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determined only in five of these patients, who had a reduction of the capillary 
density in the in;ndiated field at the end and 3 months after RT. A dilatation 
of the skin capillaries we saw in all patients already early in time during the 
RT (usually after 10.0 Gy). Micro bleedings/micro thromboses occurred in 5 
resp. 6 cases. In agreement with published data we found a n’se of the LDF 
quotient (irradiated/uninadiated skin) under radiotherapy in 7 of 8 patients, 
only in one case it was missing. 

Conclusion: Already very early during radiotherapy pronounced mod- 
ifications in the capillary morphology can be found: capillary dilatations. 
The reduction of the capillary density follows later. Microhemorrbagia and 
capillary thrombosis, associated with edema formation, can ba interpreted 
as damage of the capillary endothelium leading lo increased permeability. 
Damage of this vessel compartment is crucial for nutrition of the skin. It is 
accompanied by an increase in blood flow in the thermal regulation plexus, 
possibly as a sign of increased inflammatory blood circulation caused by 
opening of functional arterial- venous shunts. 
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Expression of epidermal growth factor receptor (EGFR) and 
proliferation markers during fractionated radiotherapy in 
fadu human squamous cell carcinoma xenografts 

W. Eicheler, A. FrOmmel, M. Krause, C. Petersen, M. Baumann. Medical 
Faculty Cad Gustav Cams, Technical University Dresden, Department of 
Radiation Oncology, Dresden, Germany 

Purpose: Rapid repopulation of clonogenic tumor cells is the major cause 
for the time factor in FaDu human squamous cell carcinoma (hSCC) during 
fractionated radiotherapy (FIT). In this tumor, acceleration of repopulation 
ocurs afterthree weeks of treatment. Because EGFR blockade is a promis- 
ing therapeutic concept to inhibit proliferation, we examined the expression 
of EGFR during fractionated radiotherapy in the human SCC FaDu. 

Methods: FaDu xenografts grown in nude mice were irradiated with 12 lo 
18 fractions fractions of 3 Gy under clamp hypoxia. The fractions were given 
daily or every second day up lo 36 days. Tumors were excised one or two 
days after the end of RT and routinely processed for immunohistochemistry. 
For the estimation of proliferation, BrdU was injected 1 hour prior to tumor 
dissection. EGFR, BrdU, and Ki67 were immunostained on paraffin sections. 
The results were compared to the radiobiological data. 

Results: EGFR immunosignal was predominantly mnfined to the cell 
membrane of tumor cells with some cytoplasmic staining. The membrane 
staining score was significantly increased during the second part of the frac- 
tionated RT, when acceleration of repopulation was observed in functional 
assays. The BrdU and Ki67 labelling indices were not significantly different, 
whereas the proportion of BrdU positive versus BrdU negative tumor cells 
in the viable tumor area was increased. 

Conclusion: Upregulation of EGFR might contribute to acceleration of 
repopulation in FaDu hSCC after three weeks of fractionated radiotherapy. 
EGFR blockade in combination with radiotherapy might be a useful approach 
to counterbalance the time factor in tumors overexpressing EGFR. 

Supported by the Deutsche Forschungsgemeinschaft (BA1433) 
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Basic treatment equivalent (BTE) - a better measure of linear 
accelerator workload 

G. Delaney’, V. Gebski”, B. Jalaludin3, S. Griftiihs4. ‘Liverpoo/Hospital, 
Collaboration for Cancer Outcomes Reseamh and Evaluation, Sydney, 
Australia; ‘Sydney University; NHMRC Clinical Tdals Centre, Sydney: 
Austmiia; 3South Western Sydney Area .Health Service, Department of 
Epidemiology, Sydney, Australia; 4 Cookridge Hospital, Department of 
Radiation Oncology Leeds, United Kingdom 

Purpose: 1. To develop a better measure of linear accelerator throughput 
that considers complexity. 2. To prospectively test the model in departments 
of radiation oncology in Australia, New Zealand, U.K. and Canada. 

Methods: Treatment durations of linear accelerator treatments were 
collected prospectively. Patient-, tumour- and treatment technique-related 
factors were collected and assessed for significant variables that impact 
upon treatment duration using multivariate analysis. The significant variables 
were then weighted and included into a model of linear accelerator Basic 
Treatment Equivalent (BTE) using the generalised estimating equation with 
exchangeable correlation structure. 

Results: Treatment times were collected on 7929 patient episodes, on 
2424 patients in 26 departments of radiation oncology in Australia and New 
Zealand. Significant factors for treatment duration were number of fields, 
number of shields, number of junctions, patient performance status, first 
fraction of treatment, beam type and whether an anaesthetic was required. 
A treatment BTE can be calculated by BTE= F(0.42 + 0.18Bl + 0.5782 + 
0.1U+0.13N+0.11S+0.05W+0.15P+0.2E+0.66A)wtlereF=l.5forthe 
first fraction and 1 for all subsequent fractions and Bl = photon beam, B2 
= mixed photon/electron, J = junction, N = number of fields, S = number of 
shields, W = number of wedges, P = number of port films or electronic portal 
imaging expo?.ures, E = 1 if performance status is EGOG z 2 (othetwise 
E=O), A = 1 if use of sedation or anaesthesia required (othenvise A=O) and 
BTE = predicted treatment time in minutesflO.This allows the calculation of 
a relative weight for each radiotherapy technique in comparison to a simple 
treatment of a parallel pair of fields ffiit took 10 minutes. 

The BTE model has now been tested prospectively in several U.K and 
Canadian departments and shown to be a more accurate assessment of 
linear accelerator throughput compared with fields or patients per hour. 
Some of these results will be presented. 

Conclusion: BTE is a better measure of linear accelerate throughput 
compared with number of patients or fields per hour as the model also 
considers variations in technique complexity. This model has proven useful 
to predict treatment durations for more efficient bookings and also to 
compare departments that have dissimilar casemix. 
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The effect of treatment techniques on the volume of small 
bowel in the pelvic ra’diotheraby field$ 

A.N. Demiral’, A. Ylldmm2, F. Obuz3, H. VidinlioQlu’, H. Hascaklr’, 
H. Alanval?. N. Tuncel’. V. Simsir’. ‘Akdeniz Universitv Deoartment of 
Radiath &co/w, ‘Ant&?; ‘Dokuz EykX UniversiM &pa-&ent of 
Radiation Oncolw lzmir; 3Dokuz Eyltil Universi& Deparbnent of 
Radiology lzmir. Turkey 

Aim: The dose of radiation and volume of radiotherapy field are two 
important factors that contribute to the acute and late gastrointestinal 
side effects of pelvic radiotherapy. In general the effectiveness of several 
treatment techniques in displacing small bowel out of radiation field is 
reported. This study reports the results of the relationship between the 
different treatment techniques and amount of small bowel,in the field. 

Materials and Method: The volume of small bowel in the pelvic box 
radiotherapy fields of 6 patients were evaluated. The study included 5 
patients with cancer of the endometrium and 1 patient with bladder cancer. 
Batium sulfate was’ diluted 50% by adding water and this mixture was 
administered l-2 hours before simulatioq. Pelvic small bowel volumes 
were compared using several treatment positiins ioduding, prone with 
bladder distention (pos. I), prone with bladder distention and with anterior 
abdominal wall compression (pas. 2), and supine without bladder distention 
(pos. 3). Patients were instructed to drink fluids prior lo ‘simulation and not 
to void untjl its end for pas.’ 1 and’2. Small buwel~volumes were determined 
by dividing the area of opacifi+ion kl the AP end lateral views into 1 cm 
segments and, summing the products of the segment lengths in the two 
projections. 

Results: The minimum and maximum volumes of small bowel in the 
pelvic radiotherapy field were 38 and 959 cn?, 0 and 894 cm3, 268 and 
1132 cm3 for the positions 1,2, and 3, respectively. The mean volumes of 
small bowel in the field were 384.2 + 126.2 cm3, 301.3 St 177.3 cm3, and 
652.8 f 150.6 cm3 for the hitions 1, 2, and 3 respectively. It was found 
that pas. 2 was significantly better than the oth& two @sitions in terms of 
displacing syll bowel out of the radiotherapy field (p -Z 0.05). 

Conclusion: It’s reported that certain maneuvers can minimize the small 
bowel volume in the pelvic radiptherapy fields and reduce the risk of small 
bowel injury. The current study appeqrs to confirm that oral contrast is a 
useful adjunct in treatment planning to localize dose limiting small intestines. 
This study also demonstrates that small int@ines can be displaced ov of 
the radiation field by using bladder distention and compression device in 
the prone position. 
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Assessment of organ motion uslng gated radiotherapy tools 

V.R. Kini, P.J. Keall. R. George, S.S. Vedam, R. Mohan. Medical College 
of Virginia, Radiation Oncolosv. Richmond, VA, USA 

Purpose: Recent advances aimed at decreasing toxicity related to internal 
organ motion include respiratotygated radiotherapy. The accuracy of such 
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systems is dependent on the reproducibility of target positioning related 
to organ motion. However, normal respiratory motion of internal organs 
is not yet dearly understood. This is likely related to the lack of dynamic 
3D imaging toots. We used a commercial respiratory gating system and 
fluoroscopy to evaluate the m&n of normal structures during respiration. 

Materials and Methods: A wall mounted video camera tracks the motion 
of reflective markers placed on the patient’s chest. Imaging or treatment 
can be triggered based upon the motion signal using the marker posi- 
tion. Audio or video coaching can be used to train patients. Fluoroscopic 
‘movies’ can be recorded aimuttaneously. These movies can be analyzed 
on a frame-by-frame basis using our in-house edge detection and pattern 
recognition software. 

Simultaneous chest wall monitoring and fluoroscopy was performed on 6 
patients. Each patient participated in 5 daily sessions over 2 to 3 weeks. In 
each session, five 30-second fluomscopic movies were recorded with and 
without coaching. The diaphragm was divided into 3 ‘sectors’ and the chest 
wall into 2 halves for motion analysis. 

Reeuttsz Over one hundred fluomscopy sessions were analyzed. The 
amplitude and phase of motion of the diierent sections of the dtaphragm 
were almost identical. The motion of the central ‘sector’ of the diaphragm 
was slightly less predictable in successtve sessions. The two halves of 
the chest wall moved in phase with each other and the diaphragm. A large 
amplitude of motion of the chest wall was not seen (2 to 3 mm mediolateral). 
This may be related to ‘noise’ in the video images caused by the motion 
of the ribs. Repositioning of the diaphragm using gating based upon the 
external marker was more accurate with audit and video coaching. 

Conclusions and Ft~ture~Directlon: The diaphragm and chest wall 
moved in phase with each other. Coaching improved the accuracy of 
reproductng organ motion. Improvements in imaging techniques and image 
analysis are needed to better understand organ motion. These early results 
increase our understanding of respiratory organ motion and point towards 
the accuracy of gated radiotherapy. 
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Validation of a method for automatic image fusion (BrainLAB 
!3ystati) of CT-data and Cl l.-Methlonin+T data for 
steieotactk fractionated radiotherapy using a LINAC 

A. Grosu’, W. Weber2, N. Wiedenmann’ , R. Lachners, S. Stark’, 
P. Kneschaurek’ , M. Mdls’ . ’ Technical Universify of Munich, Radiation 
Oncolog) Munich, Germany; 2 Technical University of Munich, Nuclear 
Medicine, Munich, Germany; 3BrainLab, Munich, Germany 

Purpose: a) To establish a method for automatic image fusion of CT/MRI 
and Cli-methionin-positron emission-tomography (MET-PET) for stereo- 
tactic treatment ptanning. b) To discuss the Impact of MET-PET for the 
treatment planning of stereotactic fractionated radiotherapy (SFR) in pa- 
tients with brain tumors (meningiomas and gliwnas). 

Materials and Methods: In 10 patients (6 mentngeomas and 4 gliomas) 
CT, MRI and MET-PET were performed for the radiation treatment planning. 
The CT and MET-PET investigations were performed using the BrainLab 
head fixation with mask and the locatizer. On the localizer were applied 
15 external reference markers (5 on each 3 dimensional directions) ‘which 
could be identified in CT and MET-PET and whose positions were exactly 
defined for,the both investigatk&. MRWCT-Fusion was done automatically 
(BrainLab software). The CTMETIPET-fusion was performed using two 
dierent methods: the gold standard was the CT/PET fusion based on 15 
external reference markers, the test method was the automatic, intensity 
based CT/PFTfusion, independent from the external markers. The markers 
were visible on CT and transmision-PEF and were defined manually. The 
two fusion methods were compared by calculating the mean value of 
deviation between corresponding points,, defined in a Vol. The gross tumor 
volume (GTV) defined on Tl-MRI wlth gadolinium was compared with the 
GN dafinecl using the MET-PET. 

Resultaz The mean deviation of the automatic CT/PET fusion compared 
with the gold standard CT/PET fusion, based of external markers was 
2.40 mm, SD 0.64. In 4 patients with meningiomas and In all 4 patients 
with gliomas MET-PET detivered additional Information concerning tumor 
extension. 

Concbaston: The precision of the automatic image fusion CT/PET was 
high, A mean devtation of 2.46 mm is acceptable, considering that it is 
approximately equal to the pixel size of the PET data sets, MET-PET 
delivers additional lnformatton concerning GTV an couM be important for 
the stereotactic fractionated radiotherapy of brain tumors. 
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LINAC radiosurgery for brain metastases 
POSTER 

D. Lenartz, M. Kocher, J. Vogss, R. Lehrke, M. Maarouf, H. ireuer, 
R.-P. MUler, V. Stunn. Department of Stereofacfic and Functiona/ 
Neurosurgery University of Colcgne, Cologne, Germany 

The present retrospective study demonstrates the results of stereotactic 
radturgety in patients with a limited number (one to three) of brain 
metastases without the routine use of adjuvant whole brain jrradl,ation. Re- 
sub in temts of response rates, intracranial disease control, neurological 
survival, and overall survival are analyzed in pattents withmuitiple lesions 
compared to those wtth single me&stases. From 199Oto 1996, *a6 patients 
suffering from stngte (70 patientsof.muttiple@wo or three) cerebral metas- 
tasaa (36 patiants) were tfeetad by stemotactic radtosurgery with a LINAC 
(8 MeV) equipped with tertiary collimators. Fifty-nine patlentswere treated 
for their first occurrence of brain metastase~ 47 pattents hadbeen treated 
prior to radiosurgery by resectton and/or whde-brain~rradiation. Histology of 
the primary tumor was non-small cell lung cancer (36 pattente),metanema 
(20 patients), breast cancer (15 patients). hypamephmma (15:patients), 
and other (20 patients). AJI together, 157 metastases .(O.O4-69.0 ml; me- 
dian, 2.7 ml) were irradiated with marginal doses of. 12-25 Gy (median, 26 
Gy) referred to the 65%-80% isodose. Seventy-two percentof the lesions 
were treated wlth a single &center. Adjuvant whoterbrain irradiation was 
applied in six patients. Onehundredthirtyftve of 157 metastaaes were evalu- 
ated for response: complete response (CR), 24%; partial response, 31%:no 
change, 3O%;and progresston .of disease, 15%. GR rates were highest 
(48%) in small metastases (cl cm diameter), independent of histological 
type and dose. The overall median survival was 8 months. Mu&variate Cox 
regression analysis revealed a stgnifmnt impact on survival for Kamofsky 
performance score, presence of extracranial tumor, and volume of largest 
metastasis. UNAC-based stereotactic radto-surgeryinpatients with up to 3 
cerebral metastases results in survival rates approaching thoseof patients 
with resected single brain metastases. As patkmts&thboth single sod mul- 
tiple metastases can effecttvety be salvaged after receiving radiosurgery. 
extracranial tumor activity becomes a major determinator of survival. 
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Intraoperatke radiotherapy (DRT) after breast conserving 
therapy In breast cancer patients 

R. Reitsamer’ , F. Peintinger”, F. Sedlmaye?, M Kopp3, C. Menzell, 
W. Cimpoca’ , S. Glueck’ , M. Brandis3, G. Kametrfee?. r General Hospital 
.%&burg, Deparlment for Breast Diseases, Salztwrg, AusViia; 2 Gmral 
Hospital‘ BruWm Depariment for Gynecufogy and Obstetrics, 
B~cldfvlurj Austria; 3 General Hospital Salzburg, Department for 
Fladiooncoim Sakburg, Austria 

Introduction: Local recunency rate(LR)a braast conservirtg therapy 
(6CT)van’es betwaen 5% and 8%. One of ‘the reasons for LR could be a 
“geographii miss” during boost irradiation of the tumor bed. Therefore high 
quality boost techniques are demanded. 

Methods: From lo-98 to 12-00 160 patients v#h stage I and stage II 
breast cancer were operated in a dedicated K)RT factlky. Aftertumorectomy 
the tissue surrounding the excision catity was temporarily approximated by 
sutures to bring the tissue in the radiation planning target volume. A single 
fractional dose of 9 Gy was applied Ro the 9O%reference isodose with 
energies ranging from 4 - 15 MeV, using round tubes 5 to 7 cm in diameter. 
After wound healing patients received additional 51 to 56 Gy EBRT to the 
whole breast. 

Results: There were no early comptiitions assodated with the use 
of IORT. In five patients a secondary mastectomy had to be performed 
because of tumor multicentricfty in the final pathological report. Two patients 
developed rib necroses. In tive patents wound heatiig probtems occurred. 
To date there has been no local recurrence, cosmesis of the breast has 
been excellent. 

Conclusion: Preliminary resutts suggest that IORT after breast conserv- 
ing therapy could be a reliable alternative to coaventional postoperative 
fractionated boost by accurate dose delivery and avoidtt of geographic 
miss, by enabling of smatler treatment votumesand complete skin spartng 
and by reducing the postoperative radlation time for 7 to 10 days. 


