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Abstract English 

Background and Purpose: Evaluation of late side-effects and survival more than 60 

months after 3-dimensional conformal radiotherapy with moderate, risk adapted dose 

escalation from 70 to 74 Gy in patients with localized prostate cancer within a 

prospective Austrian-German phase II multicenter trial. 

Material and Methods: Between 03/1999 and 07/2002 486 patients were registered in 

the prospective Austrian-German multicenter phase II trial. 441 (90.7%) patients were 

evaluated. Patients in the low and intermediate risk group were treated with 70Gy, 

patients in the high risk group received 74Gy. Additional hormonal-therapy was 

recommended for intermediate- and high-risk group patients. Gastrointestinal (GI) 

and genitourinary (GU) late toxicity according to EORTC/RTOG criteria, initial 

appearance, prevalence and duration of grade ≥2 side-effects were investigated. 

Furthermore bNED (Phoenix/Nadir + 2), overall and disease specific survival were 

prospectively assessed.  

Results: Median follow-up was 90 (2-158) months in all 441 patients and 99 (18-158) 

months in living patients. 154 patients (35%) had a follow-up of longer or equal 120 

months. Distribution among risk groups was 26% (low), 51% (intermediate) and 23% 

(high). HT was administered in 86% of patients prior to RT. Late gastrointestinal side-

effects at 5- and 10 years were 29%/32% (70/74Gy) and 30%/35% (70/74Gy) as 

actuarial rates; p=0.67. Late genitourinary side-effects at 5- and 10 years were 

17%/26% (70/74Gy) and 27%/34% (70/74Gy); p=0.12. No more than 18% (GI) and 

17% (GU) of patients suffered from side-effects ≥2 at any time after the end of 

therapy (prevalence). The proportion of patients suffering from severe toxicity was 

low (Grade 3 GI: 2%, GU: 10%). 10 year actuarial bNED rate was 65%, 70% and 

58% in the low-, intermediate- and high risk group according to Phoenix (Nadir +2) 

criteria. Overall and disease specific survival were 67% and 91% in all patients. 

Conclusion: Dose escalation did not result in a significant difference in 

gastrointestinal or genitourinary side-effects. The majority of GI side-effects occurred 

within 5 years after the end of RT whereas GU toxicity is constantly prevalent even 

after 5 years of follow-up. After a median follow-up of 90 months 6% of all patients 

died from prostate cancer whereas biochemical control rates of 80% after 5 and 70% 

after 10 years in low and intermediate risk group confirm a dose-regimen of more 

than 70Gy as local treatment dose which has already been implemented in 

nowadays treatment centers. For biochemical non-evidence of disease elevated dose 

showed advantages although a clear advantage has not been proven for overall 

survival regarding escalated dose especially when combined with hormonal therapy. 
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Abstract German 

Hintergrund und Ziel: Evaluation von Spätnebenwirkungen sowie Überleben nach 

risikoadaptierter 3D-konformaler Strahlentherapie mit 70 bzw. 74Gy bei lokalisiertem 

Prostatakarzinom im Rahmen einer prospektiven österreichisch-deutschen Phase II 

Multicenter-Dosiseskalationsstudie. 

Material und Methode: Zwischen 03/1999 und 07/2002 wurden 486 

Prostatakarzinom-Patienten zur Studie angemeldet. 441 (90.7%) wurden 

ausgewertet. Patienten der niedrigen und mittleren Risikogruppe erhielten 70Gy 

während Patienten der hohen Risikogruppe mit 74Gy Gesamtdosis bestrahlt wurden. 

Zusätzliche Hormontherapie wurde für Patienten der Mittel- und Hochrisikogruppe 

empfohlen. Gastrointestinale (GI) und urogenitale (UG) Spätnebenwirkungen nach 

EORTC/RTOG Kriterien, ihr erstmaliges Auftreten, Prävalenz und Dauer wurden 

untersucht. Zusätzlich wurden das biochemisch rezidivfreie Intervall (Phoenix 

Definition/ Nadir + 2), gesamt- und krankheitsspezifisches Überleben ermittelt. 

Ergebnisse: Das mediane Follow-up betrug 90 Monate (2-158) für alle 441 Patienten 

und 99 Monate für die lebenden Patienten. Bei 154 (35%) Patienten lag der 

Nachsorgezeitraum bei ≥ 120 Monaten. Hinsichtlich der Risikogruppen verteilten sich 

26% der Patienten auf die Niedrig-, 51% auf die Mittel- und 23% auf die 

Hochrisikogruppe. 86% der Patienten erhielten eine Hormontherapie vor der 

Strahlentherapie. Gastrointestinale Nebenwirkungen nach 5- und 10 Jahren lagen 

bei 29%/32% (70/74Gy) und bei 30%/35% (70/74Gy) als aktuarische Raten; p=0.67. 

Urogenitale Nebenwirkungen lagen nach 5- und 10 Jahren bei 17%/26% (70/74Gy) 

und bei 27%/34% (70/74Gy); p=0.12. Maximal 18% (GI) und 17% (UG) der Patienten 

litten an Grad ≥2 Nebenwirkungen zu jedem Zeitpunkt nach Ende der 

Strahlentherapie (Prävalenz). Der Anteil von Patienten die unter schweren 

Nebenwirkungen (Grad 3 GI: 2%, UG: 10%) litten war sehr gering.  Die 10-Jahresrate 

für das biochemisch rezidivfreie Intervall nach der Phoenix Definition betrug 65%, 

70% und 58% in Niedrig-, Mittel-, und Hochrisikogruppe. Gesamt- und 

krankheitsspezifisches Überleben lag bei 67% bzw. 91% für alle Patienten. 

Schlussfolgerung: Dosiseskalation führte zu keinem signifikanten Anstieg an 

gastrointestinalen oder urogenitalen Nebenwirkungen. Der Großteil der GI-

Nebenwirkungen trat innerhalb von 5 Jahren nach Ende der Strahlentherapie auf, 

während UG-Nebenwirkungen über den gesamten post-therapeutischen 

Nachsorgezeitraum zu beobachten sind. Nach einem medianen Follow-up von 90 

Monaten waren 6% der Patienten am Prostatakarzinom verstorben. Die 

biochemischen Kontrollraten von 80% nach 5- bzw. 70% nach 10 Jahren bestätigen 

eine Dosis von über 70 Gy auch für Niedrig- und Mittelrisikogruppe, wie sie in 

heutigen Behandlungszentren bereits üblich ist. Insbesondere für das biochemische 

krankheitsfreie Intervall zeigten die erhöhten Dosen einen Vorteil, wobei ein 

eindeutiger Vorteil für das Gesamtüberleben bislang nicht bewiesen werden konnte 

gerade wenn die Strahlentherapie durch eine Hormontherapie ergänzt wurde. 
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1 Background 

 

1.1 Epidemiology 

Prostate cancer is the most common cancer in European men and third leading 

cause of cancer-related death in men after lung and colorectal cancer. [1, 2] Around 

one quarter of newly diagnosed neoplasm relate to the prostate (63.440 in Germany, 

4488 in Austria per year). The Mortality rate ranges between 20% and 25% (12.000 

Germany, 1144 Austria).[3, 4]  Rising numbers over the last decades were based on 

improved diagnostic methods such as prostate specific antigen and increased 

willingness of men to participate in screening checkups and apart from that also in 

overall increased life expectancy. [5] 

1.2 Risk classification 

Tumor stage is classified by anatomic disease extent as developed by the UICC TNM 

Classification of Malignant Tumors.[6] Information from image findings plus clinical 

examination are completed by PSA levels and Gleason score from histology 

specimen and enables the physician to assign patients to corresponding risk 

groups.[7] Additionally nomograms may be used for staging and estimation of lymph 

node involvement.[8] 

Prognostic factors are derived by risk group.  

As in other neoplastic diseases also prostate cancer may disseminate and form 

metastases in other organs. The most common place for disseminated disease is the 

local lymph node area in the pelvis. Beside lymph node involvement bone 

metastases are a common finding in advanced stage disease. The occurrence of 
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metastases also directly correlates with morbidity and mortality. German S3 

Guidelines recommend staging for bone metastasis for patients with histologically 

verified prostate cancer and a PSA level of > 10ng/ml or Gleason Score ≥8 or T-

Stage 3/4 or skeletal pain using scintigraphy. [9-11] 

1.3 Therapeutic options 

In localized prostate cancer different curative therapeutic options can be taken into 

account. Radical prostatectomy is performed by conservative, laparoscopic or robotic 

surgery whereas no significant oncological and functional superiority could be proven 

for one method. [12, 13] 

For Patients with life-expectancy of less than 10 years and low risk group, active 

surveillance can be considered. [14, 15] Radiation therapy is used in various 

modalities for the treatment of prostate cancer at different stages. Interstitial radiation 

can be done by either iodine or palladium seeds or by brachytherapy using an 

afterloading method. External beam radiation therapy (EBRT) can be combined with 

surgical, hormonal treatment and brachytherapy method or used as a single 

treatment modality. [16] 

1.4 Radiation therapy 

Early attempts to treat prostate cancer using radiation were mostly 

brachitherapeutical approaches as EBRT techniques were not feasible to reach a 

small volume organ such as the prostate within the small pelvis at that time. A lack of 

precision delivered almost an equivalent dose to adjacent radiosensitive organs such 

as bladder and rectum. In the first half of the 20th century treatment approaches with 

EBRT became more serious when megavoltage technique was introduced in clinical 

practice. First linear accelerators were introduced in the 1970s and gradually 
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overcame the era of telecobalts, beta- and synchrotrons.[17] With numerous further 

achievements, inventions and developments EBRT became one of the leading 

treatment modalities for prostate cancer over the last decades. 3-dimensional 

planning systems enabled definition of 3-dimensional target volumes and distinction 

of organs at risk individually on sectional images derived from computed tomography. 

Improved soft-tissue contrast from CT-images, 3 dimensional reconstructions and the 

broader availability of further diagnostic tools such as MRI enabled calculable dose-

distribution within tumor and adjacent tissue such as organs at risk. 

These achievements made it possible to surpass the long lasting era where local 

doses of 66Gy were standard of care in EBRT of prostate cancer. The concentration 

of therapeutic dose within the target volume while surrounding tissue was spared was 

improved in comparison with conventional radiation therapy techniques. [18-20] The 

reduced dose in adjacent volumes allowed higher dose to the tumor without causing 

severe mucosal damage to bladder or bowel. Significant improvements of late toxicity 

to the bowel in comparison with conventional radiation therapy technique were 

shown by Sandler et al.. Dose escalation also led to an improvement of treatment 

outcomes in terms of biochemical non-evidence of disease. [21, 22] However results 

about general improvement of treatment outcome by increasing the treatment dose 

remained inconclusive.  

In order to decrease treatment related toxicity numerous planning studies were 

initiated investigating methods to lower the dose to rectum and bladder. Beside 

coplanar 3-, 4-, and 6-field techniques also non-coplanar radiation techniques were 

investigated. No crucial advantage in terms of improved sparing of organs at risk 

could be derived from these trials.  
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In 1995 Neal et al. compared different techniques in their analysis. An improved 

sparing of the rectum within the high-dose area was achieved by using a 4-field-box 

technique but an improved sparing of the bladder was achieved by a 6-field 

technique.[20] Fiorino et al. compared 5 different 3D-conformal techniques in 12 

patients. No technique was found to be superior in terms of improved dose 

distribution for all organs at risk together. The question of ideal radiation technique 

remained discussed controversially when Koswig et al. showed an improved sparing 

of bladder and rectum using a 6-field technique for stage T1 and stage T2 tumor 

patients. [23] [24] 

CT-assisted 3D planned 4-field-box technique field-volumes, treatment-volumes and 

dose in organs at risk were investigated by Wachter et al. in Vienna, using dose-

volume-histograms.[25] The target volume consisted of the prostate and the base of 

the seminal vesicles and an additional safety margin of 1 to 1.5cm. Average 

treatment volumes were 647cm³. Resulting in an average of 23% of bladder- and 

59% of rectal volume being encompassed by the 90%-isodose. By the use of 

individual blocks, based on Beam‟s Eye View Technique the treated bladder and 

rectal volume could be reduced by 14% and 23% in comparison without individual 

blocks using the same field configuration for the 4-field-box technique. 

In daily routine coplanar conformal 4-field-box-technique became feasible due to its 

facile set-up and good reproducibility. Furthermore orthogonal fields establish ideal 

conditions for quality assurance using portal imaging. Beside portal imaging also 

cone-beam computed tomography devices were integrated into linear accelerators 

enabling better onsite verification of irradiated volumes.[26] 
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Within the course of new developments intensity modulated radiation therapy 

became available for prostate cancer. Beside margins also dose within tumor volume 

can be modulated. This can either be achieved by individual blocks for each of the 6 

to 8 fields or by multileaf collimators during radiation. IMRT enables complex target 

volumes and allows improved sparing of organs at risk. On the other hand IMRT is 

time-consuming in terms of calculations, delineations, execution and surveillance. An 

advancement of IMRT is volumetric intensity modulated arc therapy (VMAT) where 

the multileaf collimator is continuously adapted while the gantry is rotating. Beside 

the field also speed of the gantry, angulation of the collimator and dose rate can be 

adapted. [27, 28] 

Another further-developed sophisticated treatment modality is tomotherapy that 

allows imaging by computed tomography and radiation therapy within one session 

and therefore allows control of target volume regularly and without switching devices 

or platforms. [29, 30] 

1.4.1 Fiducial Markers 

In order to achieve better localization of the target volume 2-4 fiducial markers of gold 

(diameter 0.9mm and length of 7mm), carbon or polymer can be implanted with 

ultrasound guidance transrectally or transperineally into the prostate. This enables 

improved localization of the target volume by the fiducial markers serving as 

landmarks for planning-CT, simulation and cone-beam CT or portal imaging in 

fractionated therapy. By the use of this method also known as organ tracking, 

radiation can be adjusted and delivered with higher precision. Deviations can be 

detected and corrected before radiation is administered.[31-33]  
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1.4.2 Internal immobilization 

For the definition of adequate target volume external factors of everyday 

reproducibility of field-parameters and patient position have to be taken into account. 

Also internal factors such as organ movement or influence of organ position by 

adjacent mobile organ structures have to be considered.  An analysis about motion of 

the prostate by varying rectal and bladder filling showed different results in 

dependence of measurement. Various investigations showed that by systematic 

application of an endorectal balloon with constant filling the prostate motion could 

clearly be reduced over the course of treatment. Furthermore the distance between 

middle and posterior parts of the rectum and dorsal border of the prostate could be 

extended significantly.[34] Especially at the dorsal border a reduction of distance 

between CTV and PTV results in a decreased radiation exposure for the rectum. Lee 

et al. reported a reduction of chronic grade 2 and 3 rectal morbidity of 22% to 7% by 

reduction of distance between prostate and block border from 15 to 5mm for the last 

10Gy at a total dose of 76Gy.[35] 

1.4.3 External immobilization 

Apart from internal immobilization external patient positioning aids are being used. 

Boards, cushions and mesh-casts improved accuracy on target volumes in 

comparison with radiation without external immobilization. [36-39] 

1.5 Side-effects in radiation therapy 

Side-effects occur in adjacent organs at risk that cannot entirely be spared during 

radiation course. A distinction must be made between acute (up to 3 months) and 

late (after 3 months post-therapy) toxicity.  
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Intermittent rectal bleedings (EORTC/RTOG Grade 2) are the most common 

moderate morbidity after radiation therapy in prostate cancer. These painless 

bleedings are most often based on multiple teleangiectasia within rectal mucosa.[40] 

Rectal bleedings usually occur between 18 and 36 months after the end of radiation 

therapy. Extent and frequency is known to be dose dependant.[41] Elevation of the 

total dose to more than 74Gy lead to moderate proctitis in 25% of patients.[42] By 

reduction of treatment volume and exclusion of the rectal wall in the last week of 

radiation, frequency of moderate proctitis was reduced to 10% while a dose of 74-

76Gy was applied.[35]  

Moderate genitourinary side-effects are less common. Usually patients report mild 

toxicity such as elevated frequency of micturition, nocturia and sometimes 

incontinence. These side-effects may require incontinence pads and may remain 

persistent or occur at later time points after the end of therapy. Side-effects are 

scored according to different systems such as EORTC/RTOG [43] and the common 

terminology criteria for adverse events (CTCAE).[44] 

1.6 Follow-up 

In case of curative treatment approach by radiation therapy, asymptomatic patients 

are scheduled for follow-up appointments every 3 months for the first 2 years, every 6 

months in the 3rd and 4th year and annually thereafter according to guidelines and 

based on several trials.[15, 45-47] Follow-up appointments usually consist of  

screening for treatment related side-effects in particular derived from bowel and 

bladder as well as erectile dysfunction. Furthermore early indications of failure are 

being investigated by clinical examination, PSA-levels and additional examinations 

respectively. 
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1.7 Biochemical failure 

In the majority of patients the lowest PSA value after successful curative radiotherapy 

alone is achieved more than 12 months after the end of therapy to even years. [48, 

49] This value is also described as the nadir. Numerous studies investigated the level 

and course of PSA values after therapy where recurrent disease, locally or 

disseminated is likely.[48] [50, 51] Derived from these findings two definitions for 

biochemical failure were developed.  

The earlier elaborated definition by the American Society for Therapeutic Radiology 

and Oncology (ASTRO) predicted a biochemical failure after three consecutive rising 

PSA levels. Multiple weaknesses were the cause to have the current Phoenix 

definition as substitute.[52] Nadir plus 2ng/ml PSA is more sensitive and specific in 

detecting biochemical failure after radiation therapy.[53] It also causes less false 

positive findings by PSA bounce (reversible PSA-increase after radiotherapy).[54] 
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2 Introduction 

Over the last decades numerous substantial developments were achieved in EBRT 

of prostate cancer making it one of the standard curative treatment options today. 

Major developments and adjustments in treatment planning and also delivering dose 

to the target volume increased overall treatment dose from 66-70Gy to 74-80Gy and 

even more [22, 55-58]. A moderate number of randomized trials was initiated in order 

to investigate treatment outcome and occurrence of side-effects by dose-escalation. 

The MD Anderson trial comparing 70 and 78Gy, the Dutch trial 68 and 78Gy, PROG 

in Harvard comparing 70.2 and 79.2Gy with a proton boost and the two trials from the 

UK, RMH and MRC RT01 comparing 64 and 74Gy. Today limited data has been 

reported about the follow-up timeline between 5 and 10 years or beyond in terms of 

side-effects and survival.[59-67] The difficulty regarding trials reporting long-term 

results is that there are different risk group assignments, scoring systems and failure 

patterns  which makes it hard to compare the trials which are basically aiming for 

comparison between normal and dose escalated treatment arms. 

It is owed to the unique character of prostate cancer that escalated treatment dose 

led to improved outcomes for biochemical failure and disease specific survival but to 

date none of the randomized trials has shown a significant advantage in terms of 

overall survival for any of the dose-escalated treatment arms. It therefore remains 

unclear what dose and technique is feasible for risk-group adapted optimized results 

for the patient in terms of toxicity and survival. 
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In 1999 the Austrian-German Phase II multicenter trial was initiated. The initial 

hypothesis was that a moderate dose-escalation of 70Gy to 74Gy would result in an 

increase of gastrointestinal toxicity of less than 10%. High risk patients were treated 

with a total dose of 74Gy whereas low- and intermediate risk group patients received 

70Gy respectively. Secondary aims of the study were biochemical control, 

genitourinary side-effects and endoscopic evaluation of patients with radiation 

induced proctitis. An amendment to similar studies initiated at that time was that 

beside computed tomography for planning additional magnetic resonance imaging 

was performed in all patients. Although images were not merged with CT additional 

information with greater tissue contrast was available for planning purposes for each 

patient upon undergoing radiation. Furthermore internal immobilization using an 

endorectal balloon filled with air was used in all patients.  

3 Aim of this study 

In order to obtain knowledge about very late toxicity of the genitourinary and 

gastrointestinal tract in men all patients treated in between 1999-2002 within the 

Austrian-German multicenter trial were investigated. All patients were treated by 

curative radiotherapy with either 70 or 74Gy for localized prostate cancer. 

Assessments of late urinary and gastrointestinal side-effects were based on the 

EORTC/RTOG questionnaires. Further follow-up data was acquired from PSA levels, 

patients‟ status and treatments after radiation therapy respectively. 

Thereby the necessary extended follow-up time frame found in the analysis in 2009 

to draw final conclusions about dose-dependent differences of side-effects was 

tempted to be fulfilled. [68] 
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In the past and in the majority of randomized trials side-effects were reported as 

actuarial rates. As side-effects in prostate cancer are reversible in the majority of 

cases and not continuously harming the patient reports of actuarial rates only may 

have led to an overestimation and misinterpretation of results.[69] By using a 

combination of prevalence and incidence rates a more reasonable and appropriate 

model could be provided with this investigation.  

 

The primary objective was to analyze GI and GU side-effects according to 

EORTC/RTOG Scores and compare them between the two treatment groups. 

Secondary objectives were the assessment of biochemical disease free survival 

(bNED), overall survival (OS) and disease specific survival (DSS). 

The following hypotheses were defined for this study: 

Hypothesis 1: Less than 10% increase in gastrointestinal toxicity in the 74Gy group. 

Hypothesis 2: Less than 10% increase in genitourinary toxicity in the 74Gy group. 
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4 Methodology 

4.1 Study design 

The present study was designed as a prospective phase II multicenter trial. The local 

ethical committee approved the study protocol and procedures. 

Patients with histologically verified adenocarcinoma of the prostate stages T1-T3, 

NX0, MX0 and a pre-treatment PSA-level (iPSA) of ≤50 ng/dl were included in the 

study. In case of pre-treatment PSA of >30 ng/ml a bone scan was performed in 

order to rule out distant bone metastases. Patients with metastases or positive lymph 

nodes in CT or MRI and earlier radiation therapy to the pelvis were excluded. Further 

exclusion criteria were earlier malignant diseases (except for basalioma), Karnofsky-

Index below 80% or hip replacement by endoprosthesis. Informed consent was not 

considered necessary, as similar doses were being used in clinical practice at 

numerous institutions at that time. Informed consent was obtained in case of 

interventions due to rectoscopy. Between March 1999 and July 2002, 486 patients 

have been registered. 45 patients were excluded (12 patients were excluded 

because of secondary cancer, 3 patients were excluded because of positive lymph 

nodes, 2 patients were excluded because of bone metastases, 4 patients did not 

finish radiation therapy due to non-treatment related disease, 5 patients had an initial 

PSA level of >50 ng/ml, 10 patients were administered a different dose, 9 patients 

were lost of follow-up within 12 months after therapy.) 441 patients (91%) were 

available for evaluation. A summary of the study cohort is shown in Table 3. 
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In comparison with the analysis of the same study cohort in 2008 where 399 patients 

were evaluated, 42 patients were reacquired within follow-up appointments. 

4.2 Treatment 

TNM Staging was performed according to guidelines of the American Joint 

Committee on Cancer 1997. [6] 

Table 1 Risk-group definition 

Tumor stage ≤cT2a ≤cT2b cT3 independent 

PSA ≤10ng/ml <20ng/ml <20ng/ml 20-50ng/ml 

G1 or Gleason ≤6 Low risk Intermediate risk High risk High risk 

G2 or Gleason 7 Intermediate risk Intermediate risk High risk High risk 

G3 or Gleason ≥8 High risk High risk High risk High risk 

 

4.2.1 Planning-CT 

Planning-CT was performed with a 4mm slice thickness in supine position with pillow, 

knee roll, feetsupport and filled bladder. For internal immobilization a rectal balloon 

was used, filled with 40ml air. CT scan was performed with and without rectal 

balloon. This approach was chosen in the studyprotocol for consistent starting 

situations and logistic reasons at all four treatment centers. CT- Scan was started 

3cm caudal of the anus until the upper border of the iliosacral joint.  
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4.2.2 Planning MRI 

As additional information for treatment planning an MRI of the pelvis (T2 axial, 

sagittal and coronary) was performed. This allowed more precise imaging of the apex 

region and an improved distinction between involvement of capsule or seminal 

vesicles. Patients with transgression of capsule were restaged respectively. 

4.2.3 Simulation 

The computerized 3D-plan was transferred onto the patient with markers whereas 

patients were instructed to have a filled bladder. Retrograde filling of the bladder was 

not performed. The endorectal balloon was applicated. 
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4.2.4 Dose-volume-definition 

Low risk group: Irradiation of prostate. 

Clinical target volume (CTV) was defined as the prostate. The planning 

target volume (PTV) included a 10mm margin with and a 12mm margin 

without rectal balloon. 

Intermediate risk group: Irradiation of prostate and base of seminal vesicles. 

CTV was defined as prostate and base of the seminal vesicles. PTV 

included a 10mm margin with and 12mm margin without rectal balloon. 

High risk group: Irradiation of prostate, base of seminal vesicles and gross tumor 

volume. 

Target volume first level (8-74Gy) 

CTV consisted of prostate, base of the seminal vesicles and tumor 

suspicious parts of the seminal vesicles. PTV included a security 

margin of 10 with and 12 without rectal balloon.  

Target volume second level (boost, 0-8Gy) 

CTV consisted of prostate, base of the seminal vesicles and tumor 

suspicious parts of the seminal vesicles. PTV included a reduced 

security margin of 5mm in dorsal direction. Security margin in other 

directions (craniocaudal, lateral, ventral) was kept at 10mm. 



21 

 

The high risk group started with the boost irradiation, as tolerance of the rectal 

balloon after 66Gy, due to acute proctitis, was expected to be low.  

4.2.5 Radiotherapy 

Radiation therapy was performed on linear accelerators with at least 6 MeV photon 

energy. Dependent by patients anatomy higher energies of 12, 15, 18 or 25 MeV 

were used. Based on daily practice 4-field-box-technique was used. Low and 

intermediate risk group received 70Gy whereas the high risk group received 74Gy. 

Dose per fraction was 2Gy per day, 5 times a week. Minimum dose in PTV should 

not be less than 95% and maximum dose should not exceed 107%. 

All patients were irradiated with an endorectal balloon. Only patients that did not 

tolerate application of the balloon were treated with adapted security margin of 12mm 

in all directions. 

Patients were positioned in relaxed supine position with knee roll, pillow and 

feetsupport. Further external fixation systems were not routinely used. 
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4.2.6 Bladder filling 

Patients were advised to have a full bladder during planning computed tomography, 

simulation and radiation and should avoid micturition right in advance of therapy. In 

case of urge patients should wait at least half an hour after micturition before being 

irradiated. 

4.2.7 Abortion of the treatment 

Treatment of the individual patient was planned to be aborted in case of occurrence 

of distant metastases, grade 4 toxicity of any kind, Karnofsky Index of <80%, upon 

patients request or other incurable disease. Patients were assigned to regular follow-

up according to protocol in case of treatment abortion.  

 

4.2.8 Hormonal therapy 

Neoadjuvant or concomitant hormonal therapy was planned for patients of the 

intermediate- and high-risk group while administration should not exceed 12 months. 

Substances consisted of either luteinizing hormone-releasing hormone (LHRH) 

agonists and additional antiandrogen or LHRH agonist monotherapy.  
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4.3 Follow-up 

Follow-up was scheduled according to study-protocol at 3, 6, 9, 12, 18, 24, 30, 36 

months and every 12 months thereafter. 

At each follow-up appointment patients were asked about their prosperity in terms of 

micturition and genitourinary symptoms and defecation or gastrointestinal symptoms. 

Answers were scored according to EORTC/RTOG-guidelines for bladder and bowel. 

[43]  

Table 2 EORTC/RTOG scoring system for adverse events 

Gastrointestinal side-effects according to EORTC/RTOG scoring system: 

0 None 

1 Mild diarrhoea, Mild cramping, Bowel movement 5 times daily, Slight rectal 

discharge or bleeding 

2 Moderate diarrhoea and colic, Bowel movement >5 times daily, Excessive 

rectal mucus or intermittent bleeding 

3 Obstruction or bleeding requiring surgery 

4 Necrosis/ Perforation, Fistula 
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Genitourinary side-effects: 

0 None 

1 Slight epithelial atrophy, Minor telangiectasia (microscopic hematuria) 

2 Moderate frequency, Generalized telangiectasia, Intermittent macroscopic 

hematuria 

3 Severe frequency and dysuria, Severe generalized telangiectasia (often with 

petechiae), Frequent hematuria, Reduction in bladder capacity (<150 cc) 

4 Necrosis/ Contracted bladder (capacity <100 cc), Severe hemorrhagic cystitis 

 

Additionally recent PSA values acquired at institution or attending family doctor or 

urologist were gathered. Biochemical non-evidence of disease (bNED) was defined 

according to ASTRO (3 consecutive PSA-elevations after nadir) and Phoenix (PSA of 

more than nadir + 2ng/dl) definition. [52] Initiation or further administration of 

hormonal therapy as well as local, nodal or metastatic disease if not detected by PSA 

earlier was regarded as biochemical failure. Furthermore parameters about recent 

hormonal therapy (yes/no), status (alive/dead), date of death and cause of death 

(tumor related or other cause) were part of the follow-up. In case of unknown cause 

of death of the patient and rising PSA level (biochemical failure) tumor related death 

was assumed and documented. For consistent documentation standardized follow-up 

forms were being used (see appendix). 
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4.4 Statistical analysis 

According to earlier investigations it was assumed that the rate of radiation derived 

proctitis would not be increased by elevating the dose from 70 to 74Gy.  Further it 

was assumed that a ratio of both groups of 2:1 (70Gy:74Gy) would be evident after 

patient accrual. With 330 patients (220 patients treated with 70Gy and 110 patients 

treated with 74Gy) an elevation of gastrointestinal toxicity of grade 2 from 7% to 17% 

would be confirmable at a power of 85%. Error probability first order: 0.05; Chi-

square-test, calculated sample size by nQuery Advisor 2.0 Statistical Solutions Ltd, 

Cork Ireland. 

Duration of side-effects was measured by addition of durations of follow-up intervals 

in which side-effects ≥ 2 occurred. All measurements were calculated from the last 

day of radiation therapy. 

Standard statistical measures were applied calculating median, means and arranging 

descriptive statistics for patient characteristics and outcome measures for 

biochemical non-evidence of disease and survival analysis. Further analysis was 

performed using a statistical software program GraphPad Prism, Version 5.0 by 

GraphPad Software, Inc. La Jolla, CA 92037 USA.  In order to detect differences 

between the dose and treatment groups Log rank test was applied. 

Statistical analysis was performed using IBMs SPSS Statistics Version 20 by IBM 

Corporation, New York USA, Cox-Regression analysis with hazard ratios and 95% 

confidence intervals to identify relative risk for biochemical failure according to 

Phoenix definition. Univariate comparisons ahead of multivariate analysis were 
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performed using the Cox-regression analysis. T-Stage, grading, hormonal therapy 

prior or concomitant to RT, as categorical and iPSA and age at therapy as continuous 

variable were evaluated within the analyses. Reference-category in categorical 

variables was chosen as the lowest group. In order to evaluate the influence of 

treatment center, center was used as strata variable in univariate and multivariate 

analysis. All tests were two-sided; p < 0.05 was considered statistically significant.  
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5 Results 

5.1 Patients 

In 1999, 55 patients in 2000, 109 patients in 2001, 184 and in 2002, 93 patients 

entered the study. As described in chapter methodology, 45 patients were excluded 

because they did not meet the study criteria. 

Patients were treated at all 4 centers whereas the majority (85%) of patients was 

taken care of in centers Vienna and Munich. Median age in all patients at the 

beginning of treatment was 70 (51-84) years. Age was distributed between risk 

groups as follows: mean values, low: 69.75, intermediate: 70.75, high: 68.75 years. 

Median age at last follow-up in living patients only was 78.6 (53-93) years. 

The median follow-up was 90 (2-158) months in all 441 patients and 99 (18-158) 

months in living patients. 154 patients (35%) had a follow-up of longer or equal 120 

months. 70 presumably living patients (16%) have a follow-up of less than 60 

months. Further patients characteristics as shown in Table 3.  

5.2 Hormonal therapy 

Hormonal therapy was administered to 380 (86%) patients in advance of radiation 

therapy (87 (75%) low, 196 (88%) intermediate and 97 (95%) high risk group). 

Orchiectomy was performed in one patient of the intermediate risk group but handled 

as hormonal therapy in the analysis. HT consisted of either luteinizing hormone-

releasing hormone (LHRH) agonist + antiandrogen or LHRH agonist alone. Median 

duration of initial hormonal therapy prior or concomitant to RT was 7 months for all 

patients, 7 months in the low and intermediate and 9 in the high risk group 

respectively.  
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Table 3 Patients‟ characteristics 

  n  (%) 

T-Stage T1 121 (27) 

 T2 255 (58) 

 T3 65 (15) 

Maximum PSA pre-

treatment 

 

≤10 ng/ml 250 (57) 

>10- <20ng/ml 140 (32) 

≥20ng/ml 51 (12) 

Grading G1 96 (22) 

 G2 281 (64) 

 G3 43 (10) 

 unknown 21   (5) 

Gleason Score 2-6 262 (59) 

 7 83 (19) 

 8-10 38   (9) 

 unknown 58 (13) 

Gleason and Grading unkown 0   (0) 

Risk Group low 116 (26) 

 intermediate 223 (51) 

 high 102 (23) 

Dose 70 Gy  339 (77) 

  74 Gy  102 (23) 

Center Vienna 199 (45) 

 Munich 177 (40) 

 Tübingen 22   (5) 

 Göppingen 43 (10) 

 

   

Patients registered 486   

   excluded  45  

      secondary cancer   12 

      positive lymph nodes   3 

      bone metastases   2 

      did not finish radiotherapy   4 

      initial PSA level of >50 ng/ml   5 

      received different dose   10 

      lost of follow-up   9 

for evaluation   441 (91)  
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5.3 Report of Side-effects 

5.4 Gastrointestinal toxicity 

The proportion of patients suffering from severe toxicity was low (Table 4). Late crude 

side-effects grade 2 and 3 could be detected in 23% and 2% of patients for 

gastrointestinal toxicity. No significant difference between the two dose groups was 

evident. No grade 4 toxicity was observed. Hypothesis 1 was fulfilled. 

Table 4: Crude gastrointestinal side-effects (EORTC/RTOG) total and by radiation 

dose 

GI crude rates Total 70Gy 74Gy 

Event type n= 441 (%) n= 339 (%) n= 102 (%) 

Grade 0 251 (57) 195 (58) 56 (55) 

Grade 1 79 (18) 60 (18) 19 (19) 

Grade 2 103 (23) 78 (23) 25 (24) 

Grade 3 8 (2) 6 (2) 2 (2) 

 

Actuarial rates of side-effects grade ≥2 at 5 years were 28.9% in the 70Gy and 31.9% 

in the 74Gy group. 10 years after the end of radiation therapy 29.5% and 35.3% of 

patients treated to a dose of 70Gy and 74Gy had at least 1 event of grade ≥2 toxicity. 

The prevalence rate representing the proportion of patients suffering from side-

effects grade ≥2 during follow-up appointments was less and did not exceed 13% in 

the 70Gy and 15% in the 74Gy group. Both groups did not differ significantly 

according to log-rank test in univariate comparison (p=0.67). Prevalence of side-

effects for each grade per follow-up appointment is shown in figures 2, 3 and 4 in 

more detail for all patients and group-wise. The course of side-effect for each patient 

is shown in figure 6 for patients that had at least one event of grade ≥ 2 toxicity. 
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Figure 1 Combined illustration of gastrointestinal toxicity with Kaplan-Meier curve and 

prevalence rates per follow-up appointment of side-effects ≥2. (p=0.67) 
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Figure 2 Gastrointestinal side-effects per follow-up appointment according to 

EORTC/RTOG Score for both 70 and 74Gy groups. 
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Figure 3 Gastrointestinal side-effects per follow-up appointment according to 

EORTC/RTOG Score for the low and intermediate risk (70Gy) groups. 

 

Figure 4 Gastrointestinal side-effects per follow-up appointment according to 

EORTC/RTOG Score for the high risk (74Gy) group. 
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Figure 5 shows 95% of side-effects grade ≥ 2 occur within the first 36 months after 

the end of therapy for the first time. The proportion of GI side-effects occurring for the 

first time after 36 months is very low (5%). The figure shows grade ≥ 2 side-effects 

occurring for the first time in the whole follow-up. Therefore only patients that suffered 

from toxicity grade ≥ 2 are shown. 

 

Figure 5 Initial occurrence of gastrointestinal grade ≥ 2 toxicity. n= 111 patients 
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Duration of gastrointestinal toxicity ≥2 was less or equal 24 months in the majority of 

cases, 81% in the 70Gy, 85% in the 74Gy group and 82% for all patients.  

Table 5 Duration of gastrointestinal grade ≥ 2 toxicity. N= 111 patients 

 

Duration 

months 

Total 

n (%) 

70Gy 

n (%) 

74Gy 

n (%) 

      ≤6 40 (36) 29 (35) 11 (41) 

  9-12 25 (23) 20 (24) 5 (19) 

15-24 26 (23) 19 (23) 7 (26) 

27-36 12 (11) 9 (11) 3 (11) 

   >36 8   (7) 7   (8) 1   (4) 
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Figure 6 – Illustration of follow-up in patients experiencing GI toxicity grade ≥2. Each 

line represents one patient. Each column represents one follow-up interval. n= 111 

patients.  
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5.5 Genitourinary toxicity 

The proportion of patients suffering from severe genitourinary toxicity was also low 

(Table 6). Late crude side-effects grade 2 and 3 could be detected in 19% (70Gy) 

and 21% (74Gy). No grade 4 toxicity was observed. As in gastrointestinal side-effects 

no significant difference between the two dose groups was evident for genitourinary 

toxicity (p=0.12). Hypothesis 2 was fulfilled. 

Table 6: Crude genitourinary side-effects (EORTC/RTOG) total and by radiation dose 

GU crude rates Total 70Gy 74Gy 

Event type n= 441 (%) n= 339 (%) n= 102 (%) 

Grade 0 190 (43) 147 (43) 43 (42) 

Grade 1 168 (38) 130 (38) 38 (37) 

Grade 2 73 (17) 56 (17) 17 (17) 

Grade 3 10 (2) 6 (2) 4 (4) 

 

Actuarial rates of side-effects grade ≥2 at 5 years were 17.3% in the 70Gy and 25.6% 

in the 74Gy group. 10 years after the end of radiation therapy 26.5% and 33.9% of 

patients treated to a dose of 70Gy and 74Gy had at least 1 event of grade ≥2 toxicity. 

The prevalence rate or proportion of patients suffering from side-effects grade ≥2 

during follow-up appointments was less and did not exceed 15% in the 70Gy and 8% 

in the 74Gy group. Both groups did not differ significantly according to log-rank test in 

univariate comparison (p=0.12). Prevalence of side-effects per follow-up appointment 

is shown in figures 8, 9 und 10 for each grade of toxicity in more detail. The course of 

side-effect for each patient is shown in figure 12 for patients that had at least one 

event of grade ≥ 2 toxicity. 
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Figure 7 Combined illustration of genitourinary toxicity with Kaplan-Meier curve and 

prevalence rates per follow-up appointment of side-effects ≥2. (p=0.12) 
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Figure 8: Genitourinary side-effects per follow-up appointment according to 

EORTC/RTOG Score for both 70 and 74Gy groups. 
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Figure 9: Genitourinary side-effects per follow-up appointment according to 

EORTC/RTOG Score for the low and intermediate risk (70Gy) group. 

 

Figure 10: Genitourinary side-effects per follow-up appointment according to 

EORTC/RTOG Score for the high risk (74Gy) group. 
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The initial occurrence of genitourinary is on the contrary to gastrointestinal side-

effects not focused within the first 36 months after the end of therapy. Side-effects 

also appear constantly in a small proportion of about 5% at follow-up intervals after 

the initial peak at between 3 and 24 months. Figure 11.  The figure shows grade ≥ 2 

side-effects occurring for the first time in the whole follow-up. Therefore only patients 

that suffered from toxicity grade ≥ 2 are shown. 

Figure 11: Initial occurrence of genitourinary grade ≥ 2 toxicity. n= 83 patients 
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Duration of genitourinary side-effects grade ≥2 was less or equal 12 months in the 

majority of cases, 71% in the 70Gy, 76% in the 74Gy group and 72% for all patients. 

Table 7. 

Table 7: Duration of genitourinary grade ≥ 2 toxicity. n= 83 patients 

 

Duration 

months 

Total 

n (%) 

70Gy 

n (%) 

74Gy 

n (%) 

     ≤6 36 (43) 27 (44) 9 (43) 

 9-12 24 (29) 17 (27) 7 (33) 

15-24 17 (20) 14 (23) 3 (14) 

27-36 3   (4) 1   (2) 2 (10) 

   >36 3   (4) 3   (5) 0   (0) 
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Figure 12 – Illustration of follow-up in patients experiencing GU toxicity grade ≥2. 

Each line represents one patient. Each column represents one follow-up interval. 

n=83 patients  

3 6 9 12 18 24 36 48 60 72 84 96 108 120 132 144 156 
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5.6 Survival 

 

Figure 13 Combined survival proportions outcome. Kaplan Meier Curves for overall 

survival, disease specific survival and bNED. 

 

DSS OS bNED 

5.6.1 Biochemical non-evidence for disease 

The 5-year rate for biochemical non-evidence for disease according to Phoenix 

definition or initiation as well as continuation of hormonal therapy was 87% at 5 years 

and 68% at 10 years for all patients (figure 13, figure 16) and according to risk group 

as shown in table 8. The difference between low and high-risk as well as between 

intermediate and high risk patients was statistically significant according to Log-rank 

test (p <0.05) as shown in figure 14. Biochemical failure was more common in high 

risk patients before 60 months and remained relatively steady in comparison with the 

other two groups. Figure 14 Patients with iPSA ≤10ng/ml had less (24% vs 

27%,39%) and later (58 months vs 44 months, 43 months) biochemical failure than 
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the other two groups. Table 9 Nodal and distant failures were not evaluated 

separately. 

Figure 14 Biochemical non-evidence for disease by Phoenix definition per risk group.  

 

 

Table 8 Survival: biochemical non-evidence for disease (bNED), according to risk-

groups. 

bNED Phoenix 5 years 10 years 

low risk group 82% 72% 

intermediate risk group 79% 68% 

high risk group 69% 60% 
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Table 9 Biochemical failure stratified by initial PSA values. 

iPSA proportion Months to failure 

  mean median (range) 

≤10ng/ml 60/250 (24%) 58 48      (6-148) 

>10-<20ng/ml 38/140 (27%) 44 33      (6-156) 

≥20ng/ml 20/  51 (39%) 43 33.5   (6-132) 

 

In order to detect influencing factors on bNED (Phoenix) a multivariate analysis was 

performed. Prior several univariate analyses were run to test single factors 

magnitude of influence on bNED. T-Stage, risk-group, grading, hormonal therapy and 

dose were evaluated as categorical variable whereas iPSA and age at therapy were 

continuous variables. Reference-category in categorical variables was chosen as the 

lowest group except for grading and T-stage where the largest groups (G2 and T2) 

were used as reference categories. According to univariate analysis iPSA, grading, 

risk group and dose had significant impact on bNED (Phoenix definition). T-Stage 

(close to significance), hormonal therapy and age at therapy were not significantly 

influencing bNED.  
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Table 10: Univariate Analysis HR (CI) – Magnitude of influence of single factors on 

bNED (Phoenix)  

   bNED Phoenix  

Variable   HR (95% CI) p-value 

iPSA continuous  1.030 (1.013-1.047) 0.000* 

Grading categorical G1 RC 0.029* 

  G2 0.406 (0.206-0.797) 0.009* 

  G3 0.478 (0.257-0.889) 0.020* 

T-Stage categorical T1 RC 0.055 

  T2 0.509 (0.287-0.903) 0.021* 

  T3 0.775 (0.470-1.276) 0.316 

HT categorical no RC  

  yes 1.311 (0.817-2.105) 0.262 

Age at 

therapy continuous  0.996 (0.967-1.026) 0.811 

*statistically  significant    

bNED: biochemical non-evidence for disease; CI: confidence interval; HR: hazard ratio; iPSA: initial 

prostate-specific antigen; HT: hormonal therapy; RC: reference category. 

As a consequence of these findings, only iPSA, T-Stage and Grading were evaluated 

in multivariate analysis. Risk group and dose as derived parameters from T-stage, 

grading and iPSA were only evaluated in univariate analysis although they were 

significant. Center was used as strata variable in all analysis. In summary of 

multivariate analysis iPSA was the strongest influencing parameter on bNED 

according to Phoenix definition. Grading was significant in terms of its categorical 
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discrimination between G2 and G3, and also G1 and G3 whereas G1/G2 tumors had 

significantly superior bNED than G3 tumors.  

 

Table 11. Multivariate analysis (HR [CI] and p-values) of potential predictors of bNED 

(Phoenix) with following covariates: Grading, iPSA. bNED: biochemical non-evidence 

for disease. 

   bNED Phoenix  

Variable   HR (95% CI) p-value 

Grading categorical G1 RC 0.114 

  G2 1.105 (0.715-1.708) 0.653 

  G3 2.033 (1.022-4.043) 0.043* 

T-Stage categorical T1 RC 0.191 

  T2 1.470 (0.936-2.308) 0.095 

  T3 1.586 (0.870-2.891) 0.132 

iPSA continuous  1.024 (1.005-1.042) 0.011* 

*statistically significant    

CI: confidence interval; HR: hazard ratio; iPSA: initial prostate-specific antigen; RC: reference 

category. 

5.6.2 Overall survival 

At the end of data acquisition, 312 patients were alive. At 5 years of follow-up 85% 

and at 10 years of follow-up 66.5% of patients did not die from tumor or any other 

cause. Results according to risk group as shown in Table 14 and Figure 15. It is 

remarkable that there is a significant difference in overall survival between low and 

high as well as between intermediate and high risk group (p<0.05). In total 27 (23%) 
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patients in the low, 65 (29%) in the intermediate and 37 (36%) in the high risk group 

died after the end of radiation therapy. 

For evaluation of probable influencing factors on overall survival a multivariate 

analysis was performed. Prior all relevant single factors were tested for their 

magnitude of influence for overall survival. T-Stage, risk-group, grading, hormonal 

therapy and dose were evaluated as categorical variable whereas iPSA and age at 

therapy were continuous variables. Reference-category in categorical variables was 

chosen as the lowest group. According to univariate analysis grading, risk group had 

significant impact on bNED (Phoenix definition). T-Stage, iPSA, hormonal therapy, 

dose and age at therapy were not significantly influencing overall survival. Table 12 
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Table 12: Univariate Cox-Regression analysis of parameters influencing overall 

survival 

   Overall survival  

Variable   HR (95% CI) p-value 

iPSA continuous  1.009 (0.991-1.027) 0.350 

Grading categorical G1 RC 0.001* 

  G2 1.484 (0.958-2.299) 0.077 

  G3 3.656 (1.895-7.054) 0.000* 

T-Stage categorical T1 RC 0.479 

  T2 1.070 (0.707-1.620) 0.747 

  T3 1.378 (0.804-2.363) 0.243 

HT categorical No RC  

  Yes 1.321 (0.770-2.268) 0.312 

Age at therapy continuous  1.021 (0.991-1.052) 0.179 

*statistically  significant    

 

Further evaluation of findings in univariate analysis was performed for grading, T-

Stage and iPSA within a multivariate analysis. G1 and T1 were used as reference 

category. Center was used as strata variable in all analysis. In summary of the 

multivariate analysis only grading had significant influence on patients overall survival 

in terms of its categorical discrimination between G1 and G2/G3, whereas G1 tumors 

had significantly superior overall survival than G3 tumors.  
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Table 13: Multivariate analyses (HR [CI] and p-values) of potential predictors for 

overall survival with following covariates: Grading, Risk group, initial PSA values.  

   Overall survival  

Variable   HR (95% CI) p-value 

Grading categorical G1 RC 0.001* 

  G2 1.485 (0.957-2.303) 0.078 

  G3 3.568 (1.794-7.096) 0.000* 

T-Stage categorical T1 RC 0.743 

  T2 1.037 (0.683-1.572) 0.866 

  T3 1.236 (0.701-2.177) 0.464 

iPSA continuous  0.998 (0.979-1.019) 0.882 

*statistically significant    

CI: confidence interval; HR: hazard ratio; RC: reference category. 
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Figure 15: Overall survival according to risk group. A significant difference between 

low and high as well as between intermediate and high risk group was observed. 

 

Table 14: Overall survival according to risk group at 5 and 10 years after the end of 

RT. 

Overall survival 5 years 10 years 

low risk group 91% 70% 

intermediate risk group 84% 67% 

high risk group 84% 59% 
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5.6.3 Disease specific survival 

Concerning disease specific survival, 97% of patients at 5 years and 90.5% of 

patients at 10 years of follow-up did not die from tumor related cause. In case of 

unknown cause of death but rising PSA-levels tumor related death was assumed and 

documented respectively. A significantly superior survival was found for low and 

intermediate risk group in comparison with high risk group (Log rank test, p<0.05). as 

shown in Figure 16. Overall 28 patients (6.3%); 3 (2.5%) patients of the low 10 

(4.5%) patients of the intermediate and 15 (14.7%) patients of the high risk group 

died of prostate cancer. 6 patients had T-Stage T1, 11 patients T2 and 11 patients T3 

respectively. In terms of Grading; 3 patients had G1 or Gleason 2-6, 17 patients G2 

or Gleason 7 and 8 patients G3 or Gleason 8-10.  The median time from end of 

therapy to death was 75 (18-132) months. The median time from biochemical failure 

to tumor related death was 45 (1-108) months. All 28 patients underwent hormonal 

therapy prior to RT.  Results according to risk group as shown in Table 15 and Figure 

16. 
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Figure 16 Disease specific survival according to risk group. A significant difference 

between low and high as well as between intermediate and high risk group was 

observed.

 

Table 15: Disease specific survival according to risk group at 5 and 10 years of 

follow-up. 

Disease spec. survival 5 years 10 years 

low risk group 99% 94% 

intermediate risk group 97% 93% 

high risk group 94% 79% 

 

For further evaluation of disease specific survival univariate analysis for each 

contemplable parameter was performed. T-Stage, risk-group, grading and hormonal 
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therapy were evaluated as categorical variables whereas iPSA and age at therapy 

were continuous variables. Reference-category in categorical variables was chosen 

as the lowest category. According to univariate analysis grading and T-stage had 

significant impact on disease specific survival. iPSA, hormonal therapy and age at 

therapy were not significantly influencing DSS as shown in Table 16. Only centers 

Vienna, Munich and Göppingen were evaluated within univariate- and multivariate 

analysis as no patient from center Tübingen died from disease.  

Table 16: Univariate Cox-Regression analysis of parameters influencing disease 

related mortality 

   DRM  

Variable   HR (95% CI) p-value 

iPSA continuous  1.031 (0.998-1.065) 0.068 

Grading categorical G1 RC 0.000* 

  G2 3.956 (1.103-14.185) 0.077 

  G3 32.011 (7.677-133.477) 0.000* 

T-Stage categorical T1 RC 0.003* 

  T2 1.055 (0.379-2.936) 0.918 

  T3 4.103 (1.456-11.546) 0.008* 

HT categorical no RC  

  yes 29.567 (0.311-2807.233) 0.145 

Age at 

therapy continuous  1.007 (0.945-1.073) 0.839 

*statistically significant      

CI: confidence interval; HR: hazard ratio; DRM: Disease related mortality;  RC: reference category. 

In continuation of the results from univariate analysis, grading and T-Stage were 

evaluated in multivariate analysis. Risk group and dose as derived parameters from 

T-stage, grading and iPSA were not evaluated. Center was used as strata variable in 

all analysis. The lowest groups (G1 and T1) were used as reference categories. In 
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summary of multivariate analysis, grading was the strongest influencing parameter on 

disease related mortality. Grading was significant in terms of its categorical 

discrimination between all three subgroups. Similar results were observed for T-

Stage, where T1 and T3 subgroups were found to significantly influence DRM as 

shown in Table 17. 

 

Table 17: Multivariate analyses (HR [CI] and p-values) of possible influencing factors 

on disease related mortality with following covariates: Grading, T-Stage.  

   DRM  

Variable   HR (95% CI) p-value 

Grading categorical G1 RC 0.000* 

  G2 4.044 (1.140-14.345) 0.031* 

  G3 28.920 (6.516-128.366) 0.000* 

T-Stage categorical T1 RC 0.022* 

  T2 1.080 (0.381-3.057) 0.885 

  T3 3.530 (1.163-10.712) 0.026* 

iPSA continuous  0.988 (0.949-1.029) 0.566 

*statistically significant    

CI: confidence interval; HR: hazard ratio; DRM: disease related mortality; RC: reference category. 
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6 Discussion and interpretation of results 

 

Remarkable developments in EBRT of prostate cancer were made over the last 

decades. Improved treatment planning, target volume definition and advancements in 

dose administration enabled overall treatment dose to be elevated while dose to 

adjacent organs at risk was reduced. The foundation for better tumor control and 

reduced side-effects was established. Local doses of 78-80Gy became standard of 

care and even higher doses can be administered safely. New technologies such as 

IMRT and IGRT as well as other advancements have been implemented into 

nowadays treatment concepts and provide promising results in terms of side-effects 

and treatment efficacy.  

Within the era of dose-escalation trials, the Austrian-German multicenter-trial was 

initiated to evaluate side-effects in a risk-adapted treatment protocol. This recent 

analysis primary target was to obtain knowledge about very late toxicity of the 

genitourinary and gastrointestinal tract. All patients treated for localized prostate 

cancer by EBRT between 1999 and 2002 within the Austrian-German multicenter trial 

were investigated. The extended follow-up time frame found necessary in the 

previous analysis to draw final conclusions about dose-dependent differences of 

side-effects was the major concern of this study.   

Toxicity derived from adjacent organs is still a prevalent problem in radiation therapy. 

Although overall side-effects were shown to be subsequently reduced long term 

results investigating time-frames of more than 60 months after the end of therapy are 

rarely being reported in literature. A common problem is that elderly patients are 

harder to follow up as the ability to participate in appointments is reduced and 
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patients moved away or died due to unknown causes. In our trial the drop-out rate of 

patients or patients that could not be followed up is similar as in other studies. We 

were able to evaluate 90% of patients, Zietman et al. evaluated 83% of accrued 

patients in PROG, the proportion of patients analysed in MRC RT01 was between 

83-52% of patients. Analyses of RMH pilot trial and MD Anderson trial included 98% 

of initially accrued patients but both were monocentric trials with fewer patients (126, 

301). The proportion evaluated by Al-Mamgani et al. for late gastrointestinal and 

genitourinary side-effects was 74% of patients that were all treated in one center. In 

summary these numbers illustrate the difficulties of gathering information about 

patients that were treated more than 5 years before. 

Prevalence rates are based on fragmentary data but can be seen in accordance in 

comparison with our previous subgroup analysis.[69] The representative status of the 

patients reported is not influenced by the lack of data due to the experienced drop-

out rate. Altogether a higher data density is necessary to provide unequivocal 

confirmability. 

6.1 Patients‘ characteristics 

Hormonal therapy was administered to 380 (86%) patients in advance of radiation 

therapy (87 (75%) low, 196 (88%) intermediate and 97 (95%) high risk group) by 

urologist, family doctor or radiation oncologist. In comparison with this trial British 

RMH pilot trial and MRC RT01, administered hormonal therapy according to a short 

term-neoadjuvant treatment protocol to all patients.  

Risk group adapted dose assignment makes it complex to compare toxicity and 

survival data group wise. Furthermore it has to be considered that high risk group 
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patients usually have bulkier disease and therefore different volumes are being 

irradiated. 

Proportion of the dose-assigned patient groups was around 3:1 70Gy vs 74Gy 

instead of the initially desired ratio of 2:1. 

6.2 Side-effects 

6.2.1 Prevalence 

Gastrointestinal and genitourinary side-effects especially treatment associated late-

side-effects have to be taken into account in radiation therapy of prostate cancer and 

are of great importance in longer living patients. Presentation of side-effects as 

renowned Kaplan-Meier curves only may have led to an overestimation of actuarial 

rates. Most side-effects were not persistent but reversible in the majority of patients in 

this investigation. Kaplan curves show the initial occurrence of an event but not its 

process. On the other hand prevalence rates show the current situation only. 

Therefore the combination of Kaplan-Meier curves with prevalence rates as shown in 

previous subgroup analysis may provide an illustration of side-effects in a more 

feasible way.[69] Several systems to address this problem were presented in the past 

also pointing out the importance of prevalence rates in toxicity reports.  A longitudinal 

approach for toxicity scales was elaborated by Gulliford et al. In order to summarize 

side-effects caused by treatment an integrative approach of all individual toxicities 

compiled into one score was proposed in the TAME study. [70, 71] 

6.2.2 Gastrointestinal 

Following the report in 2009 presenting 5-year results and a subgroup analysis in 

2012 of patients from Vienna this current report contains incidence prevalence, 
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duration and severity of toxicity after radiation treatment of prostate cancer patients. 

[68, 69] 

Actuarial rates of side-effects grade ≥2 at 5 years were 28.9% in the 70Gy and 31.9% 

in the 74Gy group. 10 years after the end of radiation therapy 29.5% and 35.3% of 

patients treated to a dose of 70Gy and 74Gy had at least 1 event of grade ≥2 toxicity. 

The proportion of patients however suffering from side-effects grade ≥2 during follow-

up appointments was less and did not exceed 13% in the 70Gy and 15% in the 74Gy 

group. The prevalence after 60 months remained low (<5% in the 70 and 11% in the 

74Gy group) and shows the discontinuation or recovery from side-effects.[69] An 

earlier investigation by Goldner et al. showed significant improvement of radiation 

induced rectal mucosal changes basically teleangiectasia and congestions in 2/3 of 

patients within the time frame between 12 and 65 months. [72] Christie et al. showed 

similar results with an initial peak in occurrence of rectal bleeding at 2 years after the 

end of radiation therapy for prostate cancer followed by a decrease in 

prevalence.[73]  

The difference in side-effects between the two dose groups is not significant. The 

initial hypothesis that an increase of side-effects would be less than 10% was fulfilled. 

A probable reason for the small difference in gastrointestinal toxicity could be derived 

from radiation protocol, as in the 74Gy group the initial 8Gy boost was administered 

with a reduced security margin of 5mm in dorsal direction on PTV. Therefore the 

dose to the rectum was kept almost equal to the 70Gy group. This effect is 

highlighted when gastrointestinal toxicity is compared with the results of Dolezel et al, 

[74] where no adaption of margins and no boost was implemented at 74Gy, resulting 

in a proportion of grade ≥2 toxicity of 32% after 3 years. 
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A limitation of this study is the measurement of side-effects by EORTC/RTOG Score 

only where no further differentiation between e.g. rectal bleeding, diarrhea, proctitis 

etc. is made. Syndicus et al. [64] used different symptom scales to follow-up side-

effects more accurately. Loose stools and bowel frequency basically occurred at 12 

to 18 months and returned to almost pretreatment levels. Between 24 and 36 months 

after the end of therapy objective bleeding scales to RMH and LENT/SOM showed a 

peak which decreased by 60 months after therapy. Furthermore RTOG proctitis was 

found to be more present between 18 to 36 months after therapy and also decreased 

over time. In general these findings combined can be seen in accordance with our 

findings using the EORTC/RTOG scale. In comparison with MRC RT01 the 

proportion of gastrointestinal side-effects EORTC/RTOG grade ≥ 2 at 5 years are 

similar whereas toxicity was scored from months ≥ 6 after the end of RT and from ≥ 3 

in this investigation.[64] Table 18 Changes in prostate anatomy and position during 

radiation course and also bladder and bowel volumes are highly suspicious to have 

had an impact on bladder and bowel toxicity as no image guided approach beside 

portal imaging of the pelvis was used.[75, 76] The effect of hormonal therapy on 

volume-associated toxicity was not investigated.[77]  
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Table 18: Trials from literature compared for gastrointestinal toxicity ≥2 

Author 

KUBAN 

[59] 

AL-MAMGANI 

[65, 67] 

DEARNALEY 

[63] 

SYNDIKUS 

[64] 

RECENT 

 

 MD Anderson NKI RMH pilot MRC RT01 Aut-Ger 

RT dose Gy 70 vs 78 68 vs 78 64 vs 74 64 vs 74 70 / 74 

Nation(s) USA NED GB GB, AUS, NZ AUT, GER 

Centers Mono Multi Mono Multi Multi 

RT Technique 

 

CFRT Photon 

CFRT Boost 

CFRT Photon 

CFRT Boost 

CFRT Photon 

CFRT Boost 

CFRT Photon 

CFRT Boost 

CFRT Photon 

CFRT Boost 

No. Of Patients 301 669 126 843 441 

Randomization + + + + - 

Toxicity scale RTOG-LENT EORTC/RTOG RTOG RTOG EORTC/RTOG 

Median follow-up 8.7 years 5.8 years 6.2 years 5.3 years 8.25 years 

Analysis time point 

and type 

10 years 

cumulative 7 years cumulative 2 years cumulative 5 years cumulative 

10 years 

cumulative 

Grade ≥ 2 GI 13% vs 26% * 25% vs 35% * 11% vs 23% * 24% vs 33% * 25% vs 26% 

*Statistically significant 

6.2.3 Genitorurinary 

 Actuarial rates of side-effects grade ≥2 at 5 and 10 years were 17.3% and 26.5% in 

the 70Gy and 25.6% and 33.9% in the 74Gy group. The prevalence of patients 

however suffering from side-effects grade ≥2 during follow-up appointments was less 

and did not exceed 15% in the 70Gy and 8% in the 74Gy group. Both groups did not 

differ significantly according to log-rank test in univariate comparison (p=0.12). In 

contrast to genitourinary side-effects where the initial occurrence is focused on a 

time-frame between 12 and 48 months, genitourinary side-effects may occur at later 

time points. Also in genitourinary toxicity a reversibility of side-effects is observed, as 

also shown in a previous investigation.[69]  It is unclear if there is a strict cohesion 

with radiotherapy in these elderly patients which cannot be ruled out with follow-up 
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examinations used in this study and therefore needs further investigation. According 

to literature there is a relationship of radiation therapy and bladder volume that also 

may be evident at even later time-points. [78] Furthermore therapeutical interventions 

may contribute to the side-effects discontinuation e.g. by 5-alpha-reductase 

inhibitors. Other authors observed spontaneous improvement [73] or after medical 

intervention.[79]  

On behalf of the results in the earlier analysis the difference in side-effects between 

the two groups was tending towards significance.[68] In this recent analysis this trend 

was diminished and no significant difference in terms of grade ≥2 genitourinary side-

effects was found.  

 

Table 19: Trials from literature compared for genitourinary toxicity ≥2 

AUTHOR 

KUBAN 

[59] 

AL-MAMAGANI [65, 

67] 

ZIETMAN 

[61] 

ALICIKUS 

[80] 

RECENT 

 

 MD Anderson NKI PROG MSKCC Aut-Ger 

RT dose Gy 70 vs 78 68 vs 78 70.2 vs 79.2 81 70 vs 74 

Nation(s) USA NED USA USA AUT GER 

Centers Mono Multi Mono Mono Multi 

RT Technique 

 

CFRT Photon 

CFRT Boost 

CFRT Photon 

CFRT Boost 

CFRT Photon 

Proton Boost 

IMRT 

 

CFRT Photon 

CFRT Boost 

No. Of Patients 301 669 393 170 441 

Randomization + + + - - 

Toxicity scale RTOG-LENT EORTC/RTOG RTOG CTCAE EORTC/RTOG 

Median follow-up 8.7 years 5.8 years 5.5 years 8.25 years 8.25 years 

Analysis time point 

and type 

10 years 

cumulative 

7 years 

cumulative “Late” snapshot 

10 years 

cumulative 

10 years 

cumulative 

Grade ≥ 2 GU 8% vs 13% 41% vs 39% 20% vs 21% 16% 19% vs 21% 
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6.2.4 Duration 

Duration of side-effects was measured by addition of follow-up intervals in which 

side-effects occurred. This however did not lead to precise results as a single event 

such as rectal bleeding is assumed to persist for 12 months if it occurred during an 

annual follow-up visit, even though it might have ceased after several days. Duration 

of side-effects in combination with the illustration of prevalence shows that it is rather 

a larger proportion of patients being affected by side-effects for a limited time than a 

small proportion with persistant side-effects. In comparison with current literature 

duration of radiation-related side-effects for prostate cancer patients after 

radiotherapy has not been investigated in separate investigations.  
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6.3 Survival 

6.3.1 Biochemical non-evidence for disease 

Over the last decade several trials investigating dose-escalation showed superior 

results of tumor control within the higher dose groups even more for low and 

intermediate risk group patients. It remained unclear which dose level and treatment 

technique provided best results for tumor control while assuring the least probable 

toxicity rates. Comparison with current literature however is difficult as different 

definitions, scoring systems, follow-up timeframes and treatment techniques are 

being used. The investigation by Kupelian et al. in 2004 [16] and also German S3 

guidelines recommend a minimum dose of at least 74Gy for the treatment of prostate 

cancer patients for all risk groups. This recommendation can be supported with our 

experience and was implemented in nowadays treatment centers. Biochemical tumor 

control within low and intermediate risk group of 80% at 5 years and 70% at 10 years 

confirm the necessity of local doses above 74Gy. However a significant improvement 

in biochemical tumor control was not achieved for the high risk group in this trial 

(60%). In multivariate analysis the strongest predictor for biochemical failure was 

iPSA. The results in comparison with other trials can be seen in accordance as 

shown in Table 20. 
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Table 20: Trials from literature compared for bNED. 

AUTHOR 

KUBAN 

[59] 

PEETERS 

[65, 67] 

SYNDIKUS 

[64] 

ALICIKUS 

[80] 

RECENT 

 

 MD Anderson NKI MRC RT01 MSKCC Aut-Ger 

RT dose Gy 70 vs 78 68 vs 78 64 vs 74 81 70 vs 74 

Nation(s) USA NED GB, AUS, NZ USA AUT, GER 

Centers Mono Multi Multi Mono Multi 

RT Technique 

 

CRT Photon 

CRT Boost 

CRT Photon 

CRT Boost 

CRT Photon 

CRT Boost 

IMRT 

 

CRT Photon 

CRT Boost 

No. of Patients 301 669 843 170 441 

Randomization + + + - - 

Median follow-up 8.7 years 5.8 years 5.3 years 8.25 years 8.25 years 

Analysis time point 

and type 

10 years 

cumulative 8 years cumulative 

5 years  

cumulative 

10 years 

cumulative 

10 years 

cumulative 

bNED Phoenix ASTRO Phoenix Phoenix Phoenix 

low 63% vs 88% * 88% vs 84% 77% vs 76% 81% 72% (70Gy) 

intermediate 76% vs 86% 64% vs 79% * 67% vs 69% 78% 68% (70Gy) 

high 26% vs 63% * 48% vs 56% 43% vs 45% 62% 60% (74Gy) 

 

* Statistically significant, CRT (conformal radiation therapy), Phoenix = nadir + 2ng/ml or hormonal therapy after RT, ASTRO = 3 

consecutive rising PSA levels or hormonal therapy after RT 

 

Kuban et al. reported a 5-year bNED rate of 100% in the low-risk group whereas 

larger treatment volumes were used including obturator lymph nodes.[59] This rate 

changed with longer follow-up to 88% at a median follow-up of 8.7 years. Alicikus et 

al. from Memorial Sloan Kettering Cancer Center achieved 5 year bNED rates of 98% 

and 81% at a median follow up of 8.25 years by applying a local dose of 81Gy via 

IMRT. [80] In direct comparison with the MD Anderson trial results achieved with 

IMRT are not superior.  Another analysis of the same patient cohort by Kuban et al. 

with a median follow-up of 9.0 years yet showed no significant benefit for the higher 
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dose level in low risk group patients.[60] It has to be mentioned that for the low risk 

group quite contradictory results were reported in the past. The Fox Chase Cancer 

Center investigations by Hanks et al. in 2000 and by Pollack et al. in 2004 and also 

the report of the Dutch trial by Peeters et al. as well as the report from MRC RT01 by 

Syndikus et al. showed better freedom from biochemical failure in their lower dose 

arms though some of these studies were using a different failure pattern. [56, 64, 65, 

81] For intermediate risk group patients the Dutch study-group could provide 

statistically significant results in favor of escalated dose.[65] Similar results are 

confirmed by other trials using different failure patterns and radiation technique. [56, 

57, 81, 82] The comparison of our results with Kuban et al, Al-Mamgani et al. and 

Alicikus et al. make higher doses more preferable for intermediate risk group 

patients. Within the high risk group bNED remains low at 60% but similar as in other 

trials. Earlier PSA recurrence in high risk group patients may lead to administration of 

salvage hormonal therapy which is also regarded as biochemical failure in protocols. 

In comparison with other trials it is obvious that bNED in high risk group patients is 

not being improved by elevating the local dose alone. Although administering 7Gy 

(Alicikus et al) or 4Gy (Kuban et al, Al-Mamgani et al) more to the prostate than in our 

study, the results in bNED do not differ strikingly towards one or the other. [80] [59] 

[65, 67] 

The benefit of dose escalation is approved for bNED but not statistically significant for 

all risk groups and also remains contradictory for the low risk group in some of the 

past investigations. Furthermore the minimum dose necessary to achieve the 

desirable outcome data still remains unclear.  
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This study also provides results and raises awareness about the necessity of 

following-up patients for longer timeframes. (Figure 13) Biochemical failure may 

occur even more than 10 years after the end of therapy and salvage treatment by 

hormonal therapy should not be missed in these patients. Late biochemical failure 

was also observed in other trials and in dose escalated arms.[60] Therefore it is also 

necessary to instruct the patient about the necessity of regular follow-up visits and 

invite him actively every year. Table 20 
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6.3.2 Overall survival 

In comparison with the randomized dose escalation trials, our results can be seen in 

accordance. None of the randomized trials has provided a significant advantage for 

overall survival in an elevated dose group. Table 21. It has to be taken into account 

that median age at therapy varied among the compared study populations and might 

have influenced overall survival to a certain proportion in comparison with our study. 

High risk group patients were younger (68.75 years) than patients from other risk 

groups (70.75 years intermediate and 69.75 years low risk group). For elderly 

patients it is more probable to die from other cause if not from tumor related disease. 

Kuban et al. found in their age matched analysis that patients of younger age 

receiving elevated dose had less disease related cause of death. However prostate 

cancer is known to be a disease that patients not necessarily die from. This counts 

for untreated patients, treated patients and treated patients with recurrent 

disease.[59, 83, 84] Other life-limiting comorbidities therefore complicate evaluation 

of disease specific treatment outcomes in different treatment approaches. Overall 

survival in the MD Anderson trial was at least as good as in an age-matched cohort 

from general population. [60] This finding considering the elderly population in our 

trial is an encouraging finding towards treatment in direction of controlling the disease 

to a non-life threatening point. This however is important as this treatment has to be 

optimized towards the least possible treatment related morbidity as overall survival is 

not significantly improved by elevating the treatment dose alone. Further analysis 

subdivided by risk groups will be necessary. Also follow-up time-frames beyond 10 

years may provide significant results in terms of the correlation between biochemical 

failure and overall survival. [85] Additionaly hormonal salvage treatment as it is 

regularly used in biochemical failure may already contribute to better overall survival 
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in patients. Hormonal therapy as salvage treatment has not been separately 

evaluated in our trial as duration varied and limited documentation was available.  

 

 

Table 21: Trials from literature compared for overall survival 

AUTHOR 

KUBAN 

[59] 

PEETERS 

[65, 67] 

ZIETMAN 

[61] 

CREAK 

[62] 

DEARNALEY 

[86] 

RECENT 

 

 MD Anderson NKI PROG RMH pilot MRC RT01 Aut- Ger 

RT dose Gy 70 vs 78 68 vs 78 

70.2 vsfsei 

79.2 64 vs 74 64 vs 74 70 vs 74 

Nation(s) USA NED USA GB GB, AUS, NZ AUT GER 

Centers Mono Multi Mono Mono Multi Multi 

RT Technique 

 

CRT Photon 

CRT Boost 

CRT Photon CRT 

Boost 

CRT Photon 

Proton Boost 

CRT Photon 

CRT Boost 

CRT Photon 

CRT Boost 

CRT Photon 

CRT Boost 

No. of Patients 301 669 393 126 843 441 

Randomization + + + + + - 

Median follow-up 8.7 years 5.8 years 9.4 years 13.7 years 5.3 years 8.25 years 

Analysis time point 

and type 

10 years 

cumulative 

8 years 

cumulative “Late” snapshot 

10 years  

fixed 

10 years 

cumulative 

10 years 

cumulative 

Age years at RT 

 

69.0  

(Median) 

68.6 vs 68.8  

(Mean) 

66.5 vs 66.8 

(Median) 

66.6 

(Median) 

67.0  

(Median) 

71.0 

(Median) 

OS 76% vs 71% 82% vs 83% 78% vs 83% 56% vs 63% 71% vs 71% 67% 

 

OS (overall survival), CRT (conformal radiation therapy) 
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6.3.3 Disease specific survival 

Although biochemical failure in patients is common the proportion of patients that 

died from prostate cancer is similar to other trials. In multivariate analysis initial PSA 

values were the most important influencing factors for biochemical failure. The 

analysis of disease specific survival showed no influence of initial PSA where T-

Stage and Grading were the important parameters. In comparison of both univariate 

analyses grading, risk group and dose influenced bNED and DSS significantly. 

Hence patients with higher risk group assignment and higher grading are more likely 

to develop biochemical failure and die from disease which is plausible. This finding is 

in accordance with the MD Anderson trial where high Gleason scores 9 and 10 were 

predicting disease specific death among other factors. [60] Other trials range close to 

our findings as shown in Table 22. In our analysis also patients with unknown cause 

of death but rising PSA value were rated as tumor related death. 
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Table 22: Trials from literature compared for disease specific survival 

AUTHOR 

KUBAN 

[59] 

PEETERS 

[65, 67] 

CREAK 

[62] 

ALICIKUS 

[80] 

RECENT 

 

  MD Anderson NKI RMH pilot MSKCC Aut-Ger 

RT dose Gy 70 vs 78 68 vs 78 64 vs 74 81 70 vs 74 

Nation(s) USA NED GB USA AUT GER 

Centers Mono Multi Mono Mono Multi 

RT Technique 

 

CRT Photon 

CRT Boost 

CRT Photon 

CRT Boost 

CRT Photon 

CRT Boost 

IMRT 

 

CRT Photon 

CRT Boost 

No. of Patients 301 669 126 170 441 

Randomization + + + - - 

Median follow-up 8.7 years 5.8 years 13.7 years 8.25 years 8.25 years 

Analysis time point and 

type 

10 years 

cumulative 8 years cumulative 

10 years  

fixed 

10 years 

cumulative 

10 years 

cumulative 

DSS 95% vs 99% 94% vs 94% 81% vs 89% 96% 91% 

 Low    100% 94% 

 intermediate    97% 93% 

 High    86% 79% 

 

DSS (disease specific survival), CRT (conformal radiation therapy) 
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6.4 New technologies and developments 

New developments in radiation therapy (Protons, IMRT, IGRT, Brachytherapy and 

combined EBRT and BT) lead to higher overall treatment dose and thereby further 

improvement of tumor-control and decrease local dose to the rectum and bladder. In 

succession also lower side-effect-rates could be achieved. [80, 87]  

In summary physicians will have to find the therapy which is balanced most beneficial 

for patients quality of life, tumor-control and survival at the same time. It has to be 

taken into account that more sophisticated therapy will require more resources such 

as expensive equipment and more time effort from physicians, physicists and staff. 

More complex treatment is furthermore not automatically linked with improved tumor 

control and less side-effects. Advanced imaging methods may lead to superior 

diagnosis to establish better risk group assignment and tailored therapy for the 

individual patient. Reduction of side-effects is achieved by radiation technique and 

treatment planning but also by the use of spacer technology or the use of an 

endorectal balloon. Nevertheless sensitive careful follow-up of patients may also lead 

to improvements in patients comfort. 

Beside all advancements in treatment it is necessary to support and promote 

standardized reporting of side-effects. Only by establishment of standardized reports, 

comparability among results of international trials can be warranted. [88, 89] Patient 

reported toxicity is currently finding its way into reports.[90] It has to be considered 

that in case of scoring systems that rate countable events (e.g. nocturia within the 

EORTC/RTOG score) there would not subsequently be improvements in scientific 

value but complication in practicability. However the patient reported approach 

should not be missed out to find its way into a standardized international scoring 
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system for radiation derived side-effects also to unbias reporting by physicians and 

staff.  

In summary it has to be pointed out again that to date none of the randomized trials 

has provided a significant advantage for overall survival in an elevated dose group or 

by additional hormonal therapy. At the same time prostate cancer patients represent 

an age group in which it is more likely to die from other reasons than the tumor. It 

remains unclear how the therapeutic approaches have to be assembled to gain 

better results for the patients. 
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7 Conclusion 

Dose-escalation in standard 3D-CRT to a total dose of 74Gy did not cause 

significantly higher gastrointestinal or genitourinary toxicity compared to 70Gy. The 

overall proportion of patients suffering from severe toxicity (EORTC/RTOG grade 3) 

is very low and duration is less than 24 months in the majority of cases. These 

findings are supported by prevalence-data where only a small proportion of patients 

is actually suffering from radiation associated side-effects. Latest innovations in 

radiation technology should have the potential to decrease toxicity and to increase 

patients comfort. 

Our data regarding tumor control rates is comparable with data from literature and 

randomized trials. However, to achieve reasonable tumor control rates (bNED) local 

doses of more than 70Gy should be considered for low and intermediate risk group 

which has already been implemented in most of nowadays treatment centers. 

Although decades of investigations passed by none of the randomized phase II trials 

could clearly prove superiority for higher doses far beyond 70Gy in terms of overall 

survival. Additional hormonal therapy in various treatment regimens has also been 

investigated and still the ideal interaction between radiation and hormonal therapy is 

overdue.  
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EORTC  European Organisation for Research and Treatment of Cancer 

GI Gastrointestinal 

GU Genitourinary 

Gy Gray 
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IGRT Image guided radiation therapy 

IMRT Intensity modulated radiation therapy 

iPSA Initial Prostate specific antigen 
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Table 18 Trials from literature compared for gastrointestinal toxicity ≥2 

Table 19 Trials from literature compared for genitourinary toxicity ≥2 

Table 20 Trials from literature compared for bNED. 

Table 21 Trials from literature compared for overall survival 

Table 22 Trials from literature compared for disease specific survival 
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13.1 Nachsorgebogen 

Datum:      .     .      
Name des Patienten 

                                          
 
lebend:   ja  nein  
 
Hormontherapie:  ja  nein  
 

von      .     .      bis      .     .      
 

von      .     .      bis      .     .      
 

PSA      ,      ng/dl   Datum:      .     .      
 

PSA      ,      ng/dl   Datum:      .     .      
 

PSA      ,      ng/dl   Datum:      .     .      

 

PSA      ,      ng/dl   Datum:      .     .      
 

PSA      ,      ng/dl   Datum:      .     .      
 

PSA      ,      ng/dl   Datum:      .     .      
 

PSA      ,      ng/dl   Datum:      .     .      
 

PSA      ,      ng/dl   Datum:      .     .      
 

PSA      ,      ng/dl   Datum:      .     .      
 

PSA      ,      ng/dl   Datum:      .     .      

 

Nebenwirkungen gastointestinal:  Score            (EORTC/RTOG) 
 

Nebenwirkungen urogenital:  Score            (EORTC/RTOG) 
 

Fernmetastasen:  nein   ja  seit Datum:      .     .      

 

LK Metastasen:  nein  ja  seit Datum:      .     .      
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