage
showed 15% of all fractions were within �3 mm and 39% were
within �5 mm. After correction of discrepancies and acquisition
of CBCT verification, 88% of fractions were within �3 mm, and
99% were within �5 mm. At the end-CBCTs, 65% of fractions

were maintained within �3 mm, and 93% were within �5 mm.
The largest random error was 2.2 mm, observed in the superior-
inferior direction.

ET Snap Verification (ET-SV) is a tool that offers easy setup
control and real-time monitoring of patient position at all times
during SBRT irradiation but also for conventional, 3-dimensional
conformal RT (3DCRT).

The purposes of this study were (1) to measure the intrafraction
variations of isocenter position (random errors, s) with the use of
SV; (2) to study the amplitude of the variation related to the
fraction duration; and (3) to assess the impact of table movement
on positioning uncertainties. To our knowledge, this is the first
study that uses ET-SV for real-time tracking and monitoring of
isocenter variations for lung cancer patients.

Methods and Materials

Patients

Between 2009 and 2010, 20 patients with 23 tumors (T1-T2 lung
cancer or metastatic lesions) were treated with a Clinac 600CD
(Varian) using the 3DCRT technique. Tumors were �4 cm in
diameter and located in the right inferior lobe (3 lesions), right
superior lobe (6 lesions), left inferior lobe (4 lesions), and left
superior lobe (10 lesions). Thirteen patients were scanned with
4-dimensional (4D) CT (LightSpeed16; General Electric Medical
Systems) for ITV delineation. All patients underwent a dosi-
metric CT scan with 2.5-mm-slice thickness. They were treated
in the supine position using specific knee cushion and arm
immobilization. Sixteen patients received stereotactic irradiation
(at first we started with low doses that corresponded to 4-6 Gy
per fraction), and 4 patients received a standard dose of 2 Gy per
fraction.

In our department, 2 protocols are available for SBRT lung
treatment. All patients undergo a 4DCT scan for ITV delineation.
If the amplitude of tumor motion is considered less crucial,
patients are treated as described in this paper with ET reposi-
tioning and SV monitoring. Otherwise, if important (>1 cm)
amplitude of tumor motion is observed, gated treatment (SDX
system; Dyn’R) is delivered using the same repositioning
protocol.

ET X-ray repositioning technique

The ET system has 2 in-room-mounted orthogonal x-ray tubes and
2 detectors that can monitor the patient’s anatomy in the treatment
position and offers high detection and subdegree positioning
accuracy for rotations, as demonstrated in a study by Gevaert et al
(18). Bony landmarks or implanted markers can be tracked and
matched with the DRRs generated from the dosimetric CT scan,
taking into account 6D: 3 translations and 3 rotations.

Initially, the patients in the present study were positioned using
tattoo marks. X-ray-based corrections of patient position were
performed with the ET X-ray 6D system. For each patient, bone
structures were used as references, and 2 DRRs were generated
using the imported CT scan images. These DRRs were compared
with the 2 noncoplanar kV images before each fraction. The
amorphous silicon detectors gave high-quality digital images with
a resolution of 512 � 512 pixels; the receptor area is 204.8 �
204.8 mm2 and has an accuracy of � 0.2 mm. The software uses
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a first fusion based on 3 degrees of freedom, taking into account
only the translational shifts, and then a final registration is made
using 6D that takes into account both translational and rotational
shifts. Thus, translational and angular rotations are automatically
calculated for vertical, longitudinal, and lateral shifts.

Snap verification

Once the x-ray corrections were completed, individual x-ray
images were acquired with SV, which is an ET device that uses
real-time x-ray images acquired at any moment during treatment
delivery or between fields. It instantly detects and visualizes the
isocenter displacement (during beam-on or -off) in 2 dimensions.
The displacement can be measured using the fusion of the DRRs
with the bony structures or the implanted markers or both. A
tolerance level (in millimeters) indicates whether a setup correc-
tion of the patient is needed. The patients presented in the current
study underwent SV before or during each radiation beam. Setup
verification was systematically made using the bony anatomy.

Evaluation method

The time (T) from patient setup on the treatment table to each SV
was systematically noted for each beam, as was the corresponding
maximum deviation (D) in 2 dimensions, as indicated by the
software. Furthermore, mean deviation (Dmean) and daily treat-
ment time (Tmean) were calculated for all patients and fractions.

SV time groups and noncoplanar group

The time (in minutes) for each SV was grouped into 3 SV time
groups: SV performed at less than 10 min (group 1), between 11
and 20 min (group 2), and more than 21 min (group 3), after the
setup of the patient. Mean deviations (in millimeters) per SV
group and deviations greater than or equal to 3 mm and 5 mm (in
percentages) were calculated for each of these 3 groups. We also
noted frequencies of mean deviations between 1 mm and 5 mm
and the mean deviation before and during the use of a noncoplanar
field.

Statistical analyses

A descriptive analysis was made for each of the variables, and
values of deviations were compiled for 3 SV time groups.
Differences between the 3 SV time groups in terms of mean
deviation needed for each group were tested with a nonparametric
Friedman test. Differences in frequencies of deviation greater than
or equal to 3 or 5 mm between each SV time group were tested by
c2 test. Differences between the mean deviations needed before
and during the use of a noncoplanar field were tested with
a nonparametric Wilcoxon matched pairs test. As a final control of
confounding factors, the same analyses of SV time groups were
made excluding the noncoplanar beams, and differences between
deviations greater than or equal to 3 and 5 mm in each SV time
group between coplanar and noncoplanar beams were analyzed
with a c2 bilateral test. All tests were bilateral, with a P value set
at <.05, and were performed with SPSS, version 19.0, software.

Results

General evaluation

A total of 2121 beams were verified with SV, of which 585 of
2121 beams were noncoplanar, with a table rotation. Of the 2121
SVs, 211 could not be evaluated due to technical problems (error
messages or images not available on the screen). Thus, 1910 SVs
were analyzed with a measure of the isocenter displacement. The
mean treatment field number was 8 (range, 3-14) beams. The
average isocenter deviation, Dmean � SD, for all beams and all
fractions was 2 � 0.5 mm (range, 1-8 mm), and the total mean
time, Tmean � SD, for 1 fraction was 26 � 8.2 min (range, 7-70
min).

SV time groups

All displacements greater than or equal to 5 mm detected by the
SV tool were systematically corrected, following the department’s
tolerance procedure (if SV deviation was �5 mm, then the patient
was repositioned with the ET 6D system). However, only 1 SV
was taken per treatment field, and the chronometer was not set
back to zero.

The number of SVs that showed deviations �3 mm and �5
mm were 13 of 184, 242 of 1060, 187 of 666, and 2 of 184, 44 of
1060, and 56 of 666 for groups 1, 2, and 3, respectively. Results,
expressed in percentages of deviation, were 7.06%, 22.83%, and
28.07% for �3 mm and 1.08%, 4.15%, and 8.4% for �5 mm.
Frequencies of deviation of more than 3 mm and more than 5 mm
were significantly different among the SV time groups (P<.0001)
(Fig. 1).

Values of mean deviations increased among the 3 SV time
groups from 1.6 � 0.5 mm (range, 1-3.2 mm) to 2.1 � 0.8 mm
(range, 1-5 mm) and 2.2 � 0.6 mm (range, 1.1-3.2 mm) for groups
1, 2, and 3, respectively (Fig. 2). These differences were signifi-
cant from group 0 to 10 min to group 11 to 20 min and to group
�21 min (PZ.002).

Results of the same tests excluding table rotations (as possible
confounding factors) were still significant (maximum P value of

Fig. 1. Percentages of mean deviations greater than or equal to
3 mm and 5 mm.
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.0087 for the analyses of the mean deviations between the 3 SV
time groups).

Table rotation groups

For the treatment planning of 11 patients, a total of 585 table
rotations were necessary. The mean isocenter deviation increased
significantly from 1.9 � 0.5 mm (range, 1.3-2.8 mm) before table
rotation to 2.7 � 0.5 mm (range, 1.8-3.4 mm) (PZ.001) for the
first beam treated after rotation (Fig. 3). The proportions of
deviation greater than or equal to 3 mm between noncoplanar and
coplanar beams in each SV time group were 16% versus 7%, 41%

versus 23%, and 37% versus 28% for groups 1, 2, and 3,
respectively, with a P value of .023. The proportions of deviations
greater than or equal to 5 mm between noncoplanar and coplanar
beams at each SV time group were 0% versus 1%, 12% versus
2.3%, and 11% versus 8.4% for groups 1, 2, and 3, respectively,
with a P value <.0001 (Fig. 4).

Discussion

The ET system was already evaluated in the literature for lung
SBRT (10), as well as for other tumor locations (16, 19), and
demonstrated its feasibility for PTV margin calculation (13, 20)
and localization accuracy (15). However, the present work
describes the first experience with the SV tool for the study of
intrafraction motion for lung cancer patients. SV allows an accu-
rate verification of the patient position, an instant monitoring of
isocenter displacements at all times (before and during the treat-
ment beam). Consequently, a tolerance margin established by our
department indicates whether the patient setup correction is
needed or not during SBRT treatment. When a correction was
necessary as indicated by SV (�5 mm), a new ET 6D is performed
to set the patient back to the right position, and no additional SV
was acquired for that field (we always acquired 1 SV per field).
The chronometer was not set back to zero, as we considered that
the impact of treatment duration (that may have a link with patient
condition) on isocenter deviations does not depend on those
realignments.

In the present study, a total mean average isocenter displace-
ment of 2 mm (range, 1-8 mm) was found for a mean treatment
time of 26 min (range, 7-70 min). Maximum deviation observed
with SV was 8 mm. We have shown here the link between time of
treatment, use of noncoplanar field, and increase of random errors
during treatment. SV seems to be a good tool with which to avoid
unacceptable deviation during long treatments due to the relative
complexity of the planned dosimetry. In some situations, patients
experienced pain or fatigue, or they coughed at the end of treat-
ment, probably because of long fractions. Although our assump-
tion is that these reasons may explain the observed deviations, we
cannot provide any statistical analysis.

Furthermore, noncoplanar beams are often necessary for better
tumor coverage or sparing of normal tissue. In the current eval-
uation, 11 patients had a total of 585 table rotations. For each table
rotation, differences between SV values were observed. These

Fig. 2. Isocenter deviation (in millimeters) related to SV time
groups (in minutes). For each box plot, minimal, maximal,
median, and quartile values are represented.

Fig. 3. Isocenter deviation (in millimeters) related to table
rotation. For each box plot, minimal, maximal, median, and
quartile values are represented.

Fig. 4. Percentages of deviations greater than or equal to 3 mm
and 5 mm for the coplanar and the noncoplanar beams and for the
3 SV time groups.
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deviations can result from mechanical table tolerance (�2 mm) or
movement of the treatment table. The impact of table rotation
must be considered, as larger deviations were noted for the veri-
fication of the noncoplanar beams. An increase in mean random
errors was observed from 1.9 mm before the table rotation to 2.7
mm for the first beam after table rotation. Therefore, the potential
patient motion caused by table rotations may be verified using the
ET-SV tool. Coplanar and noncoplanar beams are not distributed
uniformly in time, as the noncoplanar beams are used at the end of
each fraction. This was a potential confounding aspect. We made
the same statistical analysis as above but excluded the nonco-
planar beams. We still found a statistical difference between mean
deviations � SD for the 3 time groups (1.28 mm � 0.7 mm, 2 mm
� 1 mm, and 2 mm � 0.5 mm) with a P value of .0087 between
the first and third time groups (using the Friedman test). A
significant difference also was found for frequencies of deviation
of more than 3 mm among the 3 time groups, with PZ.0004, and
for frequencies of deviation of more than 5 mm among the 3 time
groups, with PZ.0017 (c2 test). We are therefore confident that
the table rotation was not a confounding parameter.

The accuracy of using the spine as a surrogate for tumor
position is an essential issue when discussing the precision needed
to realize SBRT for lung cancer. We acknowledge that the
measurements of isocenter variations are based on bony anatomy
and that the SV tool cannot give information about the changes in
the actual target position. In the present work, we studied posi-
tioning uncertainties in time by using the ET system, with its
strength, like the ability to verify the positioning during irradia-
tion, and its weakness as the use of spine as a surrogate for patient
positioning, and not a direct tumor positioning. We assessed tumor
movement with 4DCT to determine whether the amplitude of
movement needs a gated respiratory procedure, and we used the
spine to determine with submillimeter precision the patient posi-
tioning related to the isocenter position.

SV based on bony markers may provide good level of confi-
dence in PTV setup margin reductions for SBRT irradiation with
permanent patient monitoring and independent treatment verifi-
cation. In our department, the ET-SV repositioning and moni-
toring system combined with 4D delineation or gated treatment
allowed a reduction of PTV margins for lung patients from 1.5 cm
to 0.8 cm. However, these results are only an indication, and each
RT department should choose the PTV margins according to the
particular practice.

Conclusions

Treatment duration and use of noncoplanar beams are 2 factors
significantly correlated to an increase in random errors (s) in
isocenter positioning, as presented in our study.

It can be concluded from the experience with the first patients
that SV is an efficient tool for detecting these random errors. SV
makes intrafraction verification possible for SBRT and also
during irradiation, taking into account clinical condition and
technical issues. With high-quality images at low x-ray doses,
the SV tool gives precise verification of the patient or of the
target from the beginning to the end of each fraction, raising
confidence to escalate the dose. SV appears to be an important
device or accessory for ensuring quality control for SBRT. Our
radiation therapy department continues to use this technique for
lung and cranial irradiation and treating liver metastases or
hepatocellular carcinoma (21), and the combination of gated

treatment and SV allows a considerable reduction in PTV
margins for lung and liver SBRT.
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2.5.4. Conclusion 

In our department, position corrections with the ExacTrac® X-ray6D system and 

target monitoring with the Snap Verification® tool allowed a reduction of the PTV margins 

for lung patients from 1.5 cm to 0.8 cm with target delineation using 4DCT or gated 

treatment. However, the prostate doesn’t need any ITV delineation as confirmed in our 4D 

study. We can conclude that Snap Verification® combined with three gold markers may be 

an accurate method for the monitoring of target position and for the reduction of PTV 

margins up to 3 mm in prostate SBRT. 
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2.6. Discussion - section II 

The planning target volume for the prostate irradiation includes the internal motion of 

the organ (intrafraction motion) and errors in target localization (interfraction motion). 

We have shown above that respiratory-induced prostate motion is not significant (< 1 

mm in LR and AP and < 2.5 mm in CC direction) and thus, should not be taken into 

consideration for margin calculation of stereotactic irradiation. Therefore, two aspects remain 

critical for SBRT and should be taken into account for the choice of the margins around the 

target volume: managing the random prostate motion and accurate localization of the organ.  

Various studies have been carried out for the measurement of the prostate intrafraction 

motion [15, 22, 32, 34, 35, 58-61]. The localization and monitoring of the prostate [62-64] 

and the clinical consequences of daily variations [65] have been previously evaluated. 

There are two ways to control the prostate movement: 

1) with real-time target monitoring (that was described in section 2.5); and 

2) by limiting the motion of the target: (e.g. immobilization and repositioning with 

endorectal balloons). 

2.6.1. Limitation of prostate motion  

Several aspects should be considered in order to considerably restrict the motion of the 

prostate for SBRT: patient position (prone vs. supine), the repletion of bladder and rectum and 

potential immobilization features (e.g. endorectal balloons, urinary catheter balloon). 

2.6.1.1. Prone versus supine position  

One recent publication determined the magnitude of the intrafraction motion of the 

prostate for IMRT. Mean ± standard deviation intrafraction prostate motion was 2.1±1.2 mm 

and 1.7 ± 1.4 mm for AP, 2.2 ± 2 mm and 1.6 ± 1.8 mm for SI, and 1±1.2 mm and 0.6 ± 0.9 

mm for LR direction in the prone and supine positions, respectively [66]. The authors found a 

small difference in the magnitude of the intrafraction prostate motion when patients were 

treated prone vs. supine. Furthermore, treating in the prone position will accentuate internal 

organ motion related to free-breathing and should be avoided. Certainly, patients are more 

comfortable in the supine position and situations uncomfortable should be avoided so as to 

avoid uncontrolled motion during irradiation. In the majority of the SBRT trials the patients 

have been treated in supine position [39-44] but also in prone position [38]. 
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2.6.1.2. Repletion of rectum and bladder 

Variations in the bladder and rectum volume during the irradiation were reported for 

patients treated for prostate cancer [67-72]. These variations can be up to 80% relative to the 

average volumes. 

Bladder movement was previously assessed with weekly CT scans [73, 74]. In order to 

reduce variations in bladder position, Miralbell et al. used a urinary catheter balloon. They 

observed an average motion of 5 mm [74].  

Moreover, it was already demonstrated that prostate movement correlates well with 

rectal volume increases because of the gas in the rectum [16, 21, 75-77]. Rectal gas may have 

accounted for random errors in prostate motion of 1.3 – 2 mm [59, 78].  

The role for an endorectal balloon (ERB) device during external beam radiation 

therapy was questioned in the last years [79-83]. The first application of an endorectal balloon 

is the rectum-wall sparing by pushing some parts of the rectum-wall away from the high dose 

gradients [84-93]. In order to reduce the PTV margins, the endorectal balloons are 

furthermore used for daily prostate immobilization [84-86, 94-97].  

Though, the opinions regarding the utilization of an ERB for prostate immobilization 

are divided: 

- D’Amico et al. reported their experience on prostate immobilization when using an 

EBR, in order to reduce inter- and intrafraction variations in prostate position [96]. They 

studied intrafraction motion with CT-images at 1 minute time interval with and without an 

air-filled (60cc) endorectal balloon and they concluded that prostate immobilization with ERB 

is possible. The ERB reduced the maximum prostate variation in any direction from 4 mm to 

≤ 1 mm. Moreover, they didn’t observe any prostate deviation during normal breathing [96]. 

In 2010, Wang et al. [80] studied the difference in the real-time prostate motion between 

patients undergoing radiotherapy with and without daily ERB. The prostate displacement for 

the non-ERB group is larger when compared to that of the balloon group. The differences 

found between the two groups are in the CC direction and mainly in the AP direction. The 

authors concluded that daily ERB had great impact on reducing large intrafraction prostate 

motion (>5 mm) [80]. The mean displacement of the prostate found by D’Amico et al. was 

1.3 mm (range, 0–2.2 mm) with an ERB compared to 1.8 mm (range, 0–9.1 mm) (p = 0.03) 

without an ERB. They concluded that ERB reduced prostate motion variability. Maximum 

displacement was reduced from 4 mm to less than or equal to1 mm using a balloon [96]. 

- However, other reports didn’t confirm these results and they didn’t find any 

difference in systematic and random prostate motion with and without an ERB [81, 83]. The 
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main reason for large variations was the presence of gas between rectum-wall and ERB and 

therefore it was concluded that appropriate target positioning should be made especially for 

high-dose irradiations. The interfraction prostate motion variability and the on-line 

positioning accuracy were evaluated as well with an endorectal balloon device by El-

Bassiouni et al. [81]. The patients were treated with conformal external-beam radiotherapy 

and weekly portal images. The mean displacements ± standard deviations of the ERB were 2 

mm ± 1.4 mm, 4.1 mm ± 2 mm and 3.8 mm ± 3.3 mm in the LR, CC and AP directions, 

respectively. The authors concluded that internal motion and field setup variability in the 

presence of an ERB alone results in a suboptimal PTV margin in AP direction (> 1 cm) [81]. 

When Van Lin et al. investigated the systematic and random prostate errors they didn’t find 

any difference between patients with and without an ERB [83]. Patients had implanted gold 

markers and daily off-line portal imaging correction. The maximum interfraction variation ± 

SD was 4.7 mm ± 1 mm in the AP direction. The gold markers reduced the systematic 

prostate displacements, while the ERB did not decrease the interfraction prostate motion. The 

AP prostate displacements may be explained by the presence of gas and stool near the ERB. It 

was concluded that ERB does not reduce the interfraction prostate motion and that the 

assumption that an ERB gives a constant rectal filling could not be confirmed [83]. 

Consequently, the utilization of an endorectal balloon seems to be appropriate for 

SBRT where reduction in PTV margins around the CTV are made up to 3-mm [98]. On the 

other hand, careful attention should be paid to systematic error of rectal balloon repositioning 

because of air leakage, suboptimal inflation or rectal cleaning [99] and patient discomfort. 

Despite the good ERB tolerability reported by several studies [86, 88, 100] patients may 

experience pain and discomfort when ERB is used [82]. Moreover, the use of an endorectal 

balloon might not be an ideal answer in prostate SBRT as the ERB approaches the rectal wall 

to prostate, which is contrary to the idea of a prostate-rectum separation. 

The actual prostate SBRT trials have been treated the patients with empty rectum and 

full or intermediate bladder. However, Zellars et al. showed that large bladder volumes during 

radiotherapy are (1) difficult to achieve and (2) associated with posterior prostate 

displacement [101]. Their results suggest that an emptier bladder may be preferable to a full 

bladder late in therapy (to potentially decrease bladder and small bowel toxicity). In addition, 

the authors stated that an empty bladder and an empty rectum tend to maintain the prostate in 

similar positions early and late in therapy [101]. 
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2.7. Conclusion – section II 

In conclusion, a supine position seems more appropriate and will be used in the 

department’s protocol for prostate SBRT. The patients will be treated supine in a fixed 

position that allows accurate daily reproducibility of the target. 

While random prostate displacements may occur during the irradiation, because of 

the bladder or rectum filling, in our study we didn’t observed any motion of the prostate 

linked to the normal breathing. 

The interest of an endorectal balloon device remains unclear. The use of an ERB 

seems to be uncomfortable and painful for patients and not always an accurate method for 

prostate immobilization. Therefore, ERBs will not be used in our protocol for prostate 

SBRT. Patients will be treated with an empty rectum and intermediate bladder. 

Cone-beam CT or kV repositioning combined with implanted gold markers are 

needed for the visualization of the interfraction variation. Moreover, real-time tracking and 

verification can be used for information on intrafraction prostate motion. 

All these findings let us conclude that a reduction of the PTV margins up to 3 mm is 

possible, as also described by other SBRT experiences, given that appropriate techniques 

for delineation and monitoring of the target are available. 
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III. TREATMENT PLANNING FOR STEREOTACTIC IRRADIATION 

OF PROSTATE CANCER. 

TWO APPROACHES TO SPARE THE RECTUM AND THE BLADDER 

FROM HIGH DOSES OF IRRADIATION 

3.1. Introduction 
We have showed in section II that for prostate SBRT a well-defined planning target 

volume can be achieved with 3-mm margins around the CTV. The main purpose of this 

section was to evaluate the contribution of two original approaches in order to spare the 

rectum and the bladder from high doses: 

1) a “lower” dose prescribed to the whole prostate with a higher dose delivered to the 

simultaneous integrated boost (SIB) into the macroscopic tumor.  

2) with an injection of hyaluronic acid between the prostate and the rectum – with the 

intention to drastically restrict the dose to the rectum. 

Several major aspects of the treatment planning will be described and evaluated for 

prostate SBRT, as recommended by the AAPM Task Group 101 [1]: 

- The prescription of the dose and the number of treatment fractions; 

- The PTV coverage; 

- Hotspots within the target; 

- The dose to the organs at risk (the bladder and the rectum); 

- The beam energy and the number of beams; 

- The evaluation of the plan with various and specific indices(e.g., the conformity 

index, homogeneity index); 

- The evaluation of the gradient describing the dose fall-off outside the target (using 

the gradient index). 

3.2. Prostate SBRT with simultaneous-integrated boost into the tumor

3.2.1. Rationale for a simultaneous-integrated boost irradiation 

It appears that the local recurrence of the prostate cancer after radiotherapy occurs 

often at the same site as the primary tumor before irradiation [2-10].  

There are two studies that initially demonstrated the recurrence of the tumor inside the 

prostate after radiotherapy with the use of imaging modalities [2, 3]. Cellini et al. used the 
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transrectal ultrasonography (TRUS) and MRI for the detection of the tumor sites and 

concluded on local recurrences at the site of primary disease in 12 out of 12 patients treated 

with radiotherapy [2]. The authors didn’t give any information about the histopathology 

results before or at recurrence. Moreover, the sensitivity and specificity of the TRUS 

technique are very low and not accurate for the diagnosis of the tumor mass or in screening 

for prostate cancer [11-14]. Pucar et al. acquired only MRI exams for 9 patients before and 

after irradiation and the results established by pathology findings from salvage radical 

prostatectomy confirmed that 100% of patients had local recurrences of prostate cancer [3].  

In 2012, three new studies on local recurrence of prostate cancer appear to encourage a 

focal boost irradiation:  

- Groenendaal et al. published their results based on the development of a logistic 

regression model for the prediction of the presence of the tumor on a voxel level in 

the peripheral zone of the prostate. They found a high diagnostic performance and 

objective interpretation of the functional MR images for tumor delineations and 

encouraged the utility of this model for focal boost therapy of the prostate [15]. 

- Arrayeh et al. determined that dominant recurrent tumor was at the same location 

as dominant baseline tumor in 8 of 9 patients (89%) that were treated with 

radiotherapy with a mean dose of 75.9 Gy (range, 75-79 Gy) [4]. They used 

longitudinal MR imaging and MR spectroscopic imaging to evaluate the position 

of the tumor before and after the recurrence. Their results encourage a schema of 

integrated boost treatment into the dominant tumor at baseline (before irradiation), 

therefore improving the tumor control [4].  

- Chopra et al. found that local recurrence after RT predominantly occurs in regions 

with higher histological tumor density but also in other locations, using TRUS at 

diagnosis and T2-MR image, apparent diffusion coefficient (ADC) map dynamic 

contrast enhanced (DCE) images at time of biochemical failure [7]. The authors 

encouraged the design of clinical trials that should prescribe doses to subregions of 

the prostate, but advise preventative measures against the start of focal-only 

irradiation to the visible tumors or to considerable increase the dose to the 

uninvolved prostate gland [7]. 

Consequently, the results of these studies suggest that an additional dose escalation 

might be required to improve the long term local control [16-21]. The purpose of this chapter 

is two-folded: 
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- To assess the number of fields and the beam energy for a stereotactic irradiation of 

the prostate cancer with a simultaneous integrated boost (SIB), using different 

quantitative indexes. 

- To compare a prostate SBRT-SIB approach versus a SBRT irradiation of the 

whole prostate, in order to limit the dose to the rectum and to the bladder; 

3.2.2. The effect of beam number and the choice of beam energy

For stereotactic body radiation therapy a large beam number is one of the key methods 

to obtain a higher conformity of the dose and to attain a rapid fall-off outside the target. There 

are several reasons to use an increased number of beams. One is the reduction of the entrance 

dose that is required especially for high doses per fraction. Though, the number of beams 

should be reasonable in the everyday practice. Another aspect that has an effect on the dose 

fall-off is the beam energy. High energies could affect the beam penumbra in a SBRT 

technique. 

3.2.2.1. Evaluation of a SBRT plan with different indices 

The evaluation of a SBRT plan or the comparison between different plans can be made 

using various indices: the conformity index (CI), the gradient index (GI) and the homogeneity 

index (HI). The level of conformity, the GI (the fall-off) and the HI are not always mentioned 

for the evaluation of a prostate SBRT plan. Hence, no specific values exist for the GI of 

prostate SBRT.   

a) The conformity index (CI) 

Shaw et al. first described the conformity index in 1993 in the RTOG guidelines for 

the radiosurgery quality assurance [22]. They initially defined it as the volume of the 

prescription isodose divided by the volume of the target: 

This conformity index formula was mainly reported in the literature for brain radiosurgery 

[23-27], but also for prostate and other localizations [28-32]. However, other studies have 

described additional methods for calculating the CI [33, 34]. These studies are well 

summarized in a critical review by Feuvret et al. [33, 34]: 

Example 1:
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Example 2 – Conformity index for healthy tissues:

Example 3 – Global conformity index or conformation number (CN) (which gives 

information about both, target volume coverage and irradiation of organs at risk): 

b) The homogeneity index (HI) or dose heterogeneity  

The homogeneity index, also noted MDPD, is described by RTOG as the ratio of the 

maximum dose (MD) divided by the prescription dose (PD) [22, 35] and was used for plan 

evaluation for various localizations [24, 26, 36-38]: 

The HI is also named “heterogeneity index” and is described by AAPM/TG101 as the 

ratio of the highest dose received by 5% of PTV to lowest dose received by 95% of PTV [1]. 

The homogeneity index (or dose inhomogeneity) was moreover calculated by other teams 

with the following formula: 

HI = (D5% - D95%)/Dmean for prostate cancer [39] and ethmoid sinus [29], or 

HI = (D2% – D98%)/DP for intracranial radiosurgery, 

where Di% being the dose received by i% of the PTV. 

c) The gradient index (GI) 

It is known that high beam energies give large penumbra and therefore the dose 

gradient is expanded wide of the target. If the hot spots into the tumor are even required, then 

the wide gradients are undesirable. In 2006, Paddick and Lippitz proposed a dose gradient 

index (GI) for the evaluation of the radiosurgery plans for the treatment of vestibular 

schwannoma [40]. 

The gradient index is intended for the comparison of several treatment plans that have 

identical conformity index, but different dose gradients. The gradient dose can make the 

difference between equal plans and could verify which of the plans (or the prescription 
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isodoses) gives the sharpest dose fall-off gradient encompassing the target [40]. Paddick and 

Lippitz defined the GI as: 

They affirmed that this index “can be used for any prescription isodose”. For example, 

if a plan is normalized to the 80% isodose, than the GI is the volume of the 40% isodose 

divided by the volume of the 80% isodose: GI = V40%/V80%. One of the advantages of the GI 

is that it can be used as an objective evaluation between different conformal plans, no matter 

the isodose used for normalization. 

3.2.3. Publication 

Herein, we describe our dosimetric experience with comparison studies that were 

performed with the purpose of assessing the number of beams and the beam energy for a 

stereotactic irradiation of prostate cancer with an integrated boost. 

The comparison between plans was made using: 

- Different parameters from the dose-volume histogram: mean dose (MD), maximum 

dose (MaxD), dose (Di) received by a certain volume of an organ and the volume (Vi) of an 

organ that receives a certain dose or isodose (in percentage or in cubic centimeters); 

- Different quantitative indices: the conformity index (CI), the homogeneity index 

(HI), the gradient index (GI). 

The initial results were accepted for poster presentation at the SFPM meeting (5-7 

June 2013) in Nice, France (Appendix 7). The related article is presented below.  
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Abstract 

Purpose: The impact of the number of fields and beam energy was evaluated for prostate 

stereotactic body radiotherapy (SBRT) with a simultaneous-integrated boost (SIB) into the 

dominant-intraprostatic lesion (DIL). 

Methods and Materials: Nine IMRT patients were used for prostate SBRT (5x6.5Gy) with a 

SIB (5x8Gy) into the DIL. The prostate and the tumor were delineated using an image 

registration between the computed tomography scan and the magnetic resonance acquisition. 

Three plans were created per patient with 7-, 9- and 11-fields and the beam energy of 16MV. 

A 7-field plan was first optimized and calculated. Subsequently, the 9- and 11-field 

arrangements were generated using identical optimization parameters. Moreover, a 

comparison between two energies (6MV vs. 16MV) was made for a 9-field technique. 

Whenever needed, the optimization parameters were modified to achieve the protocol’s 

requirements. The plans were evaluated and compared using the conformity, the gradient and 

the homogeneity indices and the dose-volume histogram (DVH) parameters.

Results: The volume of the 5Gy isodose increased with the number of fields and the volume 

of the 10Gy isodose decreased with the number of fields. The volume of the 5Gy isodose 

didn’t differ between energies (p=0.06), but the volume of the 10Gy isodose decreased 

significantly for 16MV (p=0.002). With comparable evaluation indices for both plans (6MV 

and 16MV), the 100% isodose coverage for the tumor decreased with an average of 5% for 

16MV. 

Conclusions: The fields’ number and beam energy should be carefully selected for SBRT-

SIB, as may result in a volume increase of low doses. However, clinical studies must validate 

the consequence of this issue. Additionally, the SBRT-IMRT combination results in a higher 

number of MUs and therefore the treatment duration could increase. 

Keywords: Prostate cancer, Stereotactic body radiation therapy, Intensity-modulated 

radiation therapy, Simultaneous-integrated boost, dominant intraprostatic lesion, Beam and 

energy. 
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Introduction 

Prostate cancer may have one or more dominant intraprostatic lesions, clinically 

visible on MRI, and secondary tumors that might not be detectable using the imaging 

methods. This made complex the safe development of a focal treatment irradiation and a 

whole prostate irradiation seemed more reasonable. Moreover, local recurrence after 

radiotherapy for localized prostate cancer often occurs at the site of primary dominant 

intraprostatic lesion (DIL) (1-4). This suggests that the control of microscopic cancer cells 

might require “reasonable” irradiation doses and the control of the macroscopic tumor might 

require higher doses (2). 

Additional studies recommend that selective concomitant boost dose escalation should 

be delivered at the region of the visible tumor and could improve the tumor control 

probability (TCP) (5-7). Because of the rapid development of imaging for the detection of the 

intraprostatic lesions with magnetic resonance (MR) modalities (8-17) or 11C-Choline 

positron emission computed tomography scans (PET-CT) (18, 19), a focal irradiation is 

possible. 

Several teams have reported results with a simultaneously integrated boost (SIB) into 

the DIL using intensity-modulated radiation therapy (IMRT) with conventional fractionation 

up to 90Gy (20-26). As it was suggested that this dose might not be high enough for long term 

prostate tumor control (27), SBRT-SIB delivery to the DIL has been recently reported (6, 28). 

Stereotactic body radiation therapy (SBRT) in 5 fractions has been developed in the 

past years for the treatment of low- to intermediate-risk prostate cancer showing promising 

results in terms of local control (90% to 100% for doses between 6.7 Gy and 10 Gy per 

fraction) (29-36). SBRT doses for prostate cancer are usually delivered using a ring gantry 

helical accelerator (29), a robotic-arm system (30-34) and a standard accelerator with IMRT 

or custom blocking (29, 35, 36). Therefore, a combination of the two approaches (SBRT-SIB) 

could increase the tumor control while sparing the surrounding organs from higher doses (28).  

On the other hand, the choice of a greater number of beams is recommended for SBRT 

(37) and should provide higher dose conformity and sharper dose fall-off outside the target. 

There are other reasons for using an increased number of beams for a stereotactic treatment. 

One reason is the reduction of the entrance dose, required especially for high doses per 

fraction. But the number of beams should be reasonable in the everyday practice. Another 

factor that has an effect on dose fall-off is the beam energy, because high energies for SBRT 

could affect the beam penumbra. 
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As part of a protocol in our department, the impact of the number of fields and of 

beam energy was evaluated for prostate SBRT with a simultaneous integrated boost into the 

dominant intraprostatic lesion, using different indices and dose-volume histogram (DVH) 

parameters.  

Methods and Materials 

Patients and technique 

Nine IMRT plans were designed for a SBRT delivery (5 x 6.5 Gy) into the prostate 

with a SIB (5 x 8 Gy) to the dominant intraprostatic lesion. The prostate and the tumor were 

delineated using an image registration (Integrated Registration® software, GE Medical 

Systems) between the computed tomography scan and the magnetic resonance acquisition. 

The plans were created using Eclipse (Varian, Palo Alto) treatment planning system, version 

10.0.28 and calculated with the Anisotropic Analytical Algorithm (AAA) for a 5-mm 

multileaf collimator. 

Evaluation of fields’ number 

Three plans were created for each of the 9 prostate cases with different non-opposing 

field arrangements (7, 9 and 11) and beam energy of 16 MV. A 7-field plan (7F) was first 

optimized and calculated with specific criteria established for the protocol:  

- The PTV1 was equal to 3-mm uniform margin around the prostate and the PTV2 

was equal to 5-mm margin around the tumor and 3 mm posterior. 

- The prescription was made on the 95% isodose line for PTV1 and 95% for PTV2 

that had to cover at least 97% of the target volumes. Moreover, the 100% isodose 

lines for PTV1 and PTV2 had to cover at least 90% of the target volumes. 

- The maximum dose didn’t have to exceed 107% of the prescribed dose. 

- The rectal- and bladder-wall were delineated with an internal expansion of 5 mm 

and 7 mm, respectively. 

- The doses to the organs at risk (rectal- and bladder-wall) were optimized as low as 

possible while there are no guidelines for prostate SBRT. 

- Sharp dose fall-off parameters were introduced in Eclipse TPS for the plan 

optimization and normal tissue objective (Table 1).
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The first plan was always validated by a radiation oncologist (“the author”), specialist 

in prostate cancer. Subsequently, additional fields were inserted to the first plan in order to 

create the 9-field (9F) and 11-field (11F) arrangements. Identical optimization parameters 

were used for all three plans and were optimized with 300 iterations before plan calculation.  

Small PTV margins (few millimeters) are recommended for a stereotactic irradiation 

(38) (which account for the inter- and intrafraction motion) and were selected for the present 

study as three intraprostatic gold markers are used for: a) a daily repositioning of the patient 

with image-guided systems (On Board Imager® from Varian or ExacTrac® from BrainLab) 

and b) the real-time monitoring of the target with the Snap Verification® tool (BrainLab). 

Evaluation of beam energy 

The protocol was subsequently used for 5 patients for plan comparison with two 

energies (6MV vs. 16MV) for a 9-field technique. Whenever needed, the optimization 

parameters were gradually modified to obtain the protocol’s requirements as mentioned above 

(e.g., the coverage of the prescription dose). Both plans were optimized with 300 iterations 

before plan calculation. 

Comparison method and statistics 

A SBRT plan or the comparison between different plans can be evaluated using DVH 

parameters and/or various indices: the conformity index (CI), the gradient index (GI), the 

homogeneity index (HI). The level of conformity, the GI (fall-off) and the HI are rarely 

mentioned for the evaluation of a prostate SBRT plan (39).  

However, in the current study, the comparison between plans was made with the 

evaluation of: 

- Different conformity indices described by four groups and resumed by Feuvret et 

al. (40): CIRTOG (prescription isodose volume/target volume) (41), CISALT (target 

volume covered by the reference isodose/target volume) (42), CILomax (target 

volume covered by the reference isodose/volume of the reference isodose) (43) and 

CIvan’tRiet (CISALT x CILomax) (44); 

- The gradient index (the volume of 50% of prescription isodose/volume of the 

prescription isodose) (45); 

- The homogeneity index described by RTOG (MDPD = maximum dose 

/prescription dose) (41); 
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- The homogeneity index described by AAPM/TG101 as (D5% - D95%)/Dmean, where 

Di% is the dose received by i% of the target and Dmean is the average dose to the 

target (38). 

- The entrance dose to the patient calculated using the treatment planning system for 

each field, at 5 mm from patient’s skin, at the beam axis; 

- The monitor units (MU) for each field; 

- The maximum dose (Dmax) and the doses (in Gy) received by 2 cc (D2cc), 5 cc 

(D5cc), 10 cc (D10cc) and 25 cc (D25cc) of the volume of the organs at risk 

(rectal- and bladder-wall); 

- The volumes (in percentage) of the rectal- and bladder-wall that receive the i% 

isodose (Vi%). 

The statistical analysis of the quantitative variables was performed using the student 

paired t-test. The analysis was made with a significance threshold set at p<0.05. The diagrams 

were created using the SPSS V19.0 software. 

Results 

 The average (range) volumes delineated for all patients were of 82cc (range 54.5-

145cc) for PTV1 and of 15cc (range 7.9-27.2cc) for PTV2. Because of the integrated boost 

into the prostate, the gradient index was calculated only for PTV1. 

The number of fields 

With similar PTV coverage all indices used for the evaluation were similar between 

the three plans (Table 2). The DVH comparison between the three plans is showed in Figure 

1. 

The average (±SD) values for the entrance dose received for every field and plan were 

of 7.8±1.7Gy, 6.3±1.2Gy and 5.8±1.2Gy for 7F, 9F and 11F, respectively. As expected, the 

mean (±SD) values per field for the monitor units decreased significantly as the number of 

fields increased and were of 480±89, 386±57 and 323±57 for 7F, 9F and 11F, respectively 

(7vs9, p=0.0001 and 9vs11, p<0.0001). However, the average (range) values for the total 

number of monitor units per plan didn’t differ: 3357 (range 2741-4019), 3477 (range 3241-

3873) and 3558 (range 3111-4323) for 7F, 9F and 11F, respectively (7vs9, p=0.17 and 9vs11, 

p=0.31). 

The average (±SD) doses received by 2cc, 5cc, 10cc and 25cc of the rectal-wall were 

of 33.7±2.4Gy, 25.8±9.2Gy, 16.7±3.2Gy and 4.8±3.6Gy for 7F, of 33.2±2.6Gy, 24.7±3.7Gy, 
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15.8±3.3Gy and 4.7±3.4Gy for 9F, and of 33.1±2.8Gy, 24.5±3.8Gy, 15.1±3.2Gy and 

4.3±3.1Gy for 11F, respectively. The average rectal-wall Dmax was 41Gy (range 39.9-

41.9Gy), 41.1Gy (range 39.6-42.1Gy) and 41Gy (range 39.6-41.8Gy) for 7F, 9F and 11F, 

respectively. 

The average doses received by 2cc, 5cc, 10cc and 25cc of the bladder-wall were of 

28.9±3.9Gy, 21.5±6.3Gy, 13.9±7.3Gy and 4.9±4.7Gy for7F, of 28.8±3.9Gy, 21.3±6.4Gy, 

13.6±7.1Gy and 5±4.9Gy for 9F and of 28.7±3.8Gy, 21.1±6.4Gy, 13.5±7.1Gy and 4.8±4.5Gy 

for11F, respectively. The average bladder-wall Dmax was 37.2Gy (range 33.8-41.1Gy), 37Gy 

(range 34-41Gy) and 36.9Gy (range 34-40.4Gy) for 7F, 9F and 11F, respectively. 

Average and range values for V100%, V90%, V80%, V70%, V50%, V47.5% and V30% are 

presented in Table 3 for rectal- and bladder-wall and for the three plans (7F, 9F and 11F). 

The volume of the 5Gy isodose increased with the number of fields by an average 

(range) of 9.1% (range 3.9-11.6%) for 7F vs 9F (p=0.0001) and by 5.8% (range 3.5-8.3%) for 

9F vs 11F (p=0.0001) (Figure 2, left). On the contrary, the volume of the 10Gy isodose 

decreased with the number of fields by an average (range) of 18.4% (range 10.2-23.8%) for 

7F vs 9F (p=0.0001) and by 7.5% (range 4.5-11.1%) for 9F vs 11F (p=0.0001) (Figure 2, 

right). 

Evaluation of beam energy 

 With comparable evaluation indices for both plans (6MV and 16MV), the 100% 

isodose coverage for the tumor decreased with an average (range) of 5% (range 4-7%) for 

16MV (Table 4). A typical DVH for an IMRT-SIB plan is illustrated in Figure 3. 

The average (±SD) entrance doses received for every field and plan were of 9.1±2Gy 

and 6.2±1.3Gy for 6MV and 16MV, respectively. The mean (±SD) values per field for the 

monitor units were 476±75 and 392±55 for 6MV and 16MV, respectively. Moreover, the 

average (range) values for the total number of MU per plan were 4283 (range 4097-4516) and 

3531 (range 3245-3735) for 6MV and 16MV, respectively and significantly differed between 

the two plans (p=0.002). 

The average doses received by 2cc, 5cc, 10cc and 25cc of the rectal-wall were of 

32.2±1.7Gy, 22.5±1.5Gy, 13.8±1.4Gy and 3.9±2.8Gy for 6MV and of 32.6±2.3Gy, 

23.4±2.1Gy, 14.2±1.5Gy and 3.9±2.9Gy for 16MV, respectively. The average (range) rectal-

wall Dmax was 41.4Gy (range 40.9-42.2Gy) and 40.7Gy (range 39.8-41.4Gy) for 6MV and 

16MV, respectively. 
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The average doses received by 2cc, 5cc, 10cc and 25cc of the bladder-wall were of 

29.3±2.5Gy, 19.4±2.9Gy, 11.4±3.7Gy and 2.2±0.4Gy for 6MV and of 29±2.8Gy, 

19.4±3.6Gy, 11.5±3.6Gy and 2.2±0.7Gy for 16MV, respectively. The average (range) 

bladder-wall Dmax was 37.7Gy (range 34.7-40.8Gy) and 37.2Gy (range 34-40.4Gy) for 6MV 

and 16MV, respectively. 

Average and range values for V100%, V90%, V80%, V70%, V50%, V47.5% and V30% are 

presented in Table 5 for rectal- and bladder-wall and for both plans (6MV and 16MV). 

The volume of the 5Gy isodose didn’t vary among plans (p=0.06) and the difference 

between 6MV and 16MV remained little with an average of 2.5% (range 0.6-4%) (Figure 4, 

left). On the other hand, the volume of the 10Gy isodose decreased significantly for 16MV 

(p=0.002) by an average value of 28.4% (range 23.9-34.5%) (Figure 4, right).  

Discussion 

Recently, Aluwini et al. reported biochemical control rates and results on toxicities for 

50 patients treated with SBRT to a total dose of 38Gy in 4 fractions to the whole prostate and 

an integrated boost to 11Gy per fraction to the DIL (28). With a median follow-up of 23 

months the 2-year actuarial biochemical control rate was 100%. The grade 2 and 3 

gastrointestinal (GI) acute toxicities were seen in 12% and 2%, respectively. The late grade 2 

GI toxicity was 3% during 2 years. Genitourinary (GU) grade 2, 3 toxicities were reported on 

15%, 8% in the acute phase and 10%, 6% in the late phase, respectively (28). The authors 

suggested that a SBRT-SIB irradiation is feasible with low acute and late GU and GI 

toxicities (28). While the SBRT treatment was delivered using the Cyberknife® in the study of 

Aluwini et al., a standard accelerator can be used to deliver such treatment (29, 35, 36). 

Number of fields and beam energy 

The number of fields and the choice of beam energy in IMRT have been previously 

evaluated for a whole-irradiation of deep-seated targets (46) and for a SIB-DIL approach (24). 

To our knowledge, a comparison between different plans (high number of fields and energy) 

for a SBRT-SIB irradiation with a standard accelerator and using specific variables has never 

been performed.  

In the study of Pirzkall et al., the authors concluded that for an IMRT homogeneous 

dose to the whole prostate the use of 6MV photons with at least 9 fields is comparable with 

the use of 18MV (46). In 2011, Ost et al. described a planning comparison study on 12 

patients for a prostate irradiation with simultaneous integrated boost (24). They compared 
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results for 3, 5 and 7 IMRT fields with a volumetric irradiation and two different energies 

(6MV and 18MV). The authors didn’t find any difference between energies, except for a 

decrease in the number of MUs for 18MV. However, they noted that increasing the number of 

fields allows a dose escalation to the DIL (24). 

In the current study, no significant differences were found between plans in terms of 

DVH parameters or evaluation indices, except for the low doses (Figure 2). Furthermore, no 

major difference was observed between energies for PTV1 coverage, except for the volume of 

the SIB (PTV2) that had to be covered by the 100% isodose, which decreased by an average 

value of 5% and with a maximum difference up to 7% for one patient. Dose inhomogeneity 

within the PTV1 as a consequence of the penumbra of the PTV2-SIB volume was accepted 

and reported in Tables 2 and 4. 

Careful attention should be considered for the choice of the number of fields and of the 

beam energy in terms of volume of low doses (Figures 2 and 4) which become important for a 

SBRT approach. Additionally, the SBRT-IMRT combination results in a higher number of 

MUs and therefore the treatment duration would increase.   

We acknowledge that NTCP should be furthermore studied for healthy tissues 

although for a simultaneous integrated boost these values are patient dependent (based on 

each DIL location). For six prostate cancer patients, Nutting et al. compared a whole prostate 

irradiation (70Gy in 2Gy fractions) to a dose escalation to the dominant intraprostatic tumor 

nodule (DIPTN) of 90Gy and the remainder of the PTV treated with 70Gy (23). The authors 

reported a predicted TCP gain up to 27.5% (range 11.4-47.9%) for a /  ratio of 1.49Gy when 

a DIPTN approach is used, for an increase in rectal NTCP with an average value of 1.8% 

(23). In addition, the authors stated that the NTCP values (or the doses to the organs at risk) 

depend also on the intraprostatic tumor(s) location compared to the one of the organs at risk.  

Conclusion 

There wasn’t any dosimetric difference between 7, 9 or 11 fields, except for the 

volume of the 5Gy isodose which increases with the number of fields and for the volume of 

the 10Gy isodose which decreases with the number of fields. The volume of the 5Gy isodose 

didn’t differ between 6MV and 16MV, but the volume of the 10Gy isodose decreased 

significantly for 16MV. With comparable evaluation indices for both plans (6MV and 

16MV), the 100% isodose coverage for the tumor decreased by an average of 5% for 16MV. 

The choice of fields’ number and beam energy should be selected carefully, as may result in 
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volume increase of low doses and which remain important for SBRT. However, clinical 

studies must validate the consequence of this statement. 

Following this study, in our department we chose a 9-field conformation and 16MV 

beam energy as a good compromise for a stereotactic irradiation of prostate cancer with 

simultaneous integrated boost into the tumor. 
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Table 1. Fall-off parameters used for IMRT optimization. 
Parameter Values for the study 
Distance from target border [cm] 0.2 
Start dose [%] 95 
End dose [%] 47.5 
Fall-off 5 
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3.2.4. Conclusion 

The choice between different number of fields or different beam energies should be 

made carefully, as it could modify the low dose volume. However, clinical studies must 

validate the consequence of this statement for prostate SBRT. 

Following this study we chose a 9-field conformation and 16MV beam energy in our 

department, as a good compromise for a stereotactic irradiation of prostate cancer with a 

SIB.
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3.2.5. Prostate SBRT irradiation with a simultaneous-integrated boost versus a 

homogeneous SBRT irradiation  

We have seen in the first part that doses between 6.5 Gy and 10 Gy per fraction are 

achievable for prostate SBRT and that the probability of a biochemical failure can be reduced. 

A recent retrospective study on 135 patients from 8 institutions reports the biochemical 

relapse-free survival (bRFS) rates for localized prostate cancer after stereotactic body 

radiotherapy [41]. For a median dose of 36.25 Gy (range 35 – 40 Gy) and a median follow-up 

of 60 months (range 60 - 72), the bRFS rate at 5 years was 97%. The authors observed that the 

bRFS rates for 35 Gy and for >36.25 Gy were 93% and 100%, respectively, which were not 

statistically significant on multivariate analysis (p=0.97) [41].   

There are two relationships that should be taken into account for any SBRT approach: 

the dose-response (equal to tumor control) and the dose-effect (the consequence of this high 

dose on exposed healthy tissues). 

Methodological improvement and technical innovation in stereotactic radiotherapy 

make possible the study of high dose escalations to the prostate. Consequently, the potential 

clinical interest of an integrated SBRT boost into the tumor is double: 

- to avoid the local recurrence observed after standard RT; 

- to spare the rectum and the bladder from higher doses of irradiation when a SBRT 

approach is planned. 

3.2.6. Publication 

In 2010, the team from the Radiotherapy-Oncology Department of Lyon Sud Hospital 

(HLS) initiated a study for the evaluation of a SBRT plan (32.5 Gy in 5 fractions) with a 

simultaneous integrated SBRT boost (40 Gy in 5 fractions) within the macroscopic tumor 

visible on MRI. This plan was compared with two homogeneous SBRT irradiations of the 

entire prostate (32.5 Gy and 40 Gy) in order to assess the potential dosimetric interest of an 

integrated SBRT boost approach. The imaging protocol was created in cooperation with the 

radiologists from the Department of Radiology (HLS) and from the Department of Urological 

Radiology (Edouard Herriot Hospital in Lyon), who have more than 15 years of experience in 

the interpretation of MR imaging for prostate cancer. The prostate and the tumor(s) were 

delineated for each patient on T2- and T1-MRI registrations and the radiologists were aware 

of the results of the biopsy-proven prostate cancer for all patients. Additional imaging 

modalities were available if necessary for the aid in tumor identification. 
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The initial results were presented at the 52nd Annual ASTRO Meeting (October 31 – 

November 4, 2010) in San Diego (Appendix 8, abstract number 3288) [42]. The study is 

presented below and was published in 2014 in Physica Medica. 
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Introduction: The stereotactic irradiation is a new approach for low-risk prostate cancer. The aim of the
present study was to evaluate a schema of stereotactic irradiation of the prostate with an integrated-
boost into the tumor.
Material and methods: The prostate and the tumor were delineated by a radiologist on CT/MRI fusion. A
9-coplanar fields IMRT plan was optimized with three different dose levels: 1) 5 � 6.5 Gy to the PTV1
(plan 1), 2) 5 � 8 Gy to the PTV1 (plan 2) and 3) 5 � 6.5 Gy on the PTV1 with 5 � 8 Gy on the PTV2 (plan
3). The maximum dose (MaxD), mean dose (MD) and doses received by 2% (D2), 5% (D5), 10% (D10) and
25% (D25) of the rectum and bladder walls were used to compare the 3 IMRT plans.
Results: A dose escalation to entire prostate from 6.5 Gy to 8 Gy increased the rectum MD, MaxD, D2, D5,
D10 and D25 by 3.75 Gy, 8.42 Gy, 7.88 Gy, 7.36 Gy, 6.67 Gy and 5.54 Gy. Similar results were observed for
the bladder with 1.72 Gy, 8.28 Gy, 7.01 Gy, 5.69 Gy, 4.36 Gy and 2.42 Gy for the same dosimetric pa-
rameters. An integrated SBRT boost only to PTV2 reduced by about 50% the dose difference for rectum
and bladder compared to a homogenous prostate dose escalation. Thereby, the MD, D2, D5, D10 and D25
for rectumwere increased by 1.51 Gy, 4.24 Gy, 3.08 Gy, 2.84 Gy and 2.37 Gy in plan 3 compared to plan 1.
Conclusions: The present planning study of an integrated SBRT boost limits the doses received by the
rectum and bladder if compared to a whole prostate dose escalation for SBRT approach.

� 2013 Associazione Italiana di Fisica Medica. Published by Elsevier Ltd. All rights reserved.

Introduction

Post-radiotherapy local recurrence occurs at the site of the
primary tumor as first suggested by Cellini et al. [1] on 118 patients
who underwent external beam radiotherapy at doses �70.2 Gy,
with results from digital rectal examination, transrectal ultrasound
and magnetic resonance imaging (but without reporting any
pathological confirmation). In 2007, Pucar et al. presented the re-
sults of 9 patients with localized prostate cancer that were treated
with IMRT with a median dose of 81 Gy (range 69e86.4 Gy) and
supported the suggestion that post-RT local recurrence occurs at
the site of the primary tumor [2]. The authors reported a direct
visual comparison between pre-RT and post-RT imaging and

pathological evaluation after salvage radical prostatectomy. They
found that all 9 clinically significant tumor foci were visible and
comparable between the three sets of tests. Their results may
suggest that these irradiation doses might not be sufficient for the
macroscopic disease and the authors suggested that their results
support the practice of boosting the RT dose within the primary
tumor, using imaging guidance.

Two recent teams studied the local recurrence of the prostate
cancer after a radiation therapy and highlighted the major interest of
the focal dose escalation. Chopra et al. demonstrated that a vast ma-
jority of low-intermediate prostate cancer patients (95%) recurred
after radiotherapy (withdosesbetween60and79.2Gy) at theoriginal
site of dominant tumor density at presentation [3]. The authors
advised caution against the pursuit of focal-only radiotherapy to the
radiologically visible dominant lesions or to substantial dose escala-
tion to the uninvolved prostate gland; they also advised that careful
design of clinical trials should be done for the higher radiation dose
prescriptions to subregions of the prostate [3]. Arrayeh et al.
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undertook a study to determine if local recurrence of prostate cancer
after radiation therapy (75.9 Gy (range 74e79Gy)) occurs at the same
site as primary tumor before treatment, using longitudinal MR im-
aging and MR spectroscopic imaging to assess the dominant tumor
locations at baseline and recurrence [4]. Theprescribed doses seemto
be insufficient and the authors determined that the dominant
recurrent tumorwasat thesame locationasdominant baseline tumor
in 89% of patients and recommended that additional focal therapy
using dose escalation could improve the local tumor control [4].

From all these studies it can be concluded that radiation doses
between 60 and 90 Gy might not be sufficient for macroscopic
disease control [1e4]. Hence, a concomitant focal therapy was
subsequently developed.

The stereotactic irradiation is a recent concept of the radio-
therapy (RT) for low-risk prostate cancers, resumed in 2010 in the
stereotactic body radiotherapy (SBRT) reports of the American So-
ciety for Therapeutic Radiology and Oncology (ASTRO) [5] and of
the American Association of Physicists in Medicine (AAPM) [6].
Several fractionations greater than 6.5 Gy per fractionwere already
evaluated and promising results were published in terms of
biochemical control [7e15]. However, in all the related experiences,
a homogenous irradiation of the whole prostate was performed.

The recent progress in dynamic MRI allows the visualization of
the macroscopic prostatic lesions [16e22] and can open the way to
a focal therapy [21e23]. Furthermore, the development of the
image-guided radiotherapy (IGRT) techniques for the inter- and
intrafraction prostate localization and its reposition (implanted
markers with kV imaging or cone beam CT), offer a precise tracking
of the prostate before and during the irradiation course [24e27].
Themajor interest of an integrated SBRT boost is to limit the dose to
the organs at risk while increasing the dose to the macroscopic
tumor. The aim of the present planning study was to evaluate a
stereotactic prostate irradiation, with an integrated-boost dose
escalation of 5 � 8 Gy to the macroscopic disease.

Material and methods

CTeMRI image registration

Nine patients with low- to intermediate-risk prostate cancer
(according to D’Amico classification) followed the same procedure
for the CTeMRI registration. Three porous gold markers (Eckert &
Ziegler BEBIG) were first implanted into the prostate by an urologist
or a radiologist. The markers are 3 mm long and 1.2 mm thick. After
the implantation of those markers, each patient had two (T1-
gadolinium dynamic contrast-enhanced (DCE) and T2-weighted)
pelvic MRI acquisitions and one CT scan simulation (GE Light-
Speed16�) with a slice thickness of 2.5 mm. MRI parameters were
defined in order to optimize the clearness of both, markers and
prostate. The T2-weighted images were acquired with a turbo spin
echo sequence (TSE) (TR ¼ 7449 ms, TE ¼ 135 ms) with an axial
slice thickness of 3 mm and no space between the slices
(gap ¼ 0 mm); the images were acquired using a Sense body coil 4
elements (a phased array coil for increased signal-to-noise ration
and high-resolution body imaging), with a 332 � 243 matrix, a TSE
factor of 19 and a field of view (FOV) of 200 � 200 mm.

The DCE-MRI protocol consisted of a three-dimensional spoiled
gradient echo sequence (TR/TE¼ 7.2/4.2, slice thickness¼ 2mm, 40
slices, flip angle ¼ 20�). The FOV was 285 � 238 and the acquisition
matrix 144 � 118. A dose of 0.2 ml/kg gadolinium (Multihance,
Bracco Imaging France) was injected intravenously and the scans
were repeated 19 times at 7 s.

Subsequently, registrations between these acquisitions were
performed with Advantage Fusion� software (General Electric

Medical Systems). All registrations were prepared by a radiation
physician (OC) using the three markers.

Target and organs delineation

Three steps were needed for the delineation of structures:

1) Prostate delineation was performed by a radiation physician
(OC) using the registration between the dosimetric CT scan and
T2eMRI exam;

2) The delineation of the macroscopic tumor was performed by a
radiologist using the registration between the CT scan and
T1(gadolinium)eMRI exam;

3) The organs at risk were delineated by a radiation physician (OC)
using the CT scan that was also used for planning purpose.

Irradiation technique

Two planning target volumes (PTV) were created for each pa-
tient: PTV1 was the prostate with a 3-mm uniform expansion and
PTV2 was the tumor with a 5-mm volumetric expansion, reduced
to 3 mm toward the rectum. Small margins (that account for inter-
and intrafraction motion) were used as the daily repositioning and
the target monitoring are made using the three gold markers and
the OBI� system (Varian) and/or using the Snap Verification� tool
of the ExacTrac� system (BrainLab). The PTV2 margins were
voluntarily increased to 5 mm to cover potential uncertainty in
image registration and tumor delineation. The reason for these
small margins is to improve the dose fall-off outside of the target
and help spare the nearby organs at risk, as recommended by
AAPM Task Group for SBRT (TG101) [6].

Three plans were generated using Eclipse� TPS (Varian) with
16 MV linear accelerator and the pencil beam convolution (PBC)
algorithm [28,29]. The technique consists of nine-coplanar fields
with an IMRT optimization for three different dose levels:

a) 32.5 Gy in 5 fractions of 6.5 Gy to the PTV1 (Plan 1);
b) 40 Gy in 5 fractions of 8 Gy to the PTV1 (Plan 2); and
c) 32.5 Gy in 5 fractions of 6.5 Gy to the PTV1, combined with a

simultaneous integrated boost (SIB) of 40 Gy in 5 fractions of
8 Gy to the PTV2 (Plan 3) (Fig. 1).

Biologically equivalent dose (BED) calculation

Assuming an a/b ratio of 1.5 Gy [30] and using the linear
quadratic model, the equivalent doses delivered in 5 fractions for
Plan 1 and Plan 2 are 76 Gy in 38 fractions of 2 Gy and 108 Gy in 54
fractions of 2 Gy, respectively. They were obtained from the equa-
tion of biologically equivalent dose (BED) previously applied by
Madsen et al. for entire prostate SBRT irradiation [7]:

BED ¼ ðndÞ þ

0
B@nd2

a
b

1
CA

For an equivalent irradiation delivered in 2 Gy per fraction the total
doses for acute effects (for a/b ¼ 10 Gy) are 44.7 Gy and 60 Gy for
Plan 1 and Plan 2, respectively. Assuming an a/b of 3 Gy for late
effects, the equivalent doses in 2 Gy are 61.8 Gy and 88 Gy for plans
1 and 2, respectively.

PTV coverage and conformal index

At least 97% of the PTV1 and PTV2 had to be covered by the 95%
isodoseline and the hot spot didn’t exceed 107% of the prescribed
dose.
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The conformal index (CI) is a ratio-score that is used for ste-
reotactic irradiation and that quantifies the correspondence be-
tween different volumes: the tumoral contour, the isodoses
(prescribed, of reference, minimal and maximum) and/or the
healthy tissues. The difference between conformal indexes
described in the literature was already well resumed by Feuvret
et al. [31]. In the present study the conformal index was noted for
both PTV1 and PTV2, applying the formula:

CI ¼ VIR/VPTV,
VIR ¼ 95% isodoseline volume, that covers the PTV
VPTV ¼ PTV volume,

whereas, the uniformity of the treatment plan was also verified
by the visualization of the CT slices and of the dose-volume
histograms, as suggested by Feuvret et al. A CI value between 1
and 2 proves a good dosimetric treatment plan [31]; however, for
the SBRT irradiation, it is recommended to keep the CI around
1.2.

Organs at risk (OAR) dose evaluation

For all the three plans, the doses to the rectum, bladder and
femoral heads were optimized to be as low as possible, without
affecting the PTV coverage. The maximum dose (MaxD), mean dose
(MD) and doses received by 2% (D2), 5% (D5), 10% (D10) and 25%
(D25) of the rectal and bladder walls were used to compare the
three SBRT-IMRT plans. The results below are expressed in average
values.

The student paired t-test was used for the statistical analysis of
the variables and was performed with the MedCalc� software
(version 9.2.0.1). The analysis was made with a significance
threshold set at p < 0.05.

Results

Prostate and tumor characteristics are described in Table 1.

PTV coverage and conformal index

The average PTV1 coverage by the 95% isodoseline was of
98.21% (range 97.8e98.96%), 98.39% (range 97.74e99.46%) and
98.85% (range 97.8e99.81%) for Plans 1, 2 and 3, respectively. For
SIB irradiation, the average PTV2 coverage by the 95% isodoseline
was of 99.36% (range 97.72e99.98%). Subsequently, the mean
conformity index for PTV1 was of 1.13 (range 1.06e1.17), 1.06
(range 1.03e1.08) and 1.23 (range 1.14e1.29) for Plans 1, 2 and 3
respectively; the PTV2 in Plan 3 had a mean CI of 1.28 (range 1.15e
1.55).

Doses to the rectal- and bladder-wall

Table 2 shows average (range) values for doses received by the
rectal- and bladder-wall. A dose escalation to the entire prostate
from 5 � 6.5 Gy (Plan 1) to 5 � 8 Gy (Plan 2) increased the MD,
MaxD, D2, D5, D10 and D25 for rectum by 3.75 Gy, 8.42 Gy, 7.88 Gy,
7.36 Gy, 6.66 Gy and 5.54 Gy, respectively (Fig. 2). Similar results
were observed for the bladder with respectively: 1.72 Gy, 8.28 Gy,
7.01 Gy, 5.69 Gy, 4.36 Gy and 2.42 Gy for the same dosimetric pa-
rameters (Fig. 3). A focal dose escalation only to the tumor (PTV2 in
Plan 3) reduced the dose difference between Plan 1 and 2 by about
50% for the rectum and the bladder. This was not valid for theMaxD
parameter. Thereby, the MD, D2, D5, D10 and D25 for rectum were
increased only of 1.51 Gy, 4.24 Gy, 3.08 Gy, 2.84 Gy and 2.37 Gy in
Plan 3 compared to Plan 1. The differences for bladder were
respectively 0.43 Gy, 1.47 Gy, 1.30 Gy, 1.08 Gy and 0.76 Gy for the
same parameters.

Discussion

Different experiences with a homogenous stereotactic irradia-
tion for prostate cancer were reported [7e15]. Irradiation doses
between 6.5 Gy and 10 Gy per fraction delivered in these studies
provide important information:

1) SBRT for prostate cancer is technically feasible;
2) with a limited follow-up, the local control is excellent (between

80% and 100%);

Table 1
Prostate and tumor characteristics of the patients.

Patient Clinical
stage

PTV1-contour
volume

Tumor localization and PTV2-contour
volume

1 T2a N0M0 55.3 cc Right-posterior, from base to apex
14.7 cc

2 T1c N0M0 79.5 cc Right-posterior, at mid prostate
15.7 cc

3 T1c N0M0 89.6 cc Right- and left-posterior
26.6 cc

4 T1c N0M0 111.5 cc Antero-post, from base to apex
27.2 cc

5 T1c N0M0 145 cc Left-posterior, from base to mid-prostate
8.9 cc

6 T1c N0M0 74.2 cc Left-posterior, at apex
11.4 cc

7 T1c N0M0 69.3 cc Right- and left-posterior
12.4 cc

8 T1c N0M0 54.5 cc Left-posterior
7.9 cc

9 T1c N0M0 58.7 cc Right-posterior, at mid-prostate
9.9 cc

Figure 1. The dose distribution of a patient with an integrated-boost simulation in the axial plane (a), coronal plane (b) and sagittal plane (c).
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3) a dose-effect could exist with rates of local control of 90% at
6.7 Gy per fraction and 100% at 9e10 Gy per fraction;

4) grade � 3 rectal and urinary toxicities are low but GI and GU
toxicities � grade 2 are not negligible (18% and 31%, respec-
tively) when higher doses are used [8];

5) three studies used a CyberKnife [9,12,13,15] and four studies
demonstrated that the SBRT for prostate cancer can be
completed with dedicated or conventional accelerators
[7,8,10,11,14] as well.

In all these studies a homogenous irradiation of the whole
prostate gland was performed. The significant rate of grade �2
rectal and urinary toxicities supports the interest of the integrated
boost concept for the prostate SBRT. The results of the present
planning study may suggest that a focal irradiation to the macro-
scopic tumor, visible on MRI, could preserve the rectum and
bladder when the SBRT is delivered.

When Plan 2 is compared with Plan 3 no significant difference
was found between the two plans in terms of maximum dose
(p ¼ 0.51). This may arise because the maximum dose evaluation is
punctual, thus calculated on one voxel and occur especially for
posterior tumors. However, the differences between Plans 2 and 3
for rectal-wall become significant (p < 0.007) from D2cc to D25cc
and shows the importance of an SIB approach for dose escalation.
Moreover, the differences between Plans 2 and 3 for bladder-wall
are significant (p < 0.03) for all parameters (Table 2).

The intent of concomitant hypofractionated boost to the tumor
region was previously described, using the IMRT technique
[21,32,33]. In Miralbell et al. study, 50 patients were treated with a
conventional external radiotherapy to the prostate (64e64.4 Gy),
followed by an IMRT stereotactic boost to the dominant tumor
(2 � 5 Gy, to 2 � 7 Gy) [32]. The approach showed excellent out-
comes with an acceptable long-term toxicity. Only 2 patients pre-
sented Grade 3 acute urinary toxicity. The 5-year probabilities of
�Grade 2 late urinary and lowgastrointestinal toxicity-free survival
were of 82.2% and 72.2%, respectively. The survival rates without
biological recurrence are of 98%.

Willoughby et al. [33] reported the preliminary results on 31
patients with an advanced and localized prostate cancer, who
were treated with 70 Gy in 28 fractions of 2.5 Gy to the entire
prostate with concomitant irradiation (to an area corresponding
to the peripheral zone) of 80 Gy in 28 fractions of 2.86 Gy. With a
median follow-up of 70 months, the toxicity from the concomi-
tant boost of 80 Gy has been limited. After 7 years, the overall
survival, the biochemical relapse-free survival rate and the clin-
ical progression disease-free survival rate were of 48%, 52% and
68%, respectively. The acute rectal toxicity scores were 0 and 1 in
68% and 32%, and the acute urinary toxicity scores were 0, 1 and
2 in respectively 35%, 52% and 13%. The Grade 2 late rectal
toxicity was minimal (3% at 7 years) with no Grade 3 and the

Table 2
Average (range) values for rectal- and bladder-wall in the three plans.

Variable 6.5 Gy � 5 (Plan 1) SBRT-SIB (Plan 3) 8 Gy � 5 (Plan 2) t-Test

Plan 1 vs Plan 3 Plan 3 vs Plan 2

Rectal-wall
D2cc (Gy) 31.3 (28.3e32.7) 35.6 (33.2e38.7) 39.2 (36.8e41.2) p ¼ 0.002 p ¼ 0.007
D5cc (Gy) 28.8 (25.6e31.6) 31.9 (29.8e34.8) 36.2 (32.9e39.2) p ¼ 0.005 p ¼ 0.0009
D10cc (Gy) 23.7 (17.8e29.2) 26.6 (23.3e30.7) 30.4 (24e35.8) p ¼ 0.009 p ¼ 0.002
D25cc (Gy) 12.5 (9.1e18.1) 14.9 (11.9e16.8) 18.1 (13.7e24.1) p ¼ 0.02 p ¼ 0.005
MD (Gy) 9.7 (7e14.3) 11.2 (9.2e13.4) 13.5 (10.2e18.8) p ¼ 0.01 p ¼ 0.004
MaxD (Gy) 33.8 (32.8e34.5) 42 (40.3e43.2) 42.2 (41.5e42.9) p < 0.0001 p [ 0.51

Bladder-wall
D2cc (Gy) 30 (23.6e33.5) 31.5 (26e34) 37 (28.9e41.5) p ¼ 0.01 p ¼ 0.0001
D5cc (Gy) 25.1 (15e32.2) 26.4 (17.5e32.4) 30.8 (19.1e39.8) p ¼ 0.01 p ¼ 0.0005
D10cc (Gy) 19.5 (7.4e30.1) 20.6 (10.2e29.2) 23.8 (9.1e36.2) p ¼ 0.03 p ¼ 0.006
D25cc (Gy) 10.2 (1.7e20.5) 10.9 (2.3e19.5) 12.6 (2e24.8) p [ 0.08 p ¼ 0.03
MD (Gy) 7.4 (2.6e16.6) 7.8 (3.2e16.1) 9.1 (3.2e20.4) p [ 0.07 p ¼ 0.02
MaxD (Gy) 33.7 (31.2e34.6) 37.3 (34.2e41.9) 42 (39.1e43.6) p ¼ 0.01 p ¼ 0.004

Figure 2. Average values (in Gy) of dosimetric parameters for the rectum-wall: mean
dose, maximum dose and Di (dose received by the “i” percentage of the rectum), for all
the nine patients and for all three plans.

Figure 3. Average values (in Gy) of dosimetric parameters for the bladder: mean dose,
maximum dose and Di (dose received by the “i” percentage of the rectum), for all the
nine patients and for all three plans.
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Grade 2 late urinary toxicity was 11% with only 2 cases of
Grade 3.

Delivering 74 Gy to the PTV and 80 Gy to the intraprostatic tu-
mor (whichwas delineated by using theMRI), DeMeerleer et al. did
not observe any Grade 3 acute gastrointestinal (GI) toxicity. From
the 15 patients treated in this study, only three presented Grade 2
GI toxicity. A Grade 2 genitourinary (GU) acute toxicity was seen for
six patients, but no grade 2 or 3 toxicity was observed after 1 and 3
months after the treatment [21].

We acknowledge that the limitations of our study are the
evaluation of the tumor control probability (TCP) and the normal
tissue complication probability (NTCP). However, several studies
assessed the TCP/NTCP for an irradiation of the entire prostate and
for a selective concomitant boost on DIL, using doses of 2 Gy per
fraction [34e36]. Nutting et al. estimated the TCP and NTCP for
rectum using 6 IMRT plans with and without an SIB technique [35].
The authors compared a whole-prostate irradiation to a dose of
70 Gy (in 2 Gy per fraction) with an SIB boost to the dominant
intraprostatic tumor nodule (DIPTN) to 90 Gy and the remainder of
the PTV to 70 Gy. When the DIPTN was dose escalated, the TCP was
increased by 27.5% (range 11.4e47.9%) (p < 0.001) for a/b
ratio ¼ 1.49. The average increase in rectal NTCP was 1.8% (range
0.7e2.6%). The authors also stated that the increase in rectal NTCP
was low (0.9%) for patients having DIPTN in the lateral part of the
peripheral zone of the prostate [35]. In 5 patients, Van Lin et al.
evaluated the TCP and NTCP for two plans: 1) a PTVprostate irradi-
ation of 70 Gy (2 Gy per fraction) with PTVDIL of 90 Gy (2.57 Gy per
fraction) and 2) a PTVprostate irradiation to 78 Gy (2 Gy per fraction)
[36]. Overall, the TCP did not differ between plans with an average
of 87.4% (range 85e89%) and 86% (range 83e88%) for PTVprostateþDIL
and PTVprostate, respectively. The average NTCP values for the rectal-
wall were 3.8% (range 2e6%) and 5.6% (range 4e6%) for PTVprosta-

teþDIL and PTVprostate, respectively. Moreover, in 4 of 5 patients, the
DIL-IMRT plan reduced the rectal-wall NTCP (range 1e3%) [36]. A
recent paper of Chang et al. calculated the TCP and NTCP (a/b
ratio¼ 3.1 Gy) for different plans (with and without DIL boost) [34].
The authors compared 1) a whole-prostate irradiation to 78 Gy
(Plan78), 2) a plan with 78 Gy to the prostate and 90 Gy to the DIL
(defined on positron emission tomography scans) (Plan78e90) and
3) a planwith 72 Gy to the prostate and 90 Gy to the DIL (Plan72e90).
The TCP values for Plan78, Plan78e90 and Plan72e90 were 65%, 97%
and 96%, respectively [34]. Plan78e90 and Plan72e90 had significantly
higher TCP values than Plan78 (p ¼ 0.002 and p ¼ 0.001). The
average rectum NTCP values were 4.6%, 3.7% and 3.2% for Plan78,
Plan78e90 and Plan72e90, respectively, with no statistically signifi-
cant differences between plans (p ¼ 0.082) [34].

As described above, the concept of focal irradiation was already
used for moderate hypofractionated IMRT and it was recently
evaluated for stereotactic body radiotherapy of prostate cancer
[23]. The first results of Aluwini et al. on 50 patients with low- to
intermediate-risk prostate cancer are promising [23]. The patients
were treated with SBRT to a total dose of 38 Gy in 4 daily fractions
of 9.5 Gy with an integrated boost to 11 Gy per fraction to the
dominant lesion visible onMRI. The 2-year biochemical control was
100%, while the EORTC/RTOG toxicity scales presented grades 2 and
3 GI acute toxicity in 12% and 2%, respectively, and grade 2 and
grade 3 GU acute toxicities in 15% and 8%, respectively. The late
grade 2 GI toxicity was seen in 3% of patients and the grade 2 and
grade 3 GU late toxicities were seen in 10% and 6%, respectively.

The main benefit for the patients treated with such a technique
would be high-dose escalation to the tumor (which translates into
improved biochemical control), while irradiating the microscopic
disease with a sufficient dose and limiting the augmentation of
higher doses to the organs at risk. Moreover, the SBRT approach has
a double advantage in terms of decrease number of fractions (and

therefore the decrease of treatment costs) with an increase in pa-
tient’s comfort.

Dosimetric parameters to apply for the organs at risk remain
very difficult to define for an SBRT approach and therefore the
purpose is to keep the doses as low as possible. In the present study
the doses for rectum and bladder were optimized to be as low as
possible. The dosimetric results of an IB-SBRT irradiation showed
an increase of the doses to the rectum and bladder compared to
homogenous SBRT irradiation of 32.5 Gy to the whole prostate.
However, this increase in dose is limited to 50% when compared to
homogenous SBRT dose escalation of 40 Gy to the whole prostate.

Conclusions

The present schema of integrated boost dose escalation was
created to deliver a sufficient high-dose to the microscopic disease
into the prostate while increasing the dose to the macroscopic tu-
mor. This approach deeply limits the doses received by the rectum
and the bladder compared to entire prostate dose escalation.
Clinical studies need to validate this approach.
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3.3. The dosimetric contribution of an injection of hyaluronic acid between 

the prostate and the rectum 

 The hyaluronic acid (HA) is a polysaccharide that is found in an important quantity in 

human tissues, especially in the skin. When it exists in its natural form, it is “degrade” very 

fast by the enzymatic systems. The utility of the HA was already developed in medicine in 

urology, orthopedics or esthetics, so it was modified in order to be more stable in time (few 

months to few years).  

A new and original approach for the rectum-wall sparing was first reported by Prada et 

al. using a hyaluronic acid injection for brachytherapy treatments or external beam radiation 

therapy in combination with brachytherapy for prostate cancer [43, 44]. The authors reported 

a very good tolerance of the spacer by the patients, with no side effects, no toxicity of rectal 

function and no pain. The stability of the HA was also reported by the authors 9 months after 

the injection. In consequence, the distance between the prostate and the rectum-wall is 

increased and probably the dose-effect to the rectum could be negligible. This implies that the 

rectal toxicity may be reduced, particularly for prostate SBRT. 

In the last few years, the results of several clinical investigations were additionally 

reported with a different spacer, a polyethylene-glycol hydrogel [45-51].  

3.3.1. Prostate hypofractionated radiotherapy with hyaluronic acid 

Hence, based on the initial results of Prada et al., a phase II study was started in 2010 

in the Department of Radiotherapy-Oncology from HCL. The protocol evaluates the acute and 

late rectal toxicities of patients treated with a hypofractionated irradiation of 62 Gy in 20 

fractions of 3.1 Gy. We have first started with a “moderate”-hypofractionated radiotherapy, as 

it was our first practice and because we wanted to acquire experience with hyaluronic acid 

injection. To our knowledge, it was the first study to use HA for exclusive external beam 

irradiation and an injection of HA under local anesthesia.  

3.3.2. Publication 

The first dosimetric results for 16 patients were presented as poster at the 54th Annual 

ASTRO Meeting (October 28 – 31, 2012) in Boston (Appendix 9, abstract number 2499) [52] 

and were furthermore accepted for publication in 2013 in the International Journal of 

Radiation Oncology Biology Physics [53]. The first clinical results for the 36 patients 
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included in the Phase II study RPAH1 were accepted for “Digital Poster Discussion” at 

ASTRO 2013 (Appendix 9, abstract number 1065) [54]. 
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Summary

The aim of this dosimetric
study was to evaluate the
contribution of a hyaluronic
acid injection between the
rectum and the prostate for
reducing the risk of rectal
toxicity in prostate hypo-
fractionated irradiation. The
hyaluronic acid injection
significantly improved the
dosimetric parameters of the
rectal wall. A phase 2 study
is underway to evaluate the
rate of grade �2 late rectal
toxicities when this injection
is combined with a hypo-
fractionated irradiation.

Purpose: The aim of this study was to evaluate the contribution of an injection of hyaluronic
acid (HA) between the rectum and the prostate for reducing the dose to the rectal wall in a hy-
pofractionated irradiation for prostate cancer.
Methods and Materials: In a phase 2 study, 10 cc of HA was injected between the rectum and
prostate. For 16 patients, the same intensity modulated radiation therapy plan (62 Gy in 20 frac-
tions) was optimized on 2 computed tomography scans: CT1 (before injection) and CT2 (after
injection). Rectal parameters were compared: dose to 2.5 cc (D2.5), 5 cc (D5), 10 cc (D10), 15
cc (D15), and 20 cc (D20) of rectal wall and volume of rectum covered by the 90% isodose line
(V90), 80% (V80), 70% (V70), 60% (V60), and 50% (V50).
Results: The mean V90, V80, V70, V60, and V50 values were reduced by 73.8% (P<.0001),
55.7% (PZ.0003), 43.0% (PZ.007), 34% (PZ.002), and 25% (PZ.036), respectively. The
average values of D2.5, D5, D10, D15, and D20 were reduced by 8.5 Gy (P<.0001), 12.3 Gy
(P<.0001), 8.4 Gy (PZ.005), 3.7 Gy (PZ.026), and 1.2 Gy (PZ.25), respectively.
Conclusions: The injection of HA significantly limited radiation doses to the rectal wall.
� 2013 Elsevier Inc.
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Introduction

The a/b ratio for prostate cancer, often estimated to be below 3 Gy
(1-5), suggests that the dose per fraction could have a significant
impact on local control in exclusive external beam irradiation of this
cancer. Several phase 3 trials are comparing a hypofractionated
irradiation (HF) with a dose per fraction between 2.4 Gy and 3 Gy
with a normofractionated irradiation (NF) at 1.8-2 Gy. Recently, the
first results of the Fox Chase Center phase 3 trial were presented (6).
This superiority design study compared 76Gy in 38 fractions of 2Gy
to 70.2 Gy in 26 fractions of 2.7 Gy. At 5 years, there was no
difference between the 2 groups in terms of biochemical-free
survival (BFS). This result suggests that a dose per fraction of 2.7
Gy might not be sufficient to induce a benefit and that a dose>3 Gy
might be necessary. The results of the Arcangeli et al study (7)
support this conclusion. Indeed, a dose of 62 Gy in 20 fractions of
3.1Gywas comparedwith a dose of 80Gy in 40 fractions of 2 Gy. At
3 years, the BFS was increased from 79% to 89% (PZ.035) in the
HF arm. The rate of grade�2 late rectal toxicities was 17% and 16%
in the HF and NF arms, respectively. In several phase 2 trials, HF
with doses per fraction of�3 Gy was associated with rates of grade
�2 acute rectal toxicities of between 20% and 36% and a rate of late
toxicities >15% (8-12). Rectal tolerance could therefore represent
the main limitation to expanded use of HF in prostate cancer. An
injection of hyaluronic acid (HA) in the space between the rectum
and the prostate has been proposed as a method of improving rectal
tolerance following brachytherapy and Prada et al (13, 14) high-
lighted the tolerability of this approach. In 2010, a phase 2 trial was
initiated to evaluate the benefit of using HA as a spacer in a HF
schema to better preserve the rectum.Dosimetric analyses of the first
16 patients included in the study are presented and discussed.

Methods and Materials

HA injection

All the patients included in the phase 2 study had a low- to
intermediate-risk prostate cancer according to D’Amico classifi-
cation (15). They received a transperineal injection of 10 cc of HA
(NASHA Spacer gel, Q-Med AB, Uppsala, Sweden) between the
rectum and the prostate under local anesthesia and ultrasound
guidance. This injection was combined with an implantation of 3
gold markers used for a computed tomography/magnetic reso-
nance imaging (CT/MRI) fusion and for treatment setup. The aim
of the injection was to separate the prostate from the rectum and
thereby reduce the dose received by the anterior rectum wall. An
injection of this volume of HA was expected to separate the 2
organs by at least 1 cm (Fig. 1). No limitation of prostate volume
was defined for the inclusion of patients in the study.

Dosimetric study

As part of the phase 2 trial, a dosimetric CT scan (GE Light-
Speed16), with a slice thickness of 2.5 mm, was performed before
(CT1) and after injection of HA (CT2). Patients were treated with
a 7-field intensity modulated radiation therapy (IMRT) plan,
optimized on the CT2. For the first 16 patients included in the
present study, the same treatment plan was optimized on CT1
(without HA injection) for dosimetric comparison. All the patients

were treated in the supine position. The rectum was empty on both
CTs, and the bladder was in a state of intermediate repletion.

Definitions of volumes

Identical volumes were created on the 2 dosimetric CT scans. A
clinical target volume 1 (CTV1) was defined by the delineation of
the prostate and the first centimeter of the seminal vesicles. A
CTV2 corresponded to the prostate alone. A planning target
volume 1 (PTV1) was created by adding a volumetric expansion of
8 mm around the CTV1 (except in the posterior direction where the
margin was reduced to 4 mm). A PTV2 was generated by adding
the same margins around the CTV2. The rectum was delineated
from 2 cm above to 2 cm below the CTV1. The rectal wall was
defined by an internal expansion of 5 mm. The external contours of
the bladder were totally delineated. An internal expansion of 7 mm
was used to generate the bladder wall. The 2 femoral heads were
identified up to the upper edge of the lesser trochanters.

Comparison of plans of treatment

The same 7-beam IMRT plan was optimized on the CT1 and CT2
with the photon energy of 16 MV. A dose of 3.1 Gy per fraction
(total dose of 62 Gy) was prescribed. The dose to the PTV1 was
44 Gy in 20 fractions of 2.2 Gy (BED Z 46 Gy with a/b Z 1.5
Gy) and 100% of the volume was covered by the isodose line of 42
Gy (95% of 44 Gy; 2.1 Gy per fraction). Whenever possible, 90%
of the PTV1 had to receive 44 Gy. The PTV2 was covered by the
59 Gy isodose line (2.95 Gy per fraction: 95% of 3.1 Gy) and
whenever possible, 90% of this volume received at least 3.1 Gy.
The maximum dose point did not exceed 105% of the prescribed
dose. The total number of fractions was 20 for a total dose of 62
Gy. The doses to the rectum and the bladder were optimized to be
as low as possible. The maximum dose to the femoral heads did
not exceed 46 Gy in 20 fractions.

Thickness of HA

Because the HAwas better visualized on the MRI than on the CT,
a fusion based on gold makers was used to improve the delineation
of the spacer (Fig. 2). The thickness of HA between the prostate
and the rectum was measured on the centerline of the prostate in 3
CT scan slices: (1) at the apex of the prostate, 5 mm above the
most inferior portion of the prostate; (2) at the base of the prostate,

Fig. 1. Injection of hyaluronic acid (HA) between the rectum
and the prostate.
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5 mm below the most superior portion of the prostate; and (3) on
the median CT slice. For each patient, an average thickness value
was calculated from the 3 measurements.

Analysis

The dosimetric comparison between CT1 and CT2 was performed
on the first 16 patients included in the study. The volumes of rectum
irradiated with and without HA were compared on the following
dosimetric parameters: maximum dose (Dmax), minimum doses to
2.5 cc (D2.5), 5 cc (D5), 10 cc (D10), 15 cc (D15), and 20 cc (D20)
of rectum and the volume of rectum receiving 90% (V90), 80%
(V80), 70% (V70), 60% (V60), and 50% (V50) of the prescribed
dose of 62 Gy. These quantitative dosimetric variables were per-
formed using the Wilcoxon test for paired series (Wilcoxon
matched-pairs test). The analysis was univariate, bilateral with
a significance threshold set atP<.05. All tests were conducted using
the SPSS V19.0 software.

To limit the potential impact of variation of rectal volume
between the 2 CT scans, all results were calculated in cubic
centimeters and not as percentage of volume. The same parame-
ters were used for the bladder. For comparison, all the results were
expressed as mean values for the 16 patients.

Results

Volume delineation

The mean prostate volume was 51.7 cc (range, 28.7-93.9 cc) on
the CT1 and 52.7 cc (range, 31.4-92.7 cc) on the CT2. The PTV1

and PTV2 were 154.3 cc (range, 111.1-232.8 cc) and 129.1 cc
(range, 88.7-204.4 cc), respectively, on CT1 and 161.1 cc (range,
117.8-240.0 cc) and 132.6 cc (range, 91.6-202.2 cc), respectively,
on CT2.

The mean rectum-wall volume was 36.9 cc (range, 20-54 cc)
on CT1 and 37.3 cc (range, 23.9-50 cc) on the CT2. For the
bladder wall, the mean volume was 50.5 cc (range, 20-87 cc) on
CT1 and 57.2 cc (range, 23.7-111.3 cc) on CT2.

PTV1 and PTV2 coverage

The 42 Gy isodose line (95% of the dose to the PTV1) covered
99.6% (range, 98.6%-100%) and 99.8% (range, 99.5%-100%) of
the PTV1, on CT1 and CT2, respectively. The mean volume of
PTV1 receiving 44 Gy (100% of dose) was 97.8% (range, 95.1%-
100.0%) and 97.5% (range, 91%-99.9%) on CT1 and CT2,
respectively. The mean volume of PTV2 covered by the 59 Gy
isodose line (95% of 62 Gy) was 99.9% (range, 99.8%-100%) on
CT1 and 99.6% (range, 95.3%-100%) on CT2. The isodose 62 Gy
covered 91.1% (range, 90.0%-96.5%) of the PTV2 on the CT1 and
91.9% (range, 90%-99.4%) of the same PTV on CT2.

Rectal doses with and without HA

The average thickness of HA for the 16 patients was 11.5 mm
(range, 8.3-16.4 mm). The average thickness of HA at the base,
median, and apex of the prostate were 15.1 mm (range, 6.4-29
mm), 9.8 mm (range, 5-21.2 mm) and 9.9 mm (range, 3.2-21.5
mm). The detailed results of rectal doses with and without HA are
summarized in Table 1. The mean values of V90, V80, V70, V60,
and V50 were reduced by 73.8% (P<.0001), 55.7% (PZ.0003),
43.0% (PZ.007), 34% (PZ.002), and 25% (PZ.036), respec-
tively. Similarly, the average values of D2.5, D5, D10, D15, and
D20 were reduced by 8.5 Gy (P<.0001), 12.3 Gy (P<.0001), 8.4
Gy (PZ.005), 3.7 Gy (PZ.026), and 1.2 Gy (PZ.25),
respectively.

Discussion

HF is a promising approach to external beam irradiation in pros-
tate cancer. It could potentially reduce the duration and cost of

Fig. 2. Delineation of hyaluronic acid (HA) on computed
tomography/magnetic resonance imaging fusion.

Table 1 Variation of dosimetric rectal parameters (mean
values and range) after injection of HA (hyaluronic acid)

CT1 (without HA) CT2 (with HA)

V100% 0.3 cc (0-2.63 cc) 0 cc
V90% 7.65 cc (4.4-18.9 cc) 2.1 cc (0.3-6.8 cc)
V80% 10.4 cc (5.8-25.2 cc) 4.6 cc (0.7-11.8 cc)
V70% 13.3 cc (7.2-36.6 cc) 7.6 cc (1.2-17.9 cc)
V60% 16.4 cc (8.9-48.9 cc) 10.9 cc (1.9-23.1 cc)
V50% 20.3 cc (10.8-62.8 cc) 15.1 cc (2.8-30.4 cc)
D2.5 60.9 Gy (59.7-62.1 Gy) 52.4 Gy (32.3-60.0 Gy)
D5 58.5 Gy (53.3-61.1 Gy) 46.2 Gy (24.6-57.6 Gy)
D10 45.7 Gy (33.9-57.4 Gy) 37.3 Gy (19.7-51.8 Gy)
D15 34.9 Gy (18.4-51.1 Gy) 31.2 Gy (16.5-45.7 Gy)
D20 27.0 Gy (19.7-42.4 Gy) 25.8 Gy (12.6-41.2 Gy)
Dmax 62.4 Gy (61.5-63.6 Gy) 61.2 Gy (59.7-62.7 Gy)
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treatment per patient, improve the capacity of treatment in radi-
ation oncology departments, and improve local control of the
disease compared to a normal fractionation.

Some experiences have been reported with a dose per fraction of
�3 Gy.When doses of 57 to 60 Gy (in 19-20 fractions of 3 Gy) were
used, rates of late grade �2 rectal toxicity, <10%, were reported
(16-19). Using the linear-quadratic (LQ) model and an a∕b ratio of
4.8 Gy for grade �2 late rectal toxicity (20), the biochemical
equivalent dose for 60 Gy in 20 fraction is 69 Gy in 2 Gy per
fraction. In the Vesprini et al study (9), 121 patients were treated
with 60 to 66 Gy in 20 to 22 fractions of 3 Gy with IMRT. Therewas
a significant difference in the rate of late GI toxicity grade�2 when
comparing the 66-Gy and 60-Gy cohorts (38% vs 8%, respectively,
PZ.0003), suggesting that increasing the number of fractions of
3 Gy from 20 to 22 may be sufficient to have a strong impact on
rectal toxicity. Using the LQ model and the same a∕b ratio of 4.8
Gy for grade�2 late rectal toxicity, the biochemical equivalent dose
for 66 Gy in 22 fractions is 76 Gy in 2 Gy per fraction. Several
studies seem to confirm the impact of a variation of dose per fraction
or of fraction number on rectal toxicity. In a series of 52 patients
treated at 69 Gy in 23 fractions of 3 Gy, Akimoto et al (11) reported
a rate of 25% for grade �2 rectal bleeding. In the Rene et al study
(10), 129 patients were treated at 66Gy in 22 fractions of 3 Gy.With
a median follow-up of 51 months, the worst crude rate of grade �2
GI toxicity seen at any time during follow-up was 25%. In the Lock
et al study (8), 66 patients were treated at 63.2 Gy in 20 fractions of
3.16 Gy. Despite the use of arc-based IMRT and a daily reposi-
tioning of the prostate, 25% and 3% of patients experienced grade 2
and grade 3 rectal toxicities, respectively, with a median follow-up
of 36 months.

On the basis of the experiences reported with doses >60 Gy in
20 fractions, a phase 2 study was initiated in 2010. Patients with
low- to intermediate-risk prostate cancer according to the
D’Amico classification (15) were treated at a dose of 62 Gy in 20
fractions of 3.1 Gy. An injection of HA between the rectum and
the prostate was performed under local anesthesia. Experiences of
injection of HA have already been published, and the authors
demonstrated that this injection was well tolerated and offered
superior preservation of the rectum wall in prostate HDR bra-
chytherapy (13, 14) or external beam radiation therapy (21, 22).

Few other studies used different spacers between the prostate
and the rectum with a prescribed standard doses of 78 Gy (39
fractions of 2 Gy) and IMRT planning (23-25). In the cadaveric
study, Susil et al used 20 mL of hydrogel injection to create
a mean separation of 12.5 mm (23). The average rectum volumes
receiving 70 Gy with IMRT decreased from 19.9% before sepa-
ration to 4.5% after separation. In their study, they concluded that
10 to 15 mm of separation is sufficient to achieve the rectal V70
reduction. For 8 prostate cancer patients, Weber et al injected
approximately 10 mL of polyethylene glycol spacer to create 7 to
10 mm separation between the prostate and the rectum (24). Mean
value for V70 with IMRT planning was 9.8% � 5.4% before
spacer insertion and decreased to 5.3% � 3.3% after spacer
injection. Following an injection of 10 mL of spacer gel in 18
patients with prostate cancer, Pinkawa et al observed distances of
at least 6.6 mm in a medial plane in 89% of cases (25). They found
that relative rectum volume within the 50, 60, 70, and 76 Gy
isodose could be reduced by 22%, 35%, 56%, and 89% in IMRT
treatment plans.

Although Prada et al (13, 14) needed only 3 to 7 mL of HA
for a sufficient separation between the rectum and the prostate, in
our experience this volume of HA was not sufficient and a full

syringe of 10 mL was necessary to achieve at least 1 cm of HA
thickness. Our study proposes an injection of HA for hypo-
fractionated external beam irradiation. The results of the dosi-
metric comparison of treatment with and without HA confirm the
potential benefit of the injection in preserving the rectal wall. A
potential weakness of the study is that the 2 CT scans (with and
without HA) were not performed in exactly the same conditions
for the prostate and the rectum. However, the delineation of the
prostates was similar on both CT scans, with mean volumes of
52.7 cc and 51.7 cc, respectively. All the rectal dosimetric
parameters were expressed in cubic centimeters and not as
percentage of volume to limit the impact of a variation of rectal
dilatation between the 2 CT scans, as observed in other studies
(24). Almost all rectal dosimetric parameters evaluated in this
study were strongly improved by the injection of HA; only the
punctual maximum dose does not seem to be reduced by the HA
injection. This punctual Dmax remains equivalent to the treat-
ment dose in the 2 plans (61.2 and 62.4 Gy). This result high-
lights that even with an injection of HA, a small volume of
rectum may remain inside the PTV and receive a dose close to 62
Gy. Nevertheless, the large improvement of the D2.5 demon-
strates that the volume of rectum exposed to high doses is greatly
reduced by the injection of HA.

Conclusion

An injection of HA between the rectum and the prostate signifi-
cantly improves the dosimetric parameters of the rectal wall. A
phase 2 study is under way to evaluate the rate of grade �2 late
rectal toxicities when this injection is combined with HF
irradiation.
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3.3.3. Prostate SBRT with hyaluronic acid 

The ultimate purpose of such approach of prostate-rectum separation is to be applied 

for stereotactic schemas used for the treatment of prostate cancer. Even with the expectation 

that small volumes of adjacent organs at risk will be irradiated with high doses during SBRT, 

it is estimated that the rectum would receive minor doses. 

The “lowest” SBRT dose found in the literature for prostate cancer is 32.5 Gy (5 x 6.5 

Gy). In our department, 42.5 Gy in 5 fractions seems a reasonable dose without a prostate-

rectum separation. Therefore, an evaluation of a HA consequence with the latter dose was 

made in order to make this dose acceptable when a prostate-rectum separation exists. 

To our knowledge, a PRS was never applied for a SBRT approach. In order to 

investigate the potential benefit of using PRS in SBRT, a dosimetric study was realized. An 

evaluation for prostate SBRT was made with two levels of dose: 32.5 Gy versus 42.5 Gy in 5 

fractions, with or without a PRS.  

3.3.4. Publication 

The initial results were accepted for poster presentation at the ESTRO 31 conference 

(09-13 May, 2012) in Barcelona, Spain and the abstract has also been selected for “Young 

scientists ESTRO Poster Session” (Appendix 10, abstract number PD-0278) [55]. The related 

article is presented below and was published in 2014 in the International Journal of Radiation 

Oncology Biology Physics.
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Summary

The benefit of a hyaluronic
acid injection between the
prostate and the rectal wall
was evaluated for stereotac-
tic irradiation. An important
contribution of the hyal-
uronic acid was observed for
rectal wall preservation
(volume reduction of 90%).
This effect, especially from
the median plane to the apex
of the prostate, could allow a
dose escalation from
5 � 6.5 Gy to 5 � 8.5 Gy
without significantly
increasing the dose to the
rectum.

Purpose: This study assessed the contribution of ahyaluronic acid (HA) injection between the
rectum and the prostate to reducing the dose to the rectal wall in stereotactic body radiation ther-
apy (SBRT).
Methods and Materials: As part of a phase 2 study of hypofractionated radiation therapy (62 Gy
in 20 fractions), the patients received a transperineal injection of 10 cc HA between the rectum
and the prostate. A dosimetric computed tomographic (CT) scan was systematically performed
before (CT1) and after (CT2) the injection. Two 9-beam intensity modulated radiation therapy-
SBRT plans were optimized for the first 10 patients on both CTs according to 2 dosage
levels: 5 � 6.5 Gy (PlanA) and 5 � 8.5 Gy (PlanB). Rectal wall parameters were compared with
a doseevolume histogram, and the prostateerectum separation was measured at 7 levels of the
prostate on the center line of the organ.
Results: For both plans, the average volume of the rectal wall receiving the 90% isodose line
(V90%) was reduced up to 90% after injection. There was no significant difference (PZ.32) be-
tween doses received by the rectal wall on CT1 and CT2 at the base of the prostate. This vari-
ation became significant from the median plane to the apex of the prostate (PZ.002). No
significant differences were found between PlanAwithout HA and PlanB with HA for each level
of the prostate (PZ.77, at the isocenter of the prostate).
Conclusions: HA injection significantly reduced the dose to the rectal wall and allowed a dose
escalation from 6.5 Gy to 8.5 Gy without increasing the dose to the rectum. A phase 2 study is
under way in our department to assess the rate of acute and late rectal toxicities when SBRT
(5 � 8.5 Gy) is combined with an injection of HA. � 2014 Elsevier Inc.
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Introduction

Several studies have shown an a/b ratio for prostate cancer of less
than 3 Gy, encouraging dose escalation (1-3). In previous years, a
few trials have evaluated stereotactic body radiation therapy
(SBRT) for low-risk to intermediate-risk prostate cancer (4-12).
The treatment was delivered in 4 to 5 fractions of 6.5 Gy to 10 Gy
using an image guided radiation therapy technique. Acute and late
grade 1 to grade 3 urinary toxicities after SBRT are not negligible,
and techniques for reducing the dose to the bladder must be
studied. In addition, grade 1 to grade 2 acute and late rectal tox-
icities have been reported of 27% to 67% and 14% to 70%,
respectively. To improve the patients’ quality of life, a potential
method of reducing the dose to the rectum may be a prostate-
rectum separation (PRS). This approach has been described by
Prada et al (13, 14) for brachytherapy treatments and by other
teams during external beam radiation therapy (15-21). The main
objective of the present study was to assess whether a hyaluronic
acid (HA) injection between the rectum and the prostate could
reduce the doses to the rectal wall in 2 SBRT approaches. The
purpose of this work was 2-fold: (1) to evaluate the dose received
by the rectum and to calculate the dose to the anterior rectal wall
in a SBRT approach with HA and (2) to evaluate whether the
rectal wall could be entirely preserved by an injection of HAwhen
the dose to the prostate was increased from 6.5 Gy to 8.5 Gy per
fraction.

Methods and Materials

Patients

As part of a phase 2 study for hypofractionated radiation therapy
(62 Gy in 20 fractions of 3.1 Gy) (21), patients were treated for
low-risk or intermediate-risk prostate cancer according to the
D’Amico classification (22). Three gold markers were implanted
into the prostate for image registration (Integrated Registration,
GE Medical Systems) between the computed tomographic (CT)
scan and T2 magnetic resonance imaging (T2-MRI) and for daily
localization. A transperineal injection of 10 cc HA (NASHA
Spacer gel, Q-Med AB, Uppsala, Sweden) was systematically
performed between the rectum and the prostate, with the patient
under local anesthesia, and under ultrasound guidance (Fig. 1).
Inasmuch as the prostate and the HAwere better visualized on T2-
MRI than on the CT scan, the fusion was thereafter used for target
and spacer contouring (Fig. 1a).

Treatment volume definition

For the first 10 patients included in the study, the following vol-
umes were created on 2 CT scans, before (CT1) and after (CT2)
the injection of HA:

1. A planning target volume (PTV) corresponding to a 3-mm
uniform margin around the prostate (to account for inter-
fraction and intrafraction motion); these small margins were
feasible with the use of 3 gold markers for (a) daily kV repo-
sitioning and cone beam CT verification with the OBI system
(Varian), (b) target monitoring with the Snap Verification tool
of the ExacTrac system (BrainLab), or both.

2. The rectum was empty on both CTs and was delineated from
2 cm above to 2 cm below the prostate. The rectal wall was
defined by an internal expansion of 5 mm.

3. The bladder was in intermediate repletion and was delineated
on all CT slices. The bladder wall was defined using an internal
expansion of 7 mm.

Comparison of the treatment plans

The SBRT plans were simulated using a 9-beam configuration with
intensity modulated radiation therapy (IMRT). The plans were
optimized on CT1 and CT2, according to 2 dosage levels:
(1) 32.5 Gy in 5 fractions of 6.5 Gy (PlanA) (Biological Equivalent
Dose Z 76 Gy in 38 fractions of 2 Gy with a/b Z 1.5 Gy) and
(2) 42.5 Gy in 5 fractions of 8.5 Gy (PlanB) (Biological Equivalent
Dose z 110 Gy in 55 fractions of 2 Gy with a/b Z 1.5 Gy).

PlanA and PlanB were individually optimized and calculated
for both CT1 and CT2.

In all plans, at least 97% of the PTV had to be covered by the
98% isodose line (Fig. 1b), and whenever possible, 90% of the
PTV had to be covered by the 100% isodose line. The maximum
dose point did not exceed 107% of the prescribed dose, and the
doses to the rectal wall and the bladder wall were optimized to be
as low as possible.

Statistical analysis

Initially, a general analysis was made for all patients. The volumes
of the rectum and the bladder irradiated with and without HAwere
compared by the following dosimetric parameters: maximum dose
(Dmax), dose to 2.5 cc (D2.5cc), 5 cc (D5cc), 10 cc (D10cc), and
15 cc (D15cc) of the organ, and the volumes of the organ receiving
90% (V90%), 80% (V80%), 70% (V70%), 60% (V60%), and 50%
(V50%) of the prescribed doses. To limit a potential impact of
variation in rectal and bladder volumes between the 2 CT scans,
all results are given in cubic centimeters and not as percentage of
volume. These quantitative dosimetric variables were analyzed by
Wilcoxon test for paired series (Wilcoxon matched-pairs test). The
analysis was univariate and bilateral, with a significant threshold
set at P<.05. The tests were made with SPSS, version 19.0
software.

Then, for CT1 and CT2, the distances between the prostate and
the rectum were measured at the center line of the prostate in 7 CT
scan slices (Fig. 1d), following the representation of Kagawa et al
(23): (1) at the base of the prostate and 5, 10, and 15 mm superior
to the geometric isocenter of the prostate defined on the CT (noted
as þ5 mm, þ10 mm, and þ15 mm); (2) at the isocenter of the
prostate (noted as 0 mm); and (3) at the apex of the prostate and 5,
10, and 15 mm inferior to the isocenter of the prostate (noted as
�5 mm, �10 mm, and �15 mm).

Moreover, dose profiles were obtained in the 7 CT scan slices
for the anterior rectal wall. They were measured at the center line
of the prostate. The doses received by the rectal wall at 1 mm,
2 mm, 3 mm, 4 mm, and 5 mm of depth were noted for the 7 CT
slices. The doses delivered to the anterior rectal wall were
compared between CT1 and CT2 at different levels of the prostate
by use of Wilcoxon test for matched series.

Additionally, a comparison was made between PlanA without
HA and PlanB with HA for the doses received by the first
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millimeter of the rectal wall at each level of the prostate. The
test used for this comparison was Wilcoxon test for matched
series.

Results

Volume delineation and PTV coverage

The mean prostate volumes were 52 cc (range, 30-93.9 cc) on CT1
and 52.4 cc (range, 32.5-92.7 cc) on CT2 (PZ.62). The mean
rectal wall volumes were 38.1 cc (range, 26-54 cc) on CT1 and
39.3 cc (range, 26.8-50.5cc) on CT2; there was no statistically
significant difference between the 2 series (PZ.84). For the
bladder wall, the mean volumes were 51.4 cc (range, 17.8-87 cc)
and 59 cc (range, 30.3-96.3 cc) on CT1 and CT2, respectively,
with no statistically significant difference between the 2 series
(PZ.1).

For PlanA, the 98% isodose line covered 98.4% (range, 97.1%-
100%) of the prostate on CT1 and 98.5% (range, 97.5%-100%) on
CT2. The 100% isodose line covered 94.6% (range, 92.9%-
98.9%) of the prostate on CT1 and 94.7% (range, 93.1%-96.8%)
on CT2. For PlanB, the 98% isodose line covered 98.5% (range,
97.2%-100%) of the prostate on CT1 and 98.7% (range, 96.9%-
99.9%) on CT2. The 100% isodose line covered 94.3% (range,
91.6%-98.7%) and 93.3% (range, 90.4%-98.4%) of the prostate on
CT1 and CT2, respectively.

In PlanA for the bladder wall, the average values for Dmax
were 33.8 Gy (range, 33.4-34.1 Gy) and 33.8 Gy (range, 33.4-
34.3 Gy) for CT1 and CT2, respectively. The average values for
the bladder wall in terms of V90%, V80%, V70%, V60%, and
V50% were 2.2 cc, 3.4 cc, 4.7 cc, 6.3 cc, and 8.4 cc for CT1 and 3
cc, 4.3 cc, 5.7 cc, 7.4 cc, and 9.5 cc for CT2, respectively. Similar

results were obtained for PlanB. The results for the rectal wall are
presented below.

Prostateerectum separation

The average PRS for the 10 patients is illustrated in Figure 2. On
CT1, the average PRS was 1.67 cm (range, 0.66-3.34 cm), 0.74 cm
(range, 0.1-2.17 cm), 0.29 cm (range, 0-1 cm), 0.07 cm (range, 0-
0.2 cm), 0.15 cm (range, 0-0.48 cm), 0.16 cm (range, 0-0.32 cm),
and 0.2 cm (range, 0-0.49 cm) for þ5 mm, þ10 mm, þ15 mm,
0 mm, �5 mm, �10 mm, and �15 mm, respectively. On CT2, the
average PRS was 1.73 cm (range, 0.7-4.27 cm), 1.2 cm (range,
0.23-2.05 cm), 1.13 cm (range, 0.64-2 cm), 1.01 cm (range, 0.54-
1.56 cm), 1.02 cm (range, 0.54-1.52 cm), 1.14 cm (range, 0.6-
1.53 cm), and 1.32 cm (range, 0.72-2.29 cm) for the same levels.

Fig. 1. (a) Axial view of image registration between the computed tomographic (CT) scan and the T2 magnetic resonance image (T2-
MRI) with the delineation of the prostate and of the hyaluronic acid (HA). (b) Target covered by the 98% isodose and contour projections
on the CT scan of the prostate, rectum, and HA. (c) Sagittal plane of the T2-MRI examination. (d) Illustration of different prostate levels,
following the representation of Kagawa et al (22).

Fig. 2. Prostateerectum separation before injection (CT1) of
hyaluronic acid (HA) and after injection (CT2) at different levels
of the prostate.
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Rectal wall doses with and without HA

The spacer gel reduced the mean Dmax value to the rectal wall by
2.7 Gy for PlanA and by 2.5 Gy for PlanB. The mean values of
V90%, V80%, V70%, V60%, and V50% were reduced by 90%
(PZ.002), 82% (PZ.002), 70% (PZ.002), 55% (PZ.002), and
43% (PZ.002) for PlanA and by 91% (PZ.002), 77% (PZ.0059),
62% (PZ.002), 48% (PZ.004), and 36% (PZ.0039) for PlanB,
respectively. In addition, the average values of D2.5cc, D5cc,
D10cc, D15cc, and D20cc were reduced by 11 Gy (PZ.002), 8 Gy
(PZ.002), 3 Gy (PZ.002), 1.4Gy (PZ.024), and 1.2Gy (PZ.014)
for PlanA and 12 Gy (PZ.002), 10 Gy (PZ.001), 4 Gy (PZ.013),
2 Gy (PZ.04), and 1.8 Gy (PZ.07) for PlanB, respectively. The
average, minimum, and maximum values for rectal wall doses on
both plans and CT scans are shown in Table 1.

Impact of PRS on doses to the anterior rectal wall

CT1 before injection versus CT2 after injection
The average dose received by the rectal wall for all 10 patients is
illustrated in Figure 3 for PlanA. The results are shown for each of
the 7 CT slices. There was no significant difference (PZ.32)
between doses received by the rectal wall on CT1 and CT2 at the
base of the prostate (þ15 mm). However, this variation became
significant especially from the median plane to the apex of the
prostate (Fig. 3) on CT slice levels þ10 mm (PZ.06), þ5 mm
(PZ.002), 0 mm (PZ.002), �5 mm (PZ.002), �10 mm
(PZ.002), and �15 mm (PZ.002). Similar results were obtained
for PlanB. The values of doses received by the first millimeter of
the rectal wall are given in Table 2 for both plans and for both CT
scans.

Rectal wall preservation with HA for dose escalation
No significant differences were found between PlanA
(5 � 6.5 Gy) without spacer and PlanB (5 � 8.5 Gy) with spacer
(Fig. 4) at each level of the prostate, regarding the doses received
by the first millimeter of the rectal wall: þ15 mm (PZ.27),
þ10 mm (PZ.56), þ5 mm (PZ.9), 0 mm (PZ.77), �5 mm
(PZ.19), �10 mm (PZ.32), and �15 mm (PZ.32).

Discussion

SBRT dose escalation trials

A few experiences have been reported by different radiation
therapy centers that developed the prostate SBRT in less than
or equal to 5 fractions of 6.5 Gy to 10 Gy (5-12). The rate
of local control was between 90% at 6.7 Gy per fraction
and 100% at doses between 9 and 10 Gy per fraction. It
appears that there may be a dose effect and that higher
doses could give better local control. However, particular
attention should be considered for genitourinary and gastro-
intestinal toxicities.

In a study by Madsen et al (5), 40 patients were included in a
phase 1/2 trial and treated with a dose of 33.5 Gy in 5 fractions of
6.7 Gy. After a mean of 41 months of follow-up, grade 1-2 acute
and late gastrointestinal toxicities were reported for 39% and
37.5% of the patients, respectively. Tang et al (8) treated 30 pa-
tients with doses of 35 Gy in 5 fractions of 7 Gy with an IMRT
technique; with a median follow-up time of 12 months, acute and
late grade 1-2 rectal toxicities were seen in 67% and 70% of
patients, respectively. Friedland et al (10) presented the initial
results for 112 patients with low-risk prostate cancer who were

Table 1 Average and range values for rectal wall doses on both plans and CT scans; average equivalent doses in 2 Gy/fraction (EQD2)
are noted for normal tissue acute (a/b Z 10) and late (a/b Z 3 Gy) effects

Rectal wall
variables

5 � 6.5 Gy (PlanA) 5 � 8.5 Gy (PlanB)

w/oHA wHA w/oHA wHA

Average
(range)

EQD2
(average)
a/b Z 3
a/b Z 10

Average
(range)

EQD2
(average)
a/b Z 3
a/b Z 10

Average
(range)

EQD2
(average)
a/b Z 3
a/b Z 10

Average
(range)

EQD2
(average)
a/b Z 3
a/b Z 10

D2.5 (Gy) 30.3 (27.9-2.2) 54.9
40.6

19.4 (14.4-26.9) 26.7
22.4

40.3 (37.6-41.9) 89.1
60.7

27.9 (19.7-35.4) 47.9
36.2

D5 (Gy) 23.5 (18.5-8.9) 36.2
28.8

15.5 (10.7-20.8) 18.9
16.9

32.6 (26-37.3) 62.1
44.9

22.1 (15.2-30.7) 32.8
26.6

D10 (Gy) 13.2 (10.5-9.2) 14.9
13.9

10.2 (6.7-14.9) 10.3
10.2

19 (14.7-25.1) 25.8
21.9

14.9 (9.9-21.7) 17.8
16.1

D15 (Gy) 8.9 (6.5-13.4) 8.5
8.7

7.5 (4.1-11.4) 6.8
7.2

12.7 (9.2-18) 14.1
13.3

10.7 (6.1-16.4) 11.0
10.8

D20 (Gy) 6.5 (4.26-10.9) 5.6
6.1

5.3 (2.3-8.3) 4.3
4.9

9.2 (4.6-15) 8.9
9.1

7.4 (1.3-11.8) 6.6
7.1

V90% (cc) 3.2 (1.9-4.8) 0.3 (0-1.5) 3.5 (2.3-4.5) 0.3 (0-1.2)
V80% (cc) 4.4 (3-6.7) 0.8 (0-2.8) 4.7 (3.2-6.5) 1.1 (0.1-3.2)
V70% (cc) 5.4 (3.8-8.3) 1.6 (0-3.9) 5.8 (4.1-8.2) 2.2 (0.6-5.5)
V60% (cc) 6.4 (4.7-9.9) 2.9 (0.4-5.7) 7.1 (5.1-9.9) 3.7 (1.1-7.6)
V50% (cc) 7.9 (5.9-12) 4.5 (1.7-8.3) 8.9 (6.6-12) 5.7 (2-10.4)

Abbreviations: CT Z computed tomography; CT1 Z CT before injection; CT2 Z CT after injection; HA Z hyaluronic acid; wHA Z with HA;

w/oHa Z without HA.
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treated with doses of 35 to 36 Gy in 5 consecutive fractions. With
a median follow-up time of 24 months, only 1 patient experienced
grade 3 rectal toxicity.

In 2012, King et al (7) published the long-term outcomes in 67
patients who received a dose of 36.25 Gy in 5 fractions of 7.25 Gy.
With a median follow-up time of 2.7 years, late rectal grade 1-2

Fig. 3. Dose profile in the anterior rectal wall for PlanA, in CT1 (without hyaluronic acid [HA]) and in CT2 (with HA) at different levels
through the prostate. 0 mm in x axis corresponds to the external surface of the anterior rectal wall.
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toxicities were seen in 16% of patients. Finally, Boike et al (6)
presented the results of a phase 1 study with dose escalation for
3 arms: 45 Gy, 47.5 Gy, and 50 Gy in 5 fractions. Fifteen patients
were included in each arm, with median follow-up times of 30, 18,
and 12 months for the 3 groups, respectively. Acute grade 1-2
rectal toxicities were noted for each arm in 40%, 40%, and 54% of
patients, respectively. Late grade 1-2 rectal toxicities were stated
for each arm in 14%, 34%, and 33% of patients, respectively. For
all patients, gastrointestinal grade �2 and grade �3 toxicities
occurred in 18% and 2%, respectively.

In all those studies, SBRT seems to have been well tolerated,
with no acute grade 3 and 4 rectal toxicities and few acute grade 1
and 2 toxicities. The late rectal toxicities appeared to be accept-
able but the small number of patients and the median follow-up
times, often below 2 to 3 years, were not sufficient to characterize
late toxicities. All these results were published by expert centers in
stereotactic radiation therapy, and the development of this irradi-
ation technique in all departments of radiation oncology could
lead to an increased risk of rectal toxicity. Therefore, to secure the
development of SBRT, the use of a prostateerectum spacer could
be of interest.

Prostateerectum separation

An original method has been described by Prada et al (13, 14)
using an HA injection in the perirectal fat between the prostate
and the anterior rectal wall. The authors reported that a 2-cm
separation between the 2 organs significantly decreased the rectal
dose from low-dose-rate (14) and high-dose-rate (13) brachy-
therapy. They confirmed that the spacer injection was very well
tolerated by the patients and that the spacer remained stable for a
minimum of 9 months and up to 1 year (13, 14).

To date, several studies have used different spacers between the
prostate and the rectum (15-20). The authors prescribed a normal
fractionation of 2 Gy for a total dose of 76 to 78 Gy in 38 to 39
fractions. The average value for the rectal volume that received
70 Gy (V70 Gy) with IMRT decreased from 10%-20% to 4.5%-
7.5% after a PRS (16,18-20). The average spacer volume injection
reported in these studies varied from 3 to 7 mL (13) to 10 to
30 mL (15-20) to obtain an average PRS between 7 mm and
20 mm. Although Prada et al (13) needed only 3 to 7 mL HA for a
considerable PRS, in our practice a full syringe of 10 mL was
necessary to obtain at least 1 cm of HA thickness (21). This
volume of injection was used in the majority of studies (15-20).

In the present study, the rectal dosimetric parameters were
expressed in cubic centimeters and not as percentage of volume to
limit the impact of a variation of rectal dilatation between the 2
CT scans, as was observed in other studies (20). In the study by
Madsen et al (5), the average V90% and V80% values were 3.66
cc and 5.20 cc, respectively. In 2007, the same authors observed 3
cases of grade 2 rectal bleeding that they associated with the
volume of the rectum receiving 90% of the dose: 3.5 cc, 7.66 cc,
and 3.47 cc. In the current report, when a spacer was used, the
average results for V90% and V80% were considerably lower: 0.3
cc and 0.8 cc for PlanA and 0.3 cc and 1.1 cc for PlanB,
respectively. As an example, it appears that 3.7 cc of the rectal
wall received an average equivalent dose in 2 Gy per fraction of
54.5 Gy (a/b Z 3 Gy) and 40.3 Gy (a/b Z 10 Gy) in the study by
Madsen et al (5) (33.5 Gy in 5 fractions) versus 41.3 Gy (a/
b Z 3 Gy) and 32.1 Gy (a/b Z 10 Gy) in the current study using
42.5 Gy in 5 fractions with HA. This comparison allows us to
assume that a PRS could decrease the risk of such toxicities, but
clinical studies should confirm this hypothesis.

The patients included in the current work had a spacer injec-
tion from the base to the apex. However, this injection was not
extended to the space between the rectum and the seminal vesi-
cles. When an analysis is performed for the PRS at each segment
of the prostate, the effect caused by the form of the prostate at the
base and the distal shape of the rectum may possibly suggest that
we could focus the spacer injection between the median and apex
regions of the prostate. In addition, at the base of the prostate, the
seminal vesicles may have a role to play because they are a
“natural” spacer, and the impact of HA at the base is smallest
compared with the other levels (Fig. 3).

Impact of HA spacer on SBRT dose escalation

An interesting observation can be made on the impact of the HA
injection on SBRT dose escalation. We observed that a spacer
allows irradiation dosage to be increased from 5 � 6.5 Gy (with
no spacer) to 5 � 8.5 Gy without increasing the average D2.5 and
D5 values. In Figure 4, the impact of a PRS can be observed for all
levels of the prostate. The real dose-PRS benefit as a result of the
spacer injection may be observed once more from the median to
the apex regions of the prostate.

The results of this SBRT dosimetric comparison of treatment
with and without a PRS confirm the potential benefit of a spacer in
preserving the rectal wall from high doses.

Table 2 Doses received by the first millimeter of the rectal wall at different levels of prostate: average and range values on both plans
and CT scans

Level

5 � 6.5 Gy (PlanA) 5 � 8.5 Gy (PlanB)

w/oHA wHA w/oHA wHA

þ15 mm 20.8 Gy (10.1-29.1 Gy) 17.6 Gy (6.1-27.2 Gy) 29 Gy (12.8-39 Gy) 23.7 Gy (9.1-35.9 Gy)
þ10 mm 26 Gy (11.8-32.8 Gy) 20.1 Gy (11.8-32.4 Gy) 35 Gy (15.6-43 Gy) 28 Gy (17.3-42 Gy)
þ5 mm 31.3 Gy (20.8-33.7 Gy) 22.2 Gy (13.6-31.8 Gy) 41.5 Gy (32.7-43.7 Gy) 31.3 Gy (22.2-41.2 Gy)
0 33 Gy (32.5-33.5 Gy) 24.1 Gy (16-31.5 Gy) 43 Gy (42.4-43.6 Gy) 34.1 Gy (24.9-40.8 Gy)
�5 mm 32.7 Gy (31-33.8 Gy) 24.4 Gy (19-30.9 Gy) 42.9 Gy (41.8-43.9 Gy) 34.5 Gy (28.4-39.4 Gy)
�10 mm 32.8 Gy (31.5-33.7 Gy) 21.6 Gy (12.2-27.2 Gy) 42.8 Gy (41.4-43.8 Gy) 30 Gy (17.6-36.3 Gy)
�15 mm 32 Gy (26.4-33.2 Gy) 19.2 Gy (10.9-29.9 Gy) 42 Gy (35.6-43 Gy) 27 Gy (16-38.6 Gy)

Abbreviations: CT Z computed tomography; CT1 Z CT before injection; CT2 Z CT after injection; HA Z hyaluronic acid; wHA Z with HA;

w/oHa Z without HA.
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Conclusions

In this study, the injection of a spacer limited the doses to the
rectal wall. A spacer could secure the initiation and development

of SBRT in many centers. A phase 2 study is under way in our
department to assess the rates of late rectal toxicities when an
IMRT-SBRT technique (5 � 8.5 Gy) is used with a spacer between
the prostate and the rectal wall.

Fig. 4. Dose profile in the anterior rectal wall for PlanAwithout hyaluronic acid (HA) and for PlanB with HA at different levels through
the prostate. 0 mm in x axis corresponds to the external surface of the anterior rectal wall.
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3.4. Conclusion – section III 

In conclusion, the actual results available in the literature for a prostate SBRT 

prove a good tumor local control with an acceptable tolerance.  

Two SBRT approaches were described in this section for the localized prostate 

cancer: with an integrated boost into the tumor and with a prostate-rectum separation. 

Below are summarized the advantages and disadvantages of the two schema proposed for 

prostate cancer (Table 3.1). 

A bifocal irradiation should be carefully initiated as the actual MR imaging is 

perhaps not sufficient for the precise detection of low-risk prostate cancer. This approach 

might prove its usefulness with the improvement of diagnostic imaging.  

The HA injection is actually the safer technique for rectum protection during 

prostate SBRT. Afterward, the combination of these two approaches could result in an 

additional gain for bladder protection from higher doses. 

Table 3.1. Summarized features of two approaches intended for prostate SBRT.   

SBRT design Advantages Disadvantages 

Bifocal Rectum and bladder protection With actual MRI acquisitions, tumors 

are not always detectable for low-risk 

prostate cancer 

Hyaluronic Acid Optimal protection of the rectum No protection for the bladder 

Local or general anesthesia is needed 
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IV. QUALITY ASSURANCE OF A SBRT-IMRT PLAN 

4.1. Introduction 
One of the principles of the stereotactic body radiation therapy (SBRT) is that the 

delivered dose at the time of treatment must perfectly match with the planned dose. This feature 

is difficult to be attained, even if it is mandatory for the SBRT approach. This can be translated 

into: 

a) accurate general performance of the accelerator, and 

b) precise verification of the plan before the patient’s treatment (quality assurance on the 

patient-specific level).

The issue of the quality assurance (QA) of the medical accelerators is more complex for 

SBRT-IMRT and therefore will not be discussed in this section. It requires precise 

recommendations in terms of: treatment planning commissioning (TPS), calculation algorithms, 

multileaf collimator verification, utilization of diode phantoms or evaluation methods for the QA 

of delivery process [1-4].  However, the QA of a SBRT-dedicated accelerator is mandatory in 

every department and has been previously developed [5, 6]. Moreover, the QA should meet the 

criteria described in the AAPM TG142 for machines that are used for SBRT treatments (e.g., 

precision < 1 mm/0.5 deg. for position indicators) [6]. An overview of the technical 

considerations of the QA for SBRT is moreover described in several reports for medical 

physicists of AAPM Task Group 101, Task Group 142 and IAEA Technical Report No. 430 [5-

7].  

In the IAEA report, it is recommended to perform the QA before each irradiation of the 

patient with an IMRT technique [5]. In this section we present several issues of SBRT-IMRT QA 

for prostate cancer in pre-treatment patient-specific quality controls.  

4.2. Detectors for IMRT QA 
Many and different systems have previously been described and validated for the QA 

comparison between calculated and measured doses of an IMRT treatment plan delivery. 

Ionization chamber (for absolute dose measurements in a few points) and films (radiographic or 

radiochromic - for relative dose in a plane and dose distribution verification) in combination with 
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water-equivalent phantoms have been the reference for IMRT and/or VMAT QA [8-13]. 

However, the evaluation method is very long, thus time-consuming.  

Two-dimensional (2D) detector arrays, such as electronic portal imaging device (EPID®

from Varian) [14-24], MapCHECK array (Sun Nuclear, Melbourne, FL) and MatriXX ion 

chamber array (IBA Dosimetry, GmbH, Schwarzenbrook, Germany) [25-33], are often used to 

validate planar dose distributions. 

In the past years, three-dimensional (3D) detector arrays (specifically designed for 

rotational irradiation), such as Delta4® system (ScandiDos AB, Uppsala, Sweden) [34-42] and 

ArcCHECK® device (Sun Nuclear, Melbourne, FL) [39, 43-50], or Octavius® phantom [34, 51] 

and 3D dosimeters (gel dosimetry) [52-56], have been developed and evaluated for IMRT and 

volumetric modulated arc therapy (VMAT) QA. 

It is essential to understand the characteristics and the limitations of each new detector 

and therefore a thorough evaluation is needed. It is difficult to compare the results with criteria 

used for film, ionization chamber, 2D and 3D detector arrays. For example, the 3D gamma 

evaluation is more complex than the 2D evaluation. On the other hand, relative results (e.g. films) 

are less complete and different than absolute measurements (e.g. Delta4®).   

4.2.1. Electronic portal imaging device, Varian 

The EPID® from Varian is a flat-panel 2D detector attached to the gantry and always 

opposite to the head of the accelerator (Figure 4.1). The EPID is an amorphous silicon detector 

with the resolution 1024 x 768 and pixel size 0.39 mm. In our department, the portal imager is 

calibrated before each set of measurements.  
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volume of the diodes allow measurements of high accuracy. There are several advantages of the 

3D diode arrays:  

- they are independent of the TPS and of the accelerator; 

- provide 3D absolute measurements; 

- allow measurements in the real geometry and condition as at the time of the treatment 

(gantry, collimator, table). 

The two systems are furthermore described below.  

4.2.2.1. The Delta4® system, ScandiDos 

The Delta4 system (Figure 4.2) consists of two orthogonal arrays within a cylindrical 

polymethylmethacrylate (PMMA) phantom (density of 1.19 g cm-3) that are synchronized with 

the accelerator. The two crossed arrays consist of three removable electrometers/detector-array 

units: 1 main unit and 2 wing units, though composing four quarters [57]. The four quarters have 

5 degrees difference from the diagonals, which allow the user to change from standard orientation 

to reversed orientation (the orthogonal planes are at 40° and 130° from the horizontal midline of 

the phantom). Thus, the angle difference between the arrays and the radiation beam changes by 

10 degrees and permit to avoid the beam incidence along one of the detectors [57]. The phantom 

is 40 cm in length, 22 cm in diameter and it weighs 27 Kg (but a transfer support that holds the 

phantom is provided). The detector boards include a total number of 1069 p-type silicon diodes 

with a cylindrical shape. The size of one diode is 0.78 mm2 and has an active volume of 0.04 

mm3. The distance between diodes is 5 mm in the central area (6x6 cm) and 10 mm in the outer 

area (20x20 cm). A daily output correction can be applied and measures the overall response of 

the Delta4 with respect to a treatment plan. The daily correction factor can be adjusted by 

measuring a 10x10 cm opened-field. A trigger signal from the accelerator is used to measure the 

dose for each pulse of accelerator, thus improving the signal-to-noise ratio. 
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Figure 4.2. The Delta4® system, ScandiDos.
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the Delta4 software: the dose deviation (%), the distance to agreement (mm) and the gamma 

index evaluation.  

b) Evaluation studies for Delta4®

Many authors have already described validation studies with the Delta4 phantom [36-38, 

41, 42] and reported good angular response, reproducibility and uniformity of the diodes.  

In 2009, Feygelman et al. provided a complete description and characterization of the 

Delta4 and demonstrated its applicability for IMRT QA [36]. 

Bedford et al. performed test with Delta4 for angular response, linearity of segment dose 

and dose rate dependence [37]. The variation in response was found to be less than 0.5%, the 

linearity of segment dose was within 0.5% and the Delta4 responded to all dose rates within 0.5% 

of the ionization chamber [37]. Additionally the authors compared Delta4 results with those 

obtained with ionization chamber (0.6 cm3 Farmer chamber) and film (EDR2 and Gafchromic 

EBT) in a water-equivalent phantom for IMRT and VMAT. They found a maximum difference 

of 2.5% when Delta4 was compared with the ionization chamber and about -2% to +7% when 

compared to film (measured compared to planned dose with 3%/3mm criteria) [37].  

The results of 264 clinical cases using Delta4 for helical tomotherapy IMRT QA were 

presented by Geurts et al. [42]. The authors compared existing IMRT QA results with ionization 

chamber and Gafchromic® EBT films (International Specialty Products) to diode phantom 

results. The maximum observed difference (in low dose-gradient regions) was of 0.7% with a 

mean difference of 0.1% between the diode phantom and ionization chamber measurements and 

the authors concluded that phantom measurements closely match the planned dose distributions 

in high and low dose-gradient regions [42]. All 264 plans (head and neck, lung, partial breast, 

pelvic nodes, prostate, rectum, whole brain, whole breast and other) resulted in at least 90% of 

the diodes passing the established criteria (3%/3mm) when compared to the calculated dose, with 

a mean value of 97.5%. An interesting analysis was made by the investigators in terms of average 

time required to complete the total IMRT QA per patient (from creation of the QA plans to data 

analysis). The average time required in completing film and ionization chamber IMRT QA was 

1.5 hours per patient and with the Delta4 was 0.5 hours [42]. 

Korreman et al. reported the dosimetric verification measurements of RapidArc treatment 

delivery performed with the Delta4 phantom [41]. The delivery of treatment plans were consistent 
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with the dose calculated in the Eclipse 8.5. TPS as verified with the Delta4® phantom. Moreover, 

the phantom results showed high reproducibility of consecutive delivery within the same day and 

from day to day (gamma values above 1 in none of the measured points and dose deviation less 

than 1%) [41]. 

Sadagopan et al. characterized, commissioned and evaluated the QA capabilities of the 

Delta4® for IMRT delivery [38]. They evaluated the system’s reproducibility, stability, pulse-rate 

dependence, dose-rate dependence, angular dependence, linearity of dose response, energy 

response and also the interpolation algorithm. The short-term reproducibility was evaluated for 

904 diodes over 10 irradiations and was found to be 0.1% (range 0-1%). The long-term 

reproducibility was measured 5 times over a period of 3 months and was found to be 0.5%. 

Moreover, the decrease in sensitivity was 0.9%/kGy for a 6 MV beam. The dose response was 

found to be linear within 0.25%, no dose rate dependence was observed and the diode dose-per-

pulse response was less than 0.25%. The uncorrected angular dependence varied by ±2.5%. 

Additionally, Sadagopan et al. suggested that from their experience it’s essential to renormalize 

the dose distribution in the high dose region and to exclude detectors that receive less than a 

certain minimum dose for the IMRT QA analysis [38]. The authors concluded that the Delta4®

device is accurate and reproducible and that its interpolation algorithm is valid [38]. 

4.2.2.2. The ArcCheck® system, SunNuclear 

The ArcCheck is a cylindrical water-equivalent (PMMA) phantom with a 3D array of 

1386 diode detectors (size 0.8 x 0.8 mm) with 10 mm detector spacing (Figure 4.3). The size of 

one diode is 0.64 mm2 has an active volume of 0.019 mm3. The detectors are arranged in a spiral 

model, thus a helical geometry (HeliGridTM), with 21 cm array diameter and length. The purpose 

of the helical geometry is to increase the spatial sampling rate and reduce detector overlap from 

the beam’s eye view. A ring encircles the inner cavity that can be left empty or filled with a 

homogeneous insert. “The center of the phantom (15 cm diameter) is designed to accommodate 

different inserts such as a solid homogeneous core, a dosimetric core with ion chamber(s) or 

diode arrays, an imaging QA core, a core with heterogeneous materials for dose studies, etc” 

[49, 58]. The ArcCheck measures the entrance and exit doses and the software displays QA dose 

maps that are a recalculation of the dose resulting from the beam fluence. The filter that is 

available in the software extracts a cylindrical dose plane from the imported 3D volume for direct 



dose comparison with the mea

dose measurements and in the

added for absolute dose measu

Fi

a) Correction factors and ArcC

There are four correctio

background correction, diode

absolute correction (dose calib

• The background correc

• The array calibration

between the detectors 

array calibration file); 

each detector, ensuring

the response difference

• The angular correctio

Nuclear and stored in t

• The dose calibration t

relative dose values t

before starting the me

184 

asured values [58]. The device measures bot

e 15 cm diameter cavity insert with an ioniz

urement.

igure 4.3. The ArcCheck® system, SunNuclea

Check Calibration

on factors that are applicable for the Ar

e sensitivity correction (array calibration), a

bration), as described by the constructor [58].

ction creates a background correction factor f

n measures and normalizes the relative 

(and it’s performed at Sun Nuclear and the f

the correction factors were applied to the ra

g that all detectors will have the same sensiti

es between individual detectors [58]; 

on corrects for the diodes angular dependenc

the array calibration file) [58]; 

that creates a dose calibration factor for con

to absolute dose values (was performed in

easurements). The absolute dose was perform

th relative and absolute 

zation chamber can be 

ar.

rcCheck measurement: 

angular correction and 

for each detector [58];  

sensitivity differences 

factors are stored in the 

aw measurements from 

ivity and will eliminate 

ce (is measured at Sun 

nverting the ArcCheck 

n the HCL department 

med in a 10 x 10 cm2 



185 

open field with the array at a depth where the dose was known from a measurement with a 

ionization chamber whose calibration was referenced. A flat-water phantom was used in 

the treatment planning system such that the chamber position was the same as the detector 

position in ArcCheck and has the same amount of buildup. 

Three controls are available to set up the pass/fail criteria for the measurement points. 

b) Percent difference (%Diff) 

Van Dyk % Difference is the percent difference between any measured point and the 

corresponding plan point normalized to a common point (typically maximum dose point). For the 

ArcCheck, the percent difference is the tolerable difference between the measurement and 

calculated points. If the difference exceeds the allowed percent difference, the distance to 

agreement test is invoked [58].  

c) DTA (mm) 

The DTA is a radius in millimeters around the measured point. This test refers to points 

where the difference between measured and planned values of the points exceeds the selected 

percent difference (described above). Using the distance to agreement criteria, a measured point 

passes if, within a circle of DTA mm, there exists at least one calculated point that is greater than 

or equal to and at least one calculated point that is less than or equal to the value of the measured 

point. In the ArcCheck software, the plot shows all the measurement points that are not in 

agreement (the points that record a higher value are shown in red (hot), while those that record a 

lower value are shown in blue (cold)) [58]. 

d) Threshold (TH) 

In the ArcCheck software, the threshold is the percent contour above which all plan points 

are included in the DTA analysis. By selecting a threshold value, the detectors that are outside of 

the area of interest can be excluded. The default value is 10, which means that detectors whose 

values fall within the 0 to 10 % range will be excluded from the statistical values to the right of 

the TH box. The lower the TH is, the more detectors will be included. The optimum TH value is 

between 5 and 10 because this will include the detectors that are in the penumbra region but 

exclude detectors that are in the scattered radiation regions [58]. 
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e) Evaluation studies for ArcCheck®

Kozelka et al. reported the repetition rate, field size dependence and angular position 

dependence of ArcCheck [45]. They noted differences < 0.3% at lower repetition rates (40 

MU/min) with the plug in place and field size dependence and angular position dependence were 

obvious.  

Feygelman et al. reported response equalization of the individual detectors, minor field 

size dependence and angular response dependence for ArcCheck [39]. The percentage measured 

dose difference (ArcCheck-ion chamber) changed from -0.7% to 1.7% for the hollow phantom, 

and from -1.1% to 1.3% for the PMMA plug insert [39]. The authors reported that the largest 

difference between the calculated and the measured dose was observed up to 7% for angular 

dependence in the axial plane. 

Recently, Li et al. performed test for the ArcCheck QA system and evaluated the 

suitability of the system for IMRT and VMAT verification [47]. Additionally, the investigators 

tested the device for short term reproducibility, dose linearity, dose rate dependence, dose per 

pulse dependence, field size dependence, out of field dependence and directional dependence 

[47]. They showed that the system performed well for all tests except for directional dependence, 

which varied from a minimum of -4.9% to a maximum of 9.1%. Li et al. suggested that the good 

field size dependence and out of field dependence implies that the ArcCheck diodes are less 

sensitive to low energy scattered photons, which is an important aspect of IMRT and VMAT QA 

because of the complexity of the plans and the magnitude of segment numbers [47]. For the 

patient IMRT and VMAT QA, the pass rates exceeded 95% and 93%, respectively. The authors 

stated that the ArcCheck QA system is completely suitable for clinical IMRT and VMAT 

verification [47]. 

In 2012, Kafir et al. designed a nonhomogeneous insert for the ArcCheck and 

demonstrated the possibility to verify the dose distribution with inhomogeneities and that it can 

be used clinically for routine QA of volumetric modulated arc therapy (VMAT) for lung SBRT 

[49]. Their result with the ArcCheck showed the uncertainties of dose calculations with 

inhomogeneities, with decrease in passing rates up to 3.6%. 

Petoukhova et al. evaluated the dosimetric accuracy of HybridArc (BrainLAB, 

Feldkirchen, Germany) plans, using ArcCheck diode array (without and with an insert containing 
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a ionization chamber), calculated with Monte Carlo and Pencil Beam dose algorithms [46]. The 

absolute dose distributions measured and calculated with the Monte Carlo algorithm at the 

cylinder of the phantom gave good agreement (for 2%/2mm criteria). The difference between 

calculated and measured distributions significantly differed for ArcCheck, and the Monte Carlo 

algorithm was found to be superior [46]. 

4.3. Evaluation of IMRT QA 
In order to validate an IMRT plan, the comparison between the calculated dose 

distribution and the measured dose distribution is performed by means of dose profile and gamma 

index evaluation. Low et al. developed a technique for the quantitative evaluation of two related 

dose distributions (the comparison method between calculated and measured dose distributions) 

that is referred to as gamma evaluation (or gamma index) [59-61]. The principle is that the 

gamma evaluation compares the measured dose distribution (of each beam or of the entire plan) 

by a detector with the planned dose distribution calculated by the treatment planning system. The 

dose deviation method provides the difference between the measured dose and the planned dose 

in one point and is recommended for use in regions with low dose gradients. The distance-to-

agreement (DTA) method gives the shortest distance from the measured to the calculated point 

and is recommended for use in regions with high dose gradients. Thus, the gamma index

combines both, the dose deviation and the DTA [38, 59]. Consequently, pass/fail criteria for dose 

deviation DTA and gamma index have to be adapted for each QA device that is used, as methods 

of IMRT QA evaluation vary from institution to institution.

Nelms and Simon conducted in 2007 an IMRT QA survey to users of an electronic 2D 

diode array [62]. The authors reported that most of the institutions perform absolute dose 

comparisons rather than relative dose comparisons and that the most used criteria are 3% and 3 

mm for percentage difference analysis and for distance-to-agreement analysis, respectively [62]. 

Moreover, the most common criterion used for the analysis of an IMRT plan is the combination 

of 3% and 3 mm criteria. 

The evaluation parameters used at Lyon Sud Hospital are: the average value of the 

gamma index (Gmean) has to be inferior to 0.5, the maximum value of the gamma index (Gmax) 

has to be inferior to 3 and the percentage of points in a definite evaluation area (region of 

interest) with a gamma index <1 (%G<1) needs to be greater or equal to 97%. The region of 



188 

interest for EPID evaluation that is used at Lyon Sud Hospital is “MLC+1cm”. The pass/fail 

criteria are set at 4% and 3mm for percentage difference and distance-to-agreement, respectively.  

At Lyon Sud Hospital, for the IMRT QA, films and the EPID have been used for more 

than 10 years, as well as the gamma evaluation [2]. Recently, RapidArc from Varian has been 

implemented in the Department or Radiation-Oncology. In 2010, two 3D diode arrays (Delta4

and ArcCheck) were considered in order to improve the QA for IMRT and rotational treatments 

and were evaluated for conventional irradiations as well as for SBRT. Feygelman et al. compared 

and evaluated the two 3D arrays [39]. The authors found vast differences between the two 

devices, mainly due to low passing rates for the peripheral detectors of the ArcCheck and high 

passing rates for the Delta4. They stated that both detectors measure two different things because 

of the completely different geometries [39]. 

The purpose of the current section is two-folded: 

1. To assess the sensitivity of the Delta4 three-dimensional diode array; 

2. To evaluate the SBRT-IMRT plans of 5 prostate cases with a simultaneous integrated 

boost into the tumor and to assess if pre-treatment IMRT QA assure correct validation 

if the measurements are acquired at gantry angle of 0° or if the QA should be done 

with the gantry at treatment angles. Three independent measurement systems were 

used for this study. 

4.4. Publication 
The first study was intended to evaluate the degree of sensitivity of the Delta4® system 

with submillimetric MLC offsets and subdegree gantry errors. The initial results were presented 

as poster at the SFPM meeting in 2013 (5-7 June) in Nice, France (Appendix 11). The related 

article is presented below. 
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Abstract

Purpose

The diode arrays are used for dose detection and are designed for three-dimensional (3D) 30 

dose verification before intensity-modulated radiotherapy (IMRT). They were characterized in 

the past and showed excellent reproducibility, linearity and dose-rate independence. The purpose 

of this work was to verify the sensitivity of a 3D diode array for small MLC and gantry offsets in 

IMRT. 

Methods  35 

Ten IMRT plans (5 prostate and 5 head and neck) were used. Systematic MLC errors 

were introduced for one leaf (errors of -0.2 mm, -0.5 mm, -0.7 mm, -1 mm, -2 mm, -3 mm, -5 

mm and -10 mm) for each control point. Subsequently, gantry errors were made for the same 

plans (errors of 0.2°, 0.5°, 0.7°, 1°, 2°, 2.5°, 3°, 4° and 5°). The modified files were then imported 

for irradiation under the accelerator. The 3D diode array was used to acquire and analyze the 40 

data. All the measurements were acquired consequently for each patient. In order to estimate the 

repeatability errors, standard deviations (SD) of the maximum gamma (Gmax) and the percentage 

of points with area gamma < 1 (%G<1) were calculated for 20 consecutively beams with no 

offsets.  

Gmax and %G<1 values were noted for both global gamma evaluation (GGE) 45 

(normalization dose) and for local gamma evaluation (LGE) (local detector dose) with pass/fail 

criteria of 2% and 2mm. Gmax and %G<1 were evaluated for each modified field when 

compared with the measured field with no introduced error (0 mm or 0°). Because we had one 

leaf with a small offset we evaluated only the Gmax and the %G<1 and not the mean gamma. 

Results50 
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The repeatability results for Gmax and %G<1 were of 3.5% and 0.51%, respectively, for 

local gamma evaluation and of 0.7% and 0.21%, respectively, for global gamma evaluation. 

The MLC and gantry offsets had a noticeable impact on the plan evaluation when the 

measured dose distributions with offsets were compared with the measured dose distributions 

without offsets (0mm and 0°). For all the ten plans we observed modifications in Gmax starting 55 

with 0.2 mm for MLC plans (p<0.0001, for LGE and GGE) and with 0.2° for the gantry errors 

(p=0.001 for LGE and p=0.0007 for GGE). On the other hand, the submillimetric and subdegree 

offsets didn’t affect the clinical evaluation of the plan when the measured dose with offsets was 

compared with the planned dose without offsets.  

Conclusions60 

The present 3D diode array system seems to be a very sensitive instrument for the quality 

assurance of the IMRT plans. In our study it detected submilimetric and subdegree errors for 

MLC and gantry, respectively. In clinical use these small errors may not be detected and could be 

hidden by the residual error between planned and delivered dose. 

65 

Keywords: Three-dimensional array, sensitivity, intensity-modulated radiotherapy, MLC and 

gantry errors 

70 
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1. INTRODUCTION 75 

Delta4® system is a device for dose detection and it’s designed for three-dimensional (3D) 

dose verification (between the measured and planned dose distributions) for intensity modulated 

radiotherapy (IMRT) and volumetric modulated arc therapy (VMAT). In 2009, Feygelman et al. 

provided a complete description and characterization of the Delta4 3D array and demonstrated its 

applicability for IMRT QA.1 It was already evaluated in the past and showed excellent 80 

reproducibility, linearity, uniformity of the diodes, good angular response and dose-rate 

independence.1-9 Moreover, the sensitivity of Delta4 was recently assessed for intentional errors 

with increasing the number of monitor units (MU) by 3%, widening of the MLC banks ( 2mm) 

and collimator rotation error ( 2°).2 

The purpose of this work was to evaluate the sensitivity of the Delta4 device for very 85 

small (submilimetric and subdegree) multileaf collimator (MLC) and gantry errors in intensity 

modulated radiotherapy delivery. 

2. MATERIALS AND METHODS 

2.A. Treatment planning and errors 90 

Ten patients were treated with IMRT on a Clinac 2100CD from Varian (5 prostate and 5 

head and neck cases) with doses that varied from 28 to 76 Gy in 2 Gy per fraction. The treatment 

plans were calculated in the Eclipse® treatment planning system (TPS) version 10.0.28 (Varian 

Medical Systems, Palo Alto, CA) using the Analytical Anisotropic Algorithm (AAA) and the 120 

Millennium MLC (Varian) and thus, they were used for the present study. 95 

In Table I are noted the number and position of the leaves and the gantry angles that were 

used for the current paper. The isocenter of the field is situated between the 30th leaf and the 31st 

leaf. Systematic MLC errors were intentionally introduced in the TPS for one leaf (errors of -0.2 
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mm, -0.5 mm, -0.7 mm, -1 mm, -2 mm, -3 mm, -5 mm and -10 mm) and for each control point. 

Subsequently, gantry errors were introduced for a certain angle (errors of 0.2°, 0.5°, 0.7°, 1°, 2°, 100 

2.5°, 3°, 4° and 5°) (Table I).  

 

TABLE I. Gantry angle and leaf positions that were used for the present study are presented for 

each patient. The isocenter is situated between the 30th leaf and the 31st leaf. 

  Gantry errors MLC errors 

Localization Patient Gantry angle Leaf position Gantry angle 

Prostate 1 315° 30B 255° 

2 45° 35B 255° 

3 255° 34B 255° 

4 105° 26B 255° 

5 180° 30B 255° 

Head and  

head and neck 

6 255° 26B 255° 

7 45° 32B 255° 

8 90° 32B 255° 

9 0° 30B 255° 

10 10° 37B 255° 

 105 

2.B. Delta4® system and measurements 

The modified files were then exported for irradiation under the accelerator. The Delta4 system 

(ScandiDos, Uppsala, Sweden) was used to acquire and analyze the data (Figure 1). All the 

measurements were acquired consequently for each patient. In order to estimate the repeatability 
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errors, standard deviations of: the percentage of points having a gamma<1 (%G<1), the 110 

maximum gamma (Gmax) and the mean gamma (Gmean) were calculated for 20 consecutively 

beams with no offsets. 

The Delta4 is a 3D diode array that consists of two crossed and perpendicular planes within a 

cylindrical polymethylmethacrylate (PMMA) phantom (density of 1.19 g/cm3, relative electron 

density of 1.147 g/cm3 and 217 HU). The 2 orthogonal diode arrays (called units) are 115 

synchronized with the accelerator (to measure the dose for each pulse of accelerator) and consist 

of three removable electrometers/detector-array units: 1 main unit and 2 wing units. The phantom 

has a total length of 72 cm (40 cm in length and 22 cm in diameter) and it weighs 27 Kg (but a 

transfer support that holds the phantom is provided). The detector boards include a total number 

of 1069 p-type silicon diodes with a cylindrical shape. The size of one diode is 0.78 mm2 and has 120 

an active volume of 0.04 mm3. The distance between diodes is 5 mm in the central area (6x6 cm2) 

and 10 mm in the outer area (20x20 cm2). A daily output correction can be applied and measures 

the overall response of the Delta4 with respect to a treatment plan. Herein, the output correction 

factor was not applied as it was not essential for the purpose of this study. 

 125 

FIG. 1. The Delta4® system. 

 



7 
 

2.C. Analysis and statistics 

The percentage of points having a gamma<1 (%G<1) and the Gmax variables were noted 

for both global gamma evaluation (GGE) (normalization dose) and local gamma evaluation 130 

(LGE) (local detector dose). The pass/fail criteria were of 2% and 2mm for dose deviation and 

distance-to-agreement, respectively. For GGE and LGE, each variable was evaluated 2 times 

with:  

a) a “clinical evaluation” of the field – where for each beam (with or without offsets) 

the measured dose was compared with the planned dose from the TPS;  135 

b) a “reference evaluation” – where for each modified field, the measured dose with 

offset was compared to the measured dose with no offset (0 mm or 0°, that was 

considered “the reference”).  

Because we had a single leaf with a small offset we evaluated only the Gmax and the 

%G<1 and not the mean gamma. 140 

The statistical analysis of the quantitative variables was performed using the student 

paired t-test and the analysis was made with a significance threshold set at p<0.05. The diagrams 

were made using the SPSS V20.0 software. 

3. RESULTS 

3.A. Repeatability results 145 

For the “clinical evaluation” of the fields and the GGE, the repeatability results were of 

0.21%, 0.7% and 1.7% for %G<1, Gmax and Gmean, respectively. The LGE evaluation shows 

similar results: 0.51%, 3.54% and 1.8% for %G<1, Gmax and Gmean, respectively. 

3.B. Clinical evaluation 

As it can be observed in Figure 2(a) (for MLC offsets) and Figure 4(a) (for gantry 150 

offsets), when the measured dose distributions with errors were compared to the planned dose 
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distributions without errors, the Gmax variable increased starting with 2mm and 2°, but with no 

significant differences (p>0.05) for MLC and gantry errors (Table II). Moreover, the 

submillimetric and subdegree offsets didn’t affect the plan evaluation.  

 155 

 

FIG. 2. Maximum gamma (Gmax) values plotted against MLC offsets (in millimeters) for local 

gamma evaluation (light grey) and for global gamma evaluation (dark grey). The results are 

presented for both, “clinical evaluation” (left) and “reference evaluation” (right). 

 160 
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TABLE II. Average, minimum and maximum values for maximum gamma (Gmax) for MLC and 170 

gantry offsets in terms of local and global gamma evaluations. The results represent the “clinical

evaluation” where the measured doses with offsets were compared to the planned doses without 

offsets (0mm and 0°) and the p-value gives the significance. 

 Gmax for MLC offsets   Gmax for Gantry offsets  

 Local gamma  p Global gamma  p  Local gamma  p Global gamma  p

0 mm 1.58 [0.69–4.13] n.a. 0.91 [0.46–1.47] n.a. 0° 1.52 [1.01–2.78] n.a. 1.19 [0.79–2.59] n.a. 

0.2 mm 1.58 [0.66–4.13] =0.91 0.91 [0.46–1.48] =0.52 0.2° 1.51 [0.95–2.71] =0.75 1.18 [0.70–2.5] =0.58

0.5 mm 1.57 [0.66–4.14] =0.6 0.91 [0.44–1.46] =0.82 0.5° 1.51 [0.96–2.68] =0.83 1.16 [0.70–2.48] =0.45

0.7 mm 1.59 [0.54–4.15] =0.82 0.93 [0.45–1.48] =0.32 0.7° 1.52 [0.96–2.64] =0.91 1.16 [0.71–2.38] =0.41

1 mm 1.57 [0.62–4.01] =0.85 0.92 [0.45–1.46] =0.3 1° 1.57 [0.93–2.65] =0.4 1.2 [0.72–2.41] =0.68

2 mm 1.63 [0.59–4.09] =0.5 0.97 [0.49–1.62] =0.2 2° 1.73 [0.99–2.75] =0.12 1.41 [0.73–2.47] =0.05

3 mm 1.68 [0.6–4.09] =0.39 1.05 [0.49–1.92] =0.1 2.5° 1.87 [0.93–2.84] =0.05 1.59 [0.76–2.56] =0.01

5 mm 1.93 [0.69–4.07] =0.04 1.27 [0.49–2.26] =0.01 3° 2.06 [0.97–3.02] =0.01 1.76 [0.77–2.72] =0.006

10 mm 3.55 [0.72–9.1] =0.001 2.09 [0.49–4.11] =0.0006 4° 2.91 [1–4.54] =0.007 2.32 [0.77–3.67] =0.001

   5° 6.91 [1.02–29.21] =0.07 2.99 [0.79–5.98] =0.003

 

 Similar results can be observed in Figure 3(a) and Figure 5(a) in terms of %G<1 for MLC 175 

and gantry offsets, respectively. The %G<1 didn’t affect the plan evaluation for both global and 

local evaluations when the measurements with offsets were compared to the planned dose 

distributions (Table III). 
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 180 

FIG. 3. Percentage of points that have a gamma index <1 (%G<1) plotted against MLC offsets (in 

millimeters) for local gamma evaluation (light grey) and for global gamma evaluation (dark 

grey). The results are presented for both, “clinical evaluation” (left) and “reference evaluation” 

(right). 
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TABLE III. Average, minimum and maximum values for the percentage of points having a 

gamma<1 (%G<1) for MLC and gantry offsets in terms of local and global gamma evaluations. 

These results represent the “clinical evaluation” where the measured doses with offsets were 

compared to the planned doses without offsets (0 mm and 0°). 200 

 %G<1 for MLC offsets %G<1 for Gantry offsets 

 Local gamma  p Global gamma  p  Local gamma  p Global gamma  p

0 mm 95.2 [86.5 - 100] n.a. 99.6 [96.9 - 100] n.a. 0° 93.7 [83.6 – 99.7] n.a. 98.7 [91.4 - 100] n.a.

0.2 mm 95.3 [86.6 - 100] =0.4 99.5 [96.6 – 100] =0.34 0.2° 94.3 [86 – 100] =0.05 98.7 [92.5 – 100] =0.9

0.5 mm 95.4 [86.6 - 100] =0.21 99.4 [96.6 – 100] =0.1 0.5° 94.3 [85.9 – 100] =0.13 98.5 [91.7 – 100] =0.44

0.7 mm 95.3 [87.4 – 100] =0.58 99.4 [96.9 – 100] =0.09 0.7° 94.5 [86.2 – 100] =0.03 98.5 [93 – 100] =0.66

1 mm 95.6 [87.7 – 100] =0.25 99.5 [96.9 – 100] =0.47 1° 94.3 [85.5 – 100] =0.16 98.6 [93 – 100] =0.84

2 mm 95.4 [85.1 – 100] =0.7 99.5 [96.9 – 100] =0.63 2° 93 [82.7 – 100] =0.2 97.4 [89.9 – 100] =0.01

3 mm 94.5 [79 – 100] =0.53 99.2 [95.4 - 100] =0.07 2.5° 91.4 [80.1 – 100] =0.01 96.6 [89.6 – 100] =0.009

5 mm 92.6 [80.2 – 100] =0.03 98 [90.1 – 100] =0.05 3° 89.6 [78.2 – 100] =0.005 95.7 [88.3 – 100] =0.005

10 mm 87.8 [78 – 100] =0.002 93.6 [84.1 – 100] =0.002 4° 84.6 [70.9 – 98.7] =0.003 92.4 [83.8 – 100] =0.0005 

    5° 79.8 [60.8 – 98.7] =0.001 87.5 [69.9 – 100] =0.0003 

 

3.C. Reference evaluation 

However, the MLC offsets (Figure 2, b) and gantry offsets (Figure 4, b) had a noticeable 

impact on the plan evaluation in terms of maximum gamma when the measured dose distribution 

with offsets is compared with the measured dose distribution with no offset (0 mm and 0°). For 205 

all the ten plans significant modifications were noted for Gmax, starting with 0.2 mm for MLC 
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offset (p<0.0001 for LGE and GGE) and with 0.2° for gantry offset (p=0.001 and p=0.0007, for 

LGE and GGE, respectively) (Table IV).  

 

 210 

FIG. 4. Maximum gamma (Gmax) values plotted against gantry offsets (in degrees) for local 

gamma evaluation (light grey) and for global gamma evaluation (dark grey). The results are 

presented for both, “clinical evaluation” (left) and “reference evaluation” (right). 
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TABLE IV. Average, minimum and maximum values for maximum gamma (Gmax) for MLC 

and gantry offsets in terms of local and global gamma evaluations. These results represent the 225 

“reference evaluation” where the measured doses with offsets were compared to the measured 

doses without offsets (0 mm and 0°). 

 Gmax for MLC offsets   Gmax for Gantry offsets  

 Local gamma  p Global gamma  p  Local gamma  p Global gamma  p

0.2 mm 0.23 [0.13 - 0.36] <0.0001 0.14 [0.07 – 0.23] <0.0001 0.2° 0.38 [0.18 – 1.12] =0.001 0.26 [0.14 – 0.63] =0.0007

0.5 mm 0.36 [0.21 - 0.59] <0.0001 0.24 [0.12 – 0.36] <0.0001 0.5° 0.70 [0.38 – 1.24] <0.0001 0.5 [0.25 – 0.97] =0.0001

0.7 mm 0.44 [0.25 – 0.7] <0.0001 0.35 [0.11 – 0.5] <0.0001 0.7° 0.87 [0.54 – 1.3] <0.0001 0.67 [0.31 – 1.18] <0.0001

1 mm 0.61 [0.25 – 1.07] <0.0001 0.48 [0.17 – 0.71] <0.0001 1° 1.17 [0.69 – 1.84] <0.0001 0.89 [0.45 – 1.45] <0.0001

2 mm 1.16 [0.45 – 2.16] <0.0001 0.91 [0.31 – 1.45] =0.0001 2° 2.05 [1.36 – 3.61] <0.0001 1.66 [0.71 – 2.75] <0.0001

3 mm 1.63 [0.58 – 3.36] =0.0001 1.25 [0.39 - 2] =0.0001 2.5° 2.74 [1.59 – 7.06] =0.0006 2.04 [0.73 – 3.6] =0.0001

5 mm 2.37 [0.9 – 5.37] =0.0002 1.68 [0.61 – 2.70] =0.0001 3° 3.76 [1.67 – 10.54] =0.003 2.55 [0.81 – 6.33] =0.0006

10 mm 4.31 [1.68 – 11.33] =0.0007 2.41 [1.2 – 3.87] <0.0001 4° 6.23 [1.8 – 19.36] =0.014 3.82 [1.44 – 14.62] =0.01

    5° 9.04 [1.99 – 25.08] =0.006 4.79 [1.54 – 18.86] =0.01

 

A less important difference was observed concerning the %G<1 (when the measured dose 

with offset was compared with the measured dose without offset) for MLC (Figure 3, b) and 230 

gantry (Figure 5, b) errors. The differences were significant starting with 2 mm (p=0.03) and 1° 

(p=0.02) (for LGE) and 2mm (p=0.01) and 2° (p=0.005) (for GGE) for MLC and gantry offsets, 

respectively (Table V). 

 

 235 
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FIG. 5. Percentage of points that have a gamma index <1 (%G<1) plotted against gantry offsets 

(in degrees) for local gamma evaluation (light grey) and for global gamma evaluation (dark grey). 

The results are presented for both, “clinical evaluation” (left) and “reference evaluation” (right). 
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TABLE V. Average, minimum and maximum values for the percentage of points having a 

gamma<1 (%G<1) for MLC and gantry offsets in terms of local and global gamma evaluations. 

These results represent the “reference evaluation” where the measured doses with offsets were 255 

compared to the measured doses without offsets (0mm and 0°). 

 %G<1 for MLC offsets  %G<1 for Gantry offsets 

 Local gamma  p Global gamma  p  Local gamma  p Global gamma  p

0.2 mm 100 [100 - 100] =1 100 [100 – 100] =1 0.2° 99.9 [98.7 – 100] =0.34 100 [100 – 100] =1 

0.5 mm 100 [100 - 100] =1 100 [100 – 100] =1 0.5° 99.8 [98.7 – 100] =0.25 100 [100 – 100] =1 

0.7 mm 100 [100 – 100] =1 100 [100 – 100] =1 0.7° 99.6 [97.3 – 100] =0.18 100 [99.7 – 100] =0.34

1 mm 99.9 [99.2 – 100] =0.34 100 [100 – 100] =1 1° 99.2 [97.3 – 100] =0.02 99.7 [98.1 – 100] =0.17

2 mm 98.9 [96.4 – 100] =0.03 99.7 [99.1 – 100] =0.01 2° 96.2 [91.1 – 98.9] =0.0009 98.2 [94.7 – 100] =0.005

3 mm 97.7 [94 – 100] =0.002 99.3 [97.4 - 100] =0.02 2.5° 94.4 [83.6 – 98.4] =0.002 97.2 [93.5 – 100] =0.001

5 mm 93.7 [86.5 – 100] =0.0005 98.2 [94 – 100] =0.01 3° 92 [79.9 – 97.8] =0.001 95.9 [92.3 – 100] =0.0003

10 mm 89.7 [81.7 – 95.7] <0.0001 92.7 [84.8 – 98.7] =0.0003 4° 86.3 [67 – 96.2] =0.002 92 [80.9 – 97.3] =0.0003

    5° 81.2 [63.2 – 94.7] =0.0007 87.9 [71 – 96] =0.0007

 

4. DISCUSSION 

4.A. Delta4® system evaluation 

Bedford et al. performed test with Delta4 for angular response, linearity of segment dose 260 

and dose rate dependence.4 The variation in response was found to be less than 0.5%, the linearity 

of segment dose was within 0.5% and the Delta4 responded to all dose rates within 0.5% of the 

ionization chamber.4 Additionally the authors compared Delta4 results with those obtained with 

ionization chamber (0.6 cm3 Farmer chamber) and film (EDR2 and Gafchromic EBT) in a water-
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equivalent phantom for IMRT and VMAT. They found a maximum difference of 2.5% when 265 

Delta4 was compared with the ionization chamber and about -2% to +7% when compared to film 

(measured compared to planned dose with 3%/3mm criteria).4 

The results of 264 clinical cases were presented by Geurts et al. using Delta4 for helical 

tomotherapy IMRT QA.9 The authors compared existing IMRT QA results with ionization 

chamber and Gafchromic® EBT films (International Specialty Products) to diode phantom 270 

results. The maximum observed difference (in low dose-gradient regions) was of 0.7% with a 

mean difference of 0.1% between the diode phantom and ionization chamber measurements and 

the authors concluded that phantom measurements closely match the planned dose distributions 

in high and low dose-gradient regions.9 All 264 plans (head and neck, lung, partial breast, pelvic 

nodes, prostate, rectum, whole brain, whole breast and other) resulted in at least 90% of the 275 

diodes passing the established criteria (3%/3mm) when compared to the calculated dose, with a 

mean value of 97.5%. An interesting analysis was made by the investigators in terms of average 

time required to complete the total IMRT QA per patient (from creation of the QA plans to data 

analysis). The average time required in completing film and ionization chamber IMRT QA was 

1.5 hours per patient and with the Delta4 was 0.5 hours.9 280 

Korreman et al. reported the dosimetric verification measurements of RapidArc treatment 

delivery performed with the Delta4 phantom.8 The delivery of treatment plans were consistent 

with the dose calculated in the Eclipse 8.5. TPS as verified with the Delta4® phantom. Moreover, 

the phantom results showed high reproducibility of consecutive delivery within the same day and 

from day to day (gamma values above 1 in none of the measured points and dose deviation less 285 

than 1%).8 

Sadagopan et al. characterized, commissioned and evaluated the QA capabilities of the 

Delta4® for IMRT delivery.5 They evaluated the system’s reproducibility, stability, pulse-rate 
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dependence, dose-rate dependence, angular dependence, linearity of dose response, energy 

response and also the interpolation algorithm. The short-term reproducibility was evaluated for 290 

904 diodes over 10 irradiations and was found to be 0.1% (range 0-1%). The long-term 

reproducibility was measured 5 times over a period of 3 months and was found to be 0.5%. 

Moreover, the decrease in sensitivity was 0.9%/kGy for a 6 MV beam. The dose response was 

found to be linear within 0.25%, no dose rate dependence was observed and the diode dose-per-

pulse response was less than 0.25%. The uncorrected angular dependence varied by ±2.5%. 295 

Additionally, Sadagopan et al. suggested that from their experience it’s essential to renormalize 

the dose distribution in the high dose region and to exclude detectors that receive less than a 

certain minimum dose for the IMRT QA analysis.5 The authors concluded that the Delta4® device 

is accurate and reproducible and that its interpolation algorithm is valid.5 

4.B. Delta4® sensitivity 300 

Recently, Fredh et al. investigated the ability of three QA systems to detect linear 

accelerator-related errors for rotational IMRT.2 They introduced intentional errors that included 

3% increased number of monitor units, a widening of the MLC bank with 2 mm and 4 mm, and 

rotation error of the collimator by 2° and 5°. When they used 2%/2mm criteria and 95% as a pass 

rate the Delta4 detected 15 out of 20 errors. The authors stated that the impact of the errors in the 305 

prostate plans appear to be more important when looking at the DVH than for the gamma 

evaluation (when the planned dose without errors was compared to the one with errors).2 We 

acknowledge that one limitation of our study is that we didn’t evaluate the impact of these 

submillimetric and subdegree errors on dose-volume histogram,2, 10, 11 but this wasn’t the purpose 

of our study. Moreover, the results from the current study cannot be compared to those of Fredh 310 

et al. (2 mm and 4 mm offsets for the MLC bank) because herein submillimetric errors were 

introduced only for one leaf.  
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To our knowledge, Delta4 sensitivity tests were not performed so far for submillimetric 

MLC errors and gantry offsets. In the present work, the Delta4 system detected these 

submillimetric and subdegree introduced errors when a “reference evaluation” was performed. 315 

However, in “clinical evaluation” these errors cannot be seen in terms of %G<1 and Gmax. On 

the other hand, in “clinical evaluation”, the Delta4 software was able to identify the leaf and the 

control points that were modified, starting with a 2 mm offset (Figure 6). 

 

Figure 6. Illustration of the Delta4® software with an example of a case (patient 2) where: a) the 320 

leaf and the control points that were modified are detected by the system, starting with a 2 mm 

offset. b) two leaves are detected when 3 mm MLC offsets are introduced. 

5. CONCLUSION 

The Delta4 system seems to be a very sensitive instrument for the quality assurance of the 

IMRT plans. In our study it detected submilimetric and subdegree errors for MLC and gantry, 325 

respectively. In clinical use (comparison between the measured dose and planned dose) these 

small errors may not be detected and could be hidden by the residual error between planned and 

delivered dose. 
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4.5. Publication 
The purpose of the second study was to assess the impact of irradiation geometry on pre-

treatment evaluation of prostate SBRT-IMRT plans with an integrated boost. The early results 

were presented as poster presentation at the SFPM meeting in 2013 (5-7 June) in Nice, France 

(Appendix 11). The results are presented below as an article. 



209 

The Impact of Gantry Angle on Pre-treatment Verification.  

Quality Assurance of IMRT-SBRT for Prostate Cancer Using Three 

Different Detectors 

Corina UDRESCU, M.S.1-2, Ronan TANGUY, M.D.1, Olivier CHAPET, M.D., PH.D.1, 

Marie-Pierre SOTTON, M.S.2, Patrice JALADE, PH.D.2

1Department of Radiation Oncology, Centre Hospitalier Lyon Sud, Pierre-Benite, France 
2Department of Medical Physics, Centre Hospitalier Lyon Sud, Pierre Benite, France 

Corresponding author:   

Corina Udrescu, M.S. 

Département de Radiothérapie-Oncologie 

Centre Hospitalier Lyon Sud 

165 Chemin du Grand Revoyet 

69495 PIERRE BENITE cedex 

FRANCE 

Tel : + 33 4 78 86 42 60   

Fax : + 33 4 78 86 42 65 

corina.udrescu@hotmail.com

Running title: Quality assurance for prostate IMRT-SBRT  

Conflict of interest: none. 



210 

Abstract  

Introduction 

The purpose of this work was to evaluate the impact of the irradiation geometry on the 

QA for prostate IMRT-SBRT using one dependent-device from the accelerator and two 

independent-units from the accelerator. 

Materials and Methods 

The prostate and the tumor were delineated by a radiologist on CT/MRI registrations 

of 5 patients. As part of a protocol, a 9-coplanar fields IMRT plan was optimized following a 

schema of prostate SBRT (5x6.5Gy) with a simultaneous integrated boost into the tumor 

(5x8Gy). All the beams were consecutively verified 3 times for each patient and each 

phantom (EPID, Delta4 and ArcCheck) with the gantry at: a) 0° (Plan G0), b) 90° (G90) and 

c) at their original angulations (242°,270°,297°,328°,0°,38°,76°,101°,127°), named GFbyF 

(field-by-field). The plans G90 and GFbyF were compared with G0 using two evaluation 

indexes (global gamma evaluation (GGE) and local gamma evaluation (LGE)) as differences 

of: percentage of detectors with gamma<1 (%G<1), maximum gamma (Gmax) and mean 

gamma (Gmean) (pass/fail criteria of 4%/3mm).  

Results 

An average difference (in absolute value) of 0.2% (range 0-0.9%) was found between 

G0 and GFbyF for EPID. For the independent-units from the accelerator higher values were 

observed for GGE with a maximum difference between G0 and GFbyF plans in terms of 

%G<1 up to 2.7% and 8.3% for Delta4 and ArcCheck, respectively. Per-field differences 

between G0 and GFbyF were seen as well for Gmax with maximum differences up to 1.5 and 

1.7 for Delta4 and ArcCheck, respectively. 

Conclusion 

Usually the IMRT plan verification is made using all beams with gantry at 0°. 

However, it is important to verify the irradiation plans in the exact situation as at the time of 

treatment. We have showed here that there is an important difference in the evaluation of a 

stereotactic IMRT plan as it depends of the irradiation condition. These differences could be 

explained by the impact of the MLC weight and the couch attenuation. Therefore, it can be 

recommended that the IMRT verification is made with a detector independent from the 
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accelerator and in the exact configuration of the irradiation as at the time of the treatment 

(gantry angle and couch position). 

Keywords: 3D diode array phantom, EPID, quality assurance, IMRT, prostate SBRT 
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Introduction 
The intensity-modulated radiotherapy (IMRT) is a complex treatment technique, 

because of complicate fluence maps, many segments, and high constraints (used for beam 

optimization and dose calculation) along with mechanical and physical limitations of the 

accelerator. Therefore, the quality assurance (QA) for an IMRT plan requires a particular 

attention [1-3]. Additionally, the dosimetry verification and the QA of a stereotactic 

irradiation have a particular place in the patient treatment procedures [4, 5]. This is due to the 

high gradient doses that are delivered per fraction. The QA of an IMRT plan can be made 

using an accelerator-dependent and/or -independent detector. Usually, all the beams are 

verified at the gantry, collimator or table angles set at zero degrees (0°). However, it was 

already demonstrated that gravity may have an impact on the dynamic multileaf collimator 

(MLC) contained by the treatment head of the accelerator [6, 7]. The gantry angle dependence 

in IMRT pre-treatment patient-specific quality controls was recently presented with 

measurements of a dependent-device from the accelerator, the EPID [8]. 

The electronic portal imaging device (EPID®) (Varian Medical Systems, Palo Alto, 

CA) - a flat-panel 2D detector placed opposite and attached to the gantry of the accelerator  – 

is dedicated to IMRT QA and has been already evaluated [9-12].  

Three-dimensional (3D) diode arrays are independent-units from the accelerator and 

were described and evaluated, in the recent years, for stability and dosimetric verification 

measurements of IMRT and volumetric modulated arc therapy (VMAT) treatment delivery. 

The Delta4 (Scandidos, Uppsala, Sweden) is a 3D diode array with two orthogonal planes 

inserted in a cylindrical PMMA or Plastic Water® phantom that is well suited for routine 

machine QA and pre-treatment verification for IMRT or VMAT plans [13-21]. The 

ArcCheck® 3D diode array (Sun Nuclear, Melbourne, USA) was first evaluated as a prototype 

[22, 23] and subsequently the commercial version was studied for IMRT, VMAT and 

HybridArc QA [18, 24-28]. 

In 2010, a protocol was created in our department for prostate stereotactic body 

radiation therapy (SBRT) with a simultaneous integrated boost (SIB) into the dominant 

intraprostatic lesion (DIL), as recently described by other teams [29]. 

The purpose of this work was to evaluate how the irradiation geometry could affect the 

IMRT QA for prostate SBRT-SIB plans, using a 2D detector (EPID®) and two 3D 

independent-units from the accelerator (Delta4® and ArcCheck®). 
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Materials and Methods 

Treatment planning and verification plans 

Treatment plans for 5 patients were created using a protocol for prostate SBRT with a 

simultaneously integrated boost into the macroscopic tumor. The prostate and the tumor were 

delineated by a radiologist on an image registration (Integrated Registration®, General 

Electric Medical Systems) between the computed tomography (CT) and the magnetic 

resonance imaging (MRI). The SBRT-IMRT plans were calculated in Eclipse® treatment 

planning system (TPS) using the Pencil Beam Convolution (PBC) algorithm, 9 non-opposing 

16MV beams and a Clinac 2100CD from Varian. The prescribed doses were 32.5 Gy in 5 

fractions of 6.5 Gy to the prostate and 40 Gy in 5 fractions of 8 Gy to the tumor. Three 

verification plans were subsequently created in the TPS for each phantom by recalculating 

each patients plan onto the three phantoms. In our previous version of Eclipse (version 8.6) 

the table (carbon-fibre type) wasn’t included for the PBC recalculation of the verification 

plan. Therefore, in order not to bias the gamma analysis, the posterior fields passing through 

the table (2 fields for each patient) were not included in this study. 

Measurements 

All the beams were consecutively verified 3 times for each phantom (as illustrated in 

Figure 1 for the Delta4 system) with the gantry at: 

a) 0° (Plan G0) (Figure 1,a); 

b) 90° (Plan G90) (Figure 1,b); 

c) and in the treatment configuration (242°, 270°, 297°, 328°, 0°, 38°, 76°, 101°, 127°), 

named Plan GFbyF (field-by-field) (Figure 1, c). 

The three different systems that were used to verify each plan (G0, G90 and GFbyF) are 

briefly described below: 

a) EPID®, Varian 

The EPID® (aS1000, IAS 3) is a flat-panel 2D amorphous silicon detector placed 

opposite and attached to the gantry of the accelerator, with a resolution of 1024 x 768 and a 

pixel size of 0.39 mm. In our department, the portal imager is calibrated before each 

measurement. After the measurements are acquired they are then evaluated with the Portal 

Dosimetry® software, included in Eclipse®TPS (Varian Medical Systems, Palo Alto, CA). 

The dose profiles are aligned for each beam according to the clinical procedure at the Lyon 
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Sud Hospital. However, even if the EPID is a practical device in the QA procedure with very 

good tools for the analysis, it is a dependent-detector from the accelerator and moreover it 

cannot provide an analysis of the 3D dose distribution. 

b) Delta4®, ScandiDos 

The Delta4® system is a 3D array that includes 1069 p-type silicon diodes in a 

cylindrical polymethylmethacrylate (PMMA) phantom and is dedicated for the QA of IMRT, 

rotational irradiation and machine QA. The device is an independent-unit from the 

accelerator, but synchronized to the machine. The stability of the Delta4® in terms of linearity 

of dose, reproducibility, repeatability, angular dependence, dose rate dependence, pulse-rate 

dependence was already demonstrated [13-21]. Each detector board was initially calibrated in 

our department for relative and absolute dose, as previously described. Delta4® detectors 

measure the dose distributions of the plans and an interpolation algorithm calculates the doses 

at points where detectors are missing, thus allowing a 3D dose comparison. 

c) ArcCheck®, Sun Nuclear 

The ArcCheck® is a cylindrical water-equivalent (PMMA) phantom with a 3D array of 

1386 diodes, arranged in a helical geometry. Repetition rate, field size dependence, angular 

position dependence, short term reproducibility, dose linearity, dose rate dependence, dose per 

pulse dependence, and out of field dependence were previously reported [18, 24-28]. The 

ArcCheck® software displays 3D dose maps that are a recalculation of the dose measured at 

the entrance and exit of the beam. 

The characteristics of the three devices are summarized in Table 1. 

Plan evaluation and statistics 

For the three devices, the evaluation of dose distributions (measured doses compared with 

the planned doses) was based on gamma analysis (or gamma index) [30] performed with our 

clinical criteria: 4% dose difference and 3 mm distance-to-agreement. In our department, the 

acceptability criteria for gamma evaluation is a combination of three parameters [31] and 

involve that more than 97% of the points (or diodes) should have a gamma value less than 

one, maximum gamma must be < 3 and average gamma should be < 0.5. The measurements 

were not corrected for daily output variation in order to consider the real treatment delivery. 

The plans G90 and GFbyF were compared with the plan G0 using the global gamma 

evaluation for EPID. For Delta4® and ArcCheck®, two gamma comparisons were made: the 

global gamma evaluation (GGE) and the local gamma evaluation (LGE). For each gamma 

evaluation, the comparison between two plans was made using three variables: the percentage 
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of points (diodes) having a gamma<1 (%G<1), the maximum gamma (Gmax) and the mean 

gamma (Gmean). 

The Wilcoxon matched-pairs test was used to analyze the difference between two plans. 

All tests were bilateral with a significant threshold set at p<0.05 and were made using the 

SPSS V19.0 software. 

Results 
The gamma passing rates (%G<1) and the values for the maximum gamma (Gmax) 

and for the average gamma (Gmean) are presented in Table 2 for all three detectors. 

EPID®

A total of 45 beams were verified for each plan. Ten of these beams were excluded 

from analysis, as they were posterior oblique and passed through the couch. In Table 2 are 

presented the EPID results for the three plans. For %G<1, average differences (absolute 

values) of 0.1% (range 0-1.1%) and 0.2% (range 0-0.9%) were noted for the 35 beams when 

G0 is compare with G90 (p=0.13) and with GFbyF (p=0.0002), respectively (Figure 2). For 

Gmax, average differences (absolute values) of 0.1 (range 0-0.4) and 0.1 (range 0-0.6) were 

noted for the 35 beams when G0 is compare with G90 (p=0.13) and with GFbyF (p=0.0002), 

respectively. For Gmean, no differences were found between the three plans. 

Delta4®  

A total of 35 beams were evaluated for each plan (as the posterior oblique fields were 

excluded) (Table2). The Delta4 results for the three plans are illustrated in Figure 3 for the 

global gamma evaluation (Figure 3,a) and for the local gamma evaluation (Figure 3,b). 

GGE 

For %G<1, average differences (absolute values) of 0.7% (range 0-4.3%) and 0.8% 

(range 0-2.7%) were noted for the 35 beams when G0 is compare with G90 (p=0.0007) and 

with GFbyF (p<0.0001), respectively. For Gmax, average differences (absolute values) of 0.2 

(range 0-0.9) and 0.4 (range 0-1.5) were noted for the 35 beams when G0 is compare with 

G90 (p<0.0001) and with GFbyF (p<0.0001), respectively. For Gmean, the average 

differences were 0.1 (range 0-0.2) for G0 vs G90 (p<0.0001) and 0.1 (range 0-0.1) for G0 vs 

GFbyF (p<0.0001). 
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LGE 

For %G<1, average differences (absolute values) of 3.1% (range 0.8-9%) and 2.2% 

(range 0-6.2%) were noted for the 35 beams when G0 is compare with G90 (p<0.0001) and 

with GFbyF (p=0.0001), respectively. For Gmax, average differences (absolute values) of 0.3 

(range 0-1) and 0.5 (range 0-1.4) were noted for the 35 beams when G0 is compare with G90 

(p=0.0003) and with GFbyF (p=0.0007), respectively. For Gmean, the average differences 

were 0.1 (range 0-0.2) for G0 vs G90 (p<0.0001) and 0.1 (range 0-0.2) for G0 vs GFbyF 

(p<0.0001). 

ArcCheck® 

A total of 20 beams were evaluated for each plan (several files were lost and the 

posterior oblique fields were not comprise) (Table2). The ArcCheck results for the three plans 

are illustrated in Figure 4 for the global gamma evaluation (Figure 4,a) and for the local 

gamma evaluation (Figure 4,b).

GGE 

For %G<1, average differences (absolute values) of 4.4% (range 0.2-15.5%) and 3.4% 

(range 0-8.3%) were noted for the 20 beams when G0 is compare with G90 (p=0.23) and with 

GFbyF (p=0.12), respectively. For Gmax, average differences (absolute values) of 0.9 (range 

0.1-3.3) and 0.5 (range 0.1-1.7) were noted for the 20 beams when G0 is compare with G90 

(p=0.4) and with GFbyF (p=0.11), respectively. For Gmean, the average differences were 0.1 

(range 0-0.3) for G0 vs G90 (p=0.13) and 0.05 (range 0-0.2) for G0 vs GFbyF (p=0.81). 

LGE 

For %G<1, average differences (absolute values) of 4.7% (range 0.6-9.6%) and 5% 

(range 0-13%) were noted for the 20 beams when G0 is compare with G90 (p=0.54) and with 

GFbyF (p=0.005), respectively. For Gmax, average differences (absolute values) of 1.1 (range 

0.1-3.6) and 1.1 (range 0.1-3.7) were noted for the 20 beams when G0 is compare with G90 

(p=0.33) and with GFbyF (p=0.02), respectively. For Gmean, the average differences were 

0.1 (range 0-0.2) for G0 vs G90 (p=0.49) and 0.1 (range 0-0.3) for G0 vs GFbyF (p=0.03). 

For ArcCheck, the observed differences (per field) between 2 plans seemed higher 

than for the other detector, but didn’t reach the significant threshold, probably because of the 

smaller number of data available. 
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Discussion 

In 2007, Nelms and Simon conducted a survey on planar IMRT QA analysis using an 

electronic 2D diode array device [32]. Survey results showed that a significant percentage of 

institutions (32.8%) used the single-gantry method for IMRT QA instead of field-by-field 

analysis [32]. 

Bedford et al. performed several tests for Delta4 performance and the authors reported 

the accurate behavior of the system. They showed that the angular response was uniform over 

the complete range of gantry angles, but the couch attenuation was found to be an issue for 

IMRT and VMAT plans [16]. 

The intent of the present study was not to compare three QA devices, but to assess the 

importance of verifying an IMRT plan with an independent-unit from the accelerator and 

especially in the treatment configuration. 

Recently, Monti et al. investigated the pre-treatment patient-specific per-field QA 

performed with the EPID at the gantry angle of 0° and at the treatment angles [8]. They found 

that the gamma index was dependent on gantry angles but the difference between fields 

measured at 0° and no-0° was small, with a mean value of -0.3%. In the present study, we 

found a similar result for %G<1 of EPID with a small average difference (in absolute value) 

of 0.2% (range 0-0.9%) (Figure 2). To our knowledge, this issue wasn’t evaluated and 

quantified so far with cylindrical diode arrays, independent-units from the accelerator. In the 

current work, higher values were observed for GGE with a maximum difference between G0 

and GFbyF plans in terms of %G<1 up to 2.7% and 8.3% for Delta4 and ArcCheck, 

respectively. Per-field differences between G0 and GFbyF were seen as well for Gmax with 

maximum differences up to 1.5 and 1.7 for Delta4 and ArcCheck, respectively. 

These prostate IMRT-SIB plans might be considered of high difficulty with complex 

dose distributions because of the simultaneous integrated boost into the tumor (relatively 

small size). This could explain the low gamma evaluation values. Moreover, an IMRT plan 

does not involve IMRT QA to pass a particular acceptance test, but to be evaluated in the real 

treatment condition as the patient would be treated in (collimator, gantry and table angles, as 

well as couch attenuation). 

In our department, we recently acquired the Delta4 system for machine QA and 

treatment verification for IMRT and RapidArc plans. Furthermore, we continue to evaluate 

the optimal utilization of the pass/fail criteria for the new 3D diode array. 
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Conclusion 
Usually the IMRT plan verification is made using all beams with gantry at 0°. 

However, it is important to verify the irradiation plans in the exact situation as at the time of 

treatment. We have showed here that there are important differences in the evaluation of a 

stereotactic IMRT plan as it depends of the irradiation geometry. These differences could be 

explained by the impact of the MLC weight and the couch attenuation. Therefore, it can be 

recommended that the IMRT verification is made with a detector independent from the 

accelerator and in the exact configuration of the irradiation as at the time of the treatment. 
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4.6. Conclusion – section IV 

 The Delta4® system was found to be a sensitive 3D diode array and suitable for the 

IMRT QA. 

 An IMRT plan, with or without SBRT, should be verified using the geometry of the 

irradiation, including the beams that pass throughout the couch. 
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V. GENERAL CONCLUSION 

The present work evaluated a stereotactic body radiation therapy approach for the prostate 

cancer. The results obtained in this study allow to conclude the following: 

- a prostate SBRT is technically feasible using a standard accelerator and an intensity-

modulated radiation therapy; 

- careful attention should be paid for the implementation of the SBRT starting with the 

target’s delineation; If the radiation physician is not an expert in prostate cancer, a 

radiologist contour is required to improve the delineation of the target; 

- respiratory-induced prostate motion shouldn’t be a concern, but rectal and bladder filling 

or patient’s position during treatment (prone versus supine) may have an impact on 

prostate random motion; 

- intraprostatic fiducials are the gold standard for prostate repositioning and are mandatory 

for target repositioning during SBRT. Herein, the stability of these markers was 

demonstrated, but an insignificant shrinkage of the prostate may arise if hormone-therapy 

is administrated before or during radiotherapy. This shrinkage shouldn’t affect the 

accuracy of target repositioning. 

- Small margins for planning target volume definition are possible up to 3 mm if the patient 

and the target are localized and monitored with real-time tracking. 

- The combination of a 9-beam conformation with 16 MV beam energy showed an 

excellent PTV coverage without increasing the low- and high-dose gradients to the organs 

at risk.  

- Two approaches for sparing the rectal-wall from high doses have been evaluated. The first 

approach is a simultaneous-integrated boost into the dominant intraprostatic lesion. The 

results showed a decrease of the dose to both, rectal- and bladder-wall, when compared to 

a homogeneous higher dose. The second approach was an injection of a spacer gel 

between the rectum and the prostate. The high doses to the anterior rectal-wall were 

significantly reduced and allowed an increase of the prescription dose from 32.5 Gy to 

42.5 Gy without increasing the dose to the rectum. 

- A stereotactic irradiation with intensity-modulated radiotherapy requires accurate quality 

assurance before starting patient’s treatment. The novel three-dimensional diode arrays 
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seem additionally to be suitable for the evaluation of the treatment plan. However, pre-

treatment patient-specific quality controls should be done at treatments angles and using 

the real irradiation geometry of the plan, as at the time of the treatment (including gantry, 

collimator and table rotations). 



Appendix 1 

Hypofractionated Radiotherapy for Prostate Cancer – Review of clinical trials 

Lukka et al., 2005 - Canada 

Patients: Men with early-stage T1-T2 adenocarcinoma of the prostate were randomly 

assigned to receive prostate irradiation in two arms: 66 Gy in 33 fractions over 45 days (long 

arm- 470 patients) or 52.5 Gy in 20 fractions over 28 days (short arm- 466 patients), with 

daily fractions. The patients were treated in supine position with a full-bladder before each 

treatment. 

Dosimetric parameters: The irradiation was done with a ≥ 10 MV linear accelerator, 

using a four-field technique or using three fields for patients with prosthetic hip. The PTV 

was the prostate alone with a 1.5 cm margin on all sited, and sometimes reduced to 1 cm 

posteriorly. The dose was prescribed at the isocenter and the dose within the target volume 

was maximum 5% from the isocenter dose. 

Repositioning: Patient position verification was done with port films of the anterior 

and lateral pelvic views on the first day of treatment. Furthermore, the first 30 patients from 

each center underwent real-time review. 

Results: The median follow-up time for all patients was 5.7 years [4.5 – 8.3 years]. 

236 patients in the long arm and 263 patients in the short arm experienced biochemical or 

clinical failure (BCF). At 5-years, the Kaplan-Meier rates of BCF in the long and short arms 

were 52.95% and 59.95%, respectively, with a difference of – 7 % (90% CI, -12.58% to -

1.42%). PSA failure was experienced for long and short arms by respectively 50 % and 55.8 

% of patients (using Vancouver criteria) and respectively 37.7 % and 42.3 % of patients 

(using Houston criteria). Overall survival at 5-years was 85.2 % in the long arm and 87.6 % in 

the short arm.  

Acute Toxicity: Grade 3 or 4 GI or GU were experienced by 7 % and 11.4 % in the 

long and short arm, respectively (risk difference = - 4.4 %, 95% CI). 

Late toxicity: 3.2 % of patients experienced severe toxicities in both arms, where GU 

represented two thirds of these events. 



Yeoh et al., 2003 – Australia  

Patients: 120 patients with localized early-stage prostate cancer (T1-T2N0M0) were 

randomly assigned to one of the two dose regimens: 64 Gy in 32 fractions within 6.5 weeks 

(61 patients) or 55 Gy in 20 fractions within 4 weeks (59 patients). Based on a α/β = 3 Gy for 

late radiation effects, the study suggested that the two regimens are equitoxic.  

Dosimetric parameters: The irradiation technique used four-field (AP and laterals) or 

three-field (anterior and two posterior oblique/lateral) with the dose prescribed to the 

isocenter and delivered using external beam 6 – 23 MV photons. The PTV was the prostate 

only (and maximum the base of the seminal vesicles, if necessary), with a 1.5 cm 95% isodose 

margin. 

Repositioning: not described; the localization of the prostate was based on two-

dimensional CT data, without rectal shielding. 

Results: The median duration for the nadir PSA was 16.8 months [0.8 – 28.3], after the 

end of the treatment. The actuarial 4-year biochemical relapse-free survival rate was 85.8% 

for all patients and 86.2% and 85.5% in the hypofractionated and conventional arms, 

respectively. No difference in clinically toxicity or treatment efficacy between the two arms. 

Toxicity: The median duration of follow-up was 43.5 months [23 - 62] and no 

difference in clinically significant toxicity was noticed. For the analysis of the GI toxicity, no 

differences were present between the two regimens, other than a mild rectal bleeding, which 

occurred more frequently at 2 years (42% vs 27%) in patients who received hypofractionated 

RT. No differences were found between two arms in any of the urinary symptoms that 

increased in 1 month after treatment. 

Pollack et al., 2006 – Philadelphia  

Patients: Randomized patients with intermediate- (IR) to high-risk (HR) prostate 

cancer (T1-T3 adenocarcinoma) were treated with doses of 76 Gy in 38 fractions at 2 Gy per 

fraction (Arm I) or 70.2 Gy in 26 fractions at 2.7 Gy per fraction (Arm II). Assuming and α/β

= 1.5 Gy, Arm II was considered to be equivalent to 84.4 Gy in 2 Gy per fraction. Patients 

were simulated in the supine position in an α-cradle with a Plexiglas holder to immobilize the 

feet. Before simulation, the patients were asked to empty the rectum and to have a moderately 

full bladder. 

Dosimetric parameters: For the Arm I and Arm II the prescribed dose was delivered 

with respectively step-and-shoot conventional fractionation intensity-modulated radiation 



therapy (CIMRT) and hypofractionation intensity-modulated radiation therapy (HIMRT). 

Fused images between the CT scan and MRI exam were used to contour the prostate, seminal 

vesicles, rectum, bladder, etc. PTV was chosen function of the patients’ stage, but for the 

CIMRT it was 8 mm in all dimensions except posteriorly (the prostate-rectal interface), in 

which the margin was 5 mm. For HIMRT the margins were smaller, the desired PTV was 7 

mm in all dimensions, except posteriorly, in which the margin was 3 mm. 

Repositioning: Daily B-mode acquisition and targeting ultrasound alignment  

Results: Up to 4 months of androgen deprivation was permitted, and long-term 

androgen deprivation was used for high-risk patients. There were no significant differences in 

the makeup of the patients in the two treatment arms. There were statistically higher volume 

percentages of the rectum treated to more than both the high (V50 Gy) and low (V31 Gy) 

dose cutpoints in Arm II, as compared with Arm I (V65 Gy and V40 Gy). A similar pattern 

was observed for the bladder. The only covariate shown to be related to increased acute rectal 

reactions was the composite DVH V65 Gy/V50 Gy parameter. With a median follow-up of 39 

months, 5-year BF (nadir + 2) was 21% (95% CI, 12-37%) for the standard arm and 17% 

(95% CI, 10-28%) for the hypofractionated arm. 

GI Toxicity: There were no statistically significant differences in acute GI toxicity 

during treatment. However, there were slightly more men with Grade 2 reactions in Arm II (9 

vs. 4 in Arm I). At 3-months follow-up visit, about 85% experienced no GI side effects with < 

5% experiencing Grade 2. Changes in GI morbidity demonstrate that at Weeks 2, 3 and 4 of 

treatment, there was a slight, but significant increase in mean maximum toxicity seen in the 

HIMRT arm. 

GU Toxicity: The majority of patients in both Arms experienced Grade 1-2 GU side 

effects during treatment. At the first 3-months follow-up visit, the majority experienced no 

GU side effects with < 10% experiencing Grade 2 toxicity. There was no statistical difference 

in acute toxicity at the 3-months follow-up visit. A smaller bladder volume at planning was 

independently associated with an increase in acute effects. 

Coote et al., 2009 – Manchester

Patients: This Phase I/II study included 60 patients that all received neoadjuvant 

hormone therapy. The first 30 patients received 57 Gy in 19 fractions (equivalent to 73 Gy in 

2 Gy per fraction assuming an α/β=1.5) and the second group of 30 patients received 60 Gy in 

20 fractions (equivalent to 77 Gy). The patients were simulated supine with CT slices of 5-

mm increments, with an empty bladder and without formal immobilization. 



Dosimetric parameters: The PTV1 were the prostate and the seminal vesicles, with a 

margin of 1 cm except the prostate-rectal interface where the margin was 0.7 cm. The PTV2 

was the prostate alone with no margin. The treatment planning was made using IMRT 

technique, using 5 isocentric fields (posterior, right- and left-lateral oblique fields and right- 

and left-anterior oblique fields – 180°, 255°, 325°, 35° and 105°). IMRT was delivered using 

an 8-MV step-and-shoot multileaf collimator once daily, 5 times per week. The plans 

provided excellent PTV coverage with on average 98.4% (SD=0.7) of the volume receiving 

95% of the prescribed dose. 

Repositioning: Portal images were taken of the setup fields daily during Week 1 and 

weekly after. A shrinking action level protocol was used to ensure a treatment accuracy of 3 

mm. 

Results: At 24-month follow-up, 44/60 patients were alive and well with no 

biochemical evidence of disease recurrence. 12 patients had developed disease recurrence by 

the Phoenix criteria. 

Acute Toxicity: No patient experienced any RTOG Grade 3 or 4 urinary or bowel 

toxicity and only 10% and 15% respectively, reported Grade 2 GU and GI toxicity. 

Late Toxicity: At 2-years, GU late effects (RTOG criteria) were only 4.25% of patients 

experiencing Grade 2 bladder toxicity. There was one case of Grade 3 urinary toxicity. At 2-

years, there was 4% Grade 2 bowel toxicity. There was no Grade 3 or 4 bowel toxicity. 

Kupelian et al., 2007 – Cleveland

Patients: 770 patients were included in the study, with 34% considered to be low risk, 

28% intermediate risk and 38% high risk. 459 patients received neoadjuvant or adjuvant 

androgen deprivation. Patients were set-up with minimal immobilization in the supine 

position. 

Dosimetric parameters: IMRT was used to deliver a nominal dose of 70 Gy in 28 

fractions of 2.5 Gy, within 5.5 weeks. The treatment was delivered with a 10-MV photon 

beam using dynamic multileaf collimators and five-field beam arrangement (2 lateral beams, 

2 anterior oblique and one anterior beam). 

Repositioning: Daily localization for treatment was performed using the BAT 

transabdominal ultrasound system. 

Results: The 5-year biochemical relapse-free survival (bRFS) was adequate for all 

patients with no significant difference between the ASTRO (A-bRFS) and nadir+2 (N-bRFS) 

definitions. The overall 5-year A-bRFS and N-bRFS rates were 82% and 83%. For patients 



with low-, intermediate- and high-risk disease, the 5-year rates were respectively 95%, 85% 

and 68% (for A-bRFS) and respectively 94%, 83% and 72% (for N-bRFS). 

Acute GI and GU Toxicity: The RTOG acute rectal toxicity scores were 0 in 51%, 1 in 

40% and 2 in 9%. The RTOG acute urinary toxicity scores were 0 in 33%, 1 in 48%, 2 in 18% 

and 3 in 1% of patients. 

Late rectal toxicity: The RTOG late rectal toxicity scores were 0 in 89.6%, 1 in 5.9%, 

2 in 3.1%, 3 in 1.3% and 4 in 0.1%. The actuarial late RTOG Grade 2 or worse rectal toxicity 

rate at 5-years was 6%. 

Late urinary toxicity: The RTOG late urinary toxicity scores were 0 in 90.5%, 1 in 

4.3%, 2 in 5.1% and 3 in 0.1%. The actuarial late Grade 2 or worse RTOG urinary toxicity 

rate at 5-years was 7%. 

Livsey et al., 2003 – Manchester 

Patients: Outcomes of 705 men who had biopsy proven, clinically localized prostate 

cancer (T1-T4 N0M0) and a pretreatment PSA value were analyzed. Patients were CT 

simulated supine, without formal immobilization and were asked to empty their bladder and 

bowel immediately before CT simulation and treatment. 

Dosimetric parameters: All patients received conformal radiotherapy to the prostate 

with a standard 4-field conformal technique (opposed anterior and posterior and opposed 

lateral portals) using 8-20 MV photons. The PTV was the CTV (prostate plus all/base of the 

seminal vesicles dependent on risk criteria) with 1-cm margin and received the prescribed 

dose of 50 Gy in 16 fractions, during 22 days. The multileaf collimator leaves were fitted to 

the PTV with a penumbra margin of 0.7 cm to ensure the coverage of the PTV by the 95% 

isodose line. 

Repositioning: no specification; 

Results: Overall survival at 5-years was 83.1%, with a disease-specific survival of 

91%. The biochemical-free survival (bNED) was significantly associated with treatment PSA, 

stage and Gleason score. For patients grouped into good, intermediate and poor groups, their 

disease-specific survival at 5-years was, respectively, 96%, 91% and 86%. The actuarial 

bNED rates for these groups with 5-year bNED were of, respectively, 82%, 56% and 39%.  

Toxicity: Using the RTOG scoring system for late toxicity for a subgroup of 101 

patients, the late bladder morbidity was Grade 0/1, 90%; Grade 2, 9%; and Grade 3, 1%; 

Bowel toxicity was recorded as Grade 0, 65%; Grade 1, 30%; and Grade 2, 5%. There was no 

≥ Grade 3 toxicity. 



Appendix 2 

Stereotactic Body Radiation Therapy for Prostate Cancer - Review of Clinical Trials 

Madsen et al., 2007 – Seattle 

Patients: The Phase I/II trial included 40 patients treated with stereotactic 

hypofractionated accurate radiotherapy of the prostate (SHARP), with 33.5 Gy in 5 fractions 

of 6.7 Gy daily (equivalent to 78 Gy for an α/β=1.5, with acute effects equivalent of 46.6 Gy 

for an α/β=10; for late rectal effects α/β=3 was taken into consideration). The patients were 

in a flex-prone position on a specially designed cushion and were placed on a diet to minimize 

gas and took daily simethicone to reduce rectal dilatation and movement during treatment. CT 

scan and MRI image fusion was done for treatment planning purpose. 

Dosimetric parameters: Six stationary noncoplanar fields were designed with custom 

blocking including a 4-5 mm margin from the prostate to the block edge. The dose was 

prescribed to the isocenter with 100% of the prostate GTV to be covered by the 90% isodose 

line. No DVH constraints were placed on the rectum, as they didn’t know what to expect with 

regard to toxicity. The dose was kept as low as feasible. 

Repositioning: Daily repositioning was made using orthogonal images based on three 

fiducial markers implanted in the apex, base and mid-gland of the prostate. 

Results: Using the ASTRO definition, the 48-month freedom from relapse rate was 

70% and with nadir + 2 ng/mL definition it was 90%.

Acute Toxicity: Grade 1 or 2 acute RTOG toxicity at 1 month for GU and GI was 49% 

and 39%, respectively. Only one Grade 3 acute GU toxicity was reported. 

Late Toxicity: Late Grade 1 or 2 toxicity reported at any time after 30 days follow-up 

for GU and GI was, respectively 45% and 37.5%. No late Grade 3 or higher toxicity was 

reported. The 48-month actuarial rate of GU Grade 1 toxicity was 25.8% and Grade 2 toxicity 

was 16.1%. For late Grade 1 and 2 GI toxicities, the 48-month actuarial rates are 34.4% and 

9.4%, respectively. 



King et al., 2009 – Stanford  

Patients: A total of 41 patients with low-risk prostate cancer were treated with a total 

dose of 36.25 Gy in 5 fractions of 7.25 Gy (assuming an α/β=1.5, the equivalent biological 

dose is 90.6 Gy at 2 Gy per fraction). The patients were simulated with a CT scan at 1.25 mm 

slice thickness and treated supine, in an alpha cradle. 

Dosimetric parameters: Cyberknife was used to deliver the SBRT with the dose 

prescribed to the PTV that consisted of an expansion of the prostate by 5 mm, reduced to 3 

mm in the posterior direction. The prescription dose had to cover 95% of the planning target 

volume and the normalization was required to the 89-90% isodose line. The rectal DVH goals 

were <50% rectal volume receiving 50% of the prescribed dose, <20% receiving 80% of the 

dose, <10% receiving 90% of the dose and <5% receiving 100%. 

Repositioning: Image-guided SBRT was used daily, based on three gold fiducials. 

Results: With a median follow-up of 33 months, no patient has experienced PSA 

failure regardless of the biochemical failure definitions used (ASTRO or nadir+2). 

Toxicity: Only 2 patients (5%) experienced RTOG Grade 3 late urinary toxicity and 

none with Grade 3 rectal toxicity. There was no Grade 4 toxicity. The first 21 patients 

received daily treatment (QD) and the remaining 20 patients were treated every other day 

(QOD). No patient in the QOD group reported a quality of life (QOL) score 4-5 for any of the 

symptoms, whereas in the QD group 8 patients (38%) reported a score of 4-5 for any 

individual symptoms and 5 patients (24%) reported a score of 4-5 for the overall quality of 

life. They were all statistically significant. For the urinary QOL there was no significant 

difference between the QD and QOD groups. 

Choi et al., 2007 – Korea 

Patients: Results of a clinical experience has been reported on 44 patients treated for 

low to high risk prostate cancer with CyberKnife® SBRT. This report, available in abstract 

form only, details the results at 13 months of follow-up of the treatment of 10 patients with 

low-risk prostate cancer (PSA less than 10, Gleason less than 6, stage T1b-T2a), 9 

intermediate-risk prostate cancers (PSA 10-20, Gleason 7), and 25 high-risk patients (PSA 

20, or Gleason  8). 

Dosimetric parameters: The patients received stereotactic treatment with a 

CybeKnife® unit to a total dose of 32-36 Gy in 4 fractions of 8-9 Gy per fraction, with the 

exception of one patient who received 24 Gy in 3 fractions of 8 Gy. 

Repositioning: Real-time tracking of implanted markers with CyberKnife. 



Results: 3-year overall survival rate was 100%, with a 3-year biochemical failure-free 

rate of 78.3%. There were only 4 patients with biochemical failure. 

Toxicity: Grade 1 or 2 acute rectum toxicity was experienced by 14 patients and Grade 

1 or 2 acute urinary bladder toxicity was experienced by 17 patients. There were no Grade 3 

or greater acute toxicities.  

Mantz et al., 2008 – Florida 

Patients: In this abstract, 58 patients were treated with a total dose of 36.25 Gy 

prescribed to the prostate in 5 fractions of 7.25 Gy, delivered on an every-other-day schedule. 

Protocol inclusion criteria required T1c to T2a stage, PSA ≤10ng/mL, Gleason score 6 or less, 

prostate volume less than 60 cc, and an IPSS voiding score of less than 18. 

Dosimetric parameters: The SBRT PTV was created by 3-mm uniform expansion of 

the prostate volume. SBRT was delivered with a Linear accelerator-based using the Trilogy® 

system. Point dose maxima of 50%, 85%, 105% and 125% were assigned as treatment 

planning constraints to the femoral heads, rectum, bladder and urethra, respectively. 

Repositioning: Cone Beam CT image guidance was used prior to each fraction for 

correction of target setup error, and the Calypso 4D Localization System was used during 

treatment for target tracking. 

Results: Mean PSA for all patients demonstrated a rapid decline over the first 6 

months of follow-up, from a pretreatment value of 7.6 ng/mL, to a 6-month post-treatment 

value of 1.0 ng/mL. No biochemical failures have been noted to date. 

Urinary Toxicity: At 1-month, Grades 1-2 urinary frequency, dysuria and retention 

were reported by respectively 43.1%, 15.5% and 18.9% of patients. At 6-months, Grade 1 

urinary frequency, dysuria and retention were reported by respectively 16.7%, 0% and 6.7% 

of patients. No patient reported Grade 3 or greater urinary toxicity at any time.  

Rectal Toxicity: At 6-months, 3 patients reported Grade 1 proctitis and 1 patient 

reported Grade 1 rectal bleeding. 



Appendix 3 

- Abstracts and posters at the ESTRO 29 meeting (September 12-16, 2010) in 
Barcelona; 
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DO WE REALLY NEED A RADIOLOGIST FOR THE PROSTATE 
DELINEATION IN RADIOTHERAPY?

Olivier CHAPET (1), Corina UDRESCU (1-2), Berardino DE BARI (1), Olivier ROUVIERE (4), Fabrice LORCHEL (1), 
Sylvie MENGUE (1), Tarik CHEKRINE (1), Anne d’HOMBRES (1), Nicolas GIROUIN (4), Juliette BOUFFARD-VERCELLI (3)

1 - Department of Radiation Oncology, 2 – Department of Medical Physics, 3 – Department of Radiology, 
Centre Hospitalier Lyon Sud, PIERRE BENITE, FRANCE

4 – Department of Urologic Radiology, Hopital Edouard Herriot, Lyon, FRANCE

Purpose:

Materials/ Methods:

Prostate delineation on the CT scan is associated with high inter-observer variations. The aim of this study was to evaluate if a
fusion of the dosimetric CT scan with a MRI (integrating a radiologist prostate delineation) could reduce the inter-observer variations
and improve the radiation oncologist contouring.

Five patients (pts) with a prostate cancer
underwent a 3 gold markers implantation by an
urologist surgeon or radiologist.

Each patient had a CT scan simulation (GE LightSpeed16®), a T2-MRI
and a fusion on the markers was made using the Advantage GE Fusion
software.

The prostate was delineated on the T2-MRI by 3 radiologists (Group R) experts in prostate cancer

Six physicians, 3 experts (Group E) and 3 non-experts (Group NE) in 
prostate cancer, delineated 3 contours on each patients’ CT scan

Results:
•Experts and non-experts contour evaluations:

The percentage of common volume delineated on CT scan only is
poor in the two, E and NE, groups (cf Table).
A fusion CT/MRI-T2 did not improve the percentage of common
volume obtained with CT in the group E and even altered it in the
group NE.

•The impact of the radiologist prostate delineation on the radiation
physicians contours:
Compared to CT and CT/T2, having the radiologists’ delineation
available on the MRI (CT-CR) improved the percentage of common
volume to the same value of 79% in groups E and NE.

•Radiologists contours on T2-MRI:

Regarding the prostate delineations of all the patients on the T2-

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 All Patients

CT E 73 59 76 76 71 71 ± 13

CT/T2 E 70 60 75 77 68 70 ± 15

CT+ CR E 74 82 82 80 78 79 ± 10

CT NE 68 59 68 66 72 67 ± 9

CT/T2 NE 51 50 73 67 66 62 ± 12

CT+ CR NE 78 79 82 80 76 79 ± 7

Table: Mean percentages of common contoured volumes in the two
groups for all the patients.

Using only the CT scan

(CT)

Having the CT/T2-MRI 
fusion available

(CT/T2)

Having the CT/T2-MRI fusion available with 
radiologists’ prostate delineation made on the MRI 

only

(CT+CR)

A percentage of common contoured volume (CCV) was calculated for the group R on T2-MRI and for the groups E and
NE on CT, CT/MRI and CT+CR, using the following formula:

The inter-radiologists reproducibility is high in the delineation of the prostate on T2-MRI.

A CT/MRI fusion with a radiologist contour improves the delineation of any physician and the differences 
between E and NE disappeared.

A fusion without the radiologist contours decreases the quality of the delineation in NE and should not be 
used.

Regarding the prostate delineations of all the patients on the T2
MRI, there was a mean percentage of common volumes of 86 ±
5%, between the radiologists contours.

Radiologists on 
T2- MRI 84 85 90 86 85 86 ± 5

Conclusions:

Figures: Example for one patient of the prostate views at the base (fig. 1), middle
(fig. 2), at the apex (fig. 3) and coronal view. The union functions for the 3 non-
experts contours were created for each case apart:

for the dosimetric CT scan only (yellow);
for the CT/T2-MRI fusion, without the radiologists contour (blue);
for the CT/T2-MRI fusion, with the radiologists contour on the T2-MRI (red).



EVALUATION OF THE RESPIRATORY PROSTATE MOTION WITH 4D 
CT SCANS ACQUISITIONS USING THREE IMPLANTED MARKERS

Corina UDRESCU (1-2), Patrice JALADE (2), Géraldine MICHEL-AMADRY (2), Berardino DE BARI (1), Olivier CHAPET (1) 

1 - Department of Radiation Oncology, 
2 – Department of Medical Physics, 

Centre Hospitalier Lyon Sud, PIERRE BENITE, FRANCE

An important consideration for the development of stereotactic irradiation in prostate cancer is to take into account
the potential intra-fraction respiratory motion in order to design the planning target volume (PTV) and the daily
repositioning accuracy.

Purpose:

Materials and Methods:
Patients: Ten patients, with a low to intermediate risk cancer, had 3 gold markers (3mm x 1.2mm) implanted in

the prostate. All the patients were treated supine using specific immobilization.

4D Acquisitions: - A 4D scan was acquired for each patient using a General Electric LightSpeed16® CT scan,    
with slice thicknesses of 2 5 mm;

The objective of this study was to analyze and measure the respiratory prostate motion on the 10 phases of 
a 4D CT scan.

Background:

with slice thicknesses of 2.5 mm;

- Ten CT scan phases of the respiratory cycle were created using 4D Advantage®GE 
software. 

The prostate motion was measured on :
1°) a simple visual analysis of the dynamic 4D CT s can sequences.

2°) each phase of the respiratory cycle according th e following procedure :
For each CT scan phase, 2 digitally reconstructed radiographs (DRRs) were created at 0°and 90°(image p ixel  
size = 0.02 cm).
On the two DRRs, the coordinates (x, y, z) of each marker’s center were defined from the isocenter of the CT 
scans. 

The amplitude of the motion was calculated by comparing the markers’ coordinates on the 10 scans.

Results:
Figures 1 and 2. Anterior and left lateral digitally recontructed radiographs (DRRs), of one phase of a 4D CT scan 

• No difficulty was faced in defining the coordinates of the markers on each CT scan series;

• The mean values of the markers coordinates in x, y and z were respectively 1.15 (ranged from 0.4 to 2.5 cm),

1.48 (0 to 3.6 cm) and 2.26 cm (0.4 to 5.6 cm) from the CT scan isocenter;

• No prostate motion was observed on a simple visual analysis of the dynamic 4D CT scan sequences;

• With a more specific analysis on the DRR, using the fiducials’ coordinates on each of the ten respiratory

phases, the prostate motion remained below 1 mm in left-right and anterior-posterior directions, for all the

patients;

• In the cranio-caudal direction the prostate motion remained undetectable, thereby below the slice thickness of

2.5 mm.

Even if important prostate displacement can occur during the prostate treatment due to the 
bladder or rectum filling, in our study we didn’t observe any motion of the prostate, linked to 

the respiration. 

Taking into consideration the slice thickness of the CT scan (2.5 mm), our study shows that 
the prostate motion with the respiration, if present, remains always below 2.5 mm.

Results:

Conclusions:



Appendix 4 

- Abstract and poster at the 52nd Annual ASTRO Meeting (October 31 – 
November 4, 2010) in San Diego; 
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M. Ishikawa1, S. Yamaguchi1, S. Tanabe1, G. Bengua2, K. Sutherland1, R. Suzuki2, N. Miyamoto1, K. Nishijima1, N. Katoh1,

H. Shirato1

1Graduate School of Medicine, Sapporo 060-8638, Japan, 2Department of Medical Physics, Hokkaido University Hospital,
Sapporo 060-8648, Japan

Purpose/Objective(s):Molecular imaging is an important modality for recognizing tumor location. If a planar molecular-image of
the tumor can be taken during patient setup verification in radiotherapy, it may be possible to accurately confirm that the irradiation
field adequately covers the tumor. We will report the results of our feasibility study on a PET-Linac system for patient setup ver-
ification using a parallel-plane PET configuration.

Materials/Methods:We assumed that the parallel-plane PET system consisted of a pair of position sensitive scintillation detector
array placed 60 cm away from each other. Each detector array is equipped with 11,664 GSO scintillator crystals (2.5 x 2.5 x 25
mm3). Monte Carlo simulations using Geant4 were performed on a simple geometry for patient setup verification. A 24 cm x
24 cm cylindrical water phantom embedded with four spherical 18F gamma-ray sources (25 kBq/cc) having diameters of 8, 16,
24, 32 mm was placed in between the plane detector arrays. The background gamma rays in the water phantom were varied by
assuming contrast ratios relative to the tumor of 1:50, 1:20, 1:10, and 1:5. Acquisition time was assumed to be 60 seconds, and
the planar image was reconstructed using an ML-EM algorithm. To evaluate the feasibility of molecular-imaging based setup ver-
ification, 3 observers were asked to determine the setup displacements using in-house software which allowed the co-registration of
the original image and reconstructed image.

Results:The average discrepancies at higher contrast (e.g., 1:50) were less than 1.46mm for all spherical-source diameters. Even at
low contrast (e.g., 1:5), average discrepancies were less than 1.20mm for the spherical sources with diameters larger than 16mm. It
means that accurate patient setup can be done independent of the contrast. Recognition of the 8 mm spherical source was difficult at
lower contrast, however, setting the contrast higher than 1:20 resulted a discrepancy of less than 1.15 mm.

Conclusions: Conceptual design of parallel-plane PET system was considered for the initial patient setup verification in radiation
therapy. From the Monte Carlo simulations performed for a simple geometry, molecular-imaging based patient setup verification
was found to be feasible up to an accuracy of about 1.5 mm.Moreover, spatial resolution was judged as sufficient for verifying that
the irradiation field adequately covers the tumor.

Author Disclosure: M. Ishikawa, None; S. Yamaguchi, None; S. Tanabe, None; G. Bengua, None; K. Sutherland, None; R. Suzuki,
None; N. Miyamoto, None; K. Nishijima, None; N. Katoh, None; H. Shirato, None.

3052 Evaluation of Implanted Gold Markers Migration during Irradiation of Prostate Cancer

C. M. Udrescu1,2, P. Jalade2, B. De Bari1, O. Rouviere3, A. Ruffion4, G. Michel-Amadry2, O. Chapet1

1Department of Radiation Oncology, Centre Hospitalier Lyon Sud, Lyon, France, 2Department of Medical Physics, Centre
Hospitalier Lyon Sud, Lyon, France, 3Department of Urological Radiology, Hopital Edouard Herriot, Lyon, France,
4Department of Urology, Centre Hospitalier Lyon Sud, Lyon, France

Purpose/Objective(s): In order to improve the prostate localization, gold markers are frequently implanted into the organ before
the beginning of an external beam irradiation treatment. However, the accuracy of the prostate repositioning may depend on the
potential migration of the markers during the course of irradiation. The purpose of this work was to analyze if the gold markers
could migrate between the first and last session of irradiation.

Materials/Methods: Ten patients were treated for a low or intermediate risk prostate cancer at the dose of 74 Gy to 76 Gy in 37 to
38 fractions, 3 of them receiving 6 months of androgen deprivation. Three gold markers were implanted in the prostate by an urol-
ogist surgeon or a radiologist: at the base (M1), laterally (M2) and apex (M3). The markers were 3 mm long and 1.2 mm thickness.
Two kV images (pixel size of the image = 0.02 cm) were acquired every day at 0� and 90� for the prostate repositioning. The co-
ordinates of the middles of the markersM1 andM2were daily measured on the two kV images on x, y and z axes, from the center of
the third marker (M3) taken as reference for all the fractions and patients (coordinates: 0, 0, 0). The distances between the markers
were extrapolated from the coordinates by the formula: Dij = square root of [(xj-xi)

2+(yj-yi)
2+(zj-zi)

2]. The initial mean distance
value between two markers was calculated from the distances measured on the first five kV pairs. The final mean distance value
was calculated from the last five kV pairs. For each patient apart, a mean variation of distance between two markers, during the
course of irradiation, was thereby obtained by subtraction of the final mean value from the initial one.

Results:Atotal number of 1062distanceswere calculated for all thepatients and all themarker pairs.A small reductionof the distances
between the three markers were noted for all the patients with a mean SD of 0.65 mm (0.23-1.25). No increased distances were seen.
Between the first five and the last five measurements, the mean variation of distance between 2 seeds was 1.1 mm, with a minimum of
0 mm and a maximum value of 3.3 mm. This distance variations between 2 seeds was\1 mm, 1 to 2 mm, 2 to 3 mm and .3 mm
respectively in 50%, 33.3%, 10%, and 6% of all the measurements (10 pts x 3 distances). The average reductions of distance between
the twomarkersM1M2,M2M3, andM1M3were 1.26mm(0.2- 3.3mm), 1.26mm(0-3.1mm) and1.25mm(0.4- 3mm), respectively.

Conclusions: The constant reduction of the distances between the 3 markers is more likely in favor of a reduction of the prostate
volume during irradiation than a migration of the makers. This reduction of distances remained very low and should not affect the
accuracy of the prostate repositioning.

Author Disclosure: C.M. Udrescu, None; P. Jalade, None; B. De Bari, None; O. Rouviere, None; A. Ruffion, None; G. Michel-
Amadry, None; O. Chapet, None.

3053 The Influence of an Endorectal Balloon on Intrafraction Prostate Motion

R. Smeenk1, R. J. W. Louwe1, K. M. Langen2, A. P. Shah2, P. A. Kupelian2, E. N. J. T. van Lin1, J. H. A. M. Kaanders1

1Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands, 2M.D. Anderson Cancer Center Orlando, Orlando, FL

Purpose/Objective(s): To investigate the prostate immobilizing properties of an endorectal balloon (ERB) during prostate IMRT.
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EVALUATION OF IMPLANTED GOLD MARKERS MIGRATION DURING IRRADIATION OF 
PROSTATE CANCER

Corina UDRESCU (1-2), Patrice JALADE (2), Berardino DE BARI (1), Olivier ROUVIERE (3), Alain RUFFION (4), 
Géraldine MICHEL-AMADRY (2), Olivier CHAPET (1) 

1 -Department of Radiation Oncology, 2 –Department of Medical Physics, EA3738, Centre Hospitalier Lyon Sud, PIERRE BENITE, FRANCE
3 – Department of Urologic Radiology, Hôpital Edouard Herriot, LYON, FRANCE

4 – Department of Urology, Centre Hospitalier Lyon Sud, PIERRE BENITE, FRANCE

Purpose:

Materials and Methods:

Ten patients were treated for a low or intermediate risk prostate cancer at the
dose of 74Gy to 76Gy in 37 to 38 fractions, 5 of them receiving 6 months of
androgen deprivation.

Three gold markers were implanted in the prostate by an urologist surgeon
or a radiologist: at the base (M1), laterally (M2) and apex (M3). The markers
were 3 mm long and 1.2 mm thickness.

All the patients were treated supine using specific immobilization.

Two kV images (pixel size of the image = 0.02 cm) were acquired every day at 0°and 90°for
the prostate repositioning.

The coordinates of the middles of the markers M1 and M2 were daily measured on the two
kV images on x, y and z axes, from the center of the third marker (M3) taken as reference for
all the fractions and patients (coordinates: 0,0,0).

The distances between the markers were extrapolated from the coordinates by the formula:

Dij = square root of [(xj-xi)2+(yj-yi)2+(zj-zi)2

Background:
The development of new techniques for prostate irradiation such as intensity modulation, hypo-fractionation or stereotactic schema demands a high level of accuracy in prostate
localization. Intra-prostatic gold markers are recommended to be implanted into the prostate for a better daily repositioning before and also during the irradiation:

Improving the prostate localization

Allowing a reduction of the Planning Target Volume (PTV)

The accuracy of the prostate repositioning might be affected by a potential migration of the markers during the course of irradiation.

The purpose of this study was to evaluate if the intra-prostatic gold fiducials could migrate during the radiotherapy course, using daily OBI- kV control images. 
This method will estimate also if this migration will affect the prostate repositioning accuracy.

Patients: kV- Acquisitions:

A mean variation of the distance between the markers (from the first to the last fraction) was
calculated for all the measurements.

For each patient apart, a general variation of the distance between two markers, during the course
of irradiation, was thereby obtained by subtraction of the final distance value (at the end of the
treatment) from the initial one (at the beginning of the treatment)

Analysis:

758 images were acquired for this study and 708/758 images were
available for analysis, corresponding to 354 pairs of kV images (50 images
couldn’t be evaluated due to technical problems);

Only reductions of distances between two markers were observed and no
increased distances were measured.

The constant reduction of the distances between the 3 markers is more likely in favour of a reduction of the prostate volume during irradiation than a migration of the makers. 

This reduction of distances remained very low and did not affect the accuracy of the prostate repositioning, a very important aspect especially for the hypo-fractionation, IMRT 
and/or stereotactic body radiation therapy (SBRT).

In our department we will continue to use this repositioning method, reducing the PTV margins around the prostate for the standard IMRT treatments, hypo-fractionated 
radiotherapy and SBRT.

Results:

Conclusions:

treatment) from the initial one (at the beginning of the treatment).
The initial value (at the beginning of the treatment) of the distance between two markers was

obtained by calculating the mean of the distances measured on the first 5 kV pairs.
The final value (at the end of the treatment) of the distances between two markers was obtained by

calculating the mean of the distances measured on the last 5 kV pairs.Figure 1 and 2. Example of an anterior and left lateral OBI kV images. The M3 marker was chosen
as reference (x, y, z) = (0, 0, 0) for all the images. The x and z coordinates of the other two markers
were measured on the anterior acquisition and the y coordinates on the left lateral acquisition.

General analysis of distance variations (dvar) between markers on all kV images:
676 dvar remained below 1 mm;
an increase of distance equal or above 1 mm was observed on 102 dvar, but did not exceed 2,7 mm;
a decrease of distance equal or superior to 1 mm was noted on 254 dvar, where the maximum value

was of 3.7 mm.

Analysis of the Dvar (from the first 5 to the 5 last measurements):
For all the patients, the Dvar values between two seeds are presented in the Table 1.
The mean variation of all the distances between two seeds was 1.26 mm, with a minimum of 0.03 mm and a maximum value of 3.3 mm.
The average reductions of distances between two markers apart, M1M2, M2M3 and M1M3 were 1.26 mm [0.2– 3.3 mm], 1.26 mm

[0.03- 3.1 mm] and respectively 1.25 mm [0.4- 3 mm].
The distance variations were < 1 mm, 1 to 2 mm, 2 to 3 mm and > 3 mm in 50%, 33.3%, 10% and 6% of cases, respectively. It means

that no variation greater than 4 mm was present in any direction (antero-posterior, superior-inferior or left-right).

Figure 3. Example of distance variation between two gold markers
(in mm) for one patient.

Impact of Hormonotherapy:
In this study, five patients received a neo- adjuvant hormone-therapy during 6

months.
These patients had a total number of 15 Dvar values, where only four were

greater than 2.5 mm and did not exceed 3.1 mm.
A plot for one patient M1M2 distance values is presented in Figure 3.
The reduction of the distance between two markers was observed even in the

absence of the hormone-therapy.

Patient M1M2 M2M3 M3M1

1 - 3.3 - 1.9 - 0.7 

2 - 0.4 0.03 - 0.4 

3 - 1.3 - 1.6 - 1.3 

4 - 1.5 - 3.1 - 2.9 

5 - 1.6 - 0.2 - 1.1

6 0.9 - 0.3 0.5 

7 - 1.5 - 2.9 - 3.0 

8 - 1.0 - 1.0 - 0.8 

9 0.2 - 1.2 - 0.7 

10 - 0.9 - 0.4 - 1.1 

Average variation - 1.26 - 1.26 - 1.25 

Minimum values - 0.2 - 0.03 - 0.4 

Maximum values - 3.3 - 3.1 - 3.0 

Table 1. Dvar values (first 5 vs last 5 kV images)
between two markers. All values are in mm.



Appendix 5 

- A protocol for the quality control of the On Board Imager (OBI®, Varian 
Medical Systems) initiated at Lyon Sud Hospital, France. 
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Fantômes nécessaires pour le contrôle de qualité de l’OBI

ID Nom du fantome Description Photos 

123546 Catphan 504 Contrôle de Qualité des 
images CBCT 

123546 Phantom 2 – Las Vegas Test pour la qualité de 
l’image PV 

123546 PCB Blade Calibration (La Plaque 
Vert)

Détermination du Pixel 
Central du kVD a l’OBI et 
contrôle des mâchoires du 

kVS 

123546 Isocentre Cube Assy 5 cm (2 mm 
ball) 

Précision du 
positionnement de 

l’isocentre de l’OBI et de 
l’isocentre MV lors de la 

rotation du Bras 

123546 18FG Leeds Test Objects (CQ XRay) Contrôle de Qualité des 
images kV de l’OBI 

123546 Marquer – Block
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I. Protocole pour une acquisition CBCT (Cone Beam CT)

Fantôme utilise : Catphan 504

Paramètres de positionnement: positionnement par les lasers 
  Table : Lat = ; Lng = cm ; Vert = cm 
  Epaisseur de coupe : 2.5 mm 
     Field of View: 25 cm
      Mode: High Quality Head 
     Filtre : Full Fan 

Centrage du fantôme Catphan 504 :

1. Positionnez la boite en bois du fantôme 
Catphan sur la table de traitement. Celle-ci 
doit être ouverte de façon à ce qu’elle ne 
bascule pas lors que on accroche le fantôme 
comme le montre la figure 1 (le couvercle 
ouvert agit comme un contrepoids). 

2. Assurez-vous de placer le fantôme en 
débord de la table (la table ne doit pas 
interférée dans l’image.  

3. Utiliser un niveau à Bulle, sur la longueur 
du fantôme, pour aligner celui-ci 
horizontalement. 

4. Centrer le Catphan en utilisant les lasers et les marques d'alignement qui se trouve sur 
le fantôme (point blanc que l’on voit sur la Figure 1). 

5. Acquérir une acquisition CBCT et effectuer les contrôles suivants: 

a. Reproductibilité HU (CTP404) : Résolution en densité pour des tensions de 80kV, 100kV et 
120 kV:  

1. Sélectionnez l'image d’une coupe (figure 2) qui permet le 
contrôle de la résolution en densité, à l'aide du Page Up / 
Down.  

2. Utilisez la fonction Tools-Measure-Histogram pour faire un 
carrée dans chaque substance homogène. Assurez-vous que 
le carrée ne dépasse pas le bord de la substance à mesurer.  

3. Relever les mesures en unité Hounsfield (HU) dans le 
tableau 1 de la feuille de résultats. On contrôlera notamment 
qu’aucune dérive significative n’est notée par rapport à la 
valeur de référence relevée à l’acceptance de l’OBI.  
Par exemple, un Scanner en mode « Head » avec le 
filtre « Bow Tie », doit donner pour une région remplie d’air 
une valeur HU de -1000 ± 40. 

4. Répétez les étapes ci-dessus pour les 3 tensions du tube. 
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Tableau 1 : Résolution en densité. 

Matériel 
HU Moyenne 

attendue Localisation 
HU Mesure 

Tolérance Résultats 
80 kV 100 kV 120 kV 

Air -1000 12 heures    < | 40 HU | P  /  F 

PMP -200 11 heures    < | 40 HU | P  /  F 

LDPE -100 9 heures    < | 40 HU | P  /  F 

Polystyrène -35 7 heures    < | 40 HU | P  /  F 

Acrylique 120 5 heures    < | 40 HU | P  /  F 

Delrin 340 3 heures    < | 40 HU | P  /  F 

Téflon 990 1 heure    < | 40 HU | P  /  F 

b. Test pour la Résolution à Bas Contraste (CTP515) :

Le test pour la résolution à bas contraste sera effectué pour 
vérifier la capacité de visualiser des objets à bas contraste. Vous 
devriez voir au moins l'un des objets de contraste 1%. 

c. Test pour la Résolution à Haut Contraste (CTP528) :
1. Le test pour la résolution à haut contraste sera effectué pour 
vérifier la résolution spatiale. Il mesure le nombre de paires de 
lignes (line pairs) par mm.  
2. Avec le Full Fan, nous devrions pouvoir compter 7 paires de 
lignes par mm. 
3. Avec le Half Fan, nous devrions pouvoir compter 6 paires de 
lignes par mm. 
4. Si les paires de lignes sont floues, il faut refaire la calibration 
géométrique. 
5. Notez les repères discernables  dans la feuille de résultats. 

Rm : Si la résolution à haut contraste n’est pas bonne (paires de 
lignes floues), une calibration géométrique et / ou une calibration du bras doivent être 
effectuées.  
Si le problème n’est pas résolu par une nouvelle calibration, informer le SAV Varian. 
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d. Uniformité HU (CTP486) :
1. Sélectionnez la coupe du Catphan 486 qui affiche le module 
Uniformité HU ; 
2. Utilisez la fonction Tools-Measure-Histogram pour faire un 
carrée dans la substance homogène, pour chaque position : 
centre, haut, droit, gauche et en bas.  
3. Relever les mesures en unité Hounsfield (HU) dans le tableau 
2 de la feuille de résultats. On contrôlera notamment qu’aucune 
dérive significative n’est notée par rapport à la valeur de 
référence relevée à l’acceptance de l’OBI.  
4. Par exemple, un Scanner en mode « Head » avec le 
filtre « Bow Tie », doit donner pour une région remplie d’air une 
valeur HU de -1000 ± 40. 
5. Répétez les étapes ci-dessus pour les 3 tensions du tube. 

Tableau 2. Uniformité HU : 
Position du ROI  Centre Haut Droit Gauche Bas 

Mesure HU 
(pour chaque 

tension du tube) 

80 kV      
100 kV      
120 kV      

Tolérance <| 40 HU | < | 40 HU | < | 40 HU | < | 40 HU | < | 40 HU | 
Résultats P   /   F P   /   F P   /   F P   /   F P   /   F 

e. Contrôle de la linéarité :

1. Sélectionnez la coupe qui affiche le module Linéarité 
spatiale, à l'aide du Page Up / Down. 

2. Vérifiez la distance, en mesurant les distances entre les 
trous de vérification, situés dans le fantôme Catphan, en 
utilisant la fonction pour la mesure de distance (Measure-
Distance). Les mesures doivent s'inscrire dans une 
précision de 1% de la distance réelle. 

3. Notez les valeurs dans le tableau 3 de la feuille de résultats. 

Tableau 3: Linéarité spatiale. 
Dimensions du 
carré formé par 

les cylindres 
Haut Droit Gauche Bas 

Longueur 
Mesure     

Longueur 
attendue 5.0 cm 5.0 cm 5.0 cm 5.0 cm 

Tolérance  0.2 cm  0.2 cm  0.2 cm  0.2 cm 
Résultats P   /   F P   /   F P   /   F P   /   F 
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f. Epaisseur de Coupe (CTP404).
1. On mesure l’image d’une rampe qui fait un angle de 23° 
par rapport à l’axe z. (épaisseur de coupe). L’image 
obtenue est la projection suivant x (barre horizontale) ou 
suivant y (barre verticale) de la rampe. Cette image 
projetée correspond au cosinus de l’angle de la rampe avec 
x ou y. 
2. L’épaisseur de coupe correspond à la projection de la 
rampe suivant l’axe z, ce qui représente le sinus de l’angle 
de la rampe avec l’axe z. 
3. Au final la relation entre l’épaisseur de coupe et l’image 
observée est donc tg 23° =0.42. 
4. Soit épaisseur de coupe= mesure x 0.42. 

Tableau 4. Epaisseur de Coupe. 
Position du fil Haut Droit Gauche Bas 

Epaisseur de coupe 
(mm) 2.5 2.5 2.5 2.5 

Mesure attendue 
(=épaisseur / 0.42) 5.95 mm 5.95 mm 5.95 mm 5.95 mm 

Mesure (mm)     
Tolérance de la 

Mesure 5.65 – 6.25 mm 5.65 – 6.25 mm 5.65 – 6.25 mm 5.65 – 6.25 mm 

Résultats P   /   F P   /   F P   /   F P   /   F 

II. Tests du déplacement du Bras de Détecteur pendant le mouvement Vertical

Position Verticale départ/ final Position 
Verticale 

Déplacement 
Long 

Déplacement 
Lat. 

Valeur Mesure KVD à  
(-50, 0, 0) 

   
Valeur Attendu  48.2 +/- 0.2 cm  0.2 cm  0.2 cm 

Résultats P  /  F P  /  F P  /  F 
Valeur Mesure KVD à  

(-30, 0, 0) 
   

Valeur Attendu 28.2 +/- 0.2 cm  0.2 cm  0.2 cm 
Résultats P  /  F P  /  F P  /  F 

Test Mécanique
Valeur 
Attendu 
(cm) 

Valeur 
Mesure 

(cm)

Différence 
(cm) Spécification P  /   F 

Distance KVS avec le Bras à 270 et 
KVS à (100, 0,0) 85.2    0.2 cm

Distance KVD avec le Bras à 90 et 
KVD et (50, 0,0) 48.2    0.2 cm
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III. Protocole contrôle qualité pour la précision du positionnement de 
l’isocentre de l’OBI et de l’isocentre MV lors de la rotation du bras

Fantôme utilise : Cube 5cm

Paramètres de positionnement: Placer le mylar en T afin que « la barre du T » soit coté pied 
         Ecarter les rails de la table afin qu’il ne soient pas dans l’image.

    Utiliser la barre de contention en F2H2  
Centrage du cube par les lasers 
DSP : 97.5 cm sur la croix noire au centre du cube 
Champ : 7 x 7 cm 
Table : Lat = 0 ; Lng = 116.7 cm ; Vrt = 2.5 cm ; 
Pour MV : Valeur Bras = Bras ; 
Pour KV : Valeur Bras = Valeur KVS (kV Source) ; 
For kV images : KVD = 40 cm ; 
KVS : kV = 40 ; mA = 25 ; mS = 4 ; 

Contrôles:

a.) Pour la détermination de la précision du 
positionnement de l’isocentre de l’OBI et de l’isocentre 
MV, on va acquérir des images MV et KV pour les 
positions suivantes du Bras et du KVS :   

1.) Acquisition MV180: MVS = 180 
2.) Acquisition kV90: B = 180 ; kVS = 90 
3.) Acquisition kV0: B = 90 ; kVS = 0 
4.) Acquisition MV90: MVS=90 
5.) Acquisition kV270: B = 0 ; kVS = 270 
6.) Acquisition MV0: MVS = 0 
7.) Acquisition kV180: B = 270 ; kVS = 180 
8.) Acquisition MV270: MVS = 270 

b.) Centrer la croix verte dans le centre de la bille et 
regardez en bas les décalages, entre la croix rouge qui 
représente le centre de l’image et la croix verte que l’on 
place au centre de la bille. 

c.) Les valeurs en bas de l’écran représente le décalage 
entre l’axe de l’image kV ou MV et l’isocentre de 
l’accélérateur matérialisé par les lasers. Il est donc 
important de s’assurer auparavant par un contrôle 
mécanique que les lasers qui ont servis au centrage du 
cube soient correctement positionnés à l’isocentre de 
l’accélérateur. 
On notera les valeurs dans le tableau 5, de la feuille de résultats. 



CENTRE HOSPITALIER LYON SUD RADIOTHERAPIE-PHYSIQUE MEDICALE UF 36422
MODE OPERATOIRE Codification : Date révision : 01/04/2010

Indice révision : a 
Contrôle qualité de l’OBI Fiche : Page : 7/9 

Destinataires :  
Rédaction : Corina Udrescu Validation: Géraldine Michel- Amadry Approbation : P JALADE
Date :    19/03/2009 Date : 20/03/2009 Date :   20/03/2009
Nom-visa :   Nom-visa :   Nom-visa :   

d.) La tolérance est de +/- 2 mm. 

S/I =____________  S/I=___________ S/I=___________  S/I=___________ 
G/D=____________ A/P=__________  D/G=__________ A/P=___________ 

S/I=_____________ S/I=__________ S/I=__________ S/I=___________ 
P/A=____________ D/G=_________ G/D=_________ P/A=__________ 

Tolérance: +/- 2 mm   Résultats: P  /  F 

Tableau 5. Décalage  

Acquisition Décalage (mm) Tolérance D-G (x) A-P (y) S-I (z) 
MVS = 180    ± 2 mm 
kVS = 90    ± 2 mm 
kVS = 0    ± 2 mm 
MVS = 90    ± 2 mm 
kVS = 270    ± 2 mm 
MVS = 0    ± 2 mm 
kVS = 180    ± 2 mm 
MVS = 270    ± 2 mm 
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IV. Protocole – test pour le contrôle de positionnement du kVD

Fantôme utilise: La Plaque Vert     
Protocole Eclipse : 
Plan :  
Paramètres de positionnement:  Contention : F3H3 
     DSP : 100 cm sur la plaque 
     Set Up par les lasers 
     kVS : kV= 40, mA= 25, mS= 4 
  Table : Lat = 0 ; Lng = 125,3 cm ; Vrt = 0.1 cm 
  B = kVS = 0° 
  Position des mâchoires : 10 cm pour chaque mâchoire
      kVD = 40 cm, kVD = 50 cm, kVD = 60 cm, kVD = 80 cm 
Contrôles:

1. Placez la plaque verte sur la table en respectant tout les 
paramètres de positionnement. 

2. Acquérir l’image kV pour les différentes positions du 
kVD (40, 50, 60 et 80 cm) 

3. Notez les décalages affichée en bas d’écran en déplacent 
la croix vert dans le centre de la plaque. 

4. Mesurez à l’aide des repères de la plaque les dimensions 
du carré de 10 cm de coté. 

Résultats (P / F) Pixel Central Mâchoire Y1 Mâchoire Y2 Mâchoire X1 Mâchoire X2 
KVD = 40 cm      
KVD = 50 cm    
KVD = 60 cm      
KVD = 80 cm      
Spécification + / - 1 mm + / -  2.5 mm + / -  2.5 mm + / -  2.5 mm + / -  2.5 mm 

V. Protocole – test pour le contrôle des mâchoires

Fantôme utilise: La Plaque Vert     
Plan :  
Paramètres de positionnement:  Contention : F3H3 
        DSP : 100 cm sur la plaque 
        Set Up par les lasers 
        kVD = 40 cm ; kVS : kV= 40, mA= 25, mS= 4 
     Table : Lat = 0 ; Lng = 125,3 cm ; Vrt = 0.1 cm 
     B = kVS = 0° 
     Position des mâchoires : 

• P1 = 10 cm pour chaque mâchoire 
• P2 = 20 cm pour chaque mâchoire 
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Contrôles:
1. Placez la plaque verte sur la table en respectant tout les 

paramètres de positionnement. 
2. Acquérir l’image kV pour une position de kVD = 40 cm et 

pour chaque position de mâchoire (10 cm et 20 cm). 
3. Mesurez chaque mâchoire avec une tolérance de +/- 2.5 

mm. 

Résultats (P / F) Pixel Central Mâchoire Y1 Mâchoire Y2 Mâchoire X1 Mâchoire X2 

P1 = 10 cm      

P2 = 20 cm    
Spécification + / - 1 mm + / -  2.5 mm + / -  2.5 mm + / -  2.5 mm + / -  2.5 mm 

VI. Test pour l’agrandissement

Fantôme utilise: La Plaque Vert     
Plan :  
Paramètres de positionnement:  Contention : F3H3 
        DSP : 100 cm sur la plaque 
        Set Up par les lasers 
        kVD = 40 cm ; kVS : kV= 40, mA= 25, mS= 4 
     Table : Lat = 0 ; Lng = 125,3 cm ; Vrt = 0.1 cm 
     B = kVS = 0°  
Contrôles:

1. Placez la plaque verte sur la table en respectant tout les 
paramètres de positionnement. 

2. Placez le conne d’électron sur la première plaque et puis 
la deuxième plaque alignée aussi par les lasers. 

3. Acquérir l’image kV pour une position de kVD = 40 cm.  
4. Vérifiez que les deux centres des plaques se superposent. 
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VII. Protocole – Test de Leeds (pour la qualité de l’image KV)

Fantôme utilise: Leeds Test     
Plan :  
Paramètres de positionnement:  Le fantôme est placé sur le kVD.  
     Le filtre Cooper est positionne sur le fantôme  
     kVD = 40 cm ; kVS : kV= 40, mA= 25, mS= 4 
     « ABC » activé pour le mode Flouro 
  B = kVS = 0° 
Contrôles:
1. Acquérir des images kV pour différentes positions du kVD (40, 50, 60, 80) et 
pour chaque mode (radiographique ou flouro). 
2. Le mode radiographique : pour la résolution spatiale on doit voir en moins 10 
repères et pour le contraste résolution 12 disques.  
3. Le mode flouro : pour la résolution spatiale on doit voir en moins 8 repère et 
pour le contraste résolution 11 disques.  

 Mode Radiographique Mode Flouro 
kVD cm 40 50 60 80 40 50 60 80 

Résultats résolution Spatiale         
Spécification > 10eme repère > 8eme repère 

Test Contraste Résolution         
Spécification > 12 disque > 11 disque 

Résultats P  /  F P  /  F 

VIII. Protocole – test pour la qualité de l’image MV

Fantôme utilise: Las Vegas (Phantom 2) 
Protocole Eclipse : 
Plan :  

Paramètres de positionnement:  Contention : F2H2  
        DSP = 100 cm sur la croix du fantôme  
        Set Up par les lasers 
        Champ : 20 x 20 cm 
     Table : Lat = 0 ; Lng = 120,3 cm ; Rot = 0 ; Vert = 1,9 cm 
     Tourner la table et vérifier les  
        B = 0 ; MV [50, 0, 0]
        Débit de dose = 100 UM/min ; X6 
                   Double exposition avant sauvegarde  
Contrôles:
1. Placez le fantôme sur la table en respectant tous les paramètres pour le set up. 
2. Acquérir une image portale du fantôme et effectuer les contrôles suivants :  

a.) Indique avec une croix sur le formulaire, le numéro des repères circulaires visibles sur 
l’image, pour chaque ligne.  

b.) Pour chaque énergie, respectez les spécifications dans la figure en bas.  
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IX. Contrôle qualité de l’imageur portale (Bruit et homogénéité)

1. Acquisition d’images portales 
- Avant l’irradiation cliquer sur Maintenance puis Acquire Image

Conditions d’irradiation :
Distance source- détecteur : 140 cm 
Champ 27 x 20 cm2 cassette entière 
Nombre d’UM délivrés : 1 
Energie 6 MV et débit de dose 100 UM/ min 

- Pour ce contrôle, la table ne doit pas être interposée entre la source et le détecteur ; 
- Procéder à l’irradiation de la cassette entière 27x20 cm2 ; l’image apparaît 

(Remarque : on peut régler le contraste de l’image avec l’icône    ) 
- Pour analyser les images aller dans : 

C:Programs/Files/Varian/Oncology/Treatment/AM/Images 
- Pour évaluer le bruit et l’homogénéité, on délimite des zones d’intérêt ou ROI (1 

centrale, 4 périphériques et 2 comprenant la quasi-totalité de la matrice) 
- Remplir le tableau n°1. 

Tolérance pour l’homogénéité : ± 5% 
Bruit : ne doit pas dépasser la tolérance fixée par le fabricant par rapport au contrôle initial. 

ROI X Y DX DY Min Max Moy DS Homogénéité Bruit 
Haut gauche 800 100 100 100       
Bas gauche 800 550 100 100       
Centre 460 330 100 100       
Haut droite 120 100 100 100       
Bas droite 100 550 100 100       
Vertical 250 200 1 300       
Horizontal 250 200 450 1       
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for radiotherapy have received the marker implant in different body regions (lung, liver, breast, cervix, prostate, pancreas and other
sites in abdomen) using ultrasound or CT-guidance without need for anesthetics. The shape of the marker can be adjusted into
a single clump, a clump with a string, a clump-string-clump form, or a string alone. Once implanted, the marker is visible with
kilo voltage imaging.

Results: An evaluation of the marker implantation procedure, safety, x-ray visualization, and positioning movements during the
therapy period will be presented.

Conclusions: Increasingly, we must be certain of exact localization of tumor targets by using markers in IGRT. The fine-needle
marker presented here allows implantation into almost any tumor with minimal risks of internal bleeding or infection and can be
implanted safely and precisely using guidance with ultrasound or CT. The Gold Anchor� is developed for visualization with kilo
voltage equipment during radiotherapy.

Author Disclosure: I. Naslund, Owner of Naslund Medical, E. Ownership Interest; P. Wersall, None; E. Castellanos, None; C. Be-
skow, None; S. Nyrén, None.

2954 The Exactrac Snap Verification (SV), a New Tool for Ensuring the Quality Control for Stereotactic Body
Radiation Therapy (SBRT)

C. M. Udrescu1, O. Chapet1, B. de Bari1, G. Michel-Amadry2, F. Mornex1

1Department of Radiation Oncology, Centre Hospitalier Lyon Sud, Pierre Benite, France, 2Department of Medical Physics,
Centre Hospitalier Lyon Sud, Pierre Benite, France

Purpose/Objective(s): The intra-fraction patient (pt) imaging and verification provided by ExacTrac SV allows tracking possible
isocenter displacement within the pt throughout treatment by SBRT and realignment during the treatment. The purpose of this study
was (1) to measure the intra-fraction variations of isocenter position, (2) to study the amplitude of variation function of the fraction
duration and (3) to evaluate the impact of the table movement on pt positioning, using SV.

Materials/Methods: ExacTrac SV uses X-ray real-time images acquired at any moment during treatment delivery or between
fields to instantly detect and visualize isocenter displacement (beam on or off). The displacement can be measured using the
fusion of the bony structures or the implanted markers with the DRRs. A tolerance margin indicates if a patient setup cor-
rection is needed or not. We already evaluated 5 pts who were treated with the ExacTrac X-ray 6D, for T1-T2 lung (4 pts) or
liver (1 pt) tumors, using SBRT (mean treatment fields number = 9). The pts had a SV at each fraction, before each treatment
beam. Finally, 477 beams were verified with a measure of the isocenter displacement. The time from the pt installation on the
table to each SV was systematically noted. Three ‘‘SV time’’ groups were identified: SV performed at less than 10 minutes
(group 1 = 36 beams), between 11 and 20 minutes (group 2 = 255 beams) and more than 21 minutes (group 3 =186 beams),
after patient setup.

Results: The mean isocenter deviation for all the beams and all the fractions was 2.37 mm. The total mean time of one fraction was
22 minutes [9- 36 minutes]. The mean deviations were 1.8mm [1 - 8], 2.12mm [0 - 8] and 2.7mm [0 - 8] for group 1, 2 and 3,
respectively. For the same groups, the percentages of deviation $ 3 mm were 2.6% (1/36), 20% (51/255) and 25% (46/186)
and the percentage of deviation $ 5 mm were 5.2% (2/36), 4% (10/255) and 14% (26/186) respectively. In 3 pts, a table rotation
was necessary. The mean isocenter deviations increased from 1.92mm before table rotation (178 beams) to 2.88mm for the first
beam treated after rotation (35 beams). Pain, cough, or talk may explain the observed deviations in a few situations.

Conclusions: SV allows detecting isocenter deviations, which increase in amplitude and frequency with the fraction duration. It
makes possible and highly suitable the intra-fraction verification for the SBRT, taking in account clinical condition and technical
issues. With high-quality images at low X-ray doses, SV gives an accurate targeting from the beginning to the end of each fraction,
inducing confidence to escalate the dose. SV appears to be an important tool for ensuring the quality control for SBRT. At the time
of the meeting, results for more patients treated for lung, liver and prostate cancers will be available.

Author Disclosure: C.M. Udrescu, None; O. Chapet, None; B. de Bari, None; G. Michel-Amadry, None; F. Mornex, None.

2955 Favorable IMRT Experience Treating Obese Prostate Cancer Patients in the Prone Position using
Electromagnetic Tracking and a ‘‘Belly Board’’

M. D. Logsdon, J. K. Bareng, L. Olson, A. Ryan, S. W. Lee

Radiological Associates of Sacramento, Sacramento, CA

Purpose/Objective(s): We sought to extend the use of electromagnetic localization and tracking technology (Calypso Medical
Technologies, Seattle, WA) to obese men with large anterior-posterior (AP) separations who would otherwise not be eligible to
have their prostate localized and/or tracked if they were treated in a supine position.

Materials/Methods: Four patients of large girth (weights 189-326 lbs) were treated. The A-P dimensions of these patients pre-
cluded electromagnetic localization and tracking when they were in a supine position. This is due to the specifications of the track-
ing system, which limits the maximum distance from the array to the transponders to prevent gantry collision. These patients were
placed in the prone position for both the treatment planning CT as well as daily radiation treatments. The first patient was treated on
a solid slab of Styrofoam. In an attempt to minimize prostate motion caused by respiration, the remaining three patients were treated
on a conventional ‘‘belly board.’’ PTV prescription doses ranged from 77.4-79.2 Gy. Tracking limits were set to 5 mm for all di-
mensions except for 4 mm posterior.

Results: Localization and tracking were accomplished successfully for all 173 fractions. The tracking logs for all patients demon-
strated patterns of prostate motion attributable to breathing, predominantly in the AP axis with lesser effect along the superior-in-
ferior (SI) axis and no effect on the lateral axis. For the first patient, the excursions due to respiratory motion were typically ± 1 mm
in the SI axis and ± 2 mm in the AP axis. When a ‘‘belly board’’ was used for the subsequent 3 patients, the excursions were de-
creased and were typically ± 0.5 mm in the SI axis and ± 1 mm in the AP axis. Beam pauses and/or interruptions for patient re-
positioning were no more frequent than for more slender patients treated in the supine position.
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Abstract:

Purpose/Objective(s): The intra-fraction patient (pt) imaging and
verification provided by ExacTrac® SV allows tracking possible
isocenter displacement within the pt throughout treatment by SBRT
and realignement during the treatment. The purpose of this study was
(1) to measure the intra-fraction variations of isocenter position, (2) to
study the amplitude of variation function of the fraction duration and (3)
to evaluate the impact of the table movement on pt positioning, using

SV.
Materials/Methods: ExacTrac® SV uses X-ray real-time images
acquired at any moment during treatment delivery or between fields to
instantly detect and visualize isocenter displacement (beam on or off).
The displacement can be measured using the fusion of the bony
structures or the implanted markers with the DRRs. A tolerance margin
indicates if a patient setup correction is needed or not. We already
evaluated 5 pts who were treated with the ExacTrac® X-ray 6D, for T1-
T2 lung (4 pts) or liver (1 pt) tumors, using SBRT (mean treatment
fields number = 9). The pts had a SV at each fraction, before each
treatment beam. Finally, 477 beams were verified with a measure of
the isocenter displacement. The time from the pt installation on the
table to each SV was systematically noted. Three “SV time” groups
were identified: SV performed at less than 10 minutes (group 1 = 36
beams), between 11 and 20 minutes (group 2 = 255 beams) and more
than 21 minutes (group 3 =186 beams), after patient setup.
Results: The mean isocenter deviation for all the beams and all the
fractions was 2.37 mm. The total mean time of one fraction was 22
minutes [9- 36 minutes]. The mean deviations were 1.8mm [1 - 8],
2.12mm [0 - 8] and 2.7mm [0 - 8] for group 1, 2 and 3, respectively.
For the same groups, the percentages of deviation 3 mm were 2.6%
(1/36), 20% (51/255) and 25% (46/186) and the percentage of
deviation 5 mm were 5.2% (2/36), 4% (10/255) and 14% (26/186)

ti l I 3 t t bl t ti Th

The ExacTrac Snap Verification (SV), a New Tool for Ensuring the 
Quality Control for Stereotactic Body Radiation Therapy (SBRT)

Corina Udrescu (1), Olivier Chapet (1), Berardino de Bari (1), Géraldine Michel-Amadry (2), Françoise Mornex (1), 
(1) Department of Radiation Oncology, UA 37-38, Centre Hospitalier Lyon Sud, Pierre Benite, France;  

(2) Department of Medical Physics, Centre Hospitalier Lyon Sud, Pierre Benite, France 

Introduction
The ExacTrac® imaging system offers an important precision for the real time positioning of the

ExacTrac® X-Ray 6D

The ExacTrac® system

- Uses low energy X-rays;

- Snap Verification acquires images at any
moment during the treatment, or between two
beams;

- Instantly detects and visualizes the isocenter
displacements even if the beam is on or off;

- Makes possible displacement measurements
using fusions between the DRRs and the bony
structures or implanted markers.

- A tolerance margin established by our
department indicates if a patient setup correction
is needed or not.

respectively. In 3 pts, a table rotation was necessary. The mean
isocenter deviations increased from 1.92mm before table rotation (178
beams) to 2.88mm for the first beam treated after rotation (35 beams).
Pain, caugh or talk may explain the observed deviations in a few

situations.
Conclusions: SV allows detecting isocenter deviations, which
increase in amplitude and frequency with the fraction duration. It
makes possible and highly suitable the intra-fraction verification for the
SBRT, taking in account clinical condition and technical issues. With
high-quality images at low X-ray doses, SV gives an accurate targeting
from the beginning to the end of each fraction, inducing confidence to
escalate the dose. SV appears to be an important tool for ensuring the
quality control for SBRT. At the time of the meeting, results for more
patients treated for lung, liver and prostate cancers will be available.

g g y p p p g
patient for every fraction and also for an easy set-up of the patient at all times during the SBRT
treatment.

The Snap Verification allows:

- an accurate verification of the patient position;

- a monitoring of the isocenter displacements during the beam on or off;

- and, if it’s necessary, a target realignment during the SBRT treatment.

Objectives:

1.) To measure the intra-fraction
variations of the isocenter position,

2.) To study the amplitude of the
variation function of the fraction
duration,

3.) To evaluate the impact of the table
movement on the patient positioning,
using Snap Verification.

Patients and Methods:
- Seventeen (17) patients treated for T1-T2 lung (16 patients) or liver (1 patient)

tumors had a Snap Verification before each treatment beam.

- 1651 beams were verified with a measure of the isocenter displacement;
- The mean treatment fields number was 8 [3 – 14 beams];

The « SV- time » groups:

The time from the patients set-up on the treatment table to each Snap
Verification was systematically noted:

Group 1: SV performed at less than 10 minutes: 38 beams;

Group 2: SV performed between 11 and 20 minutes: 473 beams;

Group 3: SV performed at more than 21 minutes: 1140 beams.

Results:
The mean isocenter deviation for all the beams and all the fractions was 2.10
mm.

The total mean time of one fraction was of 23 minutes [9 - 64 minutes].

Patient # 1: DRRs and ExacTrac 
X-ray Images

DRR 1 Image DRR 2 Image 

X-ray 1 Image X-ray 2 Image 

The table rotation

Reasons for the deviations

Conclusion:
Our preliminary experience on seventeen patients allows to conclude that 
Snap Verification is an efficient tool in detecting isocenter deviations, 
which increase in amplitude and frequency with the fraction duration.

It makes possible and highly suitable the intra-fraction verification for the
SBRT, taking in account clinical condition and technical issues.

With high-quality images at low X-ray doses, Snap Verification gives an
accurate targeting from the beginning to the end of each fraction, inducing
confidence to escalate the dose.

Our department we will continue to use this technique in order to
eventually reduce the PTV margins. Other types of tumors will be as well
evaluated.

Snap Verification appears to be an important tool for ensuring the 
quality control for SBRT. 

The mean Snap Verification deviations were 1.65 mm [1 - 8], 2.30 mm [0 - 8]
and 2,62 mm [0 - 8] for the three «SV-time» groups: 1, 2 and 3 respectively.

For these three «SV-time» groups:

the percentages of deviation SV 3 mm were 7.89% (3/38), 13.10%
(62/473) and 17.98% (205/1140);

the percentages of deviation SV 5 mm were 5.2% (2 /36), 3.59% (17/473)
and 5.17% (59/1140) respectively.

Patient # 1: Results – Fowler Adenocarcinoma

• 56 Gy in  4Gy/fraction
• 11 beams; 14 fractions
• 408 minutes (~ 30 min per fx) 

for 182 snaps
• End of treatment:  06/04/09

• Scanner 21/06/09:
• Diminution of the Fowler 
lesion size: 

20x14 mm Vs 25x18 mm

For 12/17 patients, a table rotation was necessary.

The mean isocenter deviations increased from 1.92 mm before the
table rotation (178 beams) to 2.88 mm for the first beam treated after
rotation (35 beams).

The patient physical condition

In some cases, deviations of the isocenter were observed for patients that:
• had pain,
• caugh or,
• talked during the irradiation treatment.
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L’INFLUENCE DU NOMBRE DE CHAMPS ET DE L’ENERGIE SUR LES PLANS SBRT-RCMI POUR 
LES CANCERS DE LA PROSTATE

UNE EVALUATION AVEC DIFFERENTS CRITERES OBJECTIFS
Corina UDRESCU (1, 2), Olivier CHAPET (1), Ronan TANGUY (1), Benjamin PIGNATA (2), Marie-Pierre SOTTON (2), 

Julien RIBOUTON (2), Amandine BENEUX (2), Patrice JALADE (2)

1- Service de Radiothérapie-Oncologie, 2- Service de Physique Médicale et Radioprotection, Centre Hospitalier Lyon Sud, PIERRE BENITE, France

Objectifs

Matériel et Méthodes

Résultats

Introduction
L'objectif de cette étude a été d'évaluer l'influence du nombre

de champs et de l’énergie sur un plan stéréotaxique (SBRT) de la
prostate (5x6.5Gy) avec un boost-intégré (BI) dans la tumeur
macroscopique (5x8Gy).

1) Des simulations SBRT-RCMI ont été effectuées pour neuf patients avec 
trois configurations de faisceaux différentes: 7-champs (Plan1), 9-
champs (Plan2) et 11-champs (Plan3). La même énergie X16, les 
mêmes contraintes d'optimisation et le même nombre d'itérations (300) 
ont été utilisés pour les 3 plans. 

2) Des simulations SBRT-RCMI ont été effectuées pour cinq patients pour 
deux énergies différentes: X6 et X16. Le même nombre de 9 faisceaux 
et le même nombre d’itérations (300) ont été utilisés pour les 2 plans. 
Les contraintes d’optimisation ont été changées (si nécessaire) pour 
obtenir la même couverture du PTV dans les 2 plans.

Pour les irradiations stéréotaxiques il est
fortement recommandé d'utiliser un grand nombre de
champs pour améliorer la conformité de la dose à la
cible et réduire la dose d'entrée au patient [1].

Avec la même couverture de l'isodose de prescription, les indices
d’évaluation des 3 plans sont similaires (Table 1).

Les doses moyennes reçues par la paroi-rectale sont de 33.7Gy, 25.8Gy,
16.7Gy et 4.8Gy pour le Plan1, 33.2Gy, 24.7Gy, 15.8Gy et 4.7Gy pour le Plan2 et
33.1Gy, 24.5Gy, 15.1Gy et 4.3Gy pour le Plan3 sur 2cc, 5cc,10cc et 25cc,
respectivement

La comparaison des plans a été réalisée en utilisant:
a) quatre indices de conformité (CI): RTOG, van’t Riet, Lomax et SALT;
b) l’indice gradient (GI) - pour le PTVprostate;
c) l'indice d'homogénéité (HI) - pour le PTVtumeur, à cause de l'influence du gradient de dose du BI;
d) les valeurs d'histogramme dose-volume pour les parois rectale et vésicale (les doses reçues 
par 2cc, 5cc, 10cc et 25cc). 
e) la dose à l’entrée (De) - mesurée à l’axe du faisceau, à 5 mm de la peau;
f) les unités moniteurs (UM).

La planification du traitement Les paramètres d’évaluation

Variable
Dose associée
à une isodose

Nombre de faisceaux
7 9 11

Couverture du PTV
VP95% (%) 30.87 Gy 99.8 (99.5-100) 99.7 (99.3-100) 99.8 (99.3-100)
VT95% (%) 38 Gy 100 (99.9-100) 100 (99.7-100) 100 (99.7-100)
VP100% (%) 32.5 Gy 94.8 (91.8-96.5) 94.1 (91.4-97.1) 93.8 (88.4-97.8)
VT100% (%) 40 Gy 95.3 (92.6-98.7) 94.1 (87.2-99) 91.3 (84.1-97.1)
3D D (G ) 42 (41 2 42 8) 42 (41 1 43 3) 41 9 (41 1 43 6)

L’impact du nombre de champs
Table 1. Valeurs moyennes, minimales et maximales des différentes variables.

Conclusions

respectivement.
Les doses moyennes reçues par la paroi-vésicale sont de 28.9Gy, 21.5Gy,

13.9Gy et 4.9Gy pour le Plan1, 28.8Gy, 21.3Gy, 13.6Gy et 5Gy pour le Plan2 et
28.7Gy, 21.1Gy, 13.5Gy et 4.8Gy pour le Plan3 sur 2cc, 5cc,10cc et 25cc,
respectivement.

Les De moyennes reçues par faisceau pour chaque plan sont 7.8Gy, 6.3Gy
et 5.8Gy pour Plan 1, 2 et 3, respectivement.

Les UM moyennes calculées par faisceau pour chaque plan sont 480, 386 et
323 pour Plan 1, 2 et 3, respectivement.

Le volume de l’isodose de 5 Gy a augmenté avec le nombre de faisceaux,
mais le volume de l’isodose de 10 Gy a diminué (F7 vs F9 et F9 vs F11, p=0.0001
pour les 2 isodoses) (Figure 1).

Pour les plans SBRT d'un cancer de la prostate avec boost-intégré:
-il n'a pas été établi d'influence du nombre de faisceaux sur les indices d’évaluation et sur les paramètres dosimétriques,
mais seulement sur le volume des isodoses faibles;
- il n'a pas été établi d'influence de l’énergie sur les indices d’évaluation et sur les paramètres dosimétriques, mais sur la
couverture de l’isodose de 100% dans la tumeur, sur la dose à l’entrée et sur le volume de l’isodose de 10 Gy qui
diminue pour l’énergie X16.

3D Dmax (Gy) 42 (41.2-42.8) 42 (41.1-43.3) 41.9 (41.1-43.6)
Evaluation de la prostate

GIP 3.8 (3.5-4.4) 3.7 (3.6-4) 3.8 (3.5-4.1)
(P)CIRTOG 1.28 (1.17-1.4) 1.26 (1.17-1.38) 1.27 (1.16-1.39)
(P)CISALT 0.99 (0.98-1) 0.99 (0.98-1) 0.99 (0.98-1)
(P)CILomax 0.78 (0.71-0.84) 0.79 (0.73-0.85) 0.78 (0.72-0.85)
(P)CIvan’t Riet 0.77 (0.71-0.84) 0.78 (0.72-0.83) 0.77 (0.72-0.84)

Evaluation de la tumeur
(T)CIRTOG 1.57 (1.33-1.81) 1.52 (1.33-1.7) 1.51 (1.28-1.7)
(T)CISALT 0.99 (0.99-1) 0.99 (0.99-1) 0.99 (0.98-1)
(T)CILomax 0.64 (0.55-0.75) 0.66 (0.58-0.75) 0.66 (0.58-0.77)
(T)CIvan’t Riet 0.63 (0.54-0.74) 0.65 (0.58-0.74) 0.65 (0.57-0.76)
MDPDT 1.05 (1.03-1.07) 1.05 (1.03-1.08) 1.05 (1.03-1.09)
HIT 0.03 (0.03-0.04) 0.03 (0.03-0.04) 0.03 (0.03-0.04)

L’impact de l’énergie

Variable
Dose 

associée à 
une isodose

Energie

X6 X16

Couverture du PTV
VP95% (%) 30.87 Gy 99.9 (99.8-100) 99.8 (99.5-100)
VT95% (%) 38 Gy 100 (99.8-100) 100 (99.8-100)
VP100% (%) 32.5 Gy 95.4 (93.5-97.6) 94 (92.6-96.7)
VT100% (%) 40 Gy 98.5 (98.2-98.8) 93.5 (91.9-94.7)
3D Dmax (Gy) 42.1 (41.5-42.6) 41.6 (41.3-42.1)

Evaluation de la prostate
GIP 4 (3.8-4.3) 3.8 (3.6-4)
(P)CIRTOG 1.31 (1.24-1.45) 1.27 (1.21-1.38)
(P)CISALT 0.99 (0.99-1) 0.99 (0.98-1)
(P)CILomax 0.76 (0.69-0.8) 0.78 (0.73-0.81)
(P)CIvan’t Riet 0.75 (0.69-0.8) 0.77 (0.72-0.8)

Evaluation de la tumeur
(T)CIRTOG 1.52 (1.42-1.61) 1.46 (1.33-1.61)
(T)CISALT 0.99 (0.99-1) 0.99 (0.99-1)
(T)CILomax 0.65 (0.62-0.7) 0.68 (0.62-0.74)
(T)CIvan’t Riet 0.65 (0.62-0.7) 0.67 (0.61-0.73)
MDPDT 1.05 (1.04-1.06) 1.04 (1.03-1.05)
HIT 0.02 (0.02-0.03) 0.03 (0.03-0.04)

Avec des indices d’évaluation comparables pour les deux plans (X6 vs. X16) la
couverture moyenne de l'isodose de 100% sur la tumeur est inferieure de 5% pour le
PlanX16 (Table 2).

Les doses moyennes reçues par la paroi-rectale sont de 32.2Gy, 22.5Gy, 13.8Gy et
3.9Gy pour le PlanX6 et 32.6Gy, 23.4Gy, 14.2Gy et 3.9Gy pour le PlanX16 sur 2cc, 5cc,
10cc et 25cc, respectivement.

Les doses moyennes reçues par la paroi-vésicale sont de 29.3Gy, 19.4Gy, 11.4Gy et
2.2Gy pour le PlanX6 et 29Gy, 19.4Gy, 11.5Gy et 2.2Gy pour le PlanX16 sur 2cc, 5cc, 10cc
et 25cc, respectivement.

Les De moyennes reçues par faisceau pour chaque plan sont 9.1Gy et 6.2Gy pour
PlanX6 et PlanX16, respectivement.

Les UM moyennes calculées par faisceau pour chaque plan sont 476 et 392 pour
PlanX6 et PlanX16, respectivement.

Le volume de l’isodose de 5 Gy n’a pas changé avec l’énergie, mais le volume de
l’isodose de 10 Gy a diminué significativement pour l’énergie de X16 (p=0.002) (Figure 2).

Figure 1. L’impact du nombre de faisceaux sur le volume (en cc) de 
l’isodose de 5 Gy et 10 Gy.

Figure 2. L’impact de l’énergie sur le volume (en cc) de
l’isodose de 5 Gy et 10 Gy.

Table 2. Valeurs moyennes, minimales et maximales des différentes variables.
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3286 ATemplate for Respiratory Gating in SBRT of Lung Cancer: Which Patients are to Benefit?

A. Sethi1, D. Dave1, C. Chollet1, M. Hira2, S. Nagda1

1Loyola University Medical Center, Maywood, IL, 2BrainLAB, Inc, Westchester, IL

Purpose/Objective(s): Patients with early stage non-small cell lung cancer (NSCLC) are routinely treated using planning target
volume (PTV) drawn on maximum-intensity projection 4D-CT scans. Consequently, a large volume of normal lung may be un-
necessarily irradiated. In this study, we quantify benefits of respiratory gating in stereotactic body radiotherapy (SBRT) of lung
patients as a function of target volume, location, extent of motion and gate parameters.

Materials/Methods: This study was based on breathing phase correlated 4D-CT scans and treatment data obtained from 79
NSCLC patients who underwent SBRT in our department. Typical PTV dose was 50 Gy in 5 fractions to at least 99% of target
volume with 6MV photons and 8-12 conformal, non-opposing, non-coplanar fields. Using simulated targets in apex and mid-
dle/lower lobe of lung, the following treatment geometries were studied: target size: 1-6cm diameter, motion range (end-exhale
to end-inhale) = 0.5-3 cm, and gate window: 30-40% centered on the end-exhale phase. For all cases, two conformal treatment
plans were created using: (a) MIP based PTV and (b) Gated PTV. All plans were normalized to PTV dose and compared using
OAR dose indices, such as lung V20, V10, D1500cc, D1000cc and heart D15cc.

Results: In general, lower lobe tumors exhibited greater range of breathing related motion (2-3 cm). For all targets, MIP based PTV
ranged from 1-249 cc (mean = 67.5cc, SD = 85.9cc), whereas Gated PTV ranged from 0.5-150 cc (mean = 47.1cc, SD = 70.1cc). In
MIP based plans, all targets\4 cm diameter and up to 3 cm motion satisfied all RTOG-0813 guidelines for the OAR dose indices
considered: V20\10-15%, V10\40%, D1500cc\12.5 Gy, and D1000cc\13.5 Gy. Therefore, these targets may not require
gating. However, RTOG dose thresholds were exceeded for PTvs.. 4 cm diameter which with gating were brought to acceptable
levels. Gated plans for these targets produced a decrease of up to 44% in D1000cc, 11% in V20 and 15% in V10. MIP plans for all
target size and range of motion satisfied RTOG guidelines for lung D1500cc\12.5 Gy.

Conclusions:While all targets, regardless of size benefit from gating, the benefits of gating improve with increasing range of mo-
tion. The greatest percent improvement is seen for small targets with diameter less than 2cm. However, large targets in the lower
lobe treated without gating have the greatest OAR dose burden and are most likely to benefit with gating.

Author Disclosure: A. Sethi, None; D. Dave, None; C. Chollet, None; M. Hira, None; S. Nagda, None.

3287 Dosimetric Impact of Respiration Gating on Stereotactic Body Radiation Therapy of Centrally Located
Lung Tumors

A. Tai, Z. Liang, E. Gore, X. A. Li

Medical College of Wisconsin, Milwaukee, WI

Purpose/Objective(s): This study investigates dosimetric benefits of respiration gating to organs at risk (OARs) with stereotactic
body radiation therapy (SBRT) treatment of centrally located lung tumors.

Materials/Methods: Data of 11 patients of early stage, medically inoperable non-small cell lung cancer (NSCLC), treated with
SBRT, were retrospectively analyzed. Treatment was planned to 50 Gy and delivered in 5 fractions. Among them, 3 patients
with a respiratory motion larger than 1 cm were treated with gated delivery and 8 patients were treated with free breathing (nongat-
ing). 4D-CT was acquired for each patient with a real-time position management (RPM) system. The images were sorted into 10
breathing phases with the 0% and 50% phase corresponding to the end of inhale (EI) and the end of exhale (EE), respectively.
The maximum intensity projection (MIP) images were generated using either the image sets of all 10 phases (MIP10) or those of
the 3 phases around EE (MIP3). The primary images were registered with the corresponding MIP images in a planning system
(XiO, CMS). For a non-gated plan, the primary and MIP images are 20% phase and MIP10 images while for the gated plan they
are 50% phase and MIP3 images. The internal tumor volume and OARs were delineated on the MIP images and the primary images,
respectively. For this study, a new nongated plan was conducted for each of the 3 gating patients and a new gated plan was conducted
for each of the 8 nongating patients. The original contours used for the actual treatment plan for each patient were populated to the
new CT sets by a auto-segmentation software (ABAS, CMS Inc) based on deformable image registration. The ABAS-generated con-
tours were carefully reviewed and manually modified if necessary by the same physician. The treatment plans followed the guidelines
of RTOG lung 0813 protocols. For each patient, the gated plan and nongated plan had the same beam arrangements (gantry and
couch angle), but the beam weightings may vary for achieving the same PTV coverage and the similar dose conformities.

Results: The tumor motions of these patients were 8.1 ± 4.3, 4.1 ± 1.9 and 3.0 ± 1.2 mm along superior-inferior (SR), anterior-
posterior (AP) and left-right direction (LR), respectively. When gating is used, the PTV is reduced by 17% ± 10%. The V20
(volume covered by 20 Gy) and V12.5 for lung are reduced by 7% ± 8% (p = 0.02) and 14% ± 10% (p = 0.001), respectively.
The V32 and V18 for heart and trachea are reduced by 39% (p = 0.29) and 48% (p = 0.18), respectively. The dose-volume reduction
of lung increases as a function of the respiratory motion amplitude. The V20 and V12.5 for lung are reduced by 14% ± 12% and
26% ± 13% for the 3 gating patients and 4% ± 4% and 10% ± 4% for the rest of patients, respectively.

Conclusions: Gating ensures the safe delivery of the dose escalation in the RTOG 0813 trial.

Author Disclosure: A. Tai, None; Z. Liang, None; E. Gore, None; X.A. Li, None.

3288 Potential Interest of Developing a Focal Dose Escalation in Stereotactic Irradiation of Prostate Cancer

O. Chapet1, C. Udrescu1,2, M. Sotton2, O. Rouviere3, B. De Bari1, J. Bouffard-Vercelli4, P. Jalade2

1Department of Radiation Oncology, Centre Hospitalier Lyon Sud, Lyon, France, 2Department of Medical Physics, Centre
Hospitalier Lyon Sud, Lyon, France, 3Department of Urological Radiology, Hopital Edouard Herriot, Lyon, France,
4Department of Radiology, Centre Hospitalier Lyon Sud, Lyon, France

Purpose/Objective(s): Stereotactic irradiation is a new approach developed in low risk prostate (P) cancers. Several fractionations
($6.5 Gy per fraction) were already evaluated with a homogenous irradiation of the whole prostate. However, the progress in
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dynamic MRI often allows a visualization of the macroscopic tumors (T) in the prostate opening the way to focal therapy. The aim
of the present dosimetric study was to evaluate the interest of developing an original schema of stereotactic P irradiation including
a focal dose escalation into the T.

Materials/Methods: Nine patients (pts) with prostate cancer had a dosimetric CT scan/T1gadolinium MRI fusion, made on 3 im-
planted gold markers. The P and T were delineated by 2 radiologists on the CT/MRI fusions. Three mm were added to the P to define
a PTV1 (planning target volume1), whereas 5 mm (3 mm posteriorly) were added to the T to define a PTV2. For each pts, a 9 co-
planar fields IMRT plan was optimized with three different dose levels: 1�) 5 x 6.5 Gy to the PTV1 (plan1), 2�) 5 x 8 Gy to the PTV1
(plan2) and 3�) 5 x 6.5 Gy on the PTV1 combined with a focal 5 x 8 Gy on the PTV2 (plan3). Assuming an a/b ratio of 1.5 Gy, the
equivalent doses are 76 Gy and 108 Gy respectively for 5 x 6.5 Gy and 5 x 8 Gy. In all the plans, at least 98% of the PTV 1 and 2 had
to be covered by the 95% isodose. The doses to the rectum, bladder and femoral heads were optimized to be as low as possible. The
maximum dose (MaxD), mean dose (MD) and doses received by 2% (D2), 5% (D5), 10% (D10) and 25% (D25) of the rectum and
bladder walls were used to compare the 3 IMRT plans. The results below are expressed in mean values for the 9 pts.

Results:A dose escalation in the whole prostate from 5 x 6.5 Gy (plan1) to 5 x 8 Gy (plan2) increased the rectumMD,MaxD, D2,
D5, D10 and D25, respectively by 3.75 Gy, 8.42 Gy, 7.88 Gy, 7.36 Gy, 6.67 Gy and 5.54 Gy. Similar results were observed for the
bladder with respectively: 1.72 Gy, 8.28 Gy, 7.01 Gy, 5.69 Gy, 4.36 Gy and 2.42 Gy for the same dosimetric parameters. A focal
dose escalation only in the PTV2 (plan3) reduced by about 50% the difference of doses for rectum and bladder described above
with a homogenous P dose escalation. Thereby, for the rectum, the MD, D2, D5, D10 and D25 were only increased by 1.51 Gy,
4.24 Gy, 3.08 Gy, 2.84 Gy and 2.37 Gy in plan3 compared to plan1. The results for the bladder were respectively 0.43 Gy, 1.47 Gy,
1.30 Gy, 1.08 Gy and 0.76 Gy for the same parameters.

Conclusions: The present schema of focal dose escalation was created to deliver a sufficient dose to the microscopic disease into
the prostate while increasing the dose to the macroscopic tumor. This approach deeply limits the doses received by the rectum and
the bladder compared to a whole P dose escalation. A phase I/II trial will soon be opened in our department of radiation oncology.

Author Disclosure: O. Chapet, None; C. Udrescu, None; M. Sotton, None; O. Rouviere, None; B. De Bari, None; J. Bouffard-Ver-
celli, None; P. Jalade, None.

3289 Volumetric-Modulated Arc Therapy for Stereotactic Radiosurgery of Patients with Multiple,
Widely-Separated Brain Metastases

H. Wagner, C. Hess, J. Sheehan, M. Ferenci

Penn State University, Hershey, PA

Purpose/Objective(s): GammaKnife (Elekta, Stockholm, Sweden) Stereotactic Radiosurgery (GKSRS), either alone or in con-
junction with whole-brain irradiation, is a well-established treatment modality for brain metastases. On GKSRS models prior to
the Perfexion, treatment of widely-spaced lesions potentially exposes limitations of the automated positioning system (APS)
and may require trunnion-mode and/or multiple frame placements, which can significantly increase cost and treatment time. An
alternate approach to treating multiple, widely-separated brain metastases using RapidArc (RA) volumetric-modulated arc therapy
(Varian Medical Systems, Palo Alto, CA) was evaluated. Dosimetry and feasibility comparisons were made between RA and
GKSRS.

Materials/Methods: Pairs of widely-separated, spherical, lesions were contoured onto phantom MR and CT images in extreme
anterior-posterior, left-right, and superior-inferior locations. A total of 12 lesions were contoured, with diameters of 1-cm and 3-cm
in each location. Treatment plans were generated for each pair of lesions of each size using GammaPlan 5.34 and Eclipse 8.6. The 1-
cm lesions were planned for a dose of 20 Gy to the 50% and 80% isodose for GKSRS and RA, respectively. The 3-cm lesions were
planned for a dose of 18 Gy to the same isodose lines. The RA plans included 2 planar arcs, optimized to limit normal tissue dose
and normalized with 100% of the prescription dose covering 95% of the target volume. RTOG and Paddick conformity indices as
well as 12 Gy volumes were compared.

Results: RTOG and Paddick conformity indices for RA plans were comparable to those of GKSRS for lesions of both sizes, with
ratios (RA/GKSRS) ranging from 0.83 to 1.14. The volume receiving 12-Gy was as much as four-times larger in RA plans of 1-cm
lesions, but similar for 3-cm lesions. All GKSRS plans required either trunnions or multiple frame placements.

Conclusions: Based on their similar RTOG and Paddick conformity indices alone, RA treatment plans were comparable to
GKSRS plans. For smaller lesions, the potential risks from larger 12-Gy volumes need to be considered depending on the location
of the lesion(s) relative to critical normal structures. RA may be considered as an alternative to GKSRS for patients with multiple,
widely-separated lesions to avoid multiple frame placements, trunnion-mode treatments, or collisions.

Author Disclosure: H. Wagner, None; C. Hess, None; J. Sheehan, None; M. Ferenci, None.

3290 Treatment Time Reduction in Extracranial Radiosurgery Procedures using a New Commercially
Available Software

B. E. Amendola1,2, N. Perez1, A. Iglesias1, M. Amendola1,3

1Innovative Cancer Institute, South Miami, FL, 2Wertheim College of Medicine Florida International University, Miami, FL,
3Department of Radiology University of Miami, Miami, FL

Purpose/ Objective(s): RapidArc is a new algorithm recently developed to deliver highly focused Intensity Modulated Radiation
Therapy. The purposes of this retrospective review are: 1) To determine if extracranial radiosurgery treatments could be delivered
in shortened times in comparison with conventional IMRTwhile maintaining precision in high dose target delivery. 2) Compare the
monitor units (MU) required to deliver the treatment in comparison with traditional IMRT. 3) To analyze our initial results with
Stereotactic Body Radiation Therapy (SBRT) using RapidArc combined with image guided radiotherapy (IGRT).

Materials/Methods:Between October 2008 andMarch 2010, 45 patients were treated with Stereotactic Body Radiosurgery using
RapidArc with single or multiple arcs, coplanar or non coplanar. Twenty-seven patients were treated with SBRT only and 18 pa-
tients received SBRT boost following conventional external beam fractionation. Planning was done with commercially available
software using CT, MRI and PET-CT fusion depending on the diagnosis of the primary tumor. The following sites were included:
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POTENTIAL INTEREST OF DEVELOPING A FOCAL DOSE ESCALATION IN STEREOTACTIC 
IRRADIATION OF PROSTATE CANCER

Olivier CHAPET (1), Corina UDRESCU (1-2), Marie-Pierre Sotton (2), Olivier ROUVIERE (3), Berardino DE BARI (1), 
Juliette Bouffard-Vercelli (4), Patrice JALADE (2), 

1 -Department of Radiation Oncology, 2 –Department of Medical Physics, EA-3738, Centre Hospitalier Lyon Sud, PIERRE BENITE, FRANCE
3 – Department of Urological Radiology, Hôpital Edouard Herriot, LYON, FRANCE

4 – Department of Radiology, Centre Hospitalier Lyon Sud, PIERRE BENITE, FRANCE

A dose escalation in the whole prostate from 5 x 6.5Gy (plan1) to 5 x 8Gy (plan2)

Purpose:

Materials and Methods:

In all the plans, at least 98% of the PTV1 and PTV2 had to be covered by the 95% isodose line.

The doses to the rectum, bladder and femoral heads were optimized to be as low as possible.

The maximum dose (MaxD), mean dose (MD) and doses received by 2% (D2), 5% (D5), 10% (D10)
and 25% (D25) of the rectum and bladder walls were used to compare the 3 IMRT plans.

The results below are expressed in mean values for the 9 pts.

Results:

Background:
Stereotactic irradiation is a new approach developed in low risk prostate (P) cancers. Several
fractionations ( 6.5Gy per fraction) were already evaluated with a homogenous irradiation of the
whole prostate. The progress in dynamic MRI often allows a visualisation of a macroscopic tumors
(T) in the prostate, opening a new way to focal therapy.

To evaluate the interest of developing an original schema of
stereotactic prostate irradiation including a focal dose escalation into
the tumor.

9 patients with low risk prostate cancer had 3 gold markers 
implanted in the prostate and :

A dosimetric CT scan
(GE LightSpeed® RT16) 

A T1 & T2 MRI

A fusion between the three exams was made, using the 3 
markers and the General Electric Fusion ® Software

The tumor and the prostate were delineated by a radiologist 
on the CT/ T1 & T2 MRI fusions

Then, two PTVs (planning target volumes) were created as
following:
PTV1 = 3mm margin around the prostate;
PTV2 = 5mm margin around the tumor reduced to

3mm posteriorly.

For each patient, a 9 coplanar fields IMRT plan was optimized with three different dose levels:
1°) 5 x 6.5Gy to the PTV1 (plan1),
2°) 5 x 8Gy to the PTV1 (plan2) and
3°) 5 x 6.5Gy in the PTV1 combined with a focal 5 x 8Gy in the PTV2 (plan3).

Assuming an / ratio of 1.5Gy, the equivalent doses are:
• 5 x 6.5Gy = 32.5 Gy 76Gy and
• 5 x 8Gy = 40 Gy 108Gy

Dose prescription:

Dosimetry:

Tables. Mean values (in cGy) of dosimetric parameters for the rectum and bladder, for
the 9 patients and for the 3 plans.

increased the rectum MD, MaxD, D2, D5, D10 and D25, respectively by 3.75Gy, 8.42Gy,
7.88Gy, 7.36Gy, 6.67Gy and 5.54Gy.

Similar results were observed for the bladder with respectively: 1.72Gy, 8.28Gy, 7.01Gy,
5.69Gy, 4.36Gy and 2.42Gy for the same dosimetric parameters.

A focal dose escalation only in the tumor visible on the MRI (plan3) will increase the
D2, D5, D10 and D25 for the rectum respectively of 1.51Gy, 4.24Gy, 3.08Gy, 2.84Gy and
2.37Gy compared to plan1.

The results for the bladder were increased respectively of 0.43Gy, 1.47Gy, 1.30Gy, 1.08Gy
and 0.76Gy for the same parameters.

The increased variation of doses to the rectum and bladder (excepting the Dmax) in the
plan 3 (versus plan 1) was limited and reduced by about 50% compared to the plan 2 (dose
escalation in the whole prostate).

The present schema of focal dose escalation was created to deliver a sufficient dose to the microscopic 
disease into the prostate while increasing the dose to the macroscopic tumor.

This approach deeply limits the doses received by the rectum and the bladder compared to a whole prostate 
dose escalation.

In our radiation oncology department, a phase I trial is opening to evaluate 4 levels of focal dose escalation.

Conclusions:

Rectum 5 X 6.5Gy on P only Focal irradiation 5 X 8Gy on P only
D2 3134 3558 3922
D5 2881 3190 3617

D10 2374 2658 3040
D25 1252 1489 1806
MD 971 1122 1346

MaxDose 3378 4201 4220

Bladder 5 X 6.5 Gy on P only Focal irradiation 5 X 8 Gy on P only
D2 3003 3151 3704
D5 2509 2639 3078
D10 1947 2055 2383
D25 1018 1094 1260
MD 738 781 910
MaxDose 3367 3727 4195

Figure. Example of a prostate irradiation at 6.5Gy with a focal dose escalation of 8Gy into the tumor.

This project of stereotactic body radiation therapy
(SBRT) in prostate cancer is supported by the
Department of Clinical Research of the University
Hospital in Lyon, France.
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each case. This was done by making the SIB equal the prostate (CTV)

contour, and then coming 5 mm off of the bladder, rectum, penile bulb, and

the “anterior stripe”. The anterior stripe was drawn on each prostate slice

as a 0.8cm spot in the mid gland that was then extended 3cm anteriorly.

The SIB did not extend outside the prostate gland and was adjusted if

necessary. PTV was based on standard expansion of the prostate (CTV)

contour by 5 - 6mm, 3mm posteriorly. Contouring was solely CT based,

and all patients had fiducial markers. Plan was rerun with the tomotherapy

Treatment Planning System (TPS), administering 1.8 Gy x 45#Z 81 Gy to

the PTV, and the SIB was prescribed 2.0 Gy x 45# Z 90 Gy. These plans

were not used for treatment, but were compared with the patients’ actual

treatment plans.

Results: The average treatment volumes were 28.0 cc for the SIB, 60.3 cc

for the CTV, and 114.8 cc for the PTV. The mean dose to the prostate

(CTV) was 82.97 Gy in the standard plan, and 89.80 Gy in the dose

painting plan (p < 0.00001), for an 8.2% increase. This resulted in a BED

that was 11.6% increased, based on an alpha-beta value of 3.0. However,

the rectal median dose was only increased by 2.4%, and the bladder

median dose was only increased by 3.6%. Rectal V70 dropped from 9.4%

to 8.1% with the dose painting plan, and the bladder V70 dropped from

13.9% to 13.4%. Penile bulb median dose was identical at 44 Gy. All these

changes in normal tissue dose were statistically non-significant. Treatment

delivery times were identical at 217 seconds.

Conclusions: Dose painting a generic peripheral zone was very straight-

forward, allowing a simultaneous integrated boost to be prescribed. This

resulted in a significantly higher BED to be administered to the prostate

gland overall, yet the rectal and bladder dosages were not significantly

increased. This may improve the therapeutic ratio. We plan to test this

strategy for intermediate - high risk cases and also incorporate 3T MRI

fusion to help improve demarcation of prostate contour, peripheral zone,

urethra, and tumor nodule(s).

Author Disclosure: D.A. Kelly: None. R. Jamison: None. S. Rhoades:

None. V. Woo: None.
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Injection of Hyaluronic Acid (HA) to Better Preserve the Rectal
Wall in Prostate Hypofractionated Radiation Therapy (HFR)
O. Chapet,1 C. Udrescu,1 A. Ruffion,2 M. Sotton,3 C. Enachescu,1

M. Devonec,2 M. Colombel,4 D. Azria,5 and P. Jalade3; 1Department of

Radiation Oncology, Centre Hospitalier Lyon Sud, France, 2Department of

Urology, Centre Hospitalier Lyon Sud, France, 3Department of Medical

Physics, Centre Hospitalier Lyon Sud, France, 4Department of Urology,

Hopital Edouard Herriot, France, 5Department of Radiation Oncology,

Centre Val d’Aurelle Montpellier, France

Purpose/Objective(s): Several studies are in favor of an a/b ratio of less

than 3 Gy for prostate (P) cancer, encouraging HFR. However, the

development of such radiation patterns can only be done if the risk of

rectal toxicity is well controlled. The objective of the present study was to

evaluate the contribution of an injection of HA between the rectum and the

P to reduce the risk of rectal toxicity in a HFR approach.

Materials/Methods: A phase II study of HFR at 62 Gy in 20 fractions

(BED Z 84 Gy; a / b Z 1.5 Gy) is currently conducted. A transperineal

injection of 10cc of HA is systematically performed, between the rectum

and the P, under local anesthesia and under ultrasound guidance. A dosi-

metric CT scan is performed before (CT1) and after injection (CT2).

Patients are treated with a 7 beams IMRT plan, optimized on the CT2. For

the first 12 patients included in the study, the same treatment plan was

optimized on CT1. The rectum was empty on the 2 CTs and defined from

2cm above the seminal vesicles to 2cm below the P. The rectal wall was

defined by an internal expansion of 5 mm. The volumes of rectum irra-

diated, with and without HA, were compared on the following dosimetric

parameters: maximum dose (D max), dose to 2.5cc (D2.5), 5cc (D5) and

10cc (D10) of rectal wall and volume of rectum receiving 90% (V90), 80%

(V80) and 70% (V70) of the prescribed dose of 62 Gy. To limit a potential

impact of variation of rectal volume between the two CT, all results are

given in cc and not in% of volume.

Results: The mean P volume was 50.2cc (30cc - 93.8cc) on the CT1 and

51cc (32.5cc - 92.7cc) on the CT2. The injection of HA reduced the mean

D max value to the rectal wall of 1 Gy (61 Gy vs 62 Gy). The mean values

of V90, V80, and V70 are reduced by 77.2% (1.76cc vs 7.73cc), 59.3%

(4.23cc vs 10.40cc) and 47.16% (7.16cc vs 13.55cc). Same way, the

average values of D2.5, D5 and D10 are reduced by 9.4 Gy (51.7 Gy vs 61

Gy), 12.9 Gy (45.4 Gy vs 58.3 Gy) and 8.3 Gy (36.9 Gy vs 45.2 Gy).

Conclusions: In this study, the injection of HA limited the doses to the

rectal wall. These results suggest that late toxicities could be significantly

reduced. A phase II study is underway to assess the rate of late rectal

toxicities when a HFR at 62 Gy in 20 fractions is combined with an

injection of HA.

Author Disclosure: O. Chapet: H. Travel Expenses; IPSEN, ASTELLAS.

C. Udrescu: None. A. Ruffion: None. M. Sotton: None. C. Enachescu:

None. M. Devonec: None. M. Colombel: None. D. Azria: None. P. Jalade:

None.
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Long-term Effects on Quality of Life After Treatment of Localized
Prostate Cancer: A Comparison of 4 Different Treatment Modalities
M. Hjalm-Eriksson,1 A. Ullén,1 J. Hugosson,2 S. Nilsson,1 B. Lennernäs,3,3

and Y. Brandberg1; 1Karolinska University Hospital, Institution of

Oncology and Pathology, Stockholm, Sweden, 2Salgranska University

Hospital, Institution of Urology, Gothenburg, Sweden, 3Sahlgrenska

University Hospital, Jubileums Kliniken, Department of Oncology,

Gothenburg, Sweden

Purpose/Objective: This cohort study aims to compare late effects on

Health Related Quality of Life (HRQOL) of four different treatment

modalities used in patients with localized prostate cancer (PC).

Materials/Methods: All men diagnosed and treated for PC at a single

center during 1988 to 1997 were included. Treatment options were retro

pubic prostatectomy (RPP), external beam radiation therapy (EBRT),

combined EBRT and high dose rate brachytherapy (EBRT/ HDR) or cry-

oablation (Cryo). Between October 2000 and mars 2001 all patients still

alive were asked to answer the EORTC-QLQ- C30 and EORTC QLQ-

PR25 questionnaires, in average 6.9 years after diagnosis. In total 451 out

of 570 (79.1%) patients completed the questionnaires.

Results: Overall, the mean scores of the HRQoL variables were high and

the symptom items were low in all treatment-groups. There was a statis-

tical significant difference in overall quality of life (pZ 0.01, pZ 0.0065)

and physical function (p Z 0.0001, p Z 0.0009), between treatment

groups in both univariate and multivariate regression analysis taking into

account; age, prostate cancer relapse and neoadjuvant hormonal treatment,

depending on lower scores in the EBRT-group. The addition of “risk group

at diagnosis” or “time from diagnosis to time for questionnaire” as con-

founding factors, did not change the results. Both the EBRT and the EBRT/

HDR groups reported more bowel symptoms than the RPP and Cryo in

both the EORTC QLQ C30 and PR 25 questionnaires (p Z 0.001,

p �0.0001). Patients in the EBRT group also reported significantly worse

fatigue and urinary problems than the other groups (p Z 0.006,

p � 0.0001). In the PR25 questionnaire, Cryo patients were less sexually

active than the other groups; 15% compared to 37% in RPP, EBRT/HDR

and 34% in EBRT. Among sexually active patients, there was no statistical

difference between groups concerning sexual function.

Conclusions: Although the groups differed significantly regarding clinical

data, the patient reported HRQoL for the RPP, EBRT/HDR and Cryo

groups were quite similar. The EBRT group reported more fatigue as well

as more bowel and urinary symptoms. This finding could not be explained

by differences concerning risk group profiles or age distributions among

the groups. Co-morbidity might be an important explanation, but was not

investigated in this study.

Author Disclosure: M. Hjalm-Eriksson: None. A. Ullén: None. J. Hugos-

son: None. S. Nilsson: None. B. Lennernäs: None. Y. Brandberg: None.
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INJECTION OF HYALURONIC ACID (HA) TO BETTER PRESERVE THE RECTAL WALL 
IN PROSTATE HYPOFRACTIONATED RADIOTHERAPY (HFR) 

Olivier CHAPET (1), Corina UDRESCU (1-3), Alain RUFFION (2), Marie-Pierre SOTTON (3), Ciprian ENACHESCU (1), Marian DEVONEC (2), 
Marc COLOMBEL (4), David AZRIA (5), Patrice JALADE (3), 

1-Department of Radiation Oncology, 2- Department of Urology, 3 –Department of Medical Physics, EA-3738, Centre Hospitalier Lyon Sud, PIERRE BENITE, FRANCE
4 – Department of Urology, Hôpital Edouard Herriot, LYON, FRANCE, 5- Department of Radiation Oncology, Centre Val d’Aurelle, MONTPELLIER, FRANCE

Purpose:

Materials and Methods:

The patients are treated with a 7-beam IMRT plan, optimized on the CT2. For
the first 16 patients included in the study, the same treatment plan was
optimized on the CT1 for the dosimetric comparison.

The PTV1-PTV2 was covered by the 2.1 Gy isodose (95% of 2.2Gy) and

Background:
Randomized trials demonstrated that an increased dose improves the biochemical failure
free survival in external radiotherapy for low to intermediate risk prostate cancer.

Several studies are in favour of an / ratio of less than 3 Gy for prostate
cancer, encouraging HFR. However, the development of such radiation patterns can only
be done if the risk of rectal toxicity is well controlled.

The results of Phase I or II trials showed that an HFR with dose per fraction higher than
3Gy can be associated with late grade 2 rectal toxicities between 15% and 25%.

The objective of the present study was to evaluate the dosimetric contribution
of an injection of HA between the rectum and the prostate to reduce the dose to
the rectum in a HFR approach.

A dosimetric CT scan is performed before (CT1) and after injection (CT2).
For each of the two CT scans, the following volumes were created:

CTV1 (Clinical Tumor Volume) = corresponding to the prostate and the first centimeter of the
seminal vesicles;
CTV2 = corresponding to the prostate only;
PTV1 (Planning Target Volume) = corresponding to the CTV1 with a margin of 8 mm in all
directions, excepting posterior where the margin was of 4 mm;

• In a phase II study, patients with low- or intermediate-risk prostate cancer are treated by
exclusive IMRT technique with a total dose of 62 Gy in 20 fractions of 3.1Gy daily fraction, 5
days per week (BED = 84Gy with / ratio of 1.5 Gy).
• Three gold markers are implanted in the prostate, for CT/MRI fusion and daily repositioning.
• A transperineal injection of 10 cc of HA (NASHATM Spacer gel, Q-Med AB, Uppsala, Sweden)
is systematically done between the rectum and the prostate, under local anaesthesia and
under ultrasound guidance (Figure 1).

a.) Patient condition:

c.) Dosimetry:

b.) Treatment volumes definition:

HA

HA

HA

Prostate

Prostate

Prostate

Rectum

Rectum

Rectum

Figure 1: AH between the rectum and the prostate

The mean prostate volume was 51.7 cc (range, 28.7 - 93.9) on the CT1 and 52.7 cc (range, 31.4 - 92.7) on the CT2.

The mean values of V90, V80, and V70 are reduced by 73.8% (p<0.0001), 55.7% (p=0.0003) and 43%
(p=0.01), respectively.

Same way, the average values   of D2.5, D5 and D10 are reduced by 8.5 Gy (p<0.0001), 12.3 Gy (p<0.0001) and 8.4
Gy (p=0.005), respectively.

In this study, the injection of HA limited the doses to the rectal wall. These results suggest that 
late toxicities could be significantly reduced. A phase II study is underway to assess the rate of 

late rectal toxicities when a HFR at 62 Gy in 20 fractions is combined with an injection of HA. 

The PTV1 PTV2 was covered by the 2.1 Gy isodose (95% of 2.2Gy) and
90% of this volume received at least 2.2 Gy per fraction (BED = 46 Gy with /
= 1.5 Gy).

The PTV2 was covered by the 2.95 Gy isodose (95% of 3.1Gy) and 90% of
the PTV2 received at least 3.1 Gy.

Results:

Conclusions:

p g p g
PTV2 = corresponding to the CTV2 with a margin of 8 mm in all directions, excepting
posterior where the margin was of 4 mm;
The rectum was empty on the 2 CTs and defined from 2 cm above the seminal vesicles to 2
cm below the prostate. The rectal wall was defined by an internal expansion of 5 mm.

Table. Mean values for the rectum wall for CT1 and CT2 plans.
Figure 2: Example of rectal wall preservation with HA injection.

This project of hypofractionated irradiation in
prostate cancer is supported by the
Department of Clinical Research of the
University Hospital in Lyon, France.

d.) Data analysis:
The volumes of rectum, irradiated with and without HA, were compared on the following dosimetric parameters:
maximum dose (D max), dose to 2.5cc (D2.5), 5cc (D5) and 10cc (D10) of rectal wall and volume of rectum
receiving 90% (V90), 80% (V80) and 70% (V70) of the prescribed dose of 62 Gy. To limit the potential impact of
the variation of the rectal volume between the two CTs, all results are given in cc and not in % of volume. Prostate

Rectum

HAHA

95% isodose

Figures. V90 and V70 for the rectum wall, by patient, with and without HA.

Without HA With HA

D max 62.4Gy 61.2Gy

V90 7.65cc 2.1cc

V80 10.4cc 4.6cc

V70 13.3cc 7.6cc

D2.5 60.9Gy 52.4Gy

D5 58.5Gy 46.2Gy

D10 45.7Gy 37.3Gy

73.8%

55.7%

43%

8.5Gy

12.3Gy

8.4Gy
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correlate with increased risk of biochemical failure and may present

a potential target for focally-directed, dose-escalated radiation therapy.

Author Disclosure: G. Shukla: None. M. Rosen: None. S. Both: None. N.

Vapiwala: None. J. Bekelman: None. J. Christodouleas: None. Z. Tochner:

None. C. Deville: None.
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Acute Rectal Toxicities for 180 Prostate Carcinoma Patients
Administered Spacer Material in Conjunction With Radiation
Therapy
L. Barnes, K. Tokita, T. Kim, A. Mesa, M. Gazzaniga, L. Kobashi,

A. Alavi, and J. Ravera; KSK Medical, Irvine, CA

Purpose/Objective(s): To present acute rectal toxicities for 180 patients

who were administered spacer material in conjunction with prostate cancer

radiation therapy.

Materials/Methods: Between January 2010 and August 2012, 180 prostate
carcinoma patients were administered a spacer material in conjunction

with radiation therapy. The spacer is administered transperitoneally.

Injection of the spacer gel between the prostate rectal interspace creates

a gap on the order of 1 cm between the prostate and rectum. This gap

provides a physical dosimetric advantage for rectal dose sparing. These

180 patients underwent either a combination course of therapy consisting

of external beam IMRT (5040 cGy) and HDR brachytherapy (2200 cGy) or

full course external IMRT treatments. We analyzed this group for acute

toxicity. Rectal symptoms were evaluated for increased stool/diarrhea over

baseline and graded according to the Common Terminology Criteria for

Adverse Events V.4.0 for gastrointestinal disorders.

Results: Median follow-up was 3 months. Of these 180 patients, 19

patients (10.5%) exhibited grade 1 acute diarrhea, 1 patient (0.6%)

exhibited grade 2 acute diarrhea, and no patients exhibited acute diarrhea

symptoms of grade 3 or greater. This is in contrast to previously published

historical controls who did not receive spacer material. Historical control

data from our clinic show a 29.7% incidence of grade 1, 2, and 3 acute

diarrheas, while this group with injected spacer material shows an 11.1%

incidence of grade 1, 2, and 3 acute diarrhea with no patients exhibiting

greater than grade 2 symptoms.

Conclusions: This group of 180 patients represents one of the largest

cohorts of patients to have received spacer material in conjunction with

prostate carcinoma radiation therapy. The data reveal acute rectal toxicities

are both rare and relatively mild for patients administered spacer material.

In comparison with historical controls, the reduction in rectal symptoms is

clearly significant with an almost 65% reduction in grade 1, 2 and 3 acute

rectal symptoms. Our experience shows the use of a spacer material is

highly effective in sparing the rectum.

Author Disclosure: L. Barnes: None. K. Tokita: None. T. Kim: None. A.

Mesa: None. M. Gazzaniga: None. L. Kobashi: None. A. Alavi: None. J.

Ravera: None.
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Hypofractionated Intensity Modulated Radiation Therapy With
Injection of Hyaluronic Acid for Localized Prostate Cancer: Results
of a Phase 2 study (RPAH1)
O. Chapet,1 E. Decullier,2 A. Faix,3 A. Ruffion,4 P. Jalade,5 P. Fenoglietto,6

C. Enachescu,1 and D. Azria6; 1Department of Radiation Oncology, Centre

Hospitalier Lyon Sud Pierre Benite, France, 2Pôle Information Médicale

Évaluation Recherche, Hospices Civils de Lyon, France, 3Department of

Urology, Clinic Beausoleil Montpellier, France, 4Department of Urology,

Centre Hospitalier Lyon Sud Pierre Benite, France, 5Department of

Medical Physics, Centre Hospitalier Lyon Sud Pierre Benite, France,
6Department of Radiation Oncology and Physics, CRLC Val d’Aurelle-

Paul Lamarque, Montpellier, France

Purpose/Objective(s): Several studies are in favor of an a/b ratio of less

than 3 Gy for prostate cancer, encouraging hypofractionated radiation

therapy (RT). However, the development of such radiation patterns can

only be done if the risk of rectal toxicity is well controlled. In

a multicentric phase II trial, hypofractionated irradiation was combined

with an injection of hyaluronic acid to preserve the rectum wall.

Materials/Methods: From 2010 to 2012, 36 patients with low to inter-

mediate risk prostate cancer were included in this study (IRB and informed

consent). A transperineal injection of 10 cc of HAwas performed between

the rectum and the prostate under local anesthesia and ultrasound guid-

ance. Three gold markers were implanted within the prostate for CT/MRI

fusion and Image Guided RT (IGRT). An intensity-modulated RT tech-

nique was used to deliver 62 Gy in 20 fractions of 3.1 Gy (BED Z 84 Gy;

a/b Z 1.5 Gy). Acute toxicity (CTCAE v4.0) was defined as occurring

during RT and up to 3 months after RT. Tolerance of HA was evaluated

with a visual analog scale during injection, 30 minutes post-injection and

at each visit. Preliminary results (tolerance of the injection and acute

toxicity rates) on 28 patients with a follow-up of at least 3 months after RT

are presented in this abstract.

Results: Injection of HA induced a mean pain score of 4.9 +/- 1.9. After 30

minutes, one patient still noted a pain score of 3 but no residual pain or

discomfort persisted during treatment and follow-up. No grade �2 acute

rectal toxicity occurred. Only grade 1 rectal toxicity were reported during

treatment (nZ 15, 53.6%). Three months after completion of RT, all rectal

toxicity had completely regressed. The incidence of grade 0, 1, and 2 acute

urinary toxicity was 3.6%, 42.8%, and 53.6%, respectively. At 3 months,

34.6% and 3.8% of patients had a residual urinary toxicity graded 1 and 2,

respectively.

Conclusions: In the present study, the combination of IGRT with injection

of HA allows the delivery of hypofractionated irradiation in 4 weeks with

a dose per fraction >3 Gy without any significant acute rectal toxicity.

Complete analyses of the 36 patients will be presented at the time of the

meeting.

Author Disclosure: O. Chapet: None. E. Decullier: None. A. Faix: None.

A. Ruffion: None. P. Jalade: None. P. Fenoglietto: None. C. Enachescu:

None. D. Azria: None.
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Improved Geometric Performance of Diffusion-Weighted Imaging
for Prostate Tumor Delineation Using a Readout-Segmented Echo-
Planar-Imaging Technique
W. Foltz, T. Stanescu, J. Lee, A. Simeonov, D. Jaffray, T. Craig, P. Chung,

and C. Ménard; Princess Margaret Hospital, Toronto, ON, Canada

Purpose/Objective(s): Geometric accuracy is fundamental for incorpo-

ration of functional imaging into radiation therapy, yet these factors are

underemphasized in clinically standard diffusion-weighted imaging (DWI)

using single-shot echo-planar imaging (EPI). The alternative use of

readout-segmented EPI DWI has been shown to reduce distortion by

significantly shortening the echo-spacing compared to single-shot EPI. An

additional 2D navigator pulse corrects for motion effects between

segments. This project investigates readout-segmented-EPI DWI during

endorectal coil MRI for treatment planning of patients with prostate cancer

enrolled on an ongoing prospective clinical trial of tumor dose escalation.

Materials/Methods: All studies used a 3 Tesla MRI system combined with

a phased-array endo-rectal receiver coil (ERC). DWI was acquired with

1.4 x 1.4 x 3-mm voxels and 4 b-values of 0, 250, 800, and 1000 s/mm2. In

vitro: A prostate geometric accuracy phantom was constructed as a set of 3

concentric water-filled cylinders of 1.5, 3, and 6 cm radii consistent with

the ERC diameter, anterior border of the peripheral zone, and anterior

border of the prostate respectively. Segmented EPI and standard DWI were

acquired, meshes for cylinder boundaries were generated, and cylinder

boundaries were tracked to quantify distortion (MIPAV). In vivo: In vivo

geometric performance improvement was validated in patients with pros-

tate cancer (n Z 7), by visualization of distortion relative to T2-weighted

(T2w) anatomic images.

Results: In vitro: Compared to standard DWI, segmented-EPI DWI

reduced the mean RMS displacement of inner and middle cylinders 3-fold

(to 0.5 mm) and reduced the maximum distortion from 13 to 3 mm. In

vivo: In all patients, segmented-EPI DWI provided good image quality

with visible tumor. Standard DWI was not performed in the 7th patient. All
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There is a significant difference in the mean intra fraction motion 

between the standard thermoplastic mask and the Hybrid 

thermoplastic mask. In the group with the Hybrid thermoplastic mask 

the mean intra fraction motion is smaller in the LR translation: μ=-0.1 

mm vs. 0.3 mm (p<0.01), and in the AP-rotation: μ=-0.1° vs. 0.2°, 

(p=0.015). The standard deviations of the intra fraction motion were 

significantly different in the translations of the LR-direction (SD=0.4 

mm vs. 0.6, p=0.005) and the AP-direction (SD=0.3mm vs. 0.4 mm, 

p=0.046) in favor of the Hybrid thermoplastic mask. 

 Conclusions: The use of a Hybrid thermoplastic mask vs. a standard 

thermoplastic mask, in stereo tactic radiotherapy of brain metastasis, 

gives a small improvement in the initial patient set-up. Furthermore, 

the intra fraction motion can be slightly reduced with the use of a 

Hybrid thermoplastic mask. However, the differences in set up errors, 

of both masks, are very small (<0.5 mm and 1°).  
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STEADY DIET AS PROPHYLAXIS OF ACUTE DIARRHEA IN PREOPERATIVE 
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Purpose/Objective: Concomitant preoperative radiotherapy with 

capecitabine is one of the choice treatments in patients with rectal 

adenocarcinoma. This treatment has benefits for local tumor control, 

however it does have its complications. The main one being radiation 

diarrhea greatly affecting quality of life. Change in diet is essential as 

prophylaxis as well as for treatment in this case. The aim of this paper 

is to prove the superiority of a steady diet versus a diet based on 

general recommendations in regards to reducing the frequency and 

severity of radiadion diarrhea. 

Materials and Methods: A prospective, randomized, controlled trial of 

29 patients with adenocarcinoma of the rectum treated with pelvic 

radiotherapy with concomitant preoperative capecitabine. Patients 

were divided into two groups: control group, patients on a 

recommendation based on exclusion diets and a steady diet group. 

Patients were evaluated at baseline, at three weeks and after 

radiotherapy. At each visit we evaluated the weight, toxicity (CTC 

v2.0 scale) and quality of life with the validated FACIT-D 

questionnaire.  

Results: Between November 2010 and May 2011, a total of 29 patients 

were evaluated. The median dose received in pelvis was 45Gy. 

Fourteen patients were included in the control group and 15 in the 

steady diet group.  

The control group showed a significant increase in incidence and 

grade of acute diarrhea (≥G2 in CTC v2.0 scale) at the end of 

treatment compared with the steady diet group (p=0.035).  

The mean weight loss in the control group at 3 weeks was 1.02kg 

while there was a 1.22Kg (p=0.024) gain in the steady group. At the 

end of the treatment, the control group lost 2.12kg and the steady 

diet group gained 1.41kg (p=0.001). 

At three weeks, patients in steady group showed less decreased in 

quality of life (FACIT-D) than control group (p=0.02). These 

differences remained at the end of the radiotheraphy, although it 

were not significant (p=0.64). 

Conclusions: The steady diet reduces the incidence of acute radiation 

diarrhea compared to that of a diet based on general 

recommendations. Moreover, this diet reduces weight loss 

significantly and could reduce the impact of quality of life.  
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Purpose/Objective: Several publications already described the 

experiences of SBRT for prostate cancer. The treatment is then 

delivered in only 4 to 5 fractions of 6.5 Gy to 10 Gy using a technique 

of image-guided radiation therapy. If the interest of SBRT appears 

evident for the patients, the development of such radiation patterns, 

in any department of radiation oncology, can only be done if the risk 

of rectal toxicity is well controlled. The objective of the present 

study was to evaluate the contribution of an injection of HA between 

the rectum and the prostate (P) to reduce the risk of rectal toxicity in 

SBRT approaches. 

Materials and Methods: As part of a Phase II study of 

hypofractionated radiotherapy (62Gy in 20 fractions), the patients had 

a transperineal injection of 10cc of HA (NASHA
TM

 Spacer gel, Q-Med 

AB, Uppsala, Sweden) between the rectum and the P, under local 

anesthesia and ultrasound guidance. A dosimetric CT scan was 

systematically performed before (CT1) and after the injection (CT2). 

The present dosimetric study was performed on the two CT scans of 

the first 10 patients included in this study. Two 9-beam SBRT plans, 

using an Intensity Modulated Radiation Therapy technique, were 

optimized on the CT1 and CT2 according to 2 levels of dose: 5 x 6.5Gy 

(Plan A) and 5 x 8.5Gy (Plan B). The Planning Target Volume was 

defined by a 3 mm margin around the P. The rectum was empty on 

both CTs and the wall was defined by an internal expansion of 5 mm, 

from 2 cm above the P to 2 cm below. The volumes of the rectum, 

irradiated with and without HA, were compared on the following 

dosimetric parameters: maximum dose (Dmax), dose to 2.5cc (D2.5), 

5cc (D5) and 10cc (D10) of the rectal wall and the volumes of the 

rectal wall receiving 90% (V90), 80% (V80) and 70% (V70) of the 

prescribed doses. To limit the potential impact of the variation of the 

rectal volume between the two CTs, all results are given in cc and not 

in % of volume 

Results: The mean P volume was 52cc (30cc - 93.8cc) on the CT1 and 

52.4cc (32.5 - 92.7) on the CT2. The injection of HA reduced the 

mean Dmax value to the rectal wall by 2.7 Gy for Plan A and 2.5 Gy 

for Plan B. The mean values of V90, V80, and V70 are reduced by 90%, 

82% and 70% respectively for Plan A and 91%, 77% and 62% respectively 

for Plan B. Same way, the average values ??of D2.5, D5 and D10 are 

reduced by 7.9 Gy, 8 Gy and 3 Gy for Plan A and 12 Gy, 10 Gy and 4 

Gy for Plan B. The injection of HA allows to increase the dose of 

irradiation from 5 x 6.5Gy to 5 x 8.2Gy without increasing the D2.5 

and D5 values. 
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Rectum Dmax 

(cGy) 

D2.5 

(Gy) 

D5 

(Gy) 

D10 

(Gy) 

V90 

(cc) 

V80 

(cc) 

70 

(cc) 

5x6.5 Gy 

(PlanA) 

CT1 w/o AH  3366 30.29 23.54 13.22 3.2 4.4 5.4 

CT2 w AH 3096 22.42 15.52 10.19 0.3 0.8 1.6 

5x8.5 Gy 

(PlanB) 

CT1 w/o AH  4368 40.32 32.61 19.00 3.5 4.7 5.8 

CT2 w AH 4120 27.98 22.07 14.95 0.3 1.1 2.2 

 

Conclusions: In this study, the injection of HA limited the doses to 

the rectal wall. These results suggest that late toxicities could be 

significantly reduced. The injection of HA could secure the initiation 

and development of the SBRT in many centers. A phase II study is 

underway to assess the rate of late rectal toxicities when a SBRT (5 x 

7.5Gy) is combined with an injection of HA.  
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Purpose/Objective: To evaluate the predictive value of pre- and post-

therapeutic [
18

F]-FDG-PET/CT in patients with stage I NSCLC with 

regard to disease specific survival, local control and distant failure 

after definitive SBRT. 

Materials and Methods: 45 patients with histologically proven stage I 

NSCLC received a staging FDG-PET/CT investigation before definitive 

SBRT of which 29 received in addition a follow-up PET/CT 

investigation 12 months after SBRT. SUVmean and SUVmax were 

measured as indicators of the glucose metabolism intensity. Tumor 

volumes were calculated through segmentation of the corresponding 

CT images (TrueD© Software, Siemens). The predictive value of these 

parameters to detect patients at high risk for local and distant 

recurrence as well as reduced survival was investigated for the pre- 

and post-treatment PET/CT investigations. 

Results: Post-treatment PET/CT: SUVmean values higher than 2.81 (p = 

0.023), SUVmax values higher than 3.45 (p = 0.007) and a relative 

decrease of SUVmean or SUVmax post-treatment of less than 32% (p= 

0.015) or 52% (p = 0.013) in comparison to the pre-therapeutic PET/CT 

values correlated with a significantly increased risk of disease specific 

death. These parameters were also significantly correlated with local 

control: SUVmean values higher than 3.44 (p = 0.001), SUVmax values 

higher than 5.48 (p = 0.009) or a relative decrease of SUVmean or 

SUVmax of less than 43% (p= 0.030) or 52% (p = 0.025) correlated with a 

significantly increased risk for local recurrences. In addition, a 

relative decrease of SUVmax of less than 62% (p = 0.040) at the post-

treatment PET significantly correlated with an increased risk for 

regional lymph node metastases. In contrast, none of the investigated 

parameters correlated with overall survival or distant failure. 

Pre- treatment PET/CT: No significant correlation between SUVmax or 

SUVmean and disease specific survival and local control and distant 

metastases could be detected. 

Conclusions: Quantitative analysis of the pretherapeutic PET/CT 

investigation did not correlate with prognosisof patients with stage I 

NSCLC. In contrast, post-treatment mean SUV and SUV decrease 

within one year after SBRT correlated significantly with disease 

specific survival and local control. Post-treatment SUV 1 year after 

SBRT may serve as biomarker to detect patients at high risk for 

relapse. 
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Purpose/Objective: To evaluate toxicity and clinical outcome in pts 

treated with SBRT for solitary lung nodules. 

Materials and Methods: From August 2009 to July 2011, 33 pts with 

solitary lung nodules were treated Helical Tomotherapy (HT). Until 

May 2010 pts were given 60Gy/8fx thereafter we used different fx-

schemes according to T stage, nodule location in the chest 

(peripheral/central) and presence of single metastasis (mts) from 

previous primary tumours. According to our protocol peripheral T1 

were given 48 Gy/4 fx, peripheral T2 52Gy/4, central T1-2 50Gy/5fx 

and mts 60Gy/8fx. All but 2 pts had diagnostic or simulation TCPET 

scan. 

Results: Median pts age was 73 yrs (57-88). Median follow up was 14 

mo (3-24 months). 28/33 pts had NSCLC (21 primaries and 7 

recurrences), the other 5 pts had 1 mts from other primaries. Of the 

21 pts with primary NSCLC 18 had T1N0 and 3 T2N0. Of the 33 treated 

nodules, 24 were peripheral and 9 central. Medial tumour size was 20 

mm (8-40). Histology was available in 14/28 of lung cancer pts (10 

Adenoca, 5 SCC, 1 Adenoca/SCC and 2 NSCLC without other 

specifications). In 10 pts diagnosis was CT and CTPET based. Of the 5 

pts with mts 2, 1, 1 ,1 had mts from bladder, kidney, gastric and 

colon cancer. Pts were treated as follow: 11 pts 60Gy/8fx, 3 pts 

52Gy/4fx, 4 pts 50Gy/5fx and 13 pts 48Gy/4fx. 2 pts were treated 

with other fx-schemes. We had acute toxicity in 5 pts (3 with 

dyspnoea and 2 with fibrosis) and late toxicity in 4 pts (1 with 

dyspnoea and 3 with fibrosis). 1/27 pts was lost at follow up. 13 

(40.6%), 5 (15.6%), 1(3.2%) and 13 (40.6%)pts had complete response 

(RC), partial response (RP), stable disease (SD) and progression (PD), 

respectively. Pts who had PD were as follows: local PD 3 pts, systemic 

PD 5 pts, local and systemic PD 5 pts. Local control (LC) was 

assessable in 31/33 nodules, as one pts was lost at follow up and one 

pts was known to be died with bone mts without further lung 

evaluation. 16 (10 T1, 2 mts, 4 recurrence <3 cm), 6 (4T1, 2 T2), 1 (1 

mts) and 8 (3 T1, 1 T2 and 3 recurrence<3 cm) nodules had RC, RP, SD 

and PD, respectively. 3 pts died for non oncologic causes. 

Conclusions: Data from pts treated with SBRT for solitary lung 

nodules show 74% of LC. RT doses are of great importance for local 

control and a BED>100Gy10 is recommended. Presence of single lung 

nodule from other previous cancers, lung recurrence from previous 

NSCLC and wide target size are of most importance affecting systemic 

progression.  
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Purpose/Objectiv: The swannomas are benign tumors of neural tissue 

that can be treated with surgery, radiosurgery or fractionated 

stereotactic radiotherapy, achieving greater preservation of hearing 

with the last one. We analyze the results of auditory toxicity and 

treatment complications of vestibular schwannomas at our institution. 

Materials and Methods: Between 2004 and 2011, 95 patients have 

been evaluated for treatment with fractionated stereotactic 

radiotherapy, 49 males (51.6%) and 46 women (48.4%), with a median 

age of 57 years. 92.6% had no predisposing factors, while 1.1% were 

suffering from neurofibromatosis type 1, 3,2% neurofibromatosis type 

2 and 3.2% meningiomas. Tumor size was less than 1 cm in 14,7% of 

patients, between 1 and 1,99 cm in 35,8%, between 2 and 2,99 cm in 

33,7%, between 3 and 3,99 cm in 9,5% and greater than 4 cm in 6,3%. 

The hearing before treatment was normal in 4 patients (4.2%), with 

loss of less than 30 dB in 50 (52.6%), greater than 30 dB loss in 24 

(25.3%) and deafness in 17 (17.9%). 76 patients (80.9%) they had not 

undergone surgery, while 14 (14.9%) they were been intervened once 

and 4 (4.3%) twice. Most patients (74.7%) had no facial paralysis, 

present in mild form in 16.8% and complete in 8.4%. Balance remained 

intact in 60 patients (63.2%) with mild disease in 24 (25.3%) and 

severe in 11 (11.6%). 47.4% had no tinnitus, compared to 52.6% who 

do the suffering. 81.1% of patients had no involvement of other pairs, 

15.8% had involvement of the V pair, 1.1% had involvement of the IX, 

and 1.1% had involvement of the XII pair.According to the Matthies 

classification, 16 patients (23.2%) were T1, 18 (26.1%) T2, 22 (31.9%) 

T3 and 13 (18.8%) T4. The treatment has been performed in 72 of the 
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Purpose:

Materials and Methods:

The SBRT plans were simulated using a 9-beam IMRT technique and were
optimized on CT1 and CT2, according to two levels of dose:

32.5 Gy in 5 fractions of 6.5 Gy (Plan A) (BED = 76 Gy in 38 fractions of 2
Gy with / = 1.5 Gy) and

Background:
Several studies are in favour of an / ratio of less than 3 Gy for prostate cancer, encouraging
the dose escalation.

A small number of trials already described the experiences of stereotactic body radiation
therapy (SBRT) for low- to intermediate-risk prostate cancer. The treatment is delivered in only
4 to 5 fractions of 6.5 Gy to 10 Gy, using a technique of image-guided radiation therapy.

However, the development of such radiation patterns in any department of radiation oncology
can only be done if the risk of rectal toxicity is well controlled.

The objective of the present dosimetric study was to evaluate the
contribution of an injection of hyaluronic acid (HA) between the rectum and the
prostate to reduce the doses to the rectal wall in SBRT approaches.

A dosimetric CT scan is performed before (CT1) and after injection (CT2).

On the two CT scans of 10 patients included, the following volumes were created to generate
the SBRT plans for comparison:

CTV (Clinical Tumor Volume) => corresponding to the prostate only;
PTV (Planning Target Volume) => corresponding to the CTV with a 3 mm uniform margin
around the prostate;

The rectum was empty on both CTs and was delineated from 2 cm above the prostate to 2
b l h Th l ll d fi d b i l i f 5

• In a phase II study, patients with low- or intermediate-risk prostate cancer are treated by
exclusive IMRT technique with a total dose of 62 Gy in 20 fractions of 3.1 Gy daily fraction, 5
days per week (BED = 84 Gy with / ratio of 1.5 Gy).
• Three gold markers are implanted in the prostate, for CT/MRI fusion and daily repositioning.
• A transperineal injection of 10 cc of HA (NASHATM Spacer gel, Q-Med AB, Uppsala, Sweden)
is systematically done between the rectum and the prostate, under local anaesthesia and
under ultrasound guidance (Figure 1).

a.) Patient condition:

c.) Dosimetry:

b.) Treatment volumes definition:

HA

HA

HA

Prostate

Prostate

Prostate

Rectum

Rectum

Rectum

Figure 1: HA between the prostate and the rectum.

The mean prostate volume was 52 cc [range 30cc - 93.8cc] on the CT1 and 52.4 cc [range 32.5cc - 92.7cc] on the CT2.

The injection of HA reduced the mean Dmax value to the rectal wall by 2.7 Gy for Plan A and 2.5 Gy for Plan B.

The mean values of V90, V80, and V70 are reduced by 90%, 82% and 70% respectively for Plan A and 91%, 77% and
62% respectively for Plan B.

In addition, the average values   of D2.5, D5 and D10 are reduced by 7.9 Gy, 8 Gy and 3 Gy for Plan A and 12 Gy, 10 Gy
and 4 Gy for Plan B.

The injection of HA allows to increase the dose of irradiation from 5 x 6.5 Gy to 5 x 8.5 Gy without increasing the D2.5
and D5 values.

In this study, the injection of HA limited the doses to the rectal wall. These results suggest that 
late toxicities could be significantly reduced. The injection of HA could secure the initiation and 

development of the SBRT in many centers. A phase II study is underway to assess the rate of 
late rectal toxicities when SBRT (5 x 8.5 Gy) is combined with an injection of HA. 

y y)

42.5 Gy in 5 fractions of 8.5 Gy (Plan B) (BED 110 Gy in 55 fractions of 2
Gy with / = 1.5 Gy)

Results:

Conclusions:

cm below the prostate. The rectal wall was defined by an internal expansion of 5 mm.

Table. Mean values for the rectum wall, for CT1 and CT2 plans.

Figure 2: Example of rectal wall preservation with HA
injection.

This project of SBRT irradiation in prostate
cancer is supported by the Department of
Clinical Research of the University Hospital
in Lyon, France.

d.) Data analysis:
The volumes of rectum, irradiated with and without HA, were compared on the following dosimetric parameters: maximum
dose (Dmax), dose to 2.5 cc (D2.5), 5 cc (D5) and 10 cc (D10) of rectal wall and volume of rectum receiving 90%
(V90), 80% (V80) and 70% (V70) of the prescribed doses. To limit the potential impact of the variation of the rectal volume
between the two CTs, all results are given in cc and not in % of volume.

Prostate

Rectum

HAHA

95% isodose

Figures. V90 for the rectum wall (Plan A and B), by patient, with and without HA.

Rectum Dmax
(Gy)

D2.5 
(Gy)

D5 
(Gy)

D10 
(Gy)

V90 
(cc)

V80 
(cc)

V70 
(cc)

5 x 6.5 Gy (Plan A)

CT1 w/o HA 33.66 30.29 23.54 13.22 3.2 4.4 5.4

CT2 w HA 30.96 22.42 15.52 10.19 0.3 0.8 1.6

5 x 8.5 Gy (Plan B)

CT1 w/o HA 43.68 40.32 32.61 19.00 3.5 4.7 5.8

CT2 w HA 41.20 27.98 22.07 14.95 0.3 1.1 2.2
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Objectifs

Matériel et Méthodes

Résultats

Introduction
L'objectif de ce travail a été de vérifier la sensibilité du Delta4® pour des

faibles erreurs du positionnement des lames (une seule lame avec des erreurs
submillimétriques) et de la rotation du bras (inferieur au degré) en RCMI.

Dix plans (5 prostates et 5 ORL) ont été
utilisés pour cette étude.

Des erreurs systématiques de
-0.2mm, -0.5mm, -0.7mm, -1mm, -2mm,
-3mm, -5mm et -10mm, ont été introduites
sur une lame.

Des erreurs systématiques de 0.2°,
0.5°, 0.7°, 1°, 2°, 2.5°, 3°, 4° et 5° ont été
également introduites pour les rotations de
bras.

Le système Delta4® (ScandiDos) est conçu pour la vérification dosimétrique en trois-
dimensions et présente de bons résultats en termes de reproductibilité, linéarité et
indépendance en débit de dose.

La sensibilité de ce détecteur a déjà été analysée pour une modification de position
de banc de lames (≥ 2mm), des unité moniteurs et de rotation de collimateur (≥ 2°) [1].

Evaluation clinique:
Les décalages de lames ont un impact notable sur le plan de vérification

clinique. Pour tous les plans, on constate des augmentations de Gmax à partir
de 2 mm de décalage (de 1.6 à 3.5 pour LGE et de 1 à 2.1 pour GGE) (Figure
2, gauche).

Les mesures et l’évaluation
Le système Delta4® (Figure 1) a été utilisé pour acquérir et analyser les données. Toutes

les mesures ont été réalisées consécutivement pour chaque patient et nous avons tenu
compte de l’influence de la répétabilité. Ainsi, 20 faisceaux identiques ont été irradiés avec le
système Delta4® et l’écart-type moyen pour le gamma max (Gmax) est de 0.06.

Pour chaque faisceau modifié, les mesures ont été comparées au plan calculé (nommé,
évaluation clinique) et à une mesure du même faisceau sans erreur (0mm ou 0°) (nommé,
évaluation avec la référence).

Parce qu'il n’y a qu'une seule lame concernée avec un petit décalage, nous n'avons
évalué que le Gmax et non le gamma moyen ou le pourcentage de point présentant un
gamma<1.

Les valeurs de Gmax ont été relevées pour les méthodes d'évaluation gamma global
(EGG) et local (ELG) avec des critères d'acceptabilité de 2%/2mm.

La planification de traitement

Les erreurs de lames

Figure 1. Le système Delta4®.

Conclusions

Evaluation avec la référence:
Les décalages de lames ont un impact notable sur le plan de vérification

avec la référence. Pour tous les plans, on constate des augmentations de
Gmax à partir de 0.2 mm (de 0.2 à 4.3 pour LGE et de 0.1 à 2.4 pour GGE)
(Figure 2, droite).

Le système Delta4® semble être un détecteur très sensible pour le contrôle de qualité des plans
RCMI. Dans notre étude, le système a détecté de très faibles erreurs de lame et de bras. En utilisation
clinique (comparaison TPS - mesures) ces faibles erreurs ne seraient pas détectées car elles
demeurent en dessous des écarts existants entre les calculs du TPS et l’accélérateur.

Table 1. Valeurs moyennes, écart-types (SD), médianes et intervalles des
gamma max pour l’évaluation avec la référence (erreurs de MLC et de bras).

Les erreurs de bras
Evaluation clinique:
Les décalages de bras ont un impact notable sur le plan de vérification clinique.
Pour tous les plans, on constate des augmentations de Gmax à partir de 2°de
décalage (de 1.7 à 6.9 pour LGE et de 1.4 à 3 pour GGE) (Figure 3, gauche).

Evaluation avec la référence:
Les décalages de bras ont un impact notable sur le plan de vérification avec la
référence. Pour tous les plans, on constate des augmentations de Gmax à
partir de 0.2°(de 0.4 à 9 pour LGE et de 0.3 à 4.8 pour GGE) ( Figure 3, droite).

Figure 2. Evolution du gamma max avec les décalages des lames (en mm) pour le local gamma (gris clair) et pour le global gamma 
(gris foncé).  Une évaluation clinique (A) et avec la référence (B).

Figure 3. Evolution du gamma max avec les décalages de bras (en degré) pour le local gamma (gris clair) et pour le global gamma 
(gris foncé). Une évaluation clinique (C) et avec la référence (D).

Figure 4. Identification par le système des lames présentant un décalage de 2 mm (gauche) et 3 mm (droite). 

Décalage de MLC Décalage de bras

Local gamma Gmax Global gamma Gmax Local gamma Gmax Global gamma Gmax

0.2 mm 0.2°
Moyenne ± SD 0.23 ± 0.07 0.14 ± 0.05 0.38 ± 0.28 0.26 ± 0.16 
Médiane (intervalle) 0.24 [0.13- 0.36] 0.14 [0.07 – 0.23] 0.31 [0.18 – 1.12] 0.19 [0.14 – 0.63]

0.5 mm 0.5°
Moyenne ± SD 0.36 ± 0.13 0.24 ± 0.09 0.7 ± 0.29 0.5 ± 0.22 
Médiane (intervalle) 0.35 [0.21 - 0.59] 0.27[0.12 – 0.36] 0.63 [0.38 – 1.24] 0.43 [0.25 – 0.97]

0.7 mm 0.7°
Moyenne ± SD 0.44 ± 0.14 0.35 ± 0.14 0.87 ± 0.31 0.67 ± 0.26 
Médiane (intervalle) 0.45 [0.25 – 0.7] 0.39 [0.11 – 0.5] 0.81 [0.54 – 1.3] 0.64 [0.31 – 1.18]

1 mm 1°
Moyenne ± SD 0.61 ± 0.24 0.48 ± 0.19 1.17 ± 0.36 0.89 ± 0.31 
Médiane (intervalle) 0.63 [0.25 – 1.07] 0.53 [0.17 – 0.71] 1.17 [0.69 – 1.84] 0.81 [0.45 – 1.45]

2 mm 2°
Moyenne ± SD 1.16 ± 0.48 0.91 ± 0.41 2.05 ± 0.73 1.66 ± 0.67 
Médiane (intervalle) 1.19 [0.45 – 2.16] 1.05 [0.31 – 1.45] 1.87 [1.39 – 3.61] 1.46 [0.71 – 2.75]

3 mm 2.5°
Moyenne ± SD 1.63 ± 0.76 1.25 ± 0.58 2.74 ± 1.67 2.04 ± 0.91 
Médiane (intervalle) 1.57 [0.58 – 3.36] 1.34 [0.39 - 2] 2.03 [1.59 – 7.06] 1.75 [0.73 – 3.6]

5 mm 3°
Moyenne ± SD 2.37 ± 1.22 1.68 ± 0.75 3.76 ± 3 2.55 ± 1.56 
Médiane (intervalle) 2.23 [0.9 – 5.37] 1.72 [0.61 – 2.7] 2.47 [1.67 – 10.54] 2.01 [0.81 – 6.33]

10 mm 4°
Moyenne ± SD 4.31 ± 2.69 2.41 ± 0.9 6.23 ± 6.52 3.82 ± 3.91 
Médiane (intervalle) 3.64 [1.68 – 11.33] 2.52 [1.2 – 3.87] 3.51 [1.8 – 19.36] 2.5 [1.44 – 14.62]

NA 5°
Moyenne ± SD 9.04 ± 8.03 4.79 ± 5.16 
Médiane (intervalle) 5.92 [1.99 – 25.08] 2.85 [1.54 – 18.86]

Le système identifie la lame qui
présente un décalage de 2 mm (voir
Figure 4, gauche) ou un décalage de 3
mm (voir Figure 4, droite).

De plus sur cette lame le système
identifie les détecteurs pour lesquels la
mesure ne correspond pas à ce qui est
désiré (points en jaune et rouge) pour
un certain point de contrôle donné.

Bibliographie:
1. Fredh A, Scherman JB, Fog LS et al. Patient QA systems for rotational
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Objectifs

Matériel et Méthodes

Ré lt t

Introduction
L'objectif de ce travail a été d'évaluer

l'impact de la géométrie d’irradiation sur le CQ
pour des plans stéréotaxiques de prostate avec
un boost intégré en utilisant un fantôme
indépendant de l’accélérateur, le système
Delta4.

La prostate et la tumeur ont été délinéées par un radiologue à l'aide
d'une fusion CT/IRM(en T1) pour 5 patients.
Dans le cadre d'un protocole, un plan RCMI à 9 faisceaux a été optimisé
avec le schéma suivant:
- 5x6.5Gy dans la prostate avec un boost intégré de 5x8Gy dans la

tumeur (Figure 2).

Pour les irradiations stéréotaxiques le contrôle de qualité
(CQ) occupe une place d’autant plus importante a cause de fortes
doses d’irradiation.

Le système Delta4 (ScandiDos) (Figure 1), dédié au contrôle
qualité des traitements RCMI [1], est un détecteur indépendant de
l'accélérateur et très stable en terme de linéarité, reproductibilité
et répétabilité [2-4].

Le schéma du traitement Le contrôle de qualité

Tous les faisceaux ont été consécutivement vérifiés quatre fois en utilisant le système Delta4

(Figure 3) avec tous les bras à:
a) 0°(Plan B0);
b) 90°(Plan B90);
c) 315°(Plan B315);
d) en position de traitement (242°, 270°, 297°, 328°, 0°, 38° , 76°, 101°, 127°), nommé BFparF
(faisceau-par-faisceau).
Les plans B90, B315 et BFparF ont été comparés avec B0 en utilisant deux évaluations:

1) Global Gamma Index (GGI)
2) Local Gamma Index (LGI),
Pour chaque évaluation (GGI et LGI), deux plans ont été comparés en calculant la différence de:
- pourcentage de détecteurs présentant un gamma<1 (%G<1);
- gamma maximum (Gmax);
- gamma moyen (Gmoy).
Les critères d'acceptabilité sont ceux utilisés dans notre service pour un plan RCMI: 4%/3mm.
Pour la répétabilité, 20 faisceaux ont été irradiés avec le système Delta4 et l’écart-type moyen a
été de 0.06 pour le Gmax et de 0.41% pour le %G<1.

Figure 2. Schéma d’une irradiation
stéréotaxique de la prostate avec un boost
intégré.

Figure 3. Illustration des 4 vérifications des plans RCMI avec le Delta4 et le bras à: 0°, 90°, 315° et en
configuration de traitement (FparF) (de gauche a droite).

Figure 1. Le système Delta4®.

Résultats

Conclusions

Pour GGI, les écarts moyens en %G<1 comparés à B0 sont de 0.8%±1.2%, 1.2%±1.2% et
1.2%±1.6% pour les plans B90, B315 et BFparF, respectivement. Des résultats similaires ont été
obtenus pour Gmax et Gmoy (Tableau 1).

Pour GGI, il y a un écart systématique et significatif pour tous les paramètres entre le plan B0
et les plans: B90 (p<0.0001), B315 (p<0.0001) et BFparF (p<0.0001) mesurés avec Delta4 (Figure 4
et 5, gauche).

Habituellement la vérification d’un plan RCMI est réalisée en plaçant tous les
faisceaux à 0°. Cependant, il est important de vérifier le plan de traitement dans les
mêmes conditions que pour le traitement.

Nous avons montré ici qu'il y a un écart important dans l'évaluation des plans
RCMI stéréotaxiques car cela dépend des conditions d'irradiation. Ces écarts peuvent
être expliqués par l'impact du poids des lames et l'atténuation de la table.

Il peut être recommandé que les vérifications des plans RCMI soient réalisées
avec un détecteur indépendant de l'accélérateur et dans la même configuration
d'irradiation qu'au moment du traitement (angle de bras et position de table).

Tableau 1. Valeurs moyennes ± standard déviation (SD) et médianes (intervalle) pour les deux
évaluations gamma, global et local.

été de 0.06 pour le Gmax et de 0.41% pour le %G 1.

Figure 5. Le gamma maximum (Gmax) pour les 4 plans et pour les deux évaluations: global gamma
index (GGI) (gauche) et local gamma index (LGI) (droite).

Figure 4. Pourcentage de détecteurs présentant un gamma<1 (%G<1) pour les 4 plans et pour les deux
évaluations: global gamma index (GGI) (gauche) et local gamma index (LGI) (droite).

Evaluation global gamma

Evaluation local gamma
Pour LGI, les écarts moyens en %G<1 comparés à B0 sont de 3%, 4.4% et 2.6% pour les plans

B90, B315 et BFparF, respectivement. Des résultats similaires ont été obtenus pour Gmax et Gmoy
(Tableau 1).

Pour LGI, il y a un écart systématique et significatif pour tous les paramètres entre le plan B0
et les plans: B90 (p<0.0001), B315 (p<0.0001) et BFparF (p<0.0001) mesurés avec Delta4 (Figure 4
et 5, droite).

Variable
Global Gamma Evaluation Local Gamma Evaluation

G<1 (%) Gmax Gmoy G<1 (%) Gmax Gmoy
B0

Moyenne±SD 99.8±0.4 1±0.2 0.23±0.03 96±38.9 1.7±0.3 0.32±0.04
Mediane (intervalle) 100 (98.5-100) 0.9 (0.6-1.6) 0.23 (0.18-0.29) 96.3 (90.9-98.7) 1.8 (1-2.9) 0.31 (0.24-0.42)

B90
Moyenne±SD 99±40.1 1.2±0.3 0.32±0.04 93.1±37.7 2±0.6 0.43±0.05
Mediane (intervalle) 99.6 (93.7-100) 1.1 (0.8-2.5) 0.32 (0.23-0.39) 93.2 (85.8-97) 1.9 (1.3-4.6) 0.43 (0.33-0.53)

B315
Moyenne±SD 98.6±44.1 1.5±0.6 0.3±0.04 92.2±14.2 2.2±0.6 0.42±0.07
Mediane (intervalle) 98.7 (94.7-100) 1.3 (0.9-3.2) 0.29 (0.22-0.4) 92.8 (83.8-98.4) 2.2 (1.3-3.6) 0.4 (0.29-0.56)

BFparF
Moyenne±SD 98.4±48.3 1.4±0.4 0.29±0.06 94.1±2.8 2.2±0.7 0.38±0.07
Mediane (intervalle) 98.7 (90-100) 1.3 (0.7-2.7) 0.29 (0.18-0.45) 94.5 (86.4-99.6) 2 (1-5.3) 0.38 (0.24-0.62)
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