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1 Diagnosis of prostate cancer 

Development of malignant cells in the prostate is a common process in 
elderly men in Western countries: about 30 % of the male population above 
50 years has a -latent- prostate tumor at obduction. [1] The number of men 
diagnosed with prostate cancer has increased considerably in the past 
decades. A major cause of this increase is the clinical introduction of the 
biochemical PSA (prostate specific antigen) assay in the period 1980 -1990. 
With this assay part of the elderly male population with a symptom free 
prostate tumor could be diagnosed, whereas many of them would not have 
been diagnosed with prostate cancer (or at a higher age) before the “PSA 
era”. [2] 

To determine the prognosis 
and the treatment options, the main 
diagnostic data are: the clinical stage 
according the American Joint 
Committee on Cancer guidelines 
(TNM stage), the PSA level in the 
blood and the pathological Gleason 
score of the tumor cells. The clinical 
stage indicates whether the cancer is 
confined to the prostate lobes (T2 
tumor) or beyond the prostatic capsule 
and/or into the seminal vesicles (T3). 
If the tumor is not palpable or visible it 
is defined as a T1, and if the tumor 
invades adjacent structures it is 
defined as T4 (Fig. 1). From surgical 
series it is, however, known that the 
clinical staging (by digital rectal examination and/or echo) is not reliable. [3]  

Whether regional nodes are positive (the N staging) can be 
determined by a laparoscopic nodal dissection but is often not established 
especially when the T stage and PSA level are relatively favorable. For the 
M staging a bone scan is used as the main diagnostic tool to find metastatic 
spread to the bones, when the patient is suspect for metastasis.  

The PSA level indicates whether the prostatic gland cells produce 
more proteins then normal due to a benign or malign process. A slowly 
growing tumor is more often associated with low PSA levels than a fast 
growing tumor. The Gleason score (between 2 and 10) is a grading system 
which indicates the aggressive nature of the tumor. In general, a relatively 

 
Fig. 1. Impression of the local 
extension of a T1-T4 tumor (dotted 
structure). In the centre the prostate 
with its capsule and seminal 
vesicles. Bladder and rectum with 
rectal wall are also depicted. 
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high Gleason score (poor differentiation) is correlated with a high PSA and a 
high clinical tumor stage, and vice versa. Also the volume of the tumor has a 
prognostic value and a large tumor volume often correlates with a poor 
differentiation grade. [3-4] Assessment of the tumor volume is however not a 
standard procedure in the current clinical practice. Another prognostic factor 
which is usually not assessed in standard clinical practice is the location of 
the tumor. The growth of prostate cancer cells starts in more than 80 % of 
the cases in the ‘peripheral zone’ of the prostate. This zone is located at the 
dorsal site of the prostate, close to the prostate capsule and the rectum 
which is unfavorable because of the high chance of extra capsular spread 
and beyond, like tumor infiltration into the neurovascular bundles. [5]  
 

2 Treatment 
 
Treatment options 
Prostate cancer without extra-capsular, regional or metastatic spread can be 
cured by means of surgery removing the prostate (prostatectomy), local 
internal irradiation of the prostate (brachytherapy) or by external beam 
radiation therapy: radiotherapy (RT). For small tumors there is no evidence 
to date (from randomized trials) which is the best option of these three 
treatment types. [6] RT is, in general, the main treatment option when the 
tumor has invaded the prostatic capsule and/or the seminal vesicles. Also in 
for a T2 tumor in combination with a high PSA level and/or high Gleason 
score, RT is the main treatment option because the chance of invasion of 
surrounding structures is known to be high from surgical series. [7] The last 
decades RT is often combined with a hormonal treatment to improve 
outcome (survival) for prostate tumors with a relatively poor prognosis. Apart 
from the mentioned treatments, an alternative option can be a ‘wait-and-see’ 
policy, because the value of treatment is questioned for patients with a life 
expectancy below 10 years (i.e. patients of 80 years and older), for patients 
with a very slow rising PSA and for patients with a very limited tumor and 
good prognostic factors. [1,8] 
 
Radiotherapy: current state of the art 
Patients selected for radiotherapy are nowadays treated with conformal 
fields around the prostate. In earlier years it was common practice to treat 
the area of the pelvic bones with the pelvic nodes (elective treatment) and 
plan a boost to the prostate. This concept is still in use for a subgroup of 
patients with (a high risk for) tumor positive pelvic nodes.  
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The preparation of conformal RT for prostate cancer implies the delineation 
of the prostate (plus VS) on a multi-slice CT scan of the patient (the clinical 
target volume) and an expansion of this volume with a margin to a three-
dimensional planning target volume (PTV). This margin is needed to cover 
for drawing uncertainties, patient setup variability, organ motion and other 
factors and is nowadays in the range of 5-10 mm. [9] With the use of a 
treatment planning system the required dose is planned with a good 
coverage of the PTV according to the guidelines of the ICRU. [10] 
Prescribed dose tot the PTV is in the range of 66-80 Gray (Gy) in daily 
fractions of 1.8 - 2.2 Gy. Based on established dose effect relations, dose 
constraints are used during treatment planning in order to minimize the risk 
for severe toxicity. These constraints limit especially the high dose area in 
the anorectal wall. [11] 

For the execution of the RT (and the scan for planning purposes) the 
patient is often instructed with a drinking protocol and/or use of mild 
laxatives, in order to achieve a full bladder and an empty rectum for the 
planning CT and during irradiation. This is the most optimal situation, 
because the prostate can move several mm when there is a large variation 
in rectal filling. [12] A full bladder is associated with less small bowel in the 
treatment area. [13] During treatment the position of the patient is kept 
stable, often within specified limits of about 5 mm with respect to the bony 
anatomy close to the PTV (pelvic bones). The last decade also monitoring of 
the position of the prostate itself instead of the bones becomes more and 
more daily practice. [14]  
 

3 Side effects of RT 
 
Irradiation of the tumor cells by means of external RT, implies irradiation of 
surrounding tissues like the bladder, rectum, anal canal and the femur 
heads. Irradiation leads to cell damage which may lead to cell death, which 
eventually can lead to permanent damage. The radiosensitivity of tumor cells 
is higher than the sensitivity of normal tissue cells. Nevertheless, irradiation 
of the surrounding structures will lead to clinical side effects.   

Dose limiting factors in RT for prostate cancer are toxicities 
concerning the anal canal and rectum, especially severe bleeding. These 
side effects are diverse and a result of functional loss. The RTOG/EORTC 
(Radiation Therapy Oncology Group / European Organization for Research 
and Treatment of Cancer) toxicity scoring system is a grading system for 
several organs, which describes in detail for the rectum (including anal 
region) several acute and late symptoms like bleeding, mucus loss, 
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increased stool frequency, cramping and diarrhea. [15] Also clinical 
interventions are incorporated in the scoring system, e.g. complaints 
needing laser treatment, blood transfusion and/or surgery. Reported 
maximum gastrointestinal toxicity grade 2 or more (moderate to severe 
complaints) are in the range of 30 % - 50 % for acute side effects (within 3-6 
months after start RT) and 10 % - 40 % for late effects of RT (cumulative at 
5 years). The scoring of these toxicities is however not well standardized. 
[16,17] 

As mentioned earlier, in the last decades the irradiation fields in the 
pelvic area have become smaller due to the implementation of conformal 
radiotherapy. Several studies have shown that the incidence of (severe) 
toxicity dropped significantly using these smaller fields. [18, 19] As a 
consequence, the standard radiation dose has however increased 
considerably bringing toxicity levels back at a higher level.  

 

4 Tumor control and disease specific survival 
 
Tumor control in prostate cancer is defined as freedom from clinical failure 
and/or biochemical failure (i.e. a relevant rise in the PSA level). A “relevant” 
rise in PSA has been defined as a result of a consensus meeting in 1996 
[20] and more recently, a meeting in 2005. [21] The first meeting resulted in 
a biochemical failure definition of 3 consecutive rises or any rise followed by 
an intervention with hormonal therapy, backdating the time of failure 
between the last non-rising value and the first rise. At the second meeting 
this definition was evaluated, drawbacks were discussed and an alternative 
definition was proposed (referred to as the “Phoenix definition”): a rise of 2 
units (ųg/L) above the nadir. The major drawbacks of the ASTRO definition 
were its sensitivity to the frequency of PSA determinations, the backdating 
(failure date was defined as midway between first rise and last non-rising 
value) and the risk of a false positive result in patients treated with adjuvant 
hormonal therapy.  
 Reported 5-year freedom from clinical and biochemical failure for 
patients with moderate to poor prognostic factors, after external radiotherapy 
with a dose of about 66-70 Gy, are in the range of 30 % - 70 %. [22] A 
number of randomized clinical trials demonstrated a significant improvement 
in tumor control for patients treated at higher doses of about 74-80 Gy 
(compared to 10 Gy less; about 64-70 Gy). [23] In contrast with the results 
for tumor control, there are to date no convincing data suggesting that these 
higher doses in localized prostate cancer lead to a relevant drop in prostate 
cancer related mortality, whereas there are many studies suggesting that 
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treatment of prostate cancer (in general) has only a marginal effect on 
mortality in the male population. [1-2,24] This can be explained by three 
important factors: 1) the prostate cancer patient is relatively old and 
therefore likely to die within 10-15 years anyway, 2) untreated localized 
prostate cancer (low and intermediate risk) will eventually lead to death but 
for many cases this will be only 10-20 years after the diagnosis because of 
the slowly progressive nature of the disease and 3) if the prostate cancer is 
an aggressive type leading to death in a short period, the chances for cure 
are relatively low. It is however broadly recognized that prevention of a 
painful progression of prostate cancer for a number of patients is a relevant 
reason to initiate an effective treatment for patients at risk.     

 

5 This thesis 
 
In this thesis different aspects of external beam irradiation for prostate 
cancer are studied and discussed, with the emphasis on dose effect 
relations with regard to tumor control and toxicity. Chapter 2-5 concern 
studies in which the relations between dose and acute & late anorectal 
toxicity were analyzed in two trial populations: the first trial was a 
randomized study in the Erasmus Medical Center in Rotterdam, evaluating 
rectangular versus conformal fields when prescribing 66 Gy (Chapter 2-3). 
The second trial concerned a multicenter study, initiated by the Erasmus 
Medical Center and the Netherlands Cancer Institute / Antoni van 
Leeuwenhoek Hospital, comparing a standard dose of 68 Gy with a high 
dose of 78 Gy (Chapter 4-7).  

The data used for the research in this thesis were obtained in two 
large randomized clinical trials and are therefore of a good quality: they were 
collected prospectively, by data managers according the applicable 
standards of good clinical practice, resulting in a database with a minimum 
of errors and missing data. 
 
To determine the optimal treatment plan for a prostate cancer patient, 
underlying mechanisms of toxicity and tumor control have to be investigated 
carefully. In this thesis we address the question how to optimize the 
relationship between risks and benefits of radiotherapy in prostate cancer: 
how can we avoid risks of side effects as well as risks of underdosage of the 
tumor as much as possible. 
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ABSTRACT 
 

Purpose: To identify dose-volume parameters related to late rectal bleeding 
after radiotherapy for prostate cancer. 

Patients and methods: Clinical complication data from a randomized trial 
were collected and linked to the individual dose volume data. In this trial, 
patients with prostate cancer were treated with either conventional (with 
rectangular fields) or three-dimensional conformal radiotherapy to a dose of 
66 Gy. Patient complaints, including rectal blood loss were collected for 199 
patients, using questionnaires. The outer rectal wall was delineated 
manually and the inner wall was automatically generated. Absolute and 
relative Dose Volume Histograms (DVHs) of the rectal wall (with and without 
the anal region) were calculated with and without rectal filling. A Proportional 
Hazard Regression (PHR) model was applied to estimate the probability of 
any rectal blood loss within 3 years, as a function of several DVH 
parameters. In a multivariable analysis, dose volume parameters were 
tested together with patient and treatment related parameters (age, smoking, 
diabetes, cardiovascular disease, tumor stage, neo-adjuvant androgen 
deprivation, conformal versus conventional, and rectal bleeding during 
treatment). 

Results: The estimated incidence of any and moderate/severe rectal 
bleeding at 3 years was 33 % and 8 %, respectively. Differences between 
the conventional and conformal technique were small and not significant. 
The analysis of relative DVHs of the rectal wall (with and without the anal 
region), showed significant (p < 0.01) relations between the irradiated 
volume and the probability of rectal blood loss within 3 years, for dose levels 
between 25 Gy and 60 Gy. This relationship was shown in subgroups 
defined by dose volume cutoff points as well as in the PHR model where a 
continuously rising risk was seen with increasing volumes. For absolute 
DVHs and DVHs of the rectum including filling, less or no significant results 
were observed. The most significant volume-effect relation (p = 0.002) was 
found at 60 Gy for the rectum wall excluding the anal region. The probability 
of rectal bleeding increased from 10 % to 63 %, when the irradiated rectum 
volume at 60 Gy increased from 25 % to 100 %. Other factors including age, 
smoking, diabetes, cardiovascular disease, tumor stage, neo-adjuvant 
androgen deprivation, conformal versus conventional, rectal bleeding during 
treatment, rectum length and whole rectum volume did not have a significant 
effect in the multivariable analysis. When controlling for the volumes at 60 
Gy, the volumes at lower dose levels (25 - 55 Gy) were not significant (p = 
0.5) anymore. 
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Conclusions: For any rectal bleeding within 3 years, an overall incidence of 
33 % was observed for patients treated to 66 Gy. For this endpoint, a 
volume-effect relation was found for DVH parameters of the relative rectal 
wall volume. This relationship appeared to be most significant for the rectum 
without the anal region and for the higher dose levels (50 - 60 Gy). 
 
 
Introduction 
 
In recent years, Intensity Modulation Radiotherapy (IMRT) and dose 
escalation have been introduced in the treatment of prostate cancer. 
Retrospective and prospective cohort studies have shown these concepts to 
be possible. [1-4] With IMRT techniques doses up to 86.4 Gy are proven to 
be feasible. [3] In a randomized study [5] the tumor control was found to be 
higher with doses of 78 Gy compared to 68 Gy.  

On the basis of literature recommendations [6, 7] and local clinical 
experience [8-10] dose volume constraints have been used to guide the 
optimization process of the IMRT planning. In general, these techniques aim 
to control the volume exposed to high doses in order to limit serious late 
toxicity. Recent publications indicated, however, that doses in the range of 
35 Gy - 57 Gy might be at least equally important. [4,11-13] Therefore, a 
better understanding of the relationships between complications and dose-
volume parameters over the whole dose range, including other prognostic 
factors, might help us in the optimization of the IMRT techniques.  

In most studies, these late complications are being scored using a 
composite score, such as the Radiation Therapy Oncology Group (RTOG) 
and Late Effect Normal Tissue / Subjective, Objective, Management, and 
Analytic (LENT/SOMA) score. In these scoring systems, compliance related 
symptoms (such as stool frequency) and proctitis related symptoms (such as 
rectal bleeding) are combined to one overall score. The use of such an 
overall score might obscure the relation between dose volume parameters 
and complications. It is probably better to study the sub-items of the 
composite score, like rectal bleeding in relation to the dose volume 
parameters. For this analysis, the data on rectal bleeding as reported in a 
patient questionnaire were used.   

Therefore, the main objective of this study was to evaluate in detail 
the relation between rectal bleeding and rectal dose-volume parameters 
together with other possible prognostic factors. Rectal dose-volume 
parameters will be evaluated, including and excluding bowel content and 
anal part of the rectum. 
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Patients and methods 
 
The patients for this study were taken from a phase III randomized toxicity 
study comparing conventional radiotherapy and conformal radiotherapy. In 
total 265 T1-4 N0M0 prostate carcinoma patients were included in this trial. 
There were no significant differences in patient and tumor characteristics 
(Table I) for both study arms 8. After informed consent, randomization was 
performed stratifying for Gross Target Volume (GTV) definition and not for 
tumor grade and PSA (prostate specific antigen) level. For T1 tumors the 
GTV was defined to be the prostate. For the other tumor stages prostate and 
seminal vesicles were considered to be the GTV. Patients were treated in 
supine position, without special instructions for bladder or bowel filling. A 
conventional dose of 66 Gy was applied in both study arms. 
 
Planning procedure / treatment  
All patients were treated to a dose of 66 Gy in the ICRU reference point in 
33 daily fractions. [9-11] The GTV was expanded in three dimensions with 5 
mm to create a Clinical Target Volume (CTV). The CTV was further 
expanded with 10 mm to create the Planning Target Volume (PTV) to take 
positioning errors and GTV mobility into account. The planning, treatment 
technique, linear accelerator, and portal imaging procedure were identical for 
both treatment arms of the trial. Patients in the conventional treatment arm 
were treated with rectangular, open fields. Patients in the conformal 
treatment arm were treated with conformally shaped treatment fields using a 
multi leaf collimator.  

A three-field technique was used with one anterior and two lateral 
(oblique) treatment fields. During treatment, regular megavoltage imaging 
was performed, including a setup verification and correction protocol. [12] 
Due to this protocol the systematic positioning inaccuracy could be limited to 
2 mm (1 standard deviation). The outer wall of the bowel was delineated 
from (and including) the anal region to the level of the inferior border of the 
sacroiliac joints. From this delineation, different intestinal structures were 
extracted, namely rectum, sigmoid and anal region. The anal region was 
defined, more or less arbitrarily, as the most caudal 3 cm. The rectum that 
excludes the anal region was defined cranially as long as it had a close 
relation to the sacrum. The position where the bowel moved ventrally away 
from the sacrum, it was defined to be the sigmoid. We analyzed rectal 
bleeding as a function of dose-volume-histogram (DVH) parameters of the 
rectum (without the anal region), of the rectum including the anal region and 
of the anal region alone for two reasons. First, because of the arbitrary cut-
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off level of 3 cm and second because it is, a priori, not evident from which 
region rectal bleeding, as reported by patients, is originating.  

The contouring protocol resulted from a study on the delineation 
accuracy of prostate and organs at risk within the context of a randomized 
trial. [13] The inner bowel wall was estimated from the delineated outer wall 
surface, using the methodology of Meijer et al. [14] and taking a rectal wall 
area in each perpendicular slice of 2.1 cm2. Consequently, we were able to 
calculate DVHs for the rectum and anus with and without filling (walls). The 
length of the rectum was defined as the length along the central axis of the 
rectum. It was calculated by summing the lengths of the vectors between the 
centers of the delineated contours.  

Dose volume histograms were calculated for the rectum excluding 
and including the anal region and for the anal region. For all three structures 
we calculated DVHs with (if present) and without filling and in relative and 
absolute volumes. Thus, we obtained in total 12 datasets. 
 
Clinical endpoint  
 Some aspects of acute and late intestinal toxicity have been reported. Acute 
intestinal toxicity was reduced in the conformal treatment arm in this trial 
because of a reduction in anal exposure and, consequently, anal toxicity. [8] 
For RTOG Grade 2 [15] (scored prospectively defined by the clinician) late 
intestinal toxicity, a trend for less toxicity was observed in favor of the 
conformal technique mainly because of a reduction of compliance related 
symptoms (submitted for publication1). 

In this study, late (more than 180 days after radiotherapy) rectal 
bleeding as reported by the patients was the clinical endpoint. The 
information on this bleeding was taken from patient questionnaires. The 
patients themselves filled in these questionnaires at regular hospital visits to 
evaluate their perceived morbidity. The patients scored their complaints in 
four grades: no, some, moderate and severe. One of these questions “rectal 
blood loss” was used in this study. For 199 patients (Table 1), patient self-
assessment questionnaires up to 3 years of follow-up (range 1-3 years) were 
available for analysis. For 1 patient, the acute morbidity data were missing. 
 

  

                                                 
1 Gastro-intestinal and genito-urinary morbidity after 3D CRT of prostate cancer: observations of 
a randomized trial Koper PC, Jansen P, van Putten W, et al. Radiother Oncol 2004;73:1-9. 
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  Table 1. Patient and treatment data. 

Variable Total group (n, %) 
(n = 199) 

Age: mean (SD), year 70 (6.2 ) 
Tumor stage 
  T1 
  T2 
  T3 
  T4 

 
25 
99 
69 
6 

 
13 % 
50 % 
35 % 
3 % 

Neo-adjuvant hormonal therapy 
  Yes 
  No 

 
34 
165 

 
17 % 
83 % 

Radiotherapy technique 
  Conventional 
  Conformal 

 
99 
100 

 
50 % 
50 % 

    
 
Statistics 
The Kaplan-Meier method was used to estimate the incidence of reported 
bleeding (any and moderate/severe) at 1, 2 and 3 years of follow-up for all 
groups of patients in this study. We calculated average DVHs and the 
standard deviation at each dose level of different patient groups (i.e. 
conformal vs. conventional and bleeders vs. nonbleeders). To test if the 
differences between the average DVHs were significant, we evaluated the 
area under the DVH curve (AUCs) as parameter, using the unpaired t test 
assuming equal variances of the AUCs. This AUC is mathematically equal to 
the mean dose. [23] 

In a number of published studies on rectal bleeding [4, 16-19], 
significant volume effects were found at various dose levels in the DVH. 
Therefore, for a number of dose level in the DVH, the rectal volumes were 
divided into two groups, using different volumes as cutoff level. Only cutoff 
points were used, which resulted in subgroups of at least 30 patients. For 
each subgroup the incidence at 3 years was calculated (Kaplan Meier). A 
series of these cutoff points was tested on their ability to discriminate 
between high and low risk for developing rectal bleeding, using Log Rank 
statistics. Each cutoff point with a p value < 0.01 (Log Rank) was considered 
significant.  

A proportional hazard regression (PHR) model was applied to 
estimate the probability of rectal blood loss within 3 years as a function of 
the percentage rectal wall at least irradiated to a certain dose level. Because 
of the large time intervals between the different moments of follow up, an 
interval-censoring method was used as described by Collett. [20] We used 
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the SAS package [SAS, release 8.1] to fit the complication probability C(t, 
V): 
 
C(t, V) = 1 − exp[ − H0(t) × exp(βV)],   (Eq. 1) 
 
where H0(t) is the cumulative hazard at the time t, β is the regression 
coefficient, and V the percentage of rectal wall volume at least irradiated to a 
certain dose level. In this study we report the results at the time point of 3 
years. 

To test whether other published patient- or treatment-related factors 
[4, 16-19] had a significant impact on bleeding, these factors were also 
tested in a similar univariable PHR model. To investigate the effect of a 
number of variables in a multivariable analysis, we added additional terms to 
βX in the argument of the second exponent of Eq. 1. 

 
 

Results 
Intestinal complications 
For the 199 patients in this study, intestinal toxicity Grade 2, according to the 
RTOG scoring system, occurred for 6 %, 12 % and 10 % of the patients at 1, 
2, and 3 years of follow-up, respectively. For the cumulative incidences 
these figures were 6 %, 13 % and 16 %, respectively. During the follow up 
period of the study, no laser treatments or blood transfusions were given for 
the treatment of rectal blood loss. In the patient self-assessment 
questionnaires, no patients reported blood loss before the start of 
radiotherapy, whereas 34 % of the patients mentioned blood loss during 
radiotherapy. At 1, 2 and 3 years of follow-up, the (any) blood loss 
incidences were 16 %, 19 % and 19 %, respectively. The cumulative 
incidences were 16 %, 26 % and 33 % at 1, 2 and 3 years of follow-up, 
respectively. For moderate/severe blood loss these figures were much lower 
(Fig. 1). For the conventionally and conformally treated patients, the 
incidences were not different (p = 0.5) at all follow-up periods. The 
cumulative incidences at 1, 2 and 3 years were 17 %, 29 % and 32 %, 
respectively for the conventional group and 12 %, 23 %, 34 % for the 
conformal group. 
 
Dose and volume parameters 
The distribution of the wall volumes and volumes including filling of the 
rectum without the anal region, showed a wide variation (Fig. 2). The wall 
volume varied between 12.6 and 44 cm3 with an average of 27.1 cm3. This 
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volume was strongly correlated (r = 0.81) with the length of the defined 
rectum (Fig. 2A). The volume including filling varied between 18.1 and 273 
cm3. Because of the variation in filling, the correlation between this rectum 
volume and length was poor (r = 0.30, Fig. 2B). Similar correlations were 
found for the rectum including the anal region. 

The average relative DVHs of the rectum wall including the anal 
region for the conventionally and conformally treated patients showed lower 
volumes at each dose level for the conformally treated patients (Fig. 3A). 
The difference of the average DVHs was evaluated by the area under the 
curve (AUC), which area is equal to the mean dose. Using this AUC, the 
difference (4.1 Gy) with a standard error (SE) of 0.8 Gy was statistically 
highly significant (p < 0.001). In accordance with earlier results for all 
randomized patients [8] this difference was mainly caused by differences 
(14.9 Gy, SE: 1.2 Gy) of the DVHs in the anal region (p < 0.001, Fig. 3C); 
the DVHs of the rectum excluding the anal region (Fig. 3B) were not 
significantly (p = 0.09) different (1.6 Gy, SE: 0.9 Gy). 
 
PHR analysis: patient and treatment related factors 
First, we tested in a univariable PHR analysis the association of age, 
diabetes, cardiovascular disease and tumor stage with the studied clinical 
outcome (any bleeding). No association was found (p ≥ 0.1). Treatment- 
related items (neo-adjuvant androgen deprivation, conformal versus 
conventional, length of rectal canal, rectal wall volume and rectum volume 
including filling -all with and without the anal region- ) were also tested and 
no associations were found. Only for the presence of rectal bleeding during 
treatment (p = 0.06) and smoking (p = 0.08) some suggestion was found for 
an association with rectal blood loss, indicating less rectal bleeding for 
patients without rectal bleeding during treatment and for smokers. Of the 
nonsmokers (n = 145) 37 % reported rectal blood loss, whereas only 14 % of 
the smokers (n = 51) mentioned blood loss at 3 years of follow-up 
(cumulative incidences as estimated with the Kaplan-Meier method). Of the 
patients without bleeding during treatment (n = 131) 32 % reported rectal 
blood loss during follow-up against 36 % for patients with bleeding during 
treatment (n = 67). The small difference of 4 % between these subgroups at 
3 years was more evident at 1 and 2 years where the cumulative incidences 
of late rectal bleeding was 10 % against 22 % (1 year) and 21 % against 36 
% (2 years),  respectively. 
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PHR analysis: dose volume parameters  
To investigate the relation between dose-volume parameters and rectal 
bleeding, we first compared average relative DVHs of bleeders and 
nonbleeders (Fig. 3). We chose here to look at relative DVHs, because the 
relative DVHs correlated better with rectal bleeding than absolute DVHs (see 
the following section). The average DVH of the wall structures of the 
bleeders was compared to the average DVH of the nonbleeders (Fig. 3). For 
the rectum with and without the anal region, the average DVH of bleeders 
(Fig. 3D and 3E) was significantly higher (2.9 Gy, SE: 1.0 Gy and 2.9 Gy, 
SE: 1.1 Gy, respectively) compared to the average DVH of the nonbleeders 
(p = 0.004 and 0.006, respectively). For the anal region, (Fig. 3F) this 
difference (2.3 Gy, SE: 1.8 Gy) was not significant (p = 0.2).  

For the same datasets, a series of dose-volume cutoff points was 
tested (Fig. 4) for significance of discriminating between bleeders and non-
bleeders. Each cutoff point with p < 0.01 was considered to be significant. 
For the anal region, no significant cutoff points could be found. For the 
rectum wall including the anal region, significant volume cutoff points were 
found for all dose levels between 30 Gy and 60 Gy, with the most significant 
(p = 0.0002) cutoff point at 60 Gy and 70 % volume (Fig. 4A). Patients with 
DVHs below this point had an incidence 21 % of rectal bleeding compared to 
a 52 % incidence above this cutoff point.  

For the rectum without the anal region, significant cutoff points were 
found for 30 Gy and between 45 Gy and 60 Gy (Fig. 4B). Again, the most 
significant cutoff point (p = 0.0005) was at 60 Gy and 70 % volume. Rectal 
bleeding incidence was 20 % below and 52 % above this cutoff point. For 
the patients with moderate/severe late rectal bleeding no significant cutoff 
points could be determined because of a low number of cases. The average 
incidence of bleeding above all significant cutoff points was 45 - 69 %, 
whereas 19 - 25 % below these points. 

For the dose levels between 25 Gy and 60 Gy, we further analyzed 
the relation between the volume parameters and the incidence of rectal 
bleeding, using the univariable PHR model. For this analysis, we studied all 
12 datasets: rectum, anus and rectum including the anal region, for absolute 
and relative volumes, both with and without filling. For the four anal data 
sets, no associations were found. For the other eight datasets including the 
rectum significant correlations were found. The relation for the absolute 
volumes was weaker compared to the relative volumes. Including filling 
weakened the relation between bleeding and relative volume. For the 
relative rectum wall DVHs, at all dose levels a significant relation was found, 
with a p value varying between 0.03 – 0.04 for 25 Gy to 0.002 – 0.004 for 60 
Gy (Table 2). The most significant volume relation (p = 0.002) was found at 
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60 Gy for the relative rectal wall excluding the anal region. Therefore, we will 
restrict ourselves to this anatomical entity for the further results in this 
section. 

In Fig. 5, the estimated volume-effect relations for the cumulative 
incidence of rectal bleeding after 3 years (with its 95 % confidence intervals) 
are shown for 30, 45 and 60 Gy. These volume-effect relations compared 
well with the underlying data, presented by the estimated cumulative 
incidences in quartiles, each with approximately 50 patients. For the 30 Gy 
level (Fig. 5A), the probability rose from 10 % to 43 % when the rectal wall 
volume increased from 40 % to 100 %. For 60 Gy, the volume-effect relation 
was steeper. The rectal bleeding probability increased from 10 % at a 
relative rectal wall volume of 25 % to 63 % for a relative rectal volume of 100 
% (Fig. 5C). This volume-effect relation with the full range of incidence 
levels was more descriptive for the data than the earlier found significant 
cutoff level of 70 % (see arrow in Fig. 5C) with only two incidence levels (20 
% and 52 % below and above this cutoff point, respectively). 

Prognostic factors for late rectal blood loss: multivariable analysis 
In the subsequent multivariable PHR analysis, other variables were tested in 
combination with the relative rectal wall volume at 60 Gy. Age, tumor stage, 
conformal versus conventional, neo-adjuvant androgen deprivation, 
smoking, diabetes and cardiovascular disease were tested. Furthermore, 
other volume parameters were tested like length of rectal canal, rectal wall 
volume and rectum volume including filling. No significant parameters were 
found. For acute rectal bleeding and for smoking the p values increased (p = 
0.10 and p = 0.09, respectively). When we included the volumes at an 
intermediate dose of 30 Gy together with the volumes at 60 Gy in the PHR 
analysis, the volumes at 30 Gy became completely insignificant (p = 0.5), 
while the volumes at 60 Gy remained significant (p = 0.03).  
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Fig. 1.. The cumulative incidence of any and moderate/severe  
rectal bleeding at 1, 2, and 3 years of follow-up. 
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Fig. 4. Cutoff points for the DVHs of rectum including the anal region (a)  
and rectum without the anal region (b); +: p ≥ 0.01, ▲: p < 0.01. 
 
 
 
Table 2. p values of the Proportional Hazard Regression model for the relative  
rectal wall volumes with and without the anal region at different dose levels. 

Dose level 
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Fig. 5. The probability of rectal bleeding as a function of the relative rectal wall 
volume (without anal region) at three dose levels. The four bars in Panels a, b and c 
represent the cumulative incidences in four volume bins with about 50 patients each. 
The drawn lines represent the fits to Eq. 1 of the proportional hazard regression 
model together with the 95 % confidence intervals. (c): The arrow indicates the most 
significant cutoff level at 70 %. 
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Fig. 6. The probability of rectal bleeding as a function of the relative rectal wall 
volume (without anal region) at 60 Gy.  The solid lines represent the fit to Eq. 1 of the 
Proportional Hazard Regression model; the dashed lines represent the 95 % 
confidence interval of this fit. + and ▲ (at 65, 70 and 75 %) indicate non-significant 
and significant cutoff levels (Fig. 4b). The four bars in (a) indicate the cumulative 
incidences in four quartiles. The use of cutoff points based on these quartiles at 59, 
67 and 78 % is illustrated in b, c and d, respectively. 
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by a difference of the DVHs of the rectum without the anal region (Fig. 3B). 
For the anal region alone, no relation was found between the average DVHs 
and rectal bleeding (Fig. 3F). Also in the proportional hazard model, no 
relation between anal DVH parameters and rectal bleeding was found. 

For the rectum wall with and without the anal region, a number of 
DVH parameters were significantly related to rectal bleeding (Fig. 3D, 3E 
and 4). Including filling gave less or no significant relations. Although the 
filling will not contribute to toxicity by itself, filling might be important, 
because changes in filling will displace the rectum in or out of the treatment 
fields. When the rectum filling in the planning CT scan is larger than the 
rectal filling during treatment, the anterior rectal wall will be displaced 
dorsally during treatment. With an empty rectum in the planning scan, the 
anterior rectal wall can be displaced ventrally. [21] 
 
Applied methodology to study dose volume effects 
The volume effect relationship was studied in different ways. First, the area 
under the curve (AUC) of the DVH (or mean dose) showed a significant 
difference between bleeders and non-bleeders (Fig. 3D and 3E). Secondly, 
in the approach with cutoff points, significant volume cutoff points at p < 0.01 
were observed for dose points between 30 and 60 Gy (Fig. 4A and 4B). The 
strongest predictor was the cutoff point at 60 Gy for 70 % of the rectal wall 
volume with 52 % and 20 % of rectal bleeding above and below this cutoff 
point, respectively. The third analysis was based on the Proportional Hazard 
Regression (PHR) model (Eq. 1), because this allows the incidence of rectal 
bleeding to continuously rise as the irradiated volume increases (see Fig. 5). 
This is illustrated in Fig. 6 at a dose level of 60 Gy. The observed incidence 
of rectal bleeding was presented in quartiles (Fig. 6A) as in Fig. 5A, 5B and 
5C. Fiorino et al. [16] also used quartiles to define cutoff levels, which they 
subsequently tested for significance. This method is illustrated for our patient 
group in Fig. 6B, 6C, and 6D. We selected cutoff points simply by testing 
with volume intervals of 5 %. The loss of information using cutoff points 
instead of using the incidences in quartiles, or even the full information of 
each individual patient with the PHR model, is illustrated by comparing the 
two bars in Fig. 6B, 6C and 6D with the four bars in Fig. 6A, and the solid 
lines in these figures, respectively. Furthermore, the PHR model should be 
preferred above a threshold model, because it seems rather unlikely that the 
cumulative incidence of rectal bleeding should rise steeply around some 
threshold and be relatively constant below and above that point. Indeed, we 
found some evidence against this steep rise. In Eq. 1, only a linear 
component of volume was used. In a preliminary analysis, we tested 
whether this model was contradicted by the data, by comparing its fit with a 



                                            Irradiated rectal wall volume and rectal bleeding 

 33 

more complex model based on restricted splines. [22] At no dose level the fit 
was significantly better in the non-linear model, as one would have expected 
in the presence of an irradiated volume threshold above which the incidence 
of rectal bleeding sharply increases. This finding was in favor of a more 
gradual increase over the volume range. 

As described in the previous sections, we analyzed the relation 
between DVH parameters and rectal blood loss in a number of ways. When 
doing multiple comparisons, it could be that one is likely to find a significant 
effect for a specific parameter, even if in fact no such relation exists. Still, we 
consider our results to be proof of a DVH-effect relationship. This conclusion 
is based on the following considerations. First, the analysis based on 
average DVHs was considered by us to be the primary analysis and this 
gave a highly significant p value (< 0.006). Second, all DVH parameters 
tested were highly correlated (r > 0.86). Hence, the effective number of 
independent tests, on which, for instance a Bonferroni correction should be 
based, is much smaller than the number of tests actually performed (around 
200). Third, in most analyses, small p values (< 0.01) were found, which one 
would not expect when no relation exists. Finally, the smallest p value found 
(0.0002 for a cutoff point of 70 % volume at 60 Gy) would still be significant, 
even when the highly conservative Bonferroni correction of a multiplication 
by 200 was applied. 

Our conclusion that the high-dose volumes at 60 Gy are most 
predictive for rectal blood loss, is of a more speculative nature. However, it 
seems supported by the fact that it was found in both types of analysis - 
volume cutoff point as well as PHR analysis – and by the fact that in the 
PHR analysis including volumes at both the 30 and 60 Gy levels, only the 
latter retained a p value < 0.05. 
 
Dose-volume effect data 
The comparison of the data from the Fiorino study [16] and this study was 
hampered by a number of differences. They published the results of a 
retrospective multi-center study. Confounding factors were the large number 
of patients treated postoperatively, different treatment procedures and 
doses, creating a somewhat inhomogeneous population. The definition of 
the rectum included the anal canal (personal communication) and rectal 
filling. They excluded 18 % of their patients having more than 100 cm3 of 
rectal volume in the planning CT scan. In our study, this criterion would have 
excluded 40 % of the patient population. Probably an even more important 
difference was the range of tumor doses between 70 and 76 Gy in their 
study, whereas in our study all patients had a tumor dose of 66 Gy. In 
Fiorino’s study, the volumes at 50 Gy and 55 Gy (V50 and V55) were found 
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to be the two most important prognostic factors, with volume cutoff points of 
58 % and 50 %, respectively. These cutoff points are lower compared to the 
cutoff points found in our study (Fig. 4B). These differences can be 
explained by a number of factors. Fiorino et al. reported on Grade 2 and 3 
rectal bleeding, whereas we analyzed any bleeding. We were not able to find 
a clear relationship for moderate/severe toxicity due to the small number of 
events. Another explanation might be the higher tumor dose (70-76 Gy) in 
their study compared to the tumor dose in our study (66 Gy).  

The recent results from the Memorial Sloan Kettering Cancer Center 
[4, 23] indicated a number of significant factors for rectal bleeders. Patient 
related factors were age, diabetes and rectal wall volume and acute toxicity. 
We tested these factors as well, but we found them not to be significant in 
the multivariable analysis. Acute toxicity was only of borderline significance 
(p = 0.06) in the univariable analysis. For the dose volume parameters, they 
found the volume at high doses (102 % of prescription dose, which was 
closely related to the maximum dose) and the volume at intermediate doses 
(62 % of prescription dose), which was closely correlated to enclosure of the 
outer rectal contour by the 50 % isodose. In the multivariable analysis of our 
study, the volumes at intermediate doses became insignificant if we 
controlled for the volumes at 60 Gy. This was, as mentioned before, due to 
the high correlation between the irradiated rectum wall volumes at different 
dose levels. 

The analysis of the data from the M.D. Anderson group [5, 17, 24] 
indicated that volumes at relative high dose levels were of major importance. 
The percentage Grade 2/3 toxicity (modified RTOG/LENT) at 3 year follow 
up decreased from 28 % to 12 % if less than 25 % of rectum volume was 
exposed to 70 Gy 24. Huang [17] added volume cutoff points at other dose 
levels (60 Gy: 41 %, 75.6 Gy: 16 % and 78 Gy: 5 %). Unfortunately, they did 
not test in a multivariable analysis if these cutoff levels at different dose 
levels were independently associated with the observed toxicity. Of the 
clinical factors tested, only hemorrhoids had an additional effect on the 
incidence of late rectal bleeding. 

In the study published by Boersma et al. [19], the data indicated that 
severe rectal bleeding was related to both radiation dose and volume; 
patients with a rectal wall volume receiving at least 65 Gy for more than 40 
%, 70 Gy for more than 30 % and 75 Gy for more than 5 % of the rectal wall 
were at a higher risk of developing severe rectal bleeding than patients in 
whom these volumes were smaller. In this study tumor doses were applied 
between 70 Gy and 78 Gy, which might explain the different percentages of 
bleeders above and below the cutoff points.  
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A major drawback of our study is the relative conservative tumor dose 
applied. Two other studies [18, 25, 26] have reported the volume effect for 
tumor doses similar to ours. Fenwick et al. evaluated the results of the Royal 
Marsden randomized study at a dose level of 60 - 64 Gy [18]. The rate of 
bleeding fell significantly as the fraction of the rectal wall irradiated to a dose 
of 57 Gy or more was reduced. In the study of Wachter et al. [25, 26] (with a 
tumor dose of 66 Gy) a significant cutoff point was found at 57 % of the 
rectal volume exposed to 60 Gy. It is not clear if the contouring (outer 
contour limited by the field edges), the use of an inflatable rectal balloon or 
the more generous margins used (1.5 - 2.0 cm) in their study were 
responsible for a different cutoff point compared to our study. The mean V60 
(110 ± 50 cm3 in the Wachter study compared to 93 ± 48 cm3 in our study) 
might partly explain the observed difference. 
 
Future studies 
The data, as presented in this article, may be useful as a starting point to set 
the dose volume constraints for the optimization process of IMRT planning. 
However, the most relevant DVH parameter is still not determined and we 
could only include data with a moderate tumor dose of 66 Gy. Therefore, we 
will validate the observations in this study and expand them to higher dose 
ranges with the data from the Dutch randomized dose escalation study (68 
Gy vs. 78 Gy), which has accrued more than 650 patients up till now. In this 
future analysis, we will try to find the most relevant DVH parameter(s) to 
describe the volume effect, using more elaborate statistical methods, like m-
fold cross validation, permutation testing and bootstrapping. 

Because we found that not only the irradiated volume, but also the 
location of the irradiated volume was important (the anal region did not 
contribute to rectal blood loss), we will also present the results of an analysis 
using rectal dose map. This method [27-29] fuses spatial and dosimetrical 
information that is lost in the DVH. Using this method, the dose to the 
posterior part of the rectum and the influence of exposure of different parts 
of the rectum and anus will be related to the different aspects of the 
intestinal toxicity as reported in the patient questionnaires.  
 

Conclusions 
A significant relationship between relative rectal wall volume (with and 
without the anal region) and late rectal bleeding was found. The anal region 
did not contribute to rectal bleeding in this study. The most significant 
relation seemed to be present for the higher dose levels. Absolute volumes, 
rectum including filling, rectum length, rectum wall volumes, radiotherapy 
technique, and acute rectal bleeding seem to have less predictive power. 
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ABSTRACT 
 

Purpose: To study the correlations between the dose distributions in the 
anorectal region and late gastrointestinal (GI) symptoms in patients treated 
for localized prostate carcinoma.   

Patients and methods: Data from a randomized study were analyzed. In 
this trial patients were treated with either rectangular or conformal fields with 
a dose of 66 Gy. Data concerning GI symptoms were collected from 
questionnaires of 197 patients. Dose distributions in the anorectal region 
were projected on maps and dose parameters were calculated. The 
incidences of complaints were studied as a function of the dose-area 
parameters and clinical parameters, using a proportional hazard regression 
model. Finally, we tested a series of dose parameters originating from 
different parts of the anorectal region.    

Results: Analyzing the total region, only a significant dose-area effect 
relation for bleeding was found (p < 0.01). Defining subareas, we found 
effect relations for bleeding, soiling, fecal incontinence and mucus loss. For 
bleeding and mucus loss the strongest correlation was found with the dose 
received by the upper 70 % - 80 % of the anorectal region (p< 0.01). For 
soiling and fecal incontinence we found the strongest association with the 
dose to the lower 40 % - 50 % (p < 0.05).  

Conclusions: We found evidence that complaints originate from specific 
regions of the irradiated lower GI tract. Bleeding and mucus loss are 
probably related with irradiation of the upper part of the rectum. Soiling and 
fecal incontinence are more likely related to the dose of the anal canal and 
the lower part of the rectum. 
  
 
Introduction    
 
As a consequence of radiation therapy for prostate cancer, patients might 
suffer from gastrointestinal (GI) complications afterwards. A significant 
volume of the bowel (i.e. the rectal wall and anal canal) is close to the target 
volume. Therefore every patient is at risk, even when conformal fields are 
applied. The side effects occurring after radiation treatment of the rectum 
and anal canal are different, as can be expected from its function. As 
described by the Radiation Therapy Oncology Group (RTOG) / European 
Organization for Research and Treatment of Cancer (EORTC) toxicity 
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scoring system, late reactions to be expected after irradiation of the lower GI 
tract include proctitis related symptoms such as bleeding and mucus loss, 
increased stool frequency, cramping and diarrhea. [1]  

A number of studies have investigated the underlying mechanisms 
of the observed side effects, mainly aiming at the assumed dose-volume 
effect relationships. Linking the clinical data of rectal toxicity to individual 
dose-volume data has yielded interesting results, teaching us more about 
the significance of irradiated rectal volumes. In particular, the relationship 
between irradiation of the rectum and bleeding has been subject of many 
studies. [2-9] The relationships between dosimetric parameters and overall 
RTOG/EORTC scores have been reported in other studies, where significant 
volume effects were found. [10-11] Boersma et al. did however not find a 
relationship between overall GI toxicity scores and dose volume parameters. 
[2] Similar dose volume analyses involving specific GI symptoms other than 
bleeding as endpoints have not been frequently published.  

Apart from dose-volume data, also dose-surface data can be used 
to study dose-effect relations. [12] At our institution, a method was 
developed to use dose maps to describe the dose received by the outer area 
of the rectum. [13] In these dose maps, the dose to the outer rectal wall is 
projected onto a two-dimensional normalized angular map. In our study, we 
used this method to analyze the patient data of a clinical trial to study the GI 
symptoms and their supposed relationship with the dose-area maps. The 
main goal was to correlate these clinical data to the dose map data to 
generate hypotheses, which explain the origin of patient symptoms. Our 
hypothesis was that the dose to the rectum and to the anal canal could 
cause different complaints, because the anatomy and its function are 
different. 
  
  
Patients and methods  
Study population   
We reviewed data from a Phase III randomized clinical trial performed at the 
Daniel den Hoed Clinic / Erasmus Medical Center in Rotterdam, The 
Netherlands. This study had recruited 266 T1-4 N0M0 prostate carcinoma 
patients between 1994 and 1996. After patients provided informed consent, 
randomization was performed between conventional and conformal RT 
fields. Details of this study population have been described elsewhere. [14] 
Of the 266 patients, 197 patients were eligible for our study. They answered 
a baseline questionnaire and at least one questionnaire during follow-up 
concerning GI complaints. Every patient we selected had records with yearly 
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examinations for a maximal follow-up period of 3 years. The characteristics 
of the selected group are summarized in Table 1.    

   Table 1. Patient and treatment data. 

Variable Total group  
(n = 197) 

Mean age (y) 
Tumor stage: 
  T1 
  T2 
  T3 
  T4 
Neo-adjuvant hormonal therapy: 
  yes 
  no 
Smoking 
  yes 
  no 
Radiotherapy technique: 
  conventional 
  conformal 
 
Anorectal wall volume (cm3) 
Length of anorectal structure (cm) 

70   (6.2 SD) 
 
25   13 % 
98   50 % 
68   35 % 
6   3 % 
 
33   17 % 
164   83 % 
 
51   26 % 
146   74 % 
 
98   50 % 
99   50 %      
 
32.9 (5.8 SD) 
14.7 (1.8 SD) 

 
Endpoints of interest  
The patients scored their perceived morbidity at regular intervals during the 
trial. They completed a patient self-report questionnaire grading their 
complaints on a four point scale: ‘not at all’, ‘a little’, ‘quite a bit’ and ‘very 
much’, as described by Tait et al. [15]. Only diarrhea was not scored on a 
grading scale; the patient had to indicate whether he had watery stools. This 
questionnaire was developed as a checklist to identify the symptoms 
mentioned on the RTOG/EORTC GU and GI toxicity scoring system. [1] A 
similar questionnaire has been published by Goldner et al. [16] 

The bowel symptoms evaluated by the patient were: rectal bleeding, 
mucus loss, increased stool frequency, diarrhea (watery stools), urge without 
stools, painful abdominal cramps, fecal incontinence, and soiling (spots in 
underwear). All questions referred to the patients experience with regard to 
the preceding week. In this study we analyzed whether a complaint was 
present or not, regardless of the grading reported. 
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Planning procedure and treatment   
The prescribed dose to the Planning Target Volume (PTV) was 66 Gy in 33 
daily fractions of 2 Gy. For T1 tumors the Gross Tumor Volume (GTV) was 
defined as the prostate. For other stages prostate and seminal vesicles was 
defined as the GTV. The GTV was three-dimensionally expanded with a 15- 
mm margin to the planning target volume. A three-field technique was used 
with one anterior and two lateral (oblique) treatment fields. [14] In the 
conventional RT arm, patients were treated with rectangular fields. Within 
the conformal arm, patients were treated with conformally shaped treatment 
fields using a multileaf collimator. Patients were treated supine, without 
special instructions for bladder or bowel filling.  
 
Contouring and construction of dose maps  
The planning CT scan was used to obtain individual three-dimensional dose- 
volume data of the anorectal wall. The outer wall of the bowel was 
delineated from the anal region to the level of the inferior border of the 
sacroiliac joints. The anorectal region was defined cranially as long as it had 
a close relation to the sacrum. Where the bowel moved ventrally away from 
the sacrum, it was defined as sigmoid. On average, the delineated anorectal 
region was 15 cm long (SD 1.8 cm, range 10-20 cm). The inner rectal wall 
was generated from the outer rectal wall and contours, using the method of 
Meijer et al.  [17]   

We used a previously developed method to virtually unfold the 
delineated rectal wall and project the dose to the outer rectal surface onto a 
2D angular map [13]. To make a map, first a central axis was computed 
through the rectum and this central axis was divided into 0.5-cm segments. 
Perpendicular to each segment, we constructed a planar cross-section. We 
assumed that the amount of rectal wall tissue was a constant in all 
orthogonal cross-sections throughout the entire rectum. [17] The orthogonal 
cross-sections were unfolded at the dorsal side and the associated dose 
was projected onto the map. The vertical axis of the maps (i.e. the length of 
the rectum) was normalized to 100 %. 
 
Descriptive statistics  
The Life-table method was used to estimate the overall cumulative 
incidences of complaints at 3 years. For these estimates, complaints were 
only scored as present when the symptom was reported as worse with 
regard to baseline. The tetrachoric correlation coefficient was calculated to 
test whether associations existed between the reported symptoms. The life 
table method was also used to estimate the cumulative incidence at 3 year 
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for each complaint within defined dose bins, each bin containing about 25 % 
of the population.    
 
Statistical modeling of dose-effect relationships  
Relative areas receiving a certain dose or more were calculated, with the 
dose varying between 20 Gy and 60 Gy (dose steps of 10 Gy). A 
proportional hazard regression (PHR) model was applied to estimate the 
probability of a complaint within 3 years, as a function of the calculated dose 
map parameters. These dose map parameters were extracted from different 
regions of the total dose map. An interval-censoring method was used, as 
described by Collett [18], to correct for the large time intervals between the 
different times of follow up. In this study we calculated and reported 
cumulative risks at three years. The SAS package was used for fitting the 
PHR model (SAS Institute, Carry, NC).  

The patient and treatment characteristics were also tested in a 
similar way (univariable) to study whether these factors had a significant 
impact on the complaints. The effect of univariably significant variables was 
also tested in multivariable analysis.  
 
Mean dose maps 
For each symptom, two average dose maps were constructed: an average 
absolute dose map of the patients with the symptom and an average 
absolute dose map for the patient subgroup without the symptom. Thus, 
differences in dose distributions were visualized. In these mean dose maps, 
the variation in follow-up between patients could not be taken into account. 
Therefore, the results of the PHR model are more valid in this study.   
 
 
Results  
 
Selected population 
The study group consisted of 98 patients treated with rectangular fields and 
99 patients treated with conformal fields. The variables GTV definition, age, 
hormonal therapy, anorectal wall volume and length of anorectal structure, 
were well balanced. With regard to tumor stage and smoking habits, a slight 
unbalance was present between the two groups. The conventional group 
contained more patients with T2 tumors (n = 54 against n = 44) whereas the 
conformal group contained more patients with T3 tumors (n = 39 against n = 
29). The conformal group also contained more smokers (n = 29) than the 
conventional group (n = 22).  
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Incidence of complaints  
The incidences of complaints at baseline are shown in Table 2. The most 
frequent symptoms reported were: painful cramps (16 %) and urge (12 %). 
The cumulative incidences of baseline-corrected GI complaints at 3 years of 
follow-up (life table method) are shown in Table 2. It shows cumulative 
incidences in the range of 5 % (diarrhea) up to 58 % (increased stool 
frequency and soiling). Diarrhea appeared to be a rare late complaint and 
was therefore not analyzed further.  

The prevalence throughout the follow-up period was much lower 
than the cumulative incidence at 3 years. At 2 years, the prevalence of 
complaints was 19 % for rectal bleeding, 31 % for increased stool frequency, 
34 % for soiling, 26 % for fecal incontinence, 15 % for painful cramps, 23 % 
for mucus loss and 16 % for urge. Much less moderate and severe 
complaints were reported. At 2 years, the prevalence of moderate/severe 
complaints was: 5 % for cramps, 5 % for fecal incontinence, 5 % for soiling, 
5 % for rectal bleeding, 4 % for mucus loss, 2 % for urge and 5 % for stool 
frequency of at least five times daily.  

Most clinical endpoints investigated showed mutual positive 
associations. All endpoints were positively associated with each other 
(statistically significant), except for bleeding with cramps and bleeding with 
increased frequency. The closest association was observed between fecal 
incontinence and soiling: 80 % of the patients reported both symptoms either 
absent of present (tetrachoric correlation coefficient = 0.80, p < 0.001).  
 
Proportional hazard model 
Within the PHR model, clinical characteristics and dose parameters were 
included as independent variables. The results are summarized in Table 3 
and Table 4 (univariable analysis). The presence of the corresponding 
symptom during the acute phase of radiotherapy appears to be the most 
outspoken clinical factor, which is significant (p < 0.05) for every endpoint 
except for abdominal cramping and bleeding (p = 0.06). In view of the 
number of tests performed, we found no strong evidence for an association 
between any of the other clinical characteristics and the endpoints. 

Univariable (UV) testing of areas receiving at least a certain dose 
was performed for dose levels between 20 Gy and 60 Gy, with dose steps of 
10 Gy. These dose parameters correlated highly (Pearson correlations 
between 0.70-0.97, all p < 0.001). In Table 4, the results of a low dose (30 
Gy), high dose (60 Gy), and mean dose are presented. These results show 
that testing the total anorectal area map, only significant results for bleeding 
are found (UV p values in the range of 0.008 – 0.01).  
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Table 2. Prevalence (%) of reported complaints at baseline and the cumulative 
incidence of each complaint at 3 years corrected for baseline, with its standard error 
(Life table estimates).  

Complaint# 
 

Baseline 
(n = 192) 

Year 3*  
(n  = 197) 

Standard 
Error 

Rectal bleeding 
Frequency ≥ 3 
Soiling 
Fecal incontinence 
Painful cramps 
Mucus loss 
Urge 
Diarrhea 

1 % 
8 % 
8 % 
4 % 

16 % 
4 % 

12 % 
2 % 

43 % 
58 % 
58 % 
57 % 
28 % 
55 % 
35 % 
5 % 

6 % 
6 % 
6 % 
6 % 
6 % 
6 % 
6 % 
4 % 

#These cumulative estimates also include mild complaints. Incidences of  
moderate/ severe complaints only were much lower (range of 1  - 6 %).  
* Cumulative at 3 years. 
 
 
Table 3. Results (p values) of univariable testing for clinical characteristics within the 
PHR model.  

                                 Dependent outcome variable 

Independent 
variable 

Urge Cramp Blood 
 

Mucus Inconti 
nence 

Soil Freq  
3+ 

Age 
Acute compl# 
HT pre-RT# 
Treatment 
Smoking# 

0.37 
0.007* 
0.3 
0.3 
0.3 

0.8 
0.06 
0.7 
0.4 
0.3 

0.7 
0.06 
0.2 
0.5 
0.07 

0.5 
<0.001* 
0.8 
0.4 
0.3 

0.2 
0.02 
0.6 
0.2 
0.1 

0.8 
0.001* 
0.3 
0.1 
0.08 

0.03 
<0.001* 
0.2 
0.7 
0.8 

Abbreviations: PHR=proportional hazard regression; RT=radiotherapy;  
HT = hormonal therapy; compl = complaints; freq = frequency. 
* p ≤0.01 ; #yes vs. no  
 

Table 4. Results (p values) of univariable testing for general dose parameters within 
the PHR model (calculated area for the total anorectal region).  

                                 Dependent outcome variable 

Independent 
dose variable 

Urge Cramp Blood 
 

Mucus Inconti- 
nence 

Soil Freq  
3+ 

 
Area > 60 Gy 
Area > 30 Gy 
Mean dose 

 
0.2 
0.3 
0.2 

 
0.9 
0.9 
1.0 

 
0.008* 
0.01* 
0.01* 

 
0.1 
0.2 
0.1 

 
0.2 
0.3 
0.2 

 
0.1 
0.1 
0.1 

 
0.3 
0.4 
0.3 

Abbreviations as in Table 3. 
* p ≤ 0.01 
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Multivariable (MV) testing was performed for all endpoints with two or more 
covariables with a univariate p value of < 0.1. MV testing with bleeding as 
endpoint was performed for smoking, acute bleeding complaints and the 
area receiving a dose ≥ 60 Gy. Only the latter covariable was statistically 
significant (MV p = 0.02); for smoking and acute complaints, the p value was 
0.1 and 0.2, respectively. MV testing with soiling as endpoint was performed 
with smoking and acute soiling complaints as covariables. In this analysis 
the acute complaints remained significant (MV p = 0.003) and smoking 
became statistically significant (UV p = 0.08, MV p = 0.01), indicating a lower 
risk for soiling complaints in the smoking group. Acute complaints and age 
were tested MV with increased stool frequency (three or more time daily) as 
the endpoint. The MV p values were < 0.0001 for acute complaints (UV < 
0.0001) and 0.05 for age (UV p = 0.03). A greater age was associated with a 
greater incidence of increased stool frequency. 
 
Mean dose maps  
For “bleeding and no bleeding”, “soiling and no soiling”, the average dose 
maps are shown in Fig. 1. These maps show a difference in the superior 
area for bleeding vs. no bleeding, and in the inferior area for soiling vs. no 
soiling. The dose map patterns for mucus loss were similar to the maps of 
the bleeders and the maps for fecal incontinence showed similar patterns as 
for soiling. The dose maps have to be interpreted with caution, because it is 
not possible to correct for the variation in follow-up between patients 
(variation between 1 and 3 years) within these dose maps. 
 
Testing of subareas in the PHR model  
Using the information of the dose maps, we defined a series of subareas, for 
which the area receiving a dose ≥ 60 Gy was tested (univariable) in the PHR 
model. A series starting from superiorly and another from inferiorly were 
defined: 10 % of the total dose map, 20 %, 30 % and so forth, until 100 % 
was included (total map). They were tested for all symptoms separately as 
endpoints. For every combination of endpoint and subarea, the natural 
logarithm (ln) of the hazard ratio (HR) was calculated for the % of the area 
irradiated to ≥ 60 Gy. The ln HRs plotted in Fig. 2 are the ratios for each 10 
% of the area irradiated to ≥ 60 Gy. The HR expresses the increase in the 
complication rate for each increase of 10 % area receiving the defined dose.  

The results for bleeding, soiling, fecal incontinence, urge and mucus 
loss are shown in Fig. 2. Together with the ln HRs, its standard error is 
plotted in each graph. In each graph, the series starting from inferiorly and 
superiorly, both started at the left side of the graph until they contain 100 % 
of the dose-area map; at that point, the two series are identical.  
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Fig. 1. Absolute dose maps of the total anorectal outer wall for different patient 
groups. The horizontal axis indicates the position along the circumference of the 
rectum: P = posterior, A = anterior, L = left and R = right. At the vertical axis, the 
relative position to the anal region (at the bottom: 0 %) and the most cranial part of 
the rectum (at the top: 100 %) is plotted. Upper maps represent patients reporting 
bleeding during follow-up (right) and patients without bleeding (left). Lower maps 
represent patients reporting soiling (right) and patients not reporting soiling (left).   
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For bleeding (Fig. 2A), the series starting from inferiorly show low HRs that 
were not statistically significant, until the inferior 70 % - 100 % is included in 
the dose-area tested; from 70 % to 100 % superiorly the results are 
significant (p < 0.05). The other way around starting from superiorly, the 
tested dose-areas remained significant all the way through to the final point 
of 100 %. The graph for bleeding clearly showed a maximum in the ln 
hazard ratio at the superior 80 % of the map, indicated with an arrow (p = 
0.0012). Including another 10 % (to a total of 90 %) after this point causes a 
clear decrease in the HR.  

For soiling (Fig. 2B) the series starting from superiorly show low 
levels of the ln HR that were not statistically significant. Starting from 
inferiorly, the first five tested dose-areas (inferior 10 % - inferior 50 %) were 
statistically significant models (p < 0.05). Passing the point of the inferior 40 
% (indicated with an arrow), the tested dose-areas became less significant 
and passing the inferior 50 % the tested areas becomes not significant (p > 
0.05), although the estimated HR is still at the same level. In Fig. 2B, the 
results for fecal incontinence are also plotted with two thin dotted lines. The 
ln HRs and corresponding p values found for this endpoint are close to the 
results of the endpoint “soiling”.  

For the endpoint “urge” (Fig. 2C), almost every tested dose-area 
was not significant, except the most superior 10 % and 20 % (p < 0.05). For 
mucus loss (Fig. 2D), a similar pattern as for “bleeding” was found. For this 
endpoint the results show a maximum of the HR at 70 % (corresponding p = 
0.007). For increased stool frequency, a weak association was found (ln HR 
of 0.09) with the inferior 60 % of the anorectal map (p = 0.16).  

For the optimal subarea related with bleeding (superior 80 %), 
soiling (inferior 40 %) and mucus loss (superior 70 %), graphs were 
constructed showing the volume effect of RT on the probability of developing 
the complaint at risk within 3 years. In Fig. 3, the estimated incidence at 3 
years of a complaint as a function of the area receiving a dose > 60 Gy is 
shown. The actual cumulative incidence at 3 years is also shown for four 
fixed bins (quartiles). If we repeat this for other dose levels (e.g. area 
irradiated to at least 40 Gy, 50 Gy and 65 Gy), similar probability lines are 
found, which are shifted to the left (lower dose levels) or to the right (higher 
dose levels).  
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Fig. 2. Results of Proportional Hazard Regression (PHR) analyses concerning 
endpoints (A) bleeding, (B) soiling (solid lines) and fecal incontinence (dotted lines), 
(C) urge and (D) mucus loss. Rectal map analyzed in different pieces: a series of 10 
relative cutoff points were tested, starting from inferiorly (10 % of map to 100 %) and 
another, similar, series starting from superiorly. Tested covariate was in all cases: % 
of area receiving ≥ 60 Gy. The ln hazard ratios of the corresponding tested PHR 
models are plotted on the y axis together with its standard error (plotted for one 
direction). Arrows indicate cutoff values taken for the depicted graphs in Fig. 3. 
 
 
Analyses of isolated subareas 
Besides the division into superior and inferior parts, we also cut the 
anorectal map into isolated subareas. Each dose map (similar to Fig. 1) was 
cut into 4 regions from superior to inferior, and four regions from posterior to 
anterior (left, anterior, right, posterior). The 16 created isolated pieces of 
rectum or anal canal were tested in explorative analyses. These analyses 
revealed no new information on local dose-effect relations (results not 
shown).   
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Fig. 3. The estimated incidences within 3 years (fitted lines) of soiling, bleeding and 
mucus loss as a function of the area receiving a dose ≥ 60 Gy. For soiling, inferior 40 
%, for bleeding, superior 80 %, and for mucus loss, superior 70 % of the dose maps 
is taken for the fit. Confidence intervals (95 %) and Life table estimates at 3 years 
(quartiles) are shown for each fit. 
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Discussion 
 
In this study we found evidence that specific symptoms were related with 
dose-area parameters of different regions of the lower GI tract. Analyzing 
rectal bleeding revealed that the best prediction was found from the dose in 
the superior 80 % of the anorectal map (p = 0.001). Similar results were 
found for mucus loss (p = 0.007 for the upper 70 %). These results have to 
be interpreted with caution with regard to its explorative nature and the large 
standard errors found (Fig. 2).  

A visual inspection of the mean dose maps confirms the results 
found in statistical analysis for bleeders: in the region of the anal canal no 
clear differences in the dose pattern were found between the patient group 
‘bleeding’ and the patient group ‘not bleeding’ while there clearly was a 
difference in the dose pattern at the superior side of the map (Fig. 1).  

Some evidence for a dose-effect relation for soiling and fecal 
incontinence was found within the inferior 40 % - 50 % of the dose map, 
situated in the anal region and the lower part of the rectum (p = 0.03 for both 
endpoints). The width of the confidence intervals, however, indicated that 
these relationships were not accurately obtained. Although less significant, 
this observation is relevant as the majority of the patients is bothered with 
compliance-related symptoms. Looking at the mean dose maps of the 
patient group reporting soiling vs. the group not reporting soiling (Fig. 1), a 
difference was present at the average dose received by the most inferior 
part of the dose map (i.e. the anal canal), confirming the results of the PHR 
analysis. For the more high-dose regions (> 60 Gy), however, the difference 
between the areas for the group reporting soiling vs. the group not reporting 
soiling was less clear.  

For the observed increase in the incidence of urge and stool 
frequency no explanatory dose-area effect relation could be described within 
the studied lower GI tract. For urge we did find a significant association with 
the most upper part of the delineated rectum, close to the colon and the 
sacrum (p = 0.02 for the superior 10 % of dose map), indicating a greater 
risk for larger areas. However, we could not explain this. Given the number 
of tests we performed, it might have been due to chance.  

Dale et al. [19] investigated the correlation between dose-volume 
data of the rectum and several complaints scored on patient questionnaires 
in a small group of 52 prostate cancer patients. They found that the high-
dose levels were best correlated with the late side effects studied (i.e. 
diarrhea, cramps, gas, blood, mucus, pain). The correlation coefficients they 
found were, however, small and only significant for cramps (p < 0.01).  
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Yeoh et al. [20] investigated the anorectal functioning after radiotherapy 
(motility and sensory function) and found an association of radiotherapy with 
objective changes of the rectal sensitivity. However, an analysis including 
dose-volume data was not reported. Other studies concerning the anorectal 
function after radiotherapy also found affected functioning of rectum and 
anus even when conformal techniques were applied. [21-22] Hayne et al. 
[23] published a review of the literature concerning anorectal injury after 
pelvic radiotherapy. This concerned prostate patients, as well as patients 
treated for cancer of the rectum or cervix. The maximum tolerated rectal 
volume was decreased in all studies investigating this endpoint, indicating 
that the rectal capacity was affected.  

Vordermark et al. [24] studied fecal incontinence in relation to dose-
volume histogram data and reported no significant correlations. They did 
find, however, greater minimum doses to the anal canal for patients with 
severe complaints. They also compared the complaints of 44 patients 
treated 0.6 - 4.5 years previously for prostate cancer with the complaints in a 
control group of 30 untreated prostate cancer patients and found significantly 
worse scores in the treated group. In their study, fecal incontinence, 
increased bowel movements, urge, and soiling, were included in the 
continence score. In our study, we also did not find a very strong relationship 
between continence problems and dose data.  

The separation into superior and inferior parts corresponds with the 
anatomical and functional region of the rectum and the anal canal. This is in 
agreement with the results indicating that bleeding and mucus loss 
originates from the rectum and complaints concerning soiling and fecal 
incontinence are a consequence of irradiating the anal region and probably 
the lower rectal region. However, fecal incontinence is likely to be a result of 
a number of underlying factors like soft stools, increased stool frequency, 
cramps, capacity of the rectum and sphincter function. These factors are 
obviously not exclusively related to the anal canal, which makes it more 
complicated. 

A number of the analyses reported in this study, would have been 
possible with dose- volume data instead of dose-area data. For every 
projection of dose distributions on the outer rectal wall it is possible to obtain 
the corresponding dose-volume data. We chose to use the dose-area data 
because we already obtained the dose-area data to construct the dose 
maps. With regard to dose-volume data, the correlations between the dose-
area data and the dose-volume data were high in this dataset, with a 
Pearson correlation coefficient of 0.94 - 0.96 for dose levels of 20-60 Gy.  
The number of reported moderate to severe symptoms was low. In these 
small subgroups, no indications for a dose-effect relation were found. 
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However, in this study, 66 Gy was prescribed to the tumor. With regard to 
the current developments of describing a higher dose to a tighter planning 
target volume, it would be very interesting to repeat these analyses in a 
large patient group. Therefore, we plan to do additional investigations in our 
trial randomizing between 68 Gy and 78 Gy, with conformal fields and more 
extensive follow up. 
  

 Conclusions 
Irradiation of the anorectal region is associated with several side effects, 
showing a continuously rising risk with an increasing irradiated volume. 
Incorporating the spatial information of the dose distribution in our analyses 
indicated that different complaints origin from different regions. Rectal 
bleeding and mucus loss were related with irradiation of the more upper part, 
i.e. the rectal region. Fecal incontinence and soiling showed both a stronger 
association with the lower part of the GI tract, i.e. the lower part of the 
rectum and the anal canal.  
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ABSTRACT 
 
Purpose: To compare acute and late gastrointestinal (GI) and genitourinary 
(GU) side effects in prostate cancer patients randomized to receive 68 Gy or 
78 Gy.  

Patients and methods: Between June 1997 and February 2003, 669 
prostate cancer patients were randomized between radiotherapy with a dose 
of 68 Gy and 78 Gy, in 2 Gy per fraction and using three-dimensional 
conformal radiotherapy. All T-stages with a PSA < 60 µg/L were included, 
except any T1a and well-differentiated T1b-c tumors with a PSA ≤ 4 µg/L. 
Stratification was done for four treatment groups (according to the risk of 
seminal vesicles (SV) involvement), age, hormonal treatment (HT) and 
hospital. The clinical target volume (CTV) consisted of the prostate with or 
without the SV, depending on the estimated risk of SV invasion. The CTV to 
planning target volume margin was 1 cm for the first 68 Gy and was reduced 
to 0.5 cm (0 cm towards the rectum) for the last 10 Gy in the 78 Gy arm. 
Four Dutch hospitals participated in this Phase III trial. Evaluation of acute 
and late toxicity was based on 658 and 643 patients, respectively. For acute 
toxicity (< 120 days) the RTOG scoring system was used and the maximum 
score was reported. Late toxicity (> 120 days) was scored according to the 
slightly adapted RTOG/EORTC criteria.  

Results: The median follow-up time was 31 months. For acute toxicity, no 
significant differences were seen between the two randomization arms. GI 
toxicity Grade 2 and 3 was reported as the maximum acute toxicity in 44 % 
and 5 % of the patients, respectively. For acute GU toxicity these figures 
were 41 % and 13 %. No significant differences between both randomization 
arms were seen for late GI and GU toxicity, except for rectal bleeding 
requiring laser treatment or transfusion (p = 0.007) and nocturia (p = 0.05). 
The 3-year cumulative risk of late RTOG/EORTC GI toxicity Grade ≥ 2 was 
23.2 % for 68 Gy, and 26.5 % for 78 Gy (p = 0.3). The 3-year risks of late 
RTOG/EORTC GU toxicity Grade ≥ 2 were 28.5 % and 30.2 % for 68 Gy 
and 78 Gy, respectively (p = 0.3). Factors related to acute GI toxicity were 
HT (p < 0.001), a higher treatment group (p = 0.01) and pretreatment GI 
symptoms (p = 0.04). For acute GU toxicity prognostic factors were: 
pretreatment GU symptoms (p < 0.001), HT (p = 0.003) and prior 
transurethral resection of the prostate (TURP) (p = 0.02). A history of 
abdominal surgery (p < 0.001) and pretreatment GI symptoms (p = 0.001) 
were associated with a higher incidence of late GI Grade ≥ 2 toxicity, 
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whereas HT (p < 0.001), pretreatment GU symptoms (p < 0.001) and prior 
TURP (p = 0.006) were prognostic factors for late GU Grade ≥ 2. 

Conclusions: Raising the dose to the prostate from 68 Gy to 78 Gy resulted 
in higher incidences of acute and late GI and GU toxicity, but these 
differences were not significant, except for late rectal bleeding requiring 
treatment and late nocturia. Other factors than the studied dose levels 
appeared to be important in predicting toxicity after radiotherapy, especially 
previous surgical interventions (abdominal surgery or TURP), hormonal 
therapy and the presence of pretreatment symptoms. 
 
 
Introduction 
 
In the last decade, considerable attention has been paid to dose escalation 
for radiotherapy of prostate cancer because of unsatisfactory local control 
and survival results with the past treatment doses. [1,2] In this attempt to 
improve outcome in prostate cancer, other approaches regarding 
radiotherapy have been examined, such as the use of neoadjuvant, 
concomitant and/or adjuvant hormonal treatment (HT) combined with 
external beam irradiation [3-5], brachytherapy of the prostate in 
monotherapy [6] or as a boost [7], or boosting with proton [8,9] or neutron 
beams. [10] 

Encouraging results of improved outcome with higher radiation 
doses have already been reported in several non-randomized [7,11-13] and 
randomized studies (8,14). Many studies tried to identify the patient group 
that would benefit most from a higher radiation dose to the prostate. In the 
M.D. Anderson Cancer Center (MDACC) randomized trial, intermediate-risk, 
and to lesser extent high-risk patients, benefited from higher doses [14], 
whereas low-risk patients showed a dose response when going from doses 
of 64-66 Gy to 68-70 Gy, but not beyond that dose level. [15] Others also 
reported improved outcome in intermediate-risk [11,13,16] or high-risk 
patients. [8,11] Less frequently, even low-risk patients have been reported to 
show a dose response. [17,18] Most studies, however, do not show a dose 
response effect in low-risk patients, but one can argue that a longer follow-
up may be necessary to observe any benefit in these favorable patients. In 
contrast, some authors advocate watchful waiting (or deferred therapy) as 
initial management in selected low-risk patients. [19] We also have to keep 
in mind that the definitions of risk groups are different in many studies. 
Classifications into two or three risk groups are based on PSA alone, or 
more frequently on combinations of two or three of the following factors: 
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PSA, Gleason score and T-stage. Together with the rather frequent 
modifications of the TNM-staging, this can hamper outcome comparison of 
risk groups between different studies. 

In 1997, we initiated a multi-institutional, randomized, Phase III trial 
to investigate if an additional boost of 10 Gy improves biochemical no 
evidence of disease (bNED) and overall survival. Moreover we wanted to 
explore which patient group in particular might benefit from higher radiation 
doses. However, an increase of the radiation dose to the tumor implicates an 
increase of the dose to the surrounding normal tissue, which is the dose-
limiting factor. As prostate cancer patients have a potentially long survival, 
assessment of late toxicity is of major importance. Like others [12,20-22], we 
first performed a Phase I dose escalation trial to demonstrate the feasibility 
of irradiating the prostate to 78 Gy [23]. Few Phase III trials comparing 
higher doses with conventional doses using external beam radiotherapy 
have been performed or are under way [14,24] (Radiation Therapy Oncology 
Group (RTOG)  P-0126, Medical Research Council (MRC) trial RT01). In our 
Phase III randomized trial we compared radiation doses of 68 Gy and 78 Gy. 
This first analysis was performed to compare both randomization arms 
concerning acute and late toxicity in relation to general treatment factors and 
patient-related factors.  

 
 

Patients and methods 
 
Protocol entry criteria and stratification 
Between June 1997 and February 2003, 669 patients with a localized 
adenocarcinoma of the prostate were entered in this Phase III trial, 
randomizing patients between 68 Gy and 78 Gy. Four different centers in the 
Netherlands participated. Pretreatment evaluations included clinical history, 
physical examination, trans-rectal ultrasound of the prostate, laboratory 
studies (full blood count, creatinine, alkaline phosphates, gamma-glutamyl 
transferase and PSA), a bone scan, and optionally a pelvic CT-scan. The 
initial total PSA of each patient was determined, before digital rectal 
examination (DRE) and/or 10 days after biopsy or transurethral resection of 
the prostate (TURP), and use of Abbott IMx assay was recommended. TNM 
staging was scored according to the American Joint Committee on Cancer 
1997 guidelines. At histological evaluation Gleason score and/or 
differentiation grade were assigned, and patients were divided into three 
groups: well-differentiated or Gleason score 2-4, moderately differentiated or 
Gleason score 5-7, poorly differentiated or Gleason score 8-10. All T-stages 
with a PSA < 60 µg/L were eligible, except any T1a prostate tumor and well-
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differentiated (grade 1 or Gleason score < 5) T1b–c tumors with PSA levels 
≤ 4 µg/L. Patients with positive regional lymph nodes, with distant 
metastases, on anticoagulant therapy, with a Karnofsky index below 80, with 
a previous radical prostatectomy or pelvic irradiation were excluded. 
Hormonal therapy (HT) was allowed and was (commonly) prescribed to 
high-risk patients. In hospital A, HT was started approximately 0-7 months 
before radiotherapy and was prescribed for 3 years. In hospital B, HT was 
administered 0-5 months before radiotherapy and was continued for a total 
period of 6 months. Generally, a luteinizing hormone-releasing hormone 
agonist preceded by an anti-androgen was prescribed. In hospital C and D 
no HT was given, except for one patient.  

Patients were stratified for hospital, HT, age (≤ 70 vs. > 70 years) 
and treatment groups. Four treatment groups were defined according to the 
estimated risk of SV involvement (Table 1), according to Partin et al. (25). 
Group I included T1b, T1c and T2a patients with an estimated risk of SV 
involvement of less than 10 %. Group II included T1b, T1c and T2a patients 
with an estimated risk between 10 % and 25 %, whereas group III contained 
T1b, T1c and T2a patients with a risk larger than 25 %, and all T2b and T3a 
patients. Group IV finally, comprised all T3b and T4 patients. For patients of 
treatment groups II, III and IV, lymph node evaluation was obligatory by 
diagnostic pelvic CT-scan or ultrasound, and/or surgical or cytological 
sampling.  

T3a patients were initially included into treatment group IV, but we 
changed policy during the study (since February 1998) by classifying them 
into group III. We estimated that a boost on the SV was not indicated for 
these patients, as invasion of the SV was not proven, although classification 
as a T3a implies a high risk of SV invasion. Fourteen patients with a T3a 
prostate cancer, treated before this date, were treated following the 
directions of group IV instead of group III. Eight of them were randomized in 
the high-dose arm. Approval of the Ethical Committee of each institution was 
obtained and every patient gave an informed consent. 

 
Dose schemes and contouring  
For each treatment group (Table 1), specific planning target volumes (PTV) 
were defined. Until 68 Gy, margins of 10 mm were added to the clinical 
target volume (CTV) to obtain the PTV. For patients included in the high-
dose arm, the margins were reduced to 5 mm to obtain the PTV for the last 
10 Gy, except for the interface between CTV and rectal wall where no 
margin was taken to spare the rectum. CTV1 and CTV2 were defined as the 
prostate only and the prostate with SV, respectively. In treatment group I, the 
PTV was based on CTV1 during the whole treatment and in both 
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randomization arms. In treatment group II, the PTV was based on CTV2 for 
the first 50 Gy, on CTV1 for the following 18 Gy, and for patients in the 78 
Gy arm on CTV1 for the last 10 Gy. In treatment group III, the PTV was 
based on CTV2 until 68 Gy, and for those included in the high-dose arm on 
CTV1 for the last 10 Gy. Finally, for treatment group IV, the PTV was based 
on CTV2 for the whole treatment in both randomization arms. 
 
 
Table 1. Grouping criteria and identification of the four corresponding defined patient 
‘treatment groups’, according to the estimated risk of SV involvement.  

  T1b, T1c, T2a* T2b* 
T3a 

T3b 
T4 

Gleason 
score 

                   iPSA (µg/l) 
 
Differentiation 

0-4 4-10 10-20 20-60 0-60 

2-4 Good I I I II III IV 
5-7 Moderate I II II III III IV 
8-10 Poor II III III III III IV 

Abbreviation: iPSA, initial prostate-specific antigen.  
*According to American Joint Committee on Cancer 1997 guidelines. 
 
The rectum was delineated from the level of the tuberosities until the level of 
the inferior border of the sacro-iliacal joints, or when the rectum is no longer 
adjacent to the sacrum. This definition results from a quality control study 
performed at the beginning of the trial. [26] For some patients, the anal canal 
was drawn separately if the anal canal was not already included in the 
rectum delineated according to the definition. If the rectum volume including 
filling exceeded 150 cm³, rescanning was advised. In view of a future 
analysis with dose-volume parameters, the coordinating center (hospital B) 
reviewed all delineated structures, including CTV, PTV and organs at risk for 
consistency with the protocol, in order to achieve a more homogeneous 
delineation and reduce inter-observer variability. When a deviation was 
found for the organs at risk, the delineated structure was adapted according 
to the guidelines. 
 
Radiotherapy techniques  
All patients were scanned in treatment position (supine), with a slice 
thickness of 3 to 5 mm, and were treated with three-dimensional conformal 
therapy (3D-CRT) using a multileaf collimator. Patients were instructed to 
urinate about 1 hour before the CT-scan and every treatment fraction, then 
to drink 250 ml liquid and not to urinate till after CT-scan or radiotherapy. 
Treatment planning was done after random assignment. The treatment 
technique was left to the discretion of the participating institution. The 
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techniques used were a four-field technique (hospital C), three-field 
techniques using one anterior and two lateral (hospitals B and D), or two 
posterior oblique, wedged fields (hospital A). For the boost of 10 Gy in the 
high-dose arm, similar techniques were used. The boost was given 
sequentially with 3D-CRT, except for 41 patients in institution B, where a 
simultaneous integrated boost was given using intensity-modulated radiation 
therapy (IMRT). [27] Dose was specified to the ICRU (International 
Commission on Radiation Units and Measurements) reference point [28] and 
was delivered at 2 Gy per fraction per day with a megavoltage linear 
accelerator with ≥ 6 MV photons. Each participating center used its own 
method for tissue inhomogeneity correction. According to ICRU, the dose to 
the PTV was within –5 % and +7 % to the prescribed dose. At least 99 % of 
the PTV was treated to at least 95 % of the prescribed dose in the ICRU 
reference point. 
 
Treatment plan and treatment evaluation 
The dose constraint for the rectum stipulated that the percentage of rectum 
receiving ≥ 74 Gy should not exceed 40 %, similar to the constraint reported 
in the Memorial Sloan-Kettering Cancer Centre (30 % of the rectal wall to a 
maximum dose of 75.6 Gy). [11] The dose to the small bowel should not be 
higher than 68 Gy. This constraint was chosen on the basis of former clinical 
experience with treatment doses of 68 Gy to the prostate. In the low-dose 
arm all patients received the prescribed 68 Gy whereas in the high-dose 
arm, 37 patients received a dose lower than 78 Gy. One patient died after 16 
Gy from a disease-unrelated cause, the other 36 patients received a total 
dose ranging from 68 to 76 Gy. Nineteen of these patients were planned 
with a lower dose because of small bowel (11 patients) or rectal (8 patients) 
dose constraints. In 17 patients the dose was lowered during radiotherapy 
because of toxicity, on patient’s request, or because of a technical problem. 
Only three of these patients had a maximal acute toxicity Grade 3 (GU). The 
analyses presented here are based on the intention to treat.  

Multiple portal images or portal films of each field were obtained in 
the first week. In the subsequent weeks, orthogonal views were obtained 
weekly, and compared with corresponding digitally reconstructed 
radiographs or simulation images. A verification procedure with decision 
rules for setup corrections was specified by each institution according to the 
guidelines published by a collaborative study in the Netherlands. [29] By 
using this protocol, systematic errors did not exceed 5 mm.  
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Follow-up schedule  
All patients were evaluated once a week during radiotherapy and had a 
follow-up every 3 months in the first year, every 4 months in the second 
year, biannually in the following 3 years and yearly thereafter. At each 
follow-up visit a physical examination, including a DRE, full blood count, 
PSA, alkaline phosphates and creatinine levels were determined (before 
DRE). At PSA relapse, defined according to the American Society for 
Therapeutic Radiology and Oncology (ASTRO) definition [30], a bone scan, 
a CT-scan of the abdomen and a prostate biopsy were advised. In case of a 
PSA > 1 µg/L at 2 years of follow-up without PSA relapse a transrectal 
ultrasound of the prostate was advised to obtain random biopsies. 
 
Toxicity scoring 
To determine the incidence and severity of the gastrointestinal (GI), and 
genitourinary (GU) complaints, patients completed a detailed self-
assessment questionnaire, concerning these GI and GU complaints, at the 
start of the therapy, weekly during therapy and at each follow-up visit. This 
patient self-assessment questionnaire included 22 questions, and was 
comparable to the questionnaires used by Tait et al. [31] Together with the 
physician’s notes, including the use of medication, they were used to classify 
the GI and GU symptoms according to a modified RTOG scoring system 
(Radiation Therapy Oncology Group) for the acute radiation morbidity 
(Appendix Table A1), and to the RTOG/EORTC (European Organization for 
Research and Treatment of Cancer) (Appendix Table A2) [32] and 
SOMA/LENT  (Subjective, Objective, Management and Analytic/Late Effects 
of Normal Tissue) scoring systems for the late radiation morbidity. The 
RTOG/EORTC and SOMA/LENT scales were both slightly adapted 
according to the scales used in the dose-escalation study preceding this 
randomized study. [23] In this analysis we only reported the RTOG/EORTC 
scores. The pretreatment score is defined as the RTOG score obtained 
before radiotherapy. Side effects occurring within 120 days from start of 
radiotherapy were considered acute toxicity. Late toxicity was scored from 
120 days after start of the treatment.  

For the evaluation of late toxicity we also analyzed more detailed GI 
and GU symptoms, called ‘indicators’, in order to be able to analyze the 
origin of high scores and differences between the various scoring systems. 
Scoring for an indicator results in a grade ≥ 2 in one or both scoring 
systems. Seven indicators were defined for the GU symptoms, and five for 
GI toxicity (Appendix Table A3). When patients were diagnosed with a loco-
regional recurrence, further assessment of complications was omitted from 
that moment on, as distinction between treatment-related or recurrence-
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related symptoms can be difficult. Patients with biochemical relapses or 
distant metastases were not censored from the analysis. 

 
Endpoints and statistical analyses 
Factors analyzed for their possible relationship with the endpoints were: 
randomization arm, treatment group, TURP before radiotherapy, HT, 
pretreatment symptoms, age at diagnosis (continuous variable), diabetes 
mellitus, cardiovascular history, a history of abdominal surgery, smoking, 
and use of acetylsalicylic acid (= covariates). The maximal acute toxicity was 
not included as a covariate in the analysis of late toxicity because it 
represents an effect of treatment, and not an independent variable.  

Primary endpoints for acute toxicity were the maximum score on the 
RTOG toxicity scales for GI and GU adverse events. Possible interaction of 
the covariates and their joint effect on maximal acute toxicity were analyzed 
with ordered logistic regression. All covariates were first analyzed in a 
baseline model including the randomization arm, hospital of treatment, and 
the treatment group. After that, a multivariate (MV) ordered logistic 
regression analysis was performed including all covariates that appeared to 
be associated with the endpoint in the first analysis. The odds ratio was used 
to express the strength of the association of a parameter with the incidence 
of maximal acute toxicity. 

Primary endpoints for late toxicity were the GI and GU RTOG / 
EORTC toxicity Grade ≥ 2 and ≥ 3. Secondary endpoints for late toxicity 
were the GI and GU indicators (Appendix Table A3). The Kaplan-Meier 
method was used to calculate cumulative incidences of late side effects by 
randomization arms and subgroups, and the Log Rank test was applied to 
compare the incidences by arms and subgroups. The Kaplan-Meier curves 
were cutoff at 4 years, but the Log Rank values were calculated on the total 
number of events.  

The Cox proportional hazards regression (PHR) model was used to 
determine the independent effect of the covariates on each studied endpoint 
of late toxicity. The results of the regression analyses are presented in the 
form of relative hazard rates. All covariates were first analyzed in a Cox PHR 
baseline model including the randomization arm, hospital of treatment and 
the treatment group in order to adjust for these factors. Subsequently, a MV 
Cox regression analysis was performed to test whether significant covariates 
remained significant. In this MV analysis, all covariates were included that 
appeared to be associated (p < 0.1) with the endpoint in the former analysis, 
together with the covariates of the baseline model. Two-tailed tests were 
used. A p value ≤ 0.05 was considered statistically significant. No 
adjustment was done for the multiple endpoints and multiple testing. When 
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pretreatment data were missing, the evaluation on Day 7 was considered as 
the pretreatment toxicity score, or if this form was missing too, these values 
were treated as missing and included separately in the MV analysis. 

  
 

Results 
 
Patient data  
Five of the 669 randomized patients were excluded from the analysis 
because they were ineligible (three patients) or because they were not 
irradiated (two patients). Table 2 shows a well-balanced distribution of the 
patient characteristics for both randomization arms.  

Small differences between both arms were seen for differentiation 
grade and initial PSA. The high-dose arm had more grade II prostate 
cancers, whereas the 68 Gy arm included more grade I and grade III, and 
slightly more patients with a PSA levels > 20 µg/L. The mean age at 
diagnosis was 68.7 years. The median follow-up time was 31 months (range 
2–71 months) in both randomization arms. The mean initial PSA amounted 
to 16.1 µg/L (range 0.4-59.0) for all patients. PSA was determined in all 
patients, and in 432 cases the Abbott IMx assay was used. Abdominal 
surgery included appendectomy (42 %), repair of inguinal hernia (32 %), 
cholecystectomy (10 %), surgery to the stomach (7 %), iliacal lymph node 
dissection (5 %) and other abdominal surgery (15 %). Hormonal therapy 
(HT) was administered to 78 patients of hospital A, to 64 patients of hospital 
B, and to one patient of hospital D. For acute toxicity, 658 patients were 
assessable for analysis, because 6 patients had no acute toxicity evaluation 
form. Due to lacking follow-up data, late toxicity analysis was based on 643 
patients (68 Gy: 320 patients; 78 Gy: 323 patients). Seventy-nine of the 
analyzed patients (12 %) had a follow-up of less than 1 year. 
 
Acute toxicity 
The GI and GU scores gradually increased during treatment, leveling off 
after 5 weeks, and reaching a maximum at 7 weeks (Fig. 1). No significant 
differences were seen between the two dose levels when comparing for 
maximum acute GI (p = 0.5) and GU toxicity (p = 0.5). In the 68 Gy arm the 
incidence of Grade 2 and Grade 3 acute GI toxicity was 41 % and 6 %, 
respectively. For the 78 Gy arm these figures were 47 % and 4 %. For acute 
GU toxicity in the low-dose arm, Grade 2 and Grade 3 were reported as the 
maximum toxicity in 40 % and 13 % of the patients, respectively. In the high-
dose arm these incidences of GU toxicity were 42 % and 13 %. No Grade 4 
or Grade 5 toxicity occurred.  
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Table 2. Distribution of patients (n, %) by randomization arm and pretreatment 
characteristics.  

Variable 68 Gy arm 
(n=331) 

78 Gy arm 
(n=333) 

Age (years)     Mean age (Range)   68.6 (50.3-82.9) 68.8 (48.7-83.6) 
Treatment 
groups 
    

Group I 
Group II   
Group III 
Group IV 

54 
65 

157 
55 

16 % 
20 % 
47 % 
17 % 

52  
67  

163  
51  

16 % 
20 % 
49 % 
15 % 

T-stage  
    

T1b 
T1c 
T2a  
T2b  
T3a 
T3b 
T4    

3 
54 
87 
64 
71 
45 
7 

1 % 
16 % 
26 % 
19 % 
22 5 

14 % 
2 % 

5 
62 
77  
64  
81  
42  
2  

2 % 
19 % 
23 % 
19 % 
24 % 
13 % 
1 % 

Differentiation 
grade 
 

I (or Gleason score 2-4)   
II  (or Gleason 5-7) 
III  (or Gleason 8-10)  

106 
170 
56 

32 % 
51% 

17 % 

93 
194  
45  

28 % 
58 % 
14 % 

Mean (µg/L); SD 
Range (µg/L) 

17.0; 12.8 
1.7-59.0 

15.3; 10.7 
0.4-57.0 

Initial PSA    
   

< 4 µg/L 
4-10 µg/L   
10-20 µg/L 
 > 20 µg/L 

  25 
95 

125 
86 

8 % 
29 % 
38 % 
26 % 

19  
119  
125  
70  

6 % 
36 % 
38 % 
21 % 

Hormonal Therapy 
TURP 
Abdominal surgery 
Diabetes mellitus 
Cardiovascular history 
Smoking 
Use of acetylsalicylic acid 

73 
41 
91 
20 

105 
51 
55 

22 % 
12 % 
27 % 
6 % 

32 % 
15 % 
17 % 

70  
34  
92  
18  

113  
57  
65  

21 % 
10 % 
28 % 
5 % 

34 % 
17 5 

20 % 
Hospital   A 

B             
C 
D 

201 
86 
35 
9 

61 % 
26 % 
11 % 
3 % 

203  
85  
35  
10  

61 % 
26 % 
11 % 
3 % 
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Overall, 51 % of the patients experienced no or mild GI symptoms (Grade 
0/1) during radiotherapy, while Grade 2 and Grade 3 was recorded as the 
maximum acute GI toxicity in 44 % and 5 % of the patients, respectively. At 
ordered logistic regression analysis, using the baseline model, pretreatment 
GI symptoms, HT and the treatment group were significant prognostic 
factors for acute GI toxicity (Table 3). The pretreatment score was 
significantly related to acute GI symptoms, but only 2 % of the patients 
scored a pretreatment GI grade ≥ 2 (Fig. 1). When comparing treatment 
groups II, III or IV with group I (as categorical variable), no difference was 
seen for group II. Groups III and IV on the contrary showed significantly 
more acute toxicity compared with group I with an odds ratio of 1.8 and 1.7, 
respectively. Finally, patients receiving HT experienced less acute GI 
toxicity. Other analyzed factors, such as prior TURP, age, diabetes mellitus, 
cardiovascular history, history of abdominal surgery, smoking and use of 
acetylsalicylic acid were not associated with acute GU toxicity. 
 
  Table 3. Ordered logistic regression analysis for acute GI and GU toxicity.  
  Estimates are based on ordered regression analysis using the baseline model. 

Ordered logistic regression 
GI GU 

Variable 

p-value OR p-value OR 
Randomization Arm (78Gy vs. 68Gy)  
Treatment group (continuous)                    
Hormonal treatment (yes vs. no) 
Pretreatment score (≥ grade 2 vs. < 2) †    
TURP (yes vs. no)  

0.5 
0.01* 

<0.001* 
0.04* 
0.5 

1.1 
1.3 
0.5 
2.6 
1.2 

0.5 
0.7 

0.003* 
<0.001* 
0.015* 

1.1 
1.0 
1.8 
7.4 
0.6 

    Abbreviations: OR = Odds Ratio; GI = Gastrointestinal; GU = Genitourinary  
   *p-values considered significant; †: Pretreatment GI score for acute GI, and 

pretreatment GU score for acute GU toxicity.    
 

Overall, 46 % of the patients experienced no or mild GU complaints (Grade 
0/1) during radiotherapy, 41 % had a Grade 2 and 13 % had a Grade 3 as 
maximum acute GU score. Prognostic factors for acute GU toxicity at 
ordered logistic regression, using the baseline model, were: the pretreatment 
GU score, prior TURP, and HT (Table 3). A higher pretreatment GU score 
and use of HT were associated with more acute GU complications, whereas 
a TURP before radiotherapy was associated with less acute toxicity. Eight 
percent of the patients scored a GU Grade ≥ 2 before radiotherapy (Fig. 1), 
and 94 % of them also scored a Grade ≥ 2 as maximal acute GU toxicity. 
Treatment group, age, diabetes mellitus, cardiovascular history, history of 
abdominal surgery, smoking, and use of acetylsalicylic acid were not 
associated with acute GI toxicity. In the multivariate ordered logistic 
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regression analysis, all the covariates significantly associated with acute GI 
and GU toxicity remained statistically significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Evolution in time of acute RTOG gastrointestinal (GI) and genitourinary (GU) 
toxicity Grade ≥ 2 and Grade ≥ 3. 
 
Late GI toxicity 
When comparing both randomization arms, the incidences of late GI 
symptoms were higher in the high-dose arm for the overall scores (Fig. 2A) 
and for the GI indicators (Fig. 3). However, these differences were not 
significant, except for the indicator ‘Rectal bleeding requiring 
laser/transfusion’ (p = 0.007) (Fig. 2C). Twenty-three patients (68 Gy: 5 
patients; 78 Gy: 18 patients) required at least one blood transfusion and/or 
laser treatment because of rectal bleeding. The cumulative incidences of 
RTOG/EORTC GI Grade ≥ 2 at 3 years were 23.2 % in the standard dose 
arm, and 26.5 % in the high-dose arm. For RTOG/EORTC GI Grade ≥ 3 
these figures were 2.3 % and 4.7 %, respectively.  

Two patients experienced a late GI toxicity Grade 4, one in each 
randomization arm. One patient (68 Gy) had a laparoscopic lymph node 
dissection and was subsequently planned for a prostatectomy. During this 
procedure the patient turned out to be technically inoperable. Radiotherapy 
started 2 months later, and 5 months after completion of this treatment he 
had a perforated sigmoid and required urgent surgery. The second patient 
(78 Gy), with a history of appendectomy and gastric hemorrhage, had a 
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temporary bowel diversion because of severe radiation proctitis and 
sigmoiditis. An exacerbation of the symptoms by a diverticulitis could not be 
excluded.  

The data also show an increase of GI toxicity during the first 3 years, 
followed by stabilization (Fig. 2). However, the number of patients at risk 
after 3 years is too small to draw definite conclusions, although results are 
consistent with data in literature. 

Prognostic factors for late RTOG/EORTC GI toxicity in the Cox PHR 
baseline model were: history of abdominal surgery and the pretreatment GI 
score (Table 4). Patients with a history of abdominal surgery scored 
significantly more GI toxicity grade ≥ 2 (Fig. 2B) as well as grade ≥ 3. The 
higher incidences of GI toxicity in patients with previous surgery concurred 
with significantly higher incidences of three indicators: ‘Bleeding requiring 
laser/transfusion’ (p = 0.002), ‘Use of incontinence pads because of rectal 
loss of blood, mucus or stools’ (p = 0.008) and ‘Proctitis and use of steroids’ 
(p = 0.05). A higher pretreatment GI toxicity was also predictive for more late 
GI toxicity grade ≥ 2. The association with GI toxicity grade ≥ 3 was only 
borderline significant (p = 0.05). The higher GI toxicity in patients with a 
higher pretreatment score concurred with a higher incidence of two 
indicators, namely ‘Pain/cramps/ tenesmus requiring medication’ (p < 0.001) 
and ‘Use of incontinence pads because of blood/mucus/stool loss’ (p = 
0.02). However, only 14 patients had pretreatment GI symptoms Grade ≥ 2, 
and six of them have developed a late GI Grade ≥ 2 so far. Also patients 
with diabetes mellitus needed more frequently ‘Incontinence pads for rectal 
discharge’ (p = 0.02). Finally, the dose-volume group had a significant 
impact on the stool frequency (p = 0.02), with higher incidences of risen stool 
frequency in patients of treatment groups III and IV (Fig 2D). In the 
multivariate Cox PHR analysis, all the covariates associated with GI 
endpoints remained statistically significant. HT, age, cardiovascular history, 
smoking, use of acetylsalicylic acid and prior TURP were not predictive for 
late GI toxicity.  
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Fig. 2. Kaplan-Meier plots of late GI toxicity. A: Comparison of both 
randomization arms for RTOG/EORTC Grade ≥ 2. B: Comparison of patients 
with and without a history of abdominal (abd) surgery for RTOG/EORTC grade ≥ 
2. C: Comparison of both randomization arms for ‘Rectal bleeding requiring laser 
treatment or transfusion’. D: Comparison of the four treatment groups for ‘High 
stool frequency’. The numbers of patients at risk are mentioned at the foot of 
each graph. N = total number of patients; F = number of events. 
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Table 4. Cox proportional hazards analysis showing the prognostic factors for the 
endpoints late GI and GU RTOG/EORTC Grade ≥ 2 and Grade ≥ 3. Estimates are 
based on the baseline Cox PHR analysis. 

Variable p value 
grade ≥ 2 HR p value  

grade ≥ 3 HR 

Gastrointestinal (GI) 
 Arm (78 Gy vs. 68 Gy) 
 Treatment group (continuous) 
 Previous surgery (yes vs. no) 
 Pretreatment GI symptoms (≥ vs. < g2) 

 
0.3 
0.9 

<0.001* 
0.001* 

 
1.2 
1.0 
1.9 
4.1 

 
0.6 
1.0 

0.01* 
0.05* 

 
1.3 
1.0 
4.2 
8.4 

Genitourinary (GU) 
 Arm (78 Gy vs. 68 Gy) 
 Treatment group (continuous) 
 Prior TURP (yes vs. no) 
 Hormonal treatment (yes vs. no) 
 Pretreatment GU symptoms (≥ vs. < g2) 

 
0.3 
0.6 

0.006* 
<0.001* 
<0.001* 

 
1.2 
1.0 
1.7 
2.2 
2.2 

 
0.4 
0.3 

0.001* 
0.03* 
0.2 

 
1.3 
1.2 
3.1 
2.3 
2.0 

Abbreviations: HR = Hazard Ratio; g = grade;  * p-values considered significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Late GI toxicity: cumulative incidences of the indicators at 1, 2 and 3 years 
from start of radiotherapy, in both randomization arms. The error bars indicate the 
standard error. The p values compare both randomization arms and are obtained 
from the Cox PHR analysis using the baseline model. 
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Late genitourinary toxicity  
When comparing both randomization arms for late RTOG/EORTC GU 
toxicity, no significant differences were seen for the overall toxicity scores, 
although the incidence of late GU toxicity was slightly higher in the 78 Gy 
arm (Fig. 4A). With regard to the GU indicators, only the incidence of 
‘Nocturia’ was significantly higher in the high-dose arm (p = 0.05) (Fig. 5).  

Fig. 5 shows that the overall late RTOG/EORTC GU toxicity is 
mainly due to ‘Nocturia’, and to a lesser extent to ‘Dysuria requiring drugs’. 
The 3-year cumulative risks for RTOG/EORTC GU Grade ≥ 2 were 28.5% 
and 30.2% for the 68 Gy and the 78 Gy arm, respectively. For GU Grade  ≥  
3, these risks were 5.1 % and 6.9 %, respectively. Grade 4 RTOG/EORTC 
GU toxicity occurred in 1 patient, randomized to receive 68 Gy. This patient 
had a Bricker urinary diversion because of a severely reduced bladder 
capacity. The time course of toxicity in Fig. 4 suggests a further increase of 
toxicity after 3 years. More mature analysis with a longer follow-up is 
necessary to confirm this trend, as the number of patients at risk after 3 
years becomes small. 

Testing all potential prognostic factors in a Cox PHR baseline model 
with the defined GU toxicity endpoints, several significant associations were 
found. Prognostic factors for late RTOG/EORTC GU toxicity Grade ≥ 2 were: 
HT, prior TURP and pretreatment GU score (Table 4). HT and prior TURP 
also affected late GU grade ≥ 3. The use of HT resulted in higher 
RTOG/EORTC GU scores (Fig. 4B). This toxicity was mainly due to a 
significantly higher incidence of ‘nocturia’ (p < 0.001) in patients treated with 
HT. Patients who had a TURP before radiotherapy also experienced more 
late GU symptoms (Fig. 4C), and more specifically, a significantly higher 
incidence of ‘Urinary obstruction’ (p < 0.001) and ‘Dysuria requiring drugs’ (p 
= 0.05). A pretreatment GU score grade ≥ 2 was significantly associated with 
late GU toxicity (Fig. 4D). These patients had a significantly higher incidence 
of three indicators: ‘Nocturia’ (p < 0.001), ‘Urinary frequency during the day’ 
(p = 0.02) and ‘Urinary obstruction requiring treatment’ (p = 0.02). Finally 
patients with diabetes mellitus had significantly more ‘Nocturia’ (p = 0.01). 
Surprisingly, smoking was associated with more ‘Dysuria requiring drugs’ (p 
= 0.02). In the multivariate Cox PHR analysis, all the covariates associated 
with GU endpoints remained significant. Age, treatment group, history of 
abdominal surgery, a cardiovascular history and use of acetylsalicylic acid 
were not associated with late GU toxicity. 
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Fig. 4. Kaplan-Meier plots of late GU toxicity. Comparison of both randomization 
arms (A), of hormonal status (B), of TURP before radiotherapy (C) and of the 
pretreatment RTOG GU score (D) for RTOG/EORTC grade ≥ 2. The numbers of 
patients at risk are mentioned at the foot of each graph. N = total number of 
patients; F = number of events. 
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Fig. 5. Late GU toxicity: cumulative incidences of the indicators at 1, 2 and 3 years 
from start of radiotherapy, in both randomization arms. The error bars indicate the 
standard error. The p values compare both randomization arms and are obtained 
from the Cox PHR analysis using the baseline model. 
 
 
 
Discussion 
 
This multi-institutional Phase III trial, randomizing prostate cancer patients 
between 68 Gy and 78 Gy, showed a significantly higher incidence of late 
rectal bleeding and late nocturia in patients included in the high-dose arm. 
For the other endpoints, incidences of acute and late toxicity were generally 
slightly higher in the 78 Gy arm, but these differences were not significant. 
Before discussing the toxicity results, we briefly want to review some 
considerations about scoring of toxicity.  
 
Scoring of toxicity 
Comparison of late toxicity between different trials is complicated, because 
the variety of adapted toxicity scales is large. The toxicity scoring systems 
widely used for rectal and bladder radiation complications are the 
RTOG/EORTC and SOMA/LENT scoring systems, often modified in one 
way or another. [33] We recorded the toxicity according to both (adapted) 

0

5

10

15

20

25

30

p=0.6

p=0.5

p=0.3p=0.9
p=0.9

p=0.05

Hematuria
needing

laser/transfusion

Drugs for 
dysuria

Obstruction
requiring 
treatment

Use of 
incontinence 

pads

Higher ( > 16)
frequency 
during day

1 y  2 y  3 y1 y  2 y  3 y1 y  2 y  3 y1 y  2 y  3 y1 y  2 y  3 y1 y  2 y  3 y
Nocturia

( > 4)

C
um

ul
at

iv
e 

in
ci

de
nc

e 
(%

)
 68 Gy
 78 Gy

 



Chapter 4 

 76 

scoring scales to compare them, but in this analysis we focused on the 
RTOG/EORTC results. Briefly, the GI toxicity scored by RTOG/EORTC or 
SOMA/LENT gave almost identical results. Actually, this means that the 
applied adaptations made them equivalent. However, for the SOMA/LENT 
GU toxicity, the score was shifted toward more severe complications 
compared with the RTOG/EORTC score due to the higher weight of urinary 
frequency in the SOMA/LENT score, as previously shown by Boersma et al. 
[23] 

In our study, late toxicity scores were based on both the physician’s 
report and the patient’s self-assessment questionnaire through the use of 
extensive checklists. As showed by Goldner et al., this is a more consistent 
and reliable way to record toxicity, than based on the physician’s report only. 
[34] Especially for GU toxicity Goldner et al. found an underestimation of the 
GU symptoms by the physician. Thus, the use of both self-assessment 
questionnaires and the physician’s notes, but also our adapted scoring 
system with numerical details can explain the relatively high rate of late 
grade ≥ 2 complications. 
 
Acute toxicity and prognostic factors 
No significant differences were seen in acute GI and GU toxicity when 
comparing both dose levels. This corresponds to the results found in the 
MDACC trial, randomizing patients between 70 Gy and 78 Gy [35], and the 
French trial, randomizing patients between 70 Gy and 80 Gy [24], where 
also no significant differences were seen between the low-dose and high-
dose arms. Our crude incidences of maximal acute GI and GU toxicity are 
comparable with those two trials, although slightly higher for both 
randomization arms, especially when comparing with the MDACC trial. This 
difference may partially be due to the somewhat different and less severe 
RTOG toxicity scales used in the MDACC trial compared with our scales 
(e.g. mild rectal bleeding, infrequent gross hematuria or the need for sanitary 
pads for mucous discharge were scored as Grade 2, whereas we score 
these items as Grade 3).  

The use of hormonal treatment (HT) was a prognostic factor for 
acute GI toxicity and resulted in an improved GI tolerance. Reduction of the 
prostate volume by HT with subsequently smaller field sizes can explain this 
finding, but further investigation with dose volume parameters will be 
performed to clear up this point. Other studies reported no impact of neo-
adjuvant and concomitant HT on acute GI toxicity. [36,37] Acute GU toxicity, 
on the other hand, was increased in our patients who received HT. In the 
RTOG 94-06 dose escalation trial, a significantly increased acute GU toxicity 
was seen in patients receiving HT compared with RT alone [38], but further 
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analysis showed this was only true in men with poor pretreatment urinary 
function. [37]  

In our study, the presence of pretreatment GI and GU symptoms 
(Grade ≥ 2) was associated with more acute GI and GU toxicity respectively, 
but the patient group with pretreatment GI symptoms was very small, 
accounting for only 14 patients, and significance level was only borderline. 
Therefore, no conclusions can be drawn from this result about pretreatment 
GI toxicity. For GU toxicity, on the other hand, our results clearly showed 
that having GU symptoms before starting RT is a strong predictor for acute 
GU toxicity, as 94 % of the patients with a Grade ≥ 2 before radiotherapy 
also scored a Grade ≥ 2 as maximal acute GU score. However, we cannot 
deduce from this RTOG scale whether these symptoms before and during 
treatment were of the same kind. The treatment group was also a significant 
prognostic factor for acute GI toxicity, but not for acute GU toxicity. Patients 
of treatment groups III and IV had more GI symptoms compared with group 
I. These were the patients receiving a higher dose on the SV, resulting in 
more rectum volume irradiated to high doses. Further analysis of toxicity with 
dose-volume parameters will have to confirm this explanation.   

As previously reported by Schultheiss et al., a TURP before RT was 
associated with significantly less acute GU complications. [39] This is 
probably due to the fact that patients have already attained relief from some 
GU symptoms and are also less subject to, for example, radiation-induced 
edema.  
 
Late toxicity & prognostic factors 
Increasing the dose to the prostate from 68 Gy to 78 Gy resulted in 
significantly more rectal bleeding requiring a laser treatment or transfusion, 
and in more nocturia. A significantly higher incidence of late rectal bleeding 
in the high-dose arm was not unexpected, as in the dose-escalation study, 
performed previously in one of the participating hospitals [23], a trend was 
found that a total radiation dose of ≥ 74 Gy resulted in a higher incidence of 
severe rectal bleeding. Others also reported a significant association of late 
rectal bleeding and a higher treatment dose. [40-42] Patients with a history 
of abdominal surgery in particular were prone to develop late rectal bleeding, 
and this resulted in a significantly higher overall late RTOG/EORTC score. 
These patients, with previous surgery, also needed significantly more 
incontinence pads, probably because of rectal blood loss, and experienced 
more proctitis. Abdominal surgery included not only lymph node dissection, 
but also disease-unrelated abdominal surgery, such as appendectomy or 
surgical repair of an inguinal hernia. The incidence of late GI complications 
in patients with a history of abdominal surgery excluding iliac lymph node 
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dissection was also significantly higher, although this correlation was slightly 
less pronounced (results not shown). Smit et al. previously described a 
significantly higher risk of late GI toxicity in patients with previous bowel 
disease or surgery compared with those with no preexistent disease. [43] Liu 
et al., conversely, did not find a statistically significant correlation between 
abdominal surgery and late toxicity. [44] 

To the best of our knowledge, the association of frequent nocturia 
with a higher treatment dose has not been described earlier. Not only the 
treatment dose, but also diabetes mellitus, a higher pretreatment GU score 
and HT were found to be predictive for developing frequent nocturia. This 
difference for nocturia between the two randomization arms was only 
borderline significant and so the question arises if this result could be a 
fortuitous finding resulting from the multiple comparisons. The same remark 
can be made about the surprising association of smoking and dysuria 
requiring drugs.  

The presence of pretreatment GI and GU symptoms was associated 
with more late GI and GU toxicity, respectively. This is consistent with 
previous findings. [45] For GI toxicity, only 14 patients reported GI symptoms 
grade ≥ 2 before starting radiotherapy, and this number of patients is too 
small to rely on. The presence of pretreatment GU symptoms was 
associated with late GI toxicity Grade ≥ 2, but not with Grade ≥ 3. This 
indicates that these patients are indeed more likely to complain about late 
toxicity, but not about severe late toxicity. 

Overall, HT did not significantly influence late GI toxicity in our study, 
whereas late GU toxicity was significantly higher in patients who received 
HT. In this study, 22 % of the patients were treated with HT. Roughly half of 
these received neoadjuvant and concomitant HT for a total duration of 6 
months, whereas the other half had neoadjuvant and concomitant HT, 
followed by adjuvant HT during 3 years. We analyzed them as one group 
although in the literature the use of neoadjuvant HT seems to have a 
different impact on late GI treatment toxicity compared with those receiving 
(also) adjuvant HT. Long-term adjuvant HT seemed to result in more late GI 
toxicity compared with neoadjuvant HT alone. [46,47] The reason for this 
difference between short-term and long-term HT is still unclear, but a 
plausible explanation is that the luteinizing hormone-releasing hormone 
agonists may have an influence on the reparative process of the irradiated 
normal tissue, possibly through an inhibitory effect on epidermal growth 
factor receptor on these normal tissues. [48] But even when we compare the 
impact of neo-adjuvant HT between different studies, the results are 
conflicting. The RTOG 94-06 trial reported no effect of neo-adjuvant HT on 
late GI or GU toxicity [37], whereas Schultheiss et al. described an increased 
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late GI and GU toxicity. [39] Liu et al. also found a higher incidence of late GI 
toxicity, but only in patients who received ≤ 2 months of neo-adjuvant HT. 
[44] How can we explain all these conflicting results? HT causes shrinkage 
of the prostate [49], resulting in reduced radiation field sizes. If this shrinkage 
is not taken into account in the treatment planning, this can result in a higher 
incidence of complications. [39] On the other hand, the results of Lilleby et 
al. suggested a further volume decrease until 9 months of HT, although the 
largest changes occurred during the first 3 months of HT. [50] This finding 
demonstrates the impact of the duration of neo-adjuvant HT on toxicity. We 
plan to analyze the effect on toxicity of the two treatment modalities (short-
term versus long-term HT) separately, taking into account the dose-volume 
parameters and the exact interval between start of HT and planning CT-
scan. 

In this study, a TURP before RT was associated with significantly 
more late GU complications, compared with patients who never underwent 
this procedure. More specifically, urinary incontinence and urethral strictures 
were more frequently seen in patients with a prior TURP. This is consistent 
with the findings of Sandhu et al., where in addition no significant difference 
in late GU toxicity was found between TURP patients treated with high-dose 
(≥ 75.6 Gy) conformal radiotherapy compared with lower doses. [51]  

Patients with diabetes mellitus were also found to have an increased 
risk of needing incontinence pads for rectal discharge and of having more 
nocturia, but this did not result in a significantly higher RTOG/EORTC GI or 
GU score, contrary to the results of Herold et al. [52] However, only 38 (6 %) 
patients had diabetes mellitus, and this is a small group for statistical 
analysis. Age had no influence on late toxicity. Contrary to acute GI toxicity, 
the different treatment groups did not show a differential effect on overall late 
GI and GU toxicity, except for the stool frequency, where a higher 
cumulative incidence was seen in group III and group IV. An analysis with 
dose-volume parameters will be performed to study the differences in dose-
volume parameters of the exposed normal tissues between the different 
treatment groups. 
 
Other considerations 
Despite the higher radiation doses, our results show an acceptable 
complication rate. Probably the small margins used for the boost, especially 
toward the rectum where no margin was taken, contributed to this result. We 
are aware that a longer follow-up is needed to confirm these data, especially 
because prostate cancer patients have a potentially long survival. Boersma 
et al. also described that the more severe complications often occurred later. 
[23] Furthermore, the incidences of toxicity are globally higher in the high-
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dose arm. In the MDACC trial, for example, a first report did not show 
significant differences in toxicity, while with an extended follow-up the Grade 
2-3 rectal complication rate was twice as high in the high-dose arm 
compared with the conventional low-dose arm. [15] The difference in bladder 
complications, on the contrary, was still not significant in their study, but 
there we have to be cautious too, because bladder complications may 
develop later than rectal toxicity. On the other hand, comparison with the 
MDACC trial is not completely fair, as they used conventional treatment till 
46 Gy, followed by 3D conformal technique for the rest of the treatment, 
whereas we used 3D conformal during the whole treatment. Furthermore, 
HT was an exclusion criterion in their study, whereas we found that HT 
significantly improved acute GI tolerance and reduced acute and late GU 
tolerance.  

In general, besides the treatment techniques used, and the inclusion 
or exclusion of HT, we have to keep in mind that several other factors may 
hamper comparisons between different studies concerning this topic, such 
as different definitions of CTV margins, adapted toxicity scales, method of 
collecting toxicity data (based on physician’s report and/or patients’ self-
assessment questionnaires), dose specification or variable dose constraints.  

Finally, we want to mention that IMRT allows for greater sparing of 
the surrounding normal tissue and it may therefore play a role in further 
reducing toxicity. In our study, a small group of 41 patients in the high-dose 
arm (12 %) was treated with simultaneous integrated boost technique using 
IMRT [26], but because this technique was introduced during the trial, these 
patients have a shorter follow-up and we did not analyze them separately 
yet.  
 

Conclusions 
Although the incidences of toxicity were slightly higher in the high-dose arm, 
no significant differences in toxicity were seen between 68 Gy and 78 Gy, 
except for late rectal bleeding and nocturia. Thus, RT of the prostate to 78 
Gy resulted in an acceptable complication rate, but a longer follow-up is 
needed to confirm these data. In addition, this study shows that other factors 
than the radiation dose may be important in predicting toxicity from RT. A 
history of abdominal surgery was a poor prognostic factor for late GI toxicity. 
A TURP before RT resulted in less acute GU, but more late GU toxicity. 
Higher doses to the SV lead to more acute GI toxicity. Patients receiving HT 
experienced less acute GI symptoms, but more acute and late GU toxicity. 
The presence of pretreatment symptoms was associated with more acute 
and late toxicity. The use of indicators, which score more specific symptoms, 
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is of paramount importance, because it allows us to trace the reason for a 
higher overall GI or GU toxicity score. In addition, a significantly higher 
incidence of such an indicator did not always result in a significantly higher 
score on the global GI or GU toxicity scale, and by omitting of scoring these 
separate symptoms, differences in toxicity can be missed.  
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Appendix 
 

Table A1. Acute GI complications according to the RTOG morbidity scale 
(adaptations with regard to the original RTOG scale in italics) 
 

 Grade 1 Grade 2  Grade 3 Grade 4 
GI Increased 

frequency or 
change in 
quality of bowel 
habits not 
requiring 
medication/ 
rectal 
discomfort not 
requiring 
analgesics 

Diarrhea requiring 
parasympatholytic 
drugs/ mucous 
discharge not 
necessitating 
sanitary pads/ 
rectal or abdominal 
pain requiring 
analgesics 

Diarrhea requiring 
parenteral support/ 
severe mucous or 
blood discharge 
necessitating sanitary 
pads/ abdominal 
distension (flat plate 
radiograph 
demonstrates 
distended bowel 
loops) 

Obstruction, 
fistula or 
perforation; GI 
bleeding requiring 
transfusion; 
abdominal pain or 
tenesmus 
requiring tube 
decompression or 
bowel diversion 

GU Frequency of 
urination or 
nocturia twice 
pretreatment 
habit/ dysuria 
or urgency not 
requiring 
medication 

Frequency of 
urination is less 
frequent than every 
hour (day: 12-16 
times; nocturia 5-8 
times)/ dysuria, 
urgency, bladder 
spasm requiring 
local anaesthetic 

Frequency of urination 
is more frequent than 
every hour (day: >16 
times; nocturia: >8 
times)/ dysuria, 
bladders spasm, 
urgency requiring 
frequent regular 
narcotic/ gross 
hematuria/ complaints 
requiring permanent or 
suprapubic catheter  

Hematuria 
requiring 
transfusion/ 
obstruction not 
due to clots/ 
ulceration/ 
necrosis 
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Table A2. Late GI and GU complications according to the RTOG/EORTC morbidity 
scale (adaptations with regard to the original RTOG/EORTC scale in italics). 

 Grade 1 Grade 2 Grade 3 Grade 4 
GI* Mild diarrhea; mild 

cramping; bowel 
movements 2-5 per 
day; slight rectal 
discharge or 
bleeding 

Moderate diarrhea; 
intermittent, severe 
cramping; bowel 
movements > 5 per 
day; moderate 
excessive, rectal 
discharge; 
intermittent, frequent 
bleeding  single 
laser treatment 
and/or transfusion 

Watery diarrhea; 
obstruction requiring 
surgery; bleeding 
requiring surgery or ≥ 
2 laser treatments 
and/or transfusions 

Necrosis; 
perforation; 
fistula; 
abdominal 
pain or 
tenesmus 
requiring tube 
decompression 
or bowel 
diversion 

GU Frequency during 
day 1/1-2 hrs; 
nocturia 2-3/night; 
slight dysuria or 
microscopic 
hematuria requiring 
no medication; 
slight epithelial 
atrophy, minor 
telangiectasia; 
bladder capacity > 
300 cc 

Frequency during 
day: 1/½-1 hrs; 
nocturia 4-6/night; 
moderate dysuria or 
intermittent (mild, 
moderate) hematuria 
requiring 
medication†; 
moderate 
telangiectasia; 
bladder capacity: 
150-300 cc 

Frequency during 
day >1/½ hrs; 
nocturia >6/night; 
severe dysuria; 
frequent (severe) 
hematuria; 
severe 
telangiectasia; 
bladder capacity: 
100-150 cc; benign 
urethral strictures, 
requiring a TURP, 
dilation, suprapubic 
or permanent 
catheter  

Necrosis; 
severe  
haemorrhagic 
cystitis;  
bladder 
capacity:  
< 100 cc 

* The difference between Grade 1 and Grade 2 GI pain, mucosal loss or bleeding is most easily 
made, when Grade 2 is defined as morbidity requiring specific medication: Grade 1 = stool 
softener, diet modification, occasional (≤ 2/week) non-narcotic drug, occasional antidiarrheal 
agent (= 2/week), occasional use of incontinence pads (1-2 days / week); Grade 2 = regular (> 
2/week) use of (non)-narcotic drugs for pain, regular (> 2/week) antidiarrheals, steroid 
suppositories, 1 laser;  † with the exception of antibiotics. 

Table A3. Some indicators for RTOG/EORTC and/or SOMA/LENT ≥ grade 2 
(infrequently encountered symptoms not included in this list) 

GI Indicators 
1. Pain/cramps/ tenesmus requiring medication  
2. Proctitis requiring use of steroids  
3. Rectal bleeding requiring laser treatment or transfusion  
4. Use of incontinence pads for rectal discharge blood/mucus/stools (pads >2 days/ week) 
5. High stool frequency (≥ 6) 

GU Indicators 
1. Nocturia (≥ 4) 
2. High urinary frequency during the day (≥ 16) 
3. High urinary frequency during 24 h (≥ 9) 
4. Use of incontinence pads for urinary incontinence (pads >2 days a week) 
5. Dysuria requiring medication  
6. Urinary obstruction requiring treatment (at least catheterization ) 
7. Hematuria requiring laser treatment or transfusion 
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ABSTRACT 
 
Background: Late gastrointestinal (GI) toxicity after radiotherapy can be 
partly explained by late effects of acute toxicity (consequential late damage). 
We studied whether there is a direct relationship between acute and late GI 
toxicity. 

Patients and methods: A total of 553 evaluable patients from the Dutch 
dose escalation trial (68 Gy vs. 78 Gy) were included. We defined three 
outcomes for acute reactions: 1) maximum RTOG (Radiation Therapy 
Oncology Group) acute toxicity, 2) maximum acute mucous discharge 
(AMD) and 3) maximum acute proctitis. Within a multivariable model, late 
endpoints (overall toxicity and five toxicity indicators) were studied as a 
function of acute toxicity, pretreatment symptoms and relevant dose 
parameters. 

Results: At multivariable analysis, AMD and acute proctitis were strong 
predictors for overall toxicity, “intermittent bleeding” and “fecal incontinence” 
(p ≤ 0.01). For “stools ≥ 6/day” all three were strong predictors. No 
significant associations were found for “severe bleeding” and “use of 
steroids”. The predictive power of the dose parameters remained at the 
same level or became weaker for most late endpoints. 

Conclusions: Acute GI toxicity is an independent significant predictor of late 
GI toxicity. This suggests a significant consequential component in the 
development of late GI toxicity. 
 
 
Introduction 
 
Acute and late gastrointestinal (GI) toxicity rates after radiotherapy for 
prostate cancer are considerable and have been the subject of many 
studies. Dose-volume effect relationships have been described extensively 
in the past decades. More recently, several authors have mentioned that 
there might be a direct relationship between acute and late GI toxicity 
independent of dose. [1,2] This phenomenon, known as consequential late 
effect (CLE), is defined as a direct consequence of acute radiation response 
causing tissue damage, which eventually leads to late effects after a latent 
symptom-free interval. This mechanism is schematically depicted in Fig. 1. It 
has been described for several organs at risk such as skin, mucosa and the 
GI tract. [1,3] 
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                           dose effect 
                         (α/β ≈ 10 Gy) 
           Dose        Acute 
 
 
         dose effect              consequential 
       (α/β ≈ 3 Gy)              late effect 
 
                  Late 
 

Fig. 1. Scheme presenting the mechanisms that lead to late toxicity:  
a direct dose effect and an indirect dose effect (“consequential late effect”) 
 
Previous studies with rats described CLE in the GI tract: acute epithelial 
damage after irradiation of the rectum induced late toxicities after a latent 
period. [2,4] Dubray and Thames [5] describe late stenosis in rats as a result 
of both early and late responding rectal wall components after irradiation. In 
clinical studies concerning prostate cancer patients, little has been published 
however about CLE. Several authors described the correlation between 
acute and late toxicity, but in most studies individual dose data were not 
included in the models. [3,6,7] Dose-volume parameters of the organs at risk 
are known to be related to acute toxicity as well as late toxicity, so a 
straightforward comparison of late toxicity risks in patients with and without 
acute toxicity is not sufficient because the interfering relation with the dose 
parameters will obscure the measurement of the possible consequential 
effects (Fig. 1). Some authors have reported that acute toxicity scores 
remain significant in multivariable (MV) models predicting late GI toxicity, 
even when dose parameters are included. [8,9] These results strongly 
suggest that acute toxicity plays a role in the development of late GI 
toxicities after radiotherapy for prostate cancer. Some authors reported 
however that acute toxicity did not remain significant in MV models. [10] 

We have previously reported on acute and late toxicity in a 
randomized trial (68 Gy vs. 78 Gy) for prostate cancer patients. [11,12] In 
that earlier study we identified dose parameters that correlated with different 
late GI complications. We also found relationships between pretreatment 
complaints and the incidence of several late endpoints. We used this 
extensive data set from our randomized trial to investigate whether there is a 
direct link between acute and late effects, which could not be explained by 
the dose-volume effects or pre-treatment GI symptoms. 
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Patients and methods 
 
Patient group 
We selected prostate cancer patients from the Dutch randomized Phase III 
trial (68 Gy vs. 78 Gy), known as the CKVO 96-10 study (Commissie 
Klinisch Vergelijkend Onderzoek / Committee Clinical Comparative 
Research). These patients were all treated with external radiotherapy for 
localized prostate carcinoma between June 1997 and February 2003 at the 
Erasmus Medical Center in Rotterdam and The Netherlands Cancer Institute 
- Antoni van Leeuwenhoek Hospital in Amsterdam, the Netherlands. The 
total study population is described extensively elsewhere. [11,12] We did not 
select patients from the other two participating hospitals, because their 
patients did not fill out the self-report checklist on a regular basis. From the 
selected 575 patients, there were no dose data available for 7 patients. For 
another 15 patients there were no checklists available during treatment, 
leaving 553 patients of the 575 with complete data for analysis (96 %).  
 
Treatment 
Patients were treated with conformal fields (CTV to PTV margin of 10 mm for 
the first 68 Gy, margins of 0-5 mm for the last 10 Gy when applicable). 
Prescription of the dose was according to International Committee on 
Radiation Units and Measurements (ICRU) criteria, with 2 Gy per fraction. 
The rectum was delineated from the anal verge until the inferior border of the 
sacro-iliacal joints or to the point where the rectum was no longer close to 
the sacrum. Dose constraints for the GI tract were: the percentage of the 
rectum receiving ≥ 74 Gy should not exceed 40 % and the dose to the small 
bowel should not be higher than 68 Gy. During treatment patient setup was 
verified using an offline verification protocol, keeping systematic setup errors 
within 5 mm. Further details about treatment planning have been described 
elsewhere. [11,12] 
 
Recording of symptoms 
Before and during radiotherapy the patient filled out a self-report symptom 
checklist (on a weekly or two-weekly basis) as well as prior to each follow-up 
visit. Goldner et al. published a similar checklist. [13] The bowel symptoms 
on this checklist were: pain with stools, painful abdominal cramps, urgency, 
rectal bleeding, mucus discharge, stool frequency, fecal consistency, fecal 
incontinence, and soiling. 
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Pretreatment symptoms 
We assigned each patient to the subgroup “pretreatment GI complaints” or 
“no pretreatment GI complaints”, based on the presence of any GI symptom 
at baseline. With regard to fecal consistency, stools without consistency 
were regarded as a GI symptom. With regard to stool frequency, 4 stools or 
more/day was scored. Other authors also evaluated the presence of 
baseline symptoms as a predictor for toxicity. [7,10] 
 
Acute toxicity 
We formulated three outcomes for acute toxicity: the maximum score of 
RTOG (Radiation Therapy Oncology Group) acute toxicity (which was 
present in the trial database), the maximum score of acute proctitis and the 
maximum score of acute mucous discharge (AMD). The maximum score of 
acute proctitis (grade 0-2) was calculated as follows: Grade 0 in case no 
blood or mucous discharge was reported during radiotherapy; Grade 1 in 
case any rectal blood loss or mucous discharge was reported; and Grade 2 
in case the patient reported rectal blood loss or mucous discharge in 
combination with at least two moderate to severe complaints (concerning 
pain, cramps, diarrhea, stool frequency or urge). We additionally assigned 
‘Grade 1’ proctitis to 7 patients who had reported a high stool frequency and 
watery diarrhea but no blood or mucous discharge. The third defined type of 
acute reactions was the maximum score of acute mucous discharge (AMD) 
as reported by the patient (Grade 0 in case of ‘none’, Grade 1 in case of 
‘mild’, and Grade 2 in case of ‘moderate’ or ‘severe’). Acute toxicity was 
determined within the period 28-120 days from start of treatment. 
 
Late toxicity 
Late toxicity was scored according RTOG/EORTC criteria and determined at 
regular follow-up intervals: every 3-4 months during the first two years, 
biannual during years 3-5 and yearly thereafter. Scoring of late toxicity 
started at 120 days after the first day of radiotherapy. Toxicity was evaluated 
upon known local or regional progression or metastasis. Late toxicity 
endpoints in this study were: RTOG/EORTC Grade ≥ 2 late toxicity (‘late R/E 
≥ G2’) and four Grade ≥ 2 toxicity indicators, which have been described 
previously by Peeters et al. [11]: 1) severe bleeding requiring laser treatment 
or transfusion (‘severe bleeding’), 2) late proctitis treated with steroids (‘use 
of steroids’), 3) stool frequency 6 or more per day (‘stools ≥ 6/day’), 4) pads 
for incontinence more than 2 days/week in combination with reported loss of 
blood, mucus, or feces (‘fecal incontinence’). We formulated a fifth late 
endpoint concerning Grade ≥ 1 late intermittent bleeding more than 2 
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days/week (‘intermittent bleeding’). All patients who had reported ‘bleeding > 
2 days/week’ on the questionnaire and patients who were treated for blood 
loss, were scored for this endpoint. Scoring of intermittent bleeding is in 
concordance with other studies where intermittent bleeding is scored as 
Grade 2 toxicity. [8,14] 
 
Selection of relevant dose parameters 
Previously, an extensive analysis was performed to study all Grade ≥ 2 late 
toxicity endpoints to determine which relative dose-volume parameters from 
the rectum or anal canal were most predictive for late damage. [11] For this 
purpose, the anal canal was defined as the most caudal 3 cm of the 
delineated anorectal tract. A summary of the results with regard to the most 
significant dose parameters is presented here: the dose parameter ‘mean 
dose to the anal canal’ (anal Dmean) was strongly associated with the 
endpoint ‘late R/E ≥ G2’ (p = 0.009) and with the indicators ‘fecal 
incontinence’ (p = 0.002), and ‘use of steroids’ (p = 0.03). For the indicator 
‘severe bleeding’, the anorectal volume receiving ≥ 65 Gy was found to be a 
strong predictor (p = 0.004) and for ‘stools ≥ 6/day’, the mean dose to the 
anorectum (Dmean) (p = 0.01). These results were obtained from Cox 
proportional hazard regression analyses including dosimetric variables and 
adjusted for hospital.    
 
Statistical analysis 
We calculated the correlations (Pearson correlation coefficients) between 
the pretreatment symptoms and the three outcomes for acute toxicity 
(maximum score of acute RTOG, AMD, acute proctitis). A proportional 
hazard model (Cox regression) was used to estimate the effect of acute 
reactions for each evaluated late endpoint, taking into account relevant dose 
parameters and the presence of pretreatment GI symptoms as well. Hazard 
ratios and their p values were calculated. Acute toxicity scores as well as 
volumetric and dosimetric parameters were tested as continuous variables. 
The hazard ratio (HR) indicates the relative increase in the hazard rate for 
an increase of 1 unity of the acute toxicity score (1 grade), the volumetric (1 
%) or the dosimetric variable (1 Gy), respectively. Because of the multiple 
testing, results with a p value of 0.01 or below were considered statistically 
significant. We also included the variable ‘hospital’ if it was associated with 
the tested endpoint (when p < 0.05). SPSS for Windows software (release 
10.0; SPSS Inc., Chicago, IL, USA) was used for calculation of Kaplan-Meier 
curves. The SAS software package for Windows (release 8.02) was used for 
fitting the proportional hazard regression models (SAS Institute Inc., Cary, 
NC, USA). 
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Results 
 
General statistics 
Characteristics of the analyzed patient group are summarized in Table 1. 
Median follow-up time was 44 months. The mean age was 69 years (6.4 
1SD). The mean volume of the delineated anorectal wall was 34.3 cm³ and 
the mean length was 16.8 cm. Pretreatment symptoms were present in 19 % 
of the patient population. Most frequently reported was ‘urgency’ (8 %) and 
‘abdominal cramps’ (7 %). The distributions of the maximum acute proctitis 
score, the maximum acute RTOG score and the maximum AMD score are 
shown in Table 2. Maximum score of acute proctitis, AMD, and the acute 
RTOG score were mutually correlated (Pearson correlation coefficients in 
the range of 0.6-0.8, p < 0.001).  

The incidences of late toxicity are shown in Table 2. The cumulative 
incidence at 4 years of ‘late R/E ≥ G2’ was 28 %. The indicators with the 
highest cumulative incidence at 4 years were ‘stools ≥ 6/day’ (10 %) and 
‘intermittent bleeding’ (20 %). 

 
  Table 1: Characteristics of the study population. 

Total group (n = 553) 
Variable n % 
Tumor stage 
 

T1 
T2 
T3 
T4 

102 
244 
199 

7 

18 % 
44 % 
36 % 
  1 % 

Randomization arm 
  

68 Gy  
78 Gy 

275 
278 

50 % 
50 % 

Anorectal wall volume (cm3)  Mean (range) 34.3   (23.0 - 54.3) 

Anorectal length (cm) Mean (range) 16.8  (11.7 - 25.8) 
 
Dose parameters 
For all endpoints, the dose parameter found in a previous analysis was 
included in our MV models (see also the summary in the methods section). 
For the formulated indicator ‘intermittent bleeding’, we tested in the current 
dataset which dose parameter was most relevant. We found the anorectal 
and rectal wall volume receiving ≥ 70 Gy to be the only relevant (significant) 
dose parameters in our dataset (p = 0.02). The anorectal wall volume 
receiving ≥ 70 Gy was therefore included in our MV models. 
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Table 2. Incidences of GI symptoms (pretreatment, acute and late). 
Gastrointestinal symptom % 

Pretreatment symptoms present 19 % 
Acute toxicity  
   Acute R/E score 
   Acute mucous discharge 
   Acute proctitis 

    
G0/G1/G2/G3 
G0/G1/G2 
G0/G1/G2 

 
10/38/46/5 % 
34/50/16 % 
30/41/29 % 

Late toxicity* 
   Late R/E ≥ Grade 2 
   Indicators 
      Severe bleeding 
      Use of steroids 
      Fecal incontinence 
      Stools ≥ 6/day 
      Intermittent bleeding 

 
28 % 

 
6 % 
7 % 
9 % 

10 % 
20 % 

    Abbreviations: G = Grade   
    * Cumulative incidence at 4 years, estimated by Kaplan-Meier method 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. The distribution of proctitis Grade 0-2 for patients with and  
without pretreatment GI symptoms (Chi-square test: p < 0.001).   
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Pre-RT symptoms and toxicity 
The relationship between pretreatment complaints and the incidence of 
acute proctitis is depicted in Fig. 2. It shows that patients with pretreatment 
symptoms have on average more serious acute proctitis (chi-squared test for 
difference in distribution: p < 0.001). The other two outcomes for acute 
reactions show similar associations (AMD: p = 0.02, acute RTOG score: p = 
0.002) With regard to late complications there is also a significant 
association with pretreatment complaints: the cumulative incidence of ‘late 
R/E ≥ G2’ at 4 years is about 45 % (1 SE 7 %) for the subgroup with 
pretreatment GI symptoms versus 24 % (1 SE 3 %) for the group without 
(Log Rank p = 0.003). 
 
Relationship between acute and late toxicity 
We tested whether acute toxicity was significantly associated with late 
toxicity endpoints at MV testing. In these tests, the covariables ‘presence of 
pretreatment symptoms’ and the most relevant dose parameter were added 
to the model if they appeared relevant for that particular endpoint at UV 
testing (significance level chosen of 0.1). The variable ‘hospital’ appeared to 
be a significant factor for ‘blood loss > 2 days/week’ only, and was therefore 
always included in the model for that outcome. We tested three outcomes of 
acute toxicity as well as six defined late endpoints, adding up to a total of 18 
tests. 

The results of the UV and MV proportional hazard regression are 
summarized in Tables 3 and 4. For the endpoint ‘late R/E ≥ G2’ (Table 3), 
pretreatment complaints as well as the three acute toxicity outcomes are 
significant predictors at UV analysis; the association with the dose 
parameter ‘mean dose to the anal canal’ is weaker (p = 0.04). At MV 
analysis, AMD and acute proctitis remain significant within the MV model; 
corresponding HRs are 1.8 and 1.7, respectively (which indicates the relative 
increase in hazard rates for each increase of 1 grade). The p value of the 
dose parameter and pretreatment symptoms slightly increases and the dose 
parameter loses significance at MV analysis (p > 0.05). In Fig. 3 the 
incidence of ‘late R/E ≥ G2’ is shown for 3 subgroups based on acute toxicity 
(grade 0-2 proctitis). 
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Table 3. Results of univariable (UV) and multivariable (MV) analysis for late 
endpoints related to mean dose  (anal canal or anorectum).  

Endpoint: Late 
 R/E  ≥ G2 

Use of 
steroids 

Fecal 
incontinence Stools  ≥ 6/day 

Models HR        p  HR       p HR   p  HR   p  
UV model 
(Anal) Dmean # 
Pre-RT complaints 
Acute R/E score 
AMD 
Acute proctitis  
MV model 
Acute R/E score 
(Anal) Dmean  
Pre-RT complaints  
AMD 
(Anal) Dmean  
Pre-RT complaints  
Acute proctitis  
(Anal) Dmean  
Pre-RT complaints 

  
1.02    0.04 
1.8     0.003 
1.6     0.01 
1.9     <0.0001 
1.8     <0.0001 
 
1.5     0.02 
1.01   0.08 
1.7     0.008 
1.8   <0.0001 
1.01   0.1 
1.5    0.05 
1.7    <0.0001 
1.01   0.1 
1.5    0.08 

  
1.03    0.05 
0.9      0.8 
1.4      0.4 
2.0     0.02 
1.4      0.2 
 
- 
- 
- 
1.9     0.03 
1.03   0.07 
- 
- 
- 
- 

  
1.04 0.007 
2.2 0.03 
1.6 0.2 
2.4 0.0002 
2.2 0.0009 
 
1.5 0.3 
1.04 0.01 
2.0  0.05 
2.3 0.001 
1.03 0.02 
1.6  0.2 
2.0 0.004 
1.03 0.01 
1.6  0.02 

  
1.06 0.03 
2.3 0.03 
2.6 <0.0001 
2.4 0.0001 
3.3 <0.0001 
 
2.5 0.0002 
1.05 0.03 
1.9  0.05 
2.1 0.001 
1.05 0.07 
1.8  0.07 
2.9 <0.0001 
1.04 0.1 
1.6  0.2 

Abbreviations: AMD = acute mucous discharge; Dmean = mean dose; pre-RT = 
pretreatment. Hazard ratio’s (HR) and corresponding p value are shown. Significant 
results (p values 0.01 or below) in italics and bold, trends (0.01< p <0.1) in italics. All 
UV parameters with p value <0.1 are included in MV models. 
# Dmean of anal canal tested, except for ‘stools ≥ 6 / day’ where Dmean of anorectum is 
tested. 
 
For the endpoints ‘fecal incontinence’ and ‘stools ≥ 6 / day’ (Table 3), AMD 
as well as acute proctitis were very strong predictors at UV and MV analysis 
(all p values 0.001 or below). For ‘stools ≥ 6 / day’ the acute RTOG score 
was also a strong predictor. For the endpoint ‘use of steroids’ only a trend 
was found for AMD (p = 0.03). With regard to the included dose parameters, 
we found that the chosen dose parameter was only a strong predictive factor 
(at UV analysis) for the endpoint ‘fecal incontinence’ in our study population, 
where it remains also a relevant factor at the MV analyses. 

Table 4 shows the results of UV and MV analyses for the late 
endpoints ‘intermittent bleeding’ and ‘severe bleeding’.  No association was 
found between severe bleeding and acute toxicity at UV analysis. The 
relationship with the dose parameter (V65 of anorectum) is relatively weak in 
this data set. There was a strong association (p = 0.005) between 
intermittent bleeding and AMD and proctitis, respectively (UV and MV). 
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Table 4. Results of univariable (UV) and multivariable (MV) PHR model for both 
indicators concerning ‘bleeding’. Hazard ratio’s and corresponding p value are 
shown. Significant results (p values 0.01 or below) are in italics and bold, trends 
(0.01< p <0.1) are in italics. 

Endpoint: Intermittent bleeding Severe bleeding  
Models HR p value HR p value 
UV model 
  Anorectal vol ≥65 Gy (%)  
  Anorectal vol ≥70 Gy (%) 
  Pretreatment complaints 
  Acute R/E score  
  AMD  
  Acute proctitis  
   
MV models 
  AMD 
  Volume ≥70 Gy (%) 
   
  Acute proctitis 
  Volume ≥70 Gy (%)  

  
- 
1.02 0.02 
0.6 0.2 
1.1 0.4 
1.6 0.003 
1.5 0.01 
 
 
1.6 0.005 
1.02 0.04 
 
1.5 0.01 
1.02 0.03 

 
1.04 0.06 
- 
0.5 0.4 
0.9 0.9 
1.1 0.7 
1.0 1.0 
 
 
- 
 
 
 
- 

Abbreviations: vol = volume; AMD = acute mucous discharge; HR = hazard ratio. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Kaplan-Meier curves of ‘late R/E ≥ G2’ toxicity for 3 subgroups  
based on acute toxicity (proctitis Grade 0, 1 and 2). 
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Fig. 4 shows the cumulative incidences at 4 years (with 1SE) for the late 
endpoint ‘intermittent bleeding’ (4A) and ‘fecal incontinence’ (4B), as a 
function of both acute toxicity (AMD grade 0-2) and dose (below or above 
median). The relevant dose-volume parameters were: for intermittent 
bleeding the relative volume of anorectal wall receiving 70 Gy or more, and 
for incontinence the mean dose to the anal canal. Note that the standard 
error of several subgroups is relatively large (6-8 %), probably because the 
available follow-up within some small subgroups was limited. Fig. 4 
illustrates both the dose effect (incidence in subgroup above median is 
always higher compared to below median) and the acute toxicity effect 
(incidence in subgroups grade 2 is always higher compared to 
corresponding grade 1 subgroups which are higher compared to grade 0 
subgroups, except for one case).  
 
Pretreatment symptoms subgroups 
We tested whether there was an interaction between the effects of acute 
toxicity and pretreatment symptoms or between dose parameters and 
pretreatment symptoms. We found no significant interactions (p ≤ 0.01). 
Most HRs of acute toxicity and the dose were, however, estimated to be 
smaller within the subgroup with pretreatment symptoms. For example, the 
HR for acute proctitis as a predictor for stools ≥ 6/day was estimated 3.8 in 
the subgroup without pretreatment symptoms against 1.5 for the patients 
with symptoms (interaction test p = 0.10); for the total population the HR was 
2.9 (Table 3). Another example regarding the dose effect was that for the 
endpoint ‘late R/E ≥ G2’ the HR of ‘mean dose to the anal canal’ was 1.02 (p 
= 0.01) in the subgroup without pretreatment symptoms and 0.99 (p = 0.5) in 
the subgroup with pretreatment symptoms (interaction test p = 0.04). 
 
Correlations between dose parameters and acute reactions 
In a previous analysis, we found that the maximum acute RTOG score 
(grade ≥ 2) was associated with the relative volume of the anorectal tract, 
receiving ≥ 50 Gy, ≥ 60 Gy and ≥ 65 Gy, respectively. [12] In the current 
dataset both the proctitis score and maximum AMD score appeared to be 
related to similar dose parameters; the strongest correlations were found 
with the relative volume of the anorectal wall receiving 50 Gy or more and 60 
Gy or more, as well as with the mean dose to the anorectal wall. 
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Fig. 4: Cumulative incidences at 4 years (1 SE) for the endpoints ‘intermittent 
bleeding’ (A) and ‘fecal incontinence’ for subgroups (B). The plotted subgroups in 
each graph are based on the maximum grade of AMD (G0-G2) and on the relevant 
dose parameter: (A) relative volume of anorectal wall receiving 70 Gy or more, below 
and above median (1%) and (B) the mean dose to the anal canal, below and above 
median (37 Gy). 
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Discussion 
 
The presented analyses strongly suggest that acute tissue reactions have a 
major impact on the development of late GI toxicity, apart from dose-volume 
effects. The acute ‘maximum score of acute proctitis’ and ‘maximum score of 
acute mucous discharge’ were strongly related with the majority of the 
investigated late gastrointestinal (GI) toxicity endpoints. The acute RTOG 
score showed much weaker associations with the late endpoints. Patients 
who reported strong acute reactions (acute proctitis) had a higher risk for 
developing moderate to severe late toxicity (late R/E ≥ G2), up to 40 % (1SE 
5 %) cumulative incidence at 4 years against 16 % (1SE 3 %) for the group 
with no acute reactions.  

A second result of this study was that the factor ‘pretreatment GI 
symptoms’ remained a significant factor (or borderline) for most endpoints, 
suggesting that this is an independent predictor for both acute and late GI 
toxicity. Furthermore, the predictive power of the dose parameters remained 
at the same level or became weaker (lower HR) for most endpoints at MV 
analysis. In conclusion, the dose-volume models as described previously by 
our group (11) can be extended by adding a second relationship between 
acute and late toxicity and probably with a third relationship between 
pretreatment symptoms and toxicity. Another significant relationship we 
reported in this previous analysis was that a history of abdominal surgery 
was an independent predictor for ‘late R/E ≥ G2’, ‘severe bleeding’ and ‘fecal 
incontinence’. This factor remained also significant in the current analyses 
(results not shown). 
 
Associations between acute and late toxicity in literature 
Other studies have also reported data suggesting that consequential late 
effects play a role in the development of late rectal toxicity. Wang et al. [5] 
used the presence of diarrhea and its severity as an indicator for acute 
reactions and a predictor for late effects (i.e. proctitis) in patients treated for 
cervical carcinoma (dose in the range of 40-60 Gy). They tested the 
relationship between acute and late toxicity in a multivariable analysis, taking 
into account the prescribed biologically effective dose to the rectal 
orthogonal maximal point and several clinical factors. They found that the 
presence of acute diarrhea and its severity was a significant predictive factor 
for radiation proctitis. They concluded that early damage of acute-
responding rectal wall components may contribute to the initiation of late 
rectal damage. In our dataset, acute diarrhea (and pre-existing diarrhea) 
was also a strong predictor for late proctitis, but not for other late endpoints. 
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Denham et al. [3] evaluated the peak of acute proctitis as a predictor of late 
toxicity in prostate cancer patients. In their study, patients were treated with 
tumor doses between 32 Gy and 70 Gy (median 65 Gy). They found highly 
significant relationships between acute proctitis and late R/E scores, 
urgency, diarrhea and frequency. However, they did not include the dose in 
their models. More recently, O’Brien et al. [6] described the relationship 
between acute and late toxicity, but also in this study dose-volume 
parameters were not included in the analysis. 

Vargas et al. [9] reported a dose-volume analysis of predictors for 
late rectal toxicity and concluded that patients with acute rectal toxicity are 
more likely to experience late toxicity. They treated 331 prostate cancer 
patients to a median dose of 75.6 Gy and found that acute toxicity remained 
a significant factor at multivariable analysis for the endpoint late toxicity 
grade ≥ 2. They tested the significance of acute toxicity in a MV model with 
relative dose parameters of the rectal wall in the dose range of 50–72 Gy. 
Acute rectal toxicity was defined here as grade ≥ 2 (maximum score) 
according the National Cancer Institute Common Toxicity Criteria.  

Our group has previously reported on GI toxicity and its relationships 
with dose distributions in the anorectal region. [16] These analyses were 
performed in another clinical dataset, and they showed that the presence of 
GI symptoms during the acute phase of radiotherapy appeared to be a 
significant factor predicting late GI symptoms at UV analysis. A similar MV 
analysis as in the current data set was also performed in this data set (but 
not published). Several acute symptoms appeared to be predictive for late 
symptoms at MV analyses: acute mucous discharge, urge and soiling 
remained predictive factors (p values varying from < 0.001 to 0.1) for the 
corresponding late symptoms in an MV model with relevant dose parameters 
found in the study. These previous findings support our present results.  
 
Consequential damage and modeling of late complications 
Our data and data from other studies suggest that late toxicity is the result of 
two different mechanisms, a consequential late effect (CLE) and a direct 
dose effect, as schematically depicted in Fig. 1. In the currently linear-
quadratic bio-effect model for predicting late toxicity, this mechanism for CLE 
is not included. [17] If it is true that late effects are partly a direct result of 
acute effects, it should be possible to limit late toxicity by limiting acute 
toxicity. For instance, a hypofractionated radiation scheme with two or three 
fractions per week instead of five would not only limit acute toxicity but late 
toxicity as well.  
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Pretreatment complaints 
The predictive value of pretreatment (baseline) GI symptoms that we 
described for our study population has also been reported by others. Koper 
et al. found that the pretreatment complaint ‘higher stool frequency’ and also 
‘overall intestinal symptoms at baseline’ were significant factors at UV and 
MV analyses for late grade ≥ 1 rectal toxicity. [10] Recently, Christie et al. 
published results on late toxicity in prostate cancer patients. They included 
baseline symptoms in their MV analyses and found baseline proctopathy to 
be a strong predictor (p < 0.01) for the prevalence of Grade 2 or higher 
proctopathy after 2 to 5 years. [7] 
 
Bleeding 
Severe late rectal bleeding is a limiting factor for radiotherapy in prostate 
cancer. We found no evidence of CLE for this endpoint, whereas we did find 
a relationship between acute toxicity and late intermittent bleeding. The 
incidence of severe late bleeding, however, was low and therefore the 
statistical power to find a significant relationship was limited in our dataset. 
Furthermore, it is likely that doses of 70 Gy and above are most relevant for 
bleeding (both intermittent and severe) as described in literature. [18,19] In 
our study population, only half of the patients were treated to 70 Gy or 
higher. Possibly our data are not optimal to estimate the relationships 
between acute reactions, dose parameters, and late bleeding. 
 
 

Conclusions 
Acute tissue damage plays a significant role in the development of late GI 
toxicity, apart from dose-volume effects and the impact of pretreatment 
symptoms. This suggests the presence of a consequential component in the 
development of late GI toxicity. 
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ABSTRACT  
 
Purpose: To determine whether a dose of 78 Gy improves outcome 
compared with a conventional dose of 68 Gy for prostate cancer patients 
treated with three-dimensional conformal radiotherapy. 

Patients and methods: Between June 1997 and February 2003, stage T1b-
T4 prostate cancer patients were enrolled onto a multicenter randomized 
trial comparing 68 Gy with 78 Gy. Patients were stratified by institution, age, 
(neo)adjuvant hormonal therapy (HT), and treatment group. Four treatment 
groups (with specific radiation volumes) were defined based on the 
probability of seminal vesicle involvement. The primary endpoint was 
freedom from failure (FFF). Failure was defined as clinical failure or 
biochemical failure, according to the American Society of Therapeutic 
Radiation Oncology definition. Other endpoints were: freedom from clinical 
failure (FFCF), overall survival (OS) and toxicity. 

Results: Median follow-up time was 51 months. Of the 669 enrolled 
patients, 664 were included in the analysis. HT was prescribed for 143 
patients. FFF was significantly better in the 78 Gy arm compared with the 68 
Gy arm (5 year FFF rate: 64 % v 54 %, respectively) with an adjusted hazard 
ratio of 0.74 (p = 0.02). No significant differences in FFCF or in OS were 
seen between the randomization arms. There was no difference in late 
genitourinary toxicity of Radiation Therapy Oncology Group and European 
Organization for Research and Treatment of Cancer (RTOG/EORTC) grade 
2 or more, and a slightly higher non-significant incidence of late 
gastrointestinal RTOG/EORTC toxicity Grade 2 or more. 

Conclusions: This multicenter randomized trial shows a significantly 
improved FFF in prostate cancer patients treated with a higher dose of 
radiotherapy. 

 
 

Introduction 
 

Radiotherapy is one of the treatment options for localized prostate cancer, 
but with standard radiation doses (64 to 70 Gy), it is not always as effective 
as previously believed. One of the strategies to improve the efficiency of 
radiotherapy is increasing the dose. Such a dose-escalation has become 
possible with three-dimensional conformal radiotherapy (3D-CRT). This 
technology allows one to better conform the radiation fields to the target 
volume and to reduce the dose to the normal tissues. [1,2] Several Phase II 
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trials have shown that, with 3D-CRT, higher than conventional doses are 
feasible. [3-7] A number of Phase III trials have been initiated, and three 
have published outcome results. [8-10] The first trial did not show an 
improved local control with higher doses. [8] Two recent trials found an 
improved freedom from failure (FFF) at the expense of an increase in overall 
gastrointestinal (GI) toxicity. [9,10] The use of (neo)adjuvant hormonal 
therapy (HT) was not allowed in any of these trials, whereas its use 
significantly improves overall survival (OS). [11]  

We performed a multicenter trial to test the hypothesis that a higher 
radiation dose of 78 Gy would lead to a higher FFF compared with 68 Gy in 
patients treated for localized prostate cancer with 3D-CRT, and we allowed 
the use of HT. We have already reported results on toxicity. [12,13] We 
found no significant differences between the randomization arms for acute 
and late overall genitourinary (GU) and GI toxicity. For some specific late 
toxicity items (rectal bleeding, fecal incontinence and nocturia) the 
incidences were significantly higher in the high-dose arm. In this article we 
present the first results on outcome of the trial, together with an update of 
overall GI and GU morbidity. 

 

Patients and methods 
 
Participants 
Four Dutch institutions enrolled patients onto the CKVO 96-10 randomized 
phase III trial. Pretreatment assessment included clinical examination 
(including digital rectal examination), transrectal ultrasound of the prostate, 
laboratory studies (CBC, creatinine, alkaline-phosphatase, gammaglutamyl-
transferases and initial prostate-specific-antigen (iPSA)), prostate biopsy 
with histological evaluation, bone scan, and a lymph node evaluation by a 
pelvic computed tomography scan or ultrasound, and/or surgical or 
cytological sampling when the estimated risk of involvement of the seminal 
vesicles (SV) was higher than 10 %. [14] The Abbott IMx immunoassay 
(Abbott, Abbott Park, IL) was recommended to measure iPSA levels. 
Eligibility criteria were adenocarcinoma of the prostate; all T-stages with 
iPSA < 60 µg/L, except T1a and well-differentiated (or Gleason Score < 5) 
T1b-c tumors with iPSA ≤ 4 µg/L; Karnofsky performance score of ≥ 80. 
Patients with metastases, with cytologically or histologically proven positive 
regional lymph nodes, on anticoagulants, with previous pelvic irradiation, 
and with previous malignant disease (other than basal cell carcinoma) were 
excluded. TNM-staging was scored according to the American Joint 
Committee on Cancer (AJCC) 1997 guidelines.  
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Patients were randomly assigned to either the conventional dose of 68 Gy, 
or the experimental dose of 78 Gy. Random assignment was performed with 
a minimization technique with stratification for treatment group (I, II, III and 
IV; see next section), institution (A, B, C and D), age (≤ 70 v > 70 years) and 
(neo)adjuvant hormonal therapy (HT) (yes v no). The protocol specified that 
HT was allowed, although not recommended until ongoing studies had 
defined groups that benefit from HT. Its prescription was left at the discretion 
of the treating physician. The Ethical Committee of each institution approved 
the protocol. All patients gave informed consent. 

Treatment 
The planning target volume (PTV) for radiation included the prostate with or 
without the SV (clinical target volumes, CTVs) with a margin of 10 mm 
during the first 68 Gy, and 5 mm (except towards the rectum, 0 mm) for the 
last 10 Gy in the high-dose arm. This 10 Gy could be regarded as a partial 
boost. Four radiation treatment groups were defined depending on the risk of 
tumor involvement of the SV. This risk was estimated according to Partin et 
al. based on T-Stage, iPSA and Gleason Score or differentiation grade. [14] 
(Table 1).  T1b-T2a tumors with a risk of less than 10 %, 10 % to 25 %, and 
more than 25 % were included in groups I, II and III, respectively. T2b-T3a 
and T3b-T4 tumors were included in groups III and IV, respectively. For 
group I, the CTV was defined as the prostate only, and for group IV, it was 
defined as the prostate with SV. In groups II and III, the CTV included 
prostate and SV, and the SV were excluded from the CTV after 50 Gy and 
68 Gy, respectively.  
 
Table 1. Treatment groups (I, II, III and IV).  

  T1b, T1c, T2a* T2b* 
T3a 

T3b 
T4 

Gleason 
score 

                   iPSA (µg/l) 
 
Differentiation 

0-4 4-10 10-20 20-60 0-60 

2-4 Good I I I II III IV 
5-7 Moderate I II II III III IV 
8-10 Poor II III III III III IV 

Abbreviation: iPSA, initial prostate-specific antigen.  
*According to American Joint Committee on Cancer 1997 guidelines. 
 
All patients underwent computed tomography scan in treatment position 
(supine), and were treated with 3D-CRT, in daily fractions of 2 Gy. Each 
institution was allowed to use its own treatment technique. The dose was 
specified to the isocenter (International Commission on Radiation Units and 
Measurements reference point). [15] The dose to the PTVs was within –5 % 
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and +7 % of the prescribed dose and 99 % of the PTVs were treated to at 
least 95 % of the prescribed dose. The percentage of the rectum (or rectal 
wall) receiving ≥ 74 Gy should not have exceeded 40 % and the small bowel 
dose should not have been higher than 68 Gy. Protocol compliance has 
been checked in a quality control study. [16] All treatment plans were 
reviewed at the coordinating center using a dedicated database. [17] 

Follow-up visits were scheduled once every three months in the first 
year of follow-up, every four months in the second year, biannually in the 
following three years and yearly thereafter.  

Outcomes and Toxicity 
The primary endpoint was FFF. We defined failure as biochemical or clinical 
failure whichever was first. A clinical failure included local relapse (defined 
as palpable and/or biopsy-proven progression), regional relapse, 
metastases, or initiation of salvage HT. Prostate biopsies were not 
systematically performed. Biochemical failure was defined according to the 
definition of the ASTRO and was considered three consecutive increases in 
PSA level after a nadir. [18] The date was defined as midway between the 
last non-increasing value and the first rise of PSA. A second analysis without 
backdating was performed, because of concerns that backdating may 
influence the failure rate. [19,20] Time to failure was calculated from the date 
of random assignment with patients censored at the date of the last PSA 
measurement or death. Other endpoints were freedom from clinical failure 
(FFCF), OS, and toxicity. In this article, we present an update of GI and GU 
toxicity scored according to slightly modified RTOG/EORTC scoring criteria. 
[12]  

Besides the radiation treatment groups, patients were retrospectively 
divided into three prognostic risk groups as published in the literature (low, 
intermediate and high risk). They were defined according to the single-factor 
definition of Chism et al. [21] The low-risk group included patients with 
Stages T1-T2 and Gleason Score ≤ 6 and iPSA ≤ 10 µg/L. The high-risk 
group contained Stages T3-T4 or Gleason Score ≥ 8 or iPSA > 20 µg/L. The 
intermediate-risk group included patients that did not fulfill the criteria of the 
low- or high-risk group. For 93 patients, the differentiation grade only was 
available. Forty-two of these patients had stage T3-T4 or iPSA > 20 µg/L, 
and were therefore high-risk patients. For the remaining 51 patients, the 
differentiation grade was used to assign a risk group; well-differentiated, 
moderately differentiated and poorly differentiated tumors were considered 
to be Gleason Scores 2 to 6, 7 and 8 to 10, respectively. 
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Statistical analysis 
The study was designed to have an 80 % power of detecting a difference in 
FFF of 10 % between patients treated to 68 and 78 Gy at the 5 % level of 
significance (two sided). Analyses were performed by intention to treat. Cox 
proportional hazards regression was used to analyze differences (expressed 
in hazard ratios) in FFF, FFCF and OS between both arms. These analyses 
were adjusted for the stratification factors (treatment group, institution, age 
and HT). Survival curves were estimated by the Kaplan Meier technique. To 
analyze the dose effect in the three risk groups and in the three HT groups 
(no, short-term and long-term HT) the hazard ratios were estimated by 
stratified Log Rank analysis. [22] 
 
 
Results 

 
Between June 1997 and February 2003, 669 patients were recruited. Five 
patients were excluded from the analysis (Fig. 1); three did not fulfill the 
eligibility criteria, and two went off study before start of radiotherapy. 
Therefore we analyzed 664 patients: 331 were allocated to 68 Gy and 333 to 
78 Gy. Follow-up data were reported until May 2005. The median follow-up 
was 50.7 months (range 9.6 to 94.2 months). Patient and tumor baseline 
characteristics were well balanced between both arms (Table 2). The low-
dose arm included slightly more patients with high-risk features, but the four 
treatment groups, based on risk of SV invasion, and the three risk groups 
were well-balanced between both arms.  

(Neo)adjuvant hormonal therapy (HT) was prescribed in two 
hospitals for 143 patients, and prescribed predominantly to high-risk patients 
(n = 125), and rarely to intermediate-risk (n = 13) or low-risk patients (n = 5). 
HT was initiated 0 to 7 months before radiotherapy for 6 months (short-term 
HT, institution B) or 3 years (long-term HT, institution A). Generally, a 
luteinizing hormone-releasing hormone agonist, preceded by a short course 
of an anti-androgen was prescribed. The use of short-term and long-term HT 
was well balanced (Table 2). Several treatment techniques were used: four-
field technique (n = 70, institution C), three-field technique using one anterior 
and two lateral wedged fields (n = 553), and intensity-modulated 
radiotherapy (simultaneous integrated boost [23] for 41 patients in the high-
dose arm, institution B). In the low-dose arm all patients received the 
prescribed 68 Gy, whereas in the high-dose arm, 36 patients received a 
dose between 68 and 76 Gy, and one patient died during treatment from a 
disease-unrelated cause. In 19 patients the dose was lowered to meet the 
rectal (n = 7) or small bowel (n = 12) dose constraints. Other reasons were 
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technical problems (n = 3), patient’s request (n = 5), and acute toxicity (n = 
9). Only 3 of these 14 latter patients had severe acute GU toxicity. 
 
 
 
Fig. 1. Trial profile. 

 
 
 
                 
 
 
 
 
 
 
 

Outcome 
At the time of assessment, failure had occurred in 136 patients in the low-
dose, and in 107 patients in the high-dose arm. There were more 
biochemical failures in the 68 Gy arm (n = 118) compared with the 78 Gy 
arm (n = 85) (Table 3). For three patients, the cause of death could not be 
traced, and therefore, we added these patients to the clinical failure group.  

FFF was significantly higher in the high-dose arm compared with the 
low-dose arm (Log Rank p = 0.01), with an adjusted hazard ratio of 0.74 (95 
% CI 0.58-0.96, p = 0.02). The 5-year FFF Kaplan Meier estimates were 64 
% in the high-dose, and 54 % in the low-dose arm (Fig. 2A); these figures 
were 66 % and 53 % when biochemical failure was defined using the 
ASTRO definition without backdating (Log Rank p = 0.02; Fig. 2B). 

Clinical failure was seen in 66 and 69 patients in the low-dose and 
high-dose arm, respectively. Approximately half of the patients had a 
locoregional or distant relapse (Table 4). Salvage HT was preceded by a 
biochemical failure for most of the patients. There was no significant 
difference in FFCF between both arms, with 5-year FFCF estimates of 76 % 
in both arms. Forty-nine patients in the low-dose and 43 patients in the high-
dose arm had died. The number of patients who died from prostate cancer 
was similar in both arms (20 and 21 patients in the low- and high-dose arm, 
respectively). No significant differences were seen between both arms in 
terms of OS. The 5-year OS incidences were 82 % and 83 % in the low- and 
high-dose arm, respectively. 

333 patients in 
main analysis

2 not eligible 
2 not treated 

according to trial 

332 patients 
allocated to 68 Gy

337 patients 
allocated to 78 Gy

331 patients in 
main analysis

1 not eligible

669 patients 
included
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Table 2. Baseline characteristics. 

Variable  68 Gy (n=331) 78 Gy (n=333) 
Mean Age (range) (years) 68.6 (50-83) 68.8 (49-84) 
Institution 
 

A 
B 
C 
D 

201 
86 
35 
9 

61 % 
26 % 
11 % 
3 % 

203 
85 
35 
10 

61 % 
26 % 
11 % 
3 % 

Hormonal therapy 
 

 
Short-term 
Long-term 

73 
35 
38 

22 % 
11 % 
11 % 

70 
29 
41 

21% 
9 % 

12 % 
Treatment Group 
 

I 
II 
III 
IV 

55 
65 

156 
55 

17 % 
20 % 
47 % 
17 % 

52 
67 

163 
51 

16 % 
20 % 
49 % 
15 % 

Differentiation group 
(Gleason score)  
(cfr table 1) 

Good  (2-4) 
Moderate (5-7) 
Poor (8-10) 

105 
170 
56 

32 % 
51 % 
17 % 

94 
194 
45 

28 % 
59 % 
14 % 

Tumor stage  
 

T1 
T2 
T3 
T4 

57 
151 
116 

7 

17 % 
45 % 
35 % 
2 % 

67 
141 
123 

2 

21 % 
42 % 
37 % 
1 % 

iPSA (µg/L) 
 

≤ 4 
4-10 
10-20 
20-60 

25 
95 

125 
86 

8 % 
29 % 
38 % 
26 % 

19 
119 
125 
70 

6 % 
36 % 
38 % 
21 % 

Risk groups 
 

Low 
Intermediate 
High 

56 
90 

185 

17 % 
27 % 
56 % 

64 
92 

177 

19 % 
28 % 
53 % 

Abbreviations: iPSA, initial prostate-specific antigen. 
 
 

Table 3. First failure type. 
Type of progression 68 Gy 

 (n=331) 
78 Gy  

(n=333) 
Total  

(n=664) 
Biochemical failure 
Clinical failure 
    Locoregional or DM 
    Salvage HT 
    Death* 

118 
18 
9 
7 
2 

36 % 
5 % 
3 % 
2 % 

0.6 % 

85 
22 
13 
8 
1 

26 % 
  7 % 
  4 % 
  2 % 
0.3 % 

203 
40 
22 
15 
3 

31 % 
6 % 
3 % 
2 % 

0.5 % 
Abbreviations: DM, distant metastasis; HT, hormonal treatment. 
* Patients for whom death from prostate cancer could not be excluded.  
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   Table 4: Clinical failures for the endpoint freedom from clinical failure. 

Type of Clinical failure 68 Gy (n=66) 78 Gy (n=69) 
Locoregional or distant metastases 

- Local  
- Regional 
- Distant 

32 
13 
3 

20 

38 
7 
8 
28 

Salvage HT 
- Preceded by biochemical failure 
- Median time to start 

34 
27 

30.7 months 

31 
23 

32.2 months 
   Abbreviations: HT, hormonal treatment. 

 
Subgroup analyses  
A lower failure rate was seen in the high-dose arm in the intermediate- and 
high-risk group, with a difference in relative number of failures of 15 % and 8 
%, respectively (Fig. 3). The 95 % CI demonstrated that this difference was 
significant (hazard ratio = 0.6) only for the intermediate-risk group. There 
was no apparent benefit for the low-risk patients. However, a test for 
interaction between random assignment arm and prognostic risk group for 
probability of FFF was not significant (p = 0.3). The test for interaction 
between random assignment arm and the three HT-groups (no, short-term 
and long-term HT) was not significant either (p = 0.4). 

Toxicity  
Late GI toxicity grade ≥ 2 was slightly higher in the high-dose arm, but this 
difference was not significant (5-year toxicity rate: 32 % vs. 27 %; Log Rank 
p = 0.2). No differences were seen between both arms for late GI ≥ Grade 3 
(5 % vs. 4 %; p = 0.4), late GU toxicity Grade ≥ 2 (39 % vs. 41 %; p = 0.6) 
and GU Grade ≥ 3 (13 % vs. 12 %; p = 0.6). 
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Fig. 2. Kaplan-Meier estimates of freedom from failure by treat-ment arm, where bio-
chemical failure was defined according to the ASTRO definition (A) with and (B) 
without backdating.  

                      N       F 
CONV 68     331   136 
EXP 78        333   107 
Log-rank p = 0.01 

EXP 78 
 
 
 
 
 
CONV 68 

N° at risk  
CONV 68   331          290   208    134       80     49     
EXP    78   333          293   236    163      109     65 

A 
 
 
 
 
 
 
 
 
 
 
 
 
Abbreviations: 
EXP = experimental; 
CONV = conventional; 
F = failures. 

B 

                      N       F 
CONV 68     331   136 
EXP 78        333   107 
Log-rank p = 0.02 

N° at risk  
CONV 68   331           319               272               180             106            64     
EXP    78   333           316               264               195             130            76 

EXP 78 
 
 
 
 
 
CONV 68 
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                         Failure / Patients                        HR & 95% CI 
Risk 78 Gy 68 Gy 

 
Low 
Intermediate 
High 
 
Total 

 
10 / 64 
19 / 92 
  78 / 177 
 
107 / 333 
(32%) 

 
  7 / 56 
32 / 90 
  97 / 185 
 
 136 / 331 
 (41%) 

 
Fig. 3: Number of failures (biochemical/clinical), and hazard ratios (HRs; with 95% 
CIs) showing the effect of the randomization arm on FFF for the low, intermediate 
and high risk groups, as well as for the whole patient group. 

 
 
 
Discussion 
 
This study shows that, for localized prostate cancer, the use of higher 
radiation doses significantly improved the FFF probability. The risk of failure 
was reduced from 46 % to 36 % at 5 years (Fig. 2A). Failure rates were 
lower in the high-dose arm both in the intermediate- and high-risk groups, 
but not in the low-risk patients (Fig. 3). However, this trial was not powered 
to perform these subgroup analyses, and the low-risk group included only a 
small number of patients. Furthermore, the test for interaction showed that 
there was no significant difference in dose effect between the three risk 
groups. Therefore we can not exclude that low-risk patients also benefit from 
dose escalation.  

Because we have shown that a high dose was a significant 
prognostic factor for FFF, and a number of patients in the high-dose arm 
received a lower than prescribed dose, we also analyzed all patients by the 
actually given dose (low-dose group: mean dose 67.9 Gy; range: 16 to 72 
Gy v high-dose group: mean dose 77.9 Gy; range: 74 to 78 Gy), instead of 
by intention to treat as in the main analysis. Comparison of these two groups 
resulted in an even larger difference in FFF (p = 0.001; results not shown). 
Two other Phase III trials have found a dose response for freedom from 
failure. [9,10] The M.D. Anderson Cancer Centre trial compared 70 Gy with 
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78 Gy in 305 stage T1-T3 prostate cancer patients and found a significantly 
improved FFF. A preliminary report showed an absolute benefit of 10 % at 5 
years, which is similar to our results. [24] In a second analysis with an 
additional follow-up of 20 months the benefit at 6 years was 6 %. [9] An older 
phase III trial, carried out by the Massachusetts General Hospital, compared 
67.2 Gy with 75.6 Cobalt Gray Equivalent (GyE) in 202 high-risk prostate 
cancer patients with stages T3-4N0-2. [8] They used a proton boost to 
increase the dose. No significant difference was found in local control in the 
entire cohort. Subsequently, they performed another phase III trial together 
with the Loma Linda Medical Center. That study included 393 patients and 
compared 70.2 GyE with 79.2 GyE, again using a proton boost and including 
only patients with stages T1-T2b disease. [10] A large advantage in freedom 
from biochemical failure was noted for patients treated to high doses, and 
this difference held true for low-risk as well as for higher risk patients. Most 
of the non-randomized studies found a dose-response for intermediate-risk 
patients [25-27], some also for high-risk patients [25,26], but only few studies 
detected a benefit for low-risk patients. [28,29]  
Of note is that the curves for the two dose levels in our study started to 
separate after approximately 1.5 years when biochemical failure was defined 
using the ASTRO definition (Fig 2A), and after 3 years without backdating 
(Fig 2B). The patients with an early failure were mainly high-risk patients 
who developed a failure outside the prostate (results not shown). A 
comparable lag period before separation of the two curves was seen in the 
study of Zietman et al. [10] We found no difference in FFCF or OS between 
the two dose levels. We need a longer follow-up to show a dose response in 
FFCF given that biochemical failure has been shown to be an early 
surrogate for clinical failure. [30-32] Because Kestin et al. found that the 
median time between the third consecutive PSA rise and clinical failure was 
1.4 years, it is not surprising that we did not find a difference in FFCF yet, 
given that our curves separated after 3 years (Fig 2B).  

A major difference with the three other Phase III trials is that we 
allowed (neo)adjuvant HT. [8-10] After cessation of HT, a transient increase 
in PSA may occur due to recovery of prostate tissue from testosterone 
suppression. This may lead to false-positive results with the ASTRO 
definition. [33] Therefore, discussion has arisen whether another definition of 
PSA failure should be used for patients treated with HT. The results of 
studies that compared several definitions of biochemical failure in patients 
treated with HT vary with conflicting results. [33-35] Therefore, we repeated 
the main analysis with a proposed alternative definition of failure (nadir plus 
2 µg/L), and found that FFF was higher in the high-dose arm versus the low-
dose arm (at 5 years 67 % vs. 61 %), but this difference was not significant 
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(Log Rank p = 0.2). [20,35] Another criticism on the ASTRO definition is that 
it was designed based on data where PSA levels below 0.5 µg/L could not 
be measured. [36] For that reason we also analyzed FFF with data where 
PSA-values smaller than 0.5 µg/L were set to 0.5 µg/L. We found that the 
differences in FFF between both arms were still significant (results not 
shown). An advantage of this latter definition is that some of the small PSA 
bounces are left out. However, whatever the shortcomings of the ASTRO 
definition are, they probably occur in both arms because of the random 
assignment.  

Nevertheless, increasing the dose is not without consequences with 
regard to toxicity. In this paper we presented an update of overall late 
gastrointestinal and genitourinary toxicity and found no significant 
differences between both randomized arms, which is in accordance with our 
earlier results. [12] However, for the more specific symptoms late rectal 
bleeding and fecal incontinence, a higher radiation dose resulted in 
significantly higher incidences. [12,13] In contrast to our first report, nocturia 
was no longer significantly higher in the high-dose arm (data not shown). 
[12] Although a higher treatment dose resulted in increased GI toxicity, the 
incidences were still acceptable. We also expect that, with the use of 
intensity-modulated radiotherapy for all patients, the complication rates will 
decrease. [37] 

 
 

Conclusions 
In summary, we have shown that prostate cancer patients benefited from an 
increase of the dose by 10 Gy in terms of freedom from failure, at the cost of 
slightly higher, but acceptable, incidences of late rectal bleeding and fecal 
incontinence. This result supports the use of a higher radiation dose in 
patients with localized prostate cancer. 
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ABSTRACT 
 
Purpose: To investigate whether a large rectum filling visible on the 
planning CT scan was associated with a decrease in freedom from any 
failure (FFF) and freedom from clinical failure (FFCF) for prostate cancer 
patients. 

Patients and methods: Patients from the Dutch trial (78 Gy vs. 68 Gy) with 
available acute toxicity data were analyzed (n = 549). A 10 mm margin was 
applied for the first 68 Gy, 0-5 mm for the 10 Gy boost. The dose in the 
seminal vesicles (SV) was prescribed within four treatment groups according 
to the estimated risk of SV involvement. Two potential risk factors (RFs) for a 
geometric miss were defined: anorectal volume ≥ 90 cm3 and at least 25 % 
of treatment time diarrhea (RF1), and the mean cross-sectional area (CSA) 
of the anorectum (RF2). We tested whether these were significant predictors 
for FFF and FFCF within each treatment group.  

Results: Significant results were observed only for patients with a risk of SV 
involvement > 25 % (dose of 68-78 Gy to the SV, n = 349). We found a 
decrease in FFF (p = 0.001) and FFCF (p = 0.01) for the 87 patients with 
RF1 (for RF2: p = 0.02 and 0.01, respectively). The estimated decrease in 
the FFCF rate at 5 years was 15 %.  

Conclusions: Tumor control was significantly decreased in patients with a 
risk of SV involvement > 25 % and at risk for geometric miss. Current image 
guidance techniques offer several solutions to geometrically optimize the 
treatment. Additional research is needed to evaluate whether geometric 
misses can be prevented using these techniques. 

 
 

Introduction 
 
In the past decades, conformal radiotherapy (RT) has become the standard 
treatment technique for prostate cancer. This “high dose - high precision” 
treatment requires accuracy within millimeters with regard to delineation of 
the target, patient setup, and organ motion, because the current clinically 
applied margins are in the range of 8 - 15 mm. [1-3]. This also implies that 
the anatomical patient model available from the planning CT scan should be 
representative for the situation during the treatment period. In 2005, 
Dearnaley et al. [1] published data from a pilot study in which they had 
randomized patients between a standard or high radiation dose and between 
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a 1-cm or 1.5-cm margin. Their results showed no decrease in tumor control 
for the 1-cm margin compared with the 1.5-cm margin, implying that a 1 cm 
margin is “safe” during conformal radiotherapy. Recently, De Crevoisier et al. 
[4] published data in which they concluded that the applied margins (of 7.5-
15 mm to the block edge for the boost) were not safe for patients with a 
distended rectum visible on the planning CT scan. They noticed a decrease 
of almost 30 % in tumor control for the subgroup with a cross sectional area 
(CSA) of the rectum greater than the median value of 11 cm2. 
          In a previous study of our own group, Hoogeman et al. [5] studied 
the rotational position of the prostate as a function of rectal volume. In their 
study, the data of 19 patients for whom a planning CT scan was available, 
as well as 10 repeat CT scans (during treatment), were analyzed. The rectal 
volume in the repeat CT scans appeared to be smaller than on the planning 
CT scan (average 74 cm3 and 84 cm3, respectively) causing on average 
systematic displacement (rotation) of the prostate during treatment. These 
data showed that a rectal volume of ≥ 90 cm3 on the planning CT scan was 
associated with a rotation of at least 2 degrees around the left-right axis (up 
to 6 degrees for a volume of 140 cm3). The position of the prostate in the 
repeat CT scans showed that a rotation of the prostate, caused by a smaller 
rectum, was associated with a rotation of the (base of the) seminal vesicles 
(SVs) out of the planning target volume for several patients.  
 A smaller rectal volume during treatment, with regard to the situation 
of the planning CT, can be explained by the development of loose or watery 
stools during RT for a large group of prostate cancer patients. Published 
data on diarrhea during RT are limited; toxicity is mostly reported in terms of 
overall toxicity scores and/or increased stool frequency, proctitis, and 
bleeding and not in terms of diarrhea. The prevalence of diarrhea during RT 
for prostate cancer was reported by De Meerleer et al. [6] to be 31 % 
(prescribed dose of 72 Gy-78 Gy, 2 Gy/fraction). A much higher frequency 
was however reported by Fransson et al. [7]: an incidence in the range of 55 
- 65 % of loose or watery stools at week 5 of treatment (64 Gy-76 Gy, 2 
Gy/fraction). In another study, Tsai et al [8] reported that hardly any increase 
in the incidence of diarrhea was seen during treatment (67 Gy, 1.8 
Gy/fraction). The large variation in reported frequencies can probably be 
explained by differences in prescribed dose, treatment schemes (elective 
fields, margins), used definition of diarrhea, as well as likely differences in 
data collection (e.g. with or without questionnaires, prospective or 
retrospective studies).  
   In the present study, we investigated the hypothesis that because of 
a relatively large volume of the rectum visible on the planning CT scan, a 
clinically relevant systematic shift occurs in the position of the tumor during 
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RT for a subgroup of patients. In such cases, tumor control could be affected 
when the applied margins are not sufficient to compensate for this effect. We 
analyzed the dose-response data from the Dutch multi-center randomized 
phase III trial comparing 68 Gy with 78 Gy [9] to investigate this possible 
loss in tumor control. 
 
 
Patients and methods 
 
Patient group 
We analyzed data from the Dutch Phase III trial randomizing between 68 Gy 
and 78 Gy. The main inclusion criteria were localized prostate cancer T1b-
T4N0M0, no prior malignancies and no previous radiotherapy of the pelvis. 
Patient recruitment took place between June 1997 and February 2003. We 
selected patients entered in the study at the Erasmus Medical Center 
Erasmus Medical Center - Daniel den Hoed Cancer Center (EMC) in 
Rotterdam or The Netherlands Cancer Institute - Antoni van Leeuwenhoek 
Hospital (NKI/AvL) in Amsterdam (n = 575). We did not select patients from 
the other 2 participating hospitals, because their patients had not answered 
the checklists (with information on acute diarrhea) during treatment. For 7 
patients of the selected group, no dose data were available, and for another 
group of 19 patients no acute toxicity data on diarrhea during RT was 
available. Therefore data of 549 patients could were analyzed in this study. 
Additional details of the total study population have been described 
elsewhere. [10] 
 
Treatment 
For all patients a planning CT scan was obtained before treatment. Before 
the planning CT scan (and during the treatment period), patients were asked 
to empty their bladder and drink half a liter of water, 1 h in advance. The 
Netherlands Cancer Institute – Antoni van Leeuwenhoek Hospital had a 
policy of rescanning patients with a very large rectum (≥ 150 cm3), and the 
Erasmus Medical Center had a policy to give mild laxatives before scanning. 
The dose prescription was according to the recommendations of the 
International Commission on Radiation Units and Measurements, with 2 Gy/ 
fraction. [11] 
 The Gross Tumor Volume (GTV) was delineated on the planning CT 
scan as the prostatic capsule including the base of the seminal vesicles (SV) 
in cases in which only the prostate was the target and including the prostatic 
capsule with and without the SV (GTV1 and GTV2) in cases in which the SV 
were also the target. The Clinical Target Volume (CTV) was defined as the 
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delineated GTV. The anorectum was delineated on the CT scan from the 
anal verge until the inferior border of the sacro-iliacal joints or to the point 
where the rectum was no longer close to the sacrum. For treatment planning 
a 1-cm margin from CTV to the Planning Target Volume (PTV) was applied 
for the first 68 Gy, with a margin of 5 mm (0 mm towards the rectum) for the 
10 Gy boost, when applicable. The dose to the SV was prescribed within 
four treatment groups, based on the estimated risk of SV involvement using 
the Partin tables [12]: Group I, with an estimated risk < 10 %, 0 Gy; Group 2, 
with an estimated risk of 10 %-25 %, 50 Gy. Both groups containing T1b-T2a 
tumors only, with relatively low Gleason score and/or PSA levels). Group III, 
with an estimated risk > 25 % (including all T2b, T3a tumors and T1b-T2a 
with relatively high PSA level and/or Gleason score), 68 Gy; Group IV, the 
total dose of 68 Gy or 78 Gy (T3b-T4 only). The exact definition of the 
treatment groups is summarized in Table 1. During treatment the patient 
setup was verified using electronic portal imaging and an offline verification 
protocol, keeping systematic setup errors within 5 mm. Other details about 
treatment planning have been described previously. [10] 
 
 
Table 1. Defined treatment groups (I, II, III and IV). 

  T1b, T1c, T2a* T2b* 
T3a 

T3b 
T4 

Gleason 
score 

                   iPSA (µg/l) 
 
Differentiation 

0-4 4-10 10-20 20-60 0-60 

2-4 Good I I I II III IV 
5-7 Moderate I II II III III IV 
8-10 Poor II III III III III IV 

Abbreviation: iPSA, initial prostate-specific antigen.  
*According to American Joint Committee on Cancer 1997 guidelines. 
 
 
Definition of risk factors for geometric miss 
We defined a possible risk factor (RF1) for a geometric miss based on a 
rectum volume in the planning CT scan of ≥ 90 cm3 combined with the 
presence of diarrhea during RT. We hypothesized that diarrhea could cause 
a smaller volume of the rectum leading to a possible clinically relevant shift 
of rectum and prostate. Diarrhea was scored on a patient self-report 
questionnaire (grade 1-3) on a weekly basis: loose stools, loose to watery 
stools, watery stools. Patients had to report diarrhea (grade 1, 2 or 3) for at 
least 25 % of the treatment time to score for ‘diarrhea during treatment’. We 
calculated this percentage by dividing the number of times diarrhea was 
reported by the number of completed questionnaires. Apart from RF1, we 
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also evaluated the predictive value of volume ≥ 90 cm3 on the planning CT 
scan and the presence of diarrhea > 25 % (yes/no) separately.  

On the basis of the findings of de Crevoisier et al., [4] we defined the 
mean cross-sectional area (CSA) of the delineated anorectum as a second 
risk factor (RF2). RF2 was calculated by dividing the total volume of the 
delineated anorectum (including filling) by the length (difference in 
coordinates in anterior-posterior direction) of the delineated anorectum in 
centimeters. The predictive value of the mean CSA was tested at a cutoff of 
the median value and at a cutoff value of the upper quartile (RF2).   
 
Subgroups for analysis 
Because the dose to the SVs was different within the treatment groups (as 
described above), leading to different dose distributions, a potential 
difference existed in the risk of geometric miss. Therefore, we divided the 
patient population into three groups for the analysis: treatment group I  (0 Gy 
to the SV), treatment group II (50 Gy to the SV) and treatment group III/IV 
(68/78 Gy to the SV). We chose to analyze treatment groups III and IV 
together, because the dose to the prostate and SV was similar; for all 
patients in the 68 Gy arm the dose to the SV was 68 Gy, for patients in the 
78 Gy arm, the prescribed dose to the SV was 68 Gy in treatment group III 
and 78 Gy in treatment group IV.    
  
Statistical analysis 
We tested the predictive value of the defined risk factors RF1 and RF2, as 
well as the predictive value of a number of variables separately, using a 
multivariable Cox regression model (adjusted for hospital and dose group). 
Adjustment for hospital was done to adjust for the different levels of failures 
in the hospitals.  

For the endpoint ’Freedom From any biochemical or clinical Failure’ 
(FFF) we calculated biochemical failures according the ASTRO guidelines 
(American Society for Therapeutic Radiology and Oncology) of 3 
consecutive rises. [13] However, we did use no backdating to the midpoint 
between last nonrising value and first rise, because of concerns of the 
stability in the failure rate when backdating is applied, as we have previously 
reported. [9] Clinical failures were defined as locoregional failure, distant 
metastasis or start of salvage hormonal therapy. The ‘dose group’ that was 
included in the multivariable testing referred to the ‘true’ dose that the patient 
had received during treatment: < 73 Gy (mean dose in this group of 67.9 Gy) 
or ≥ 73 Gy (mean dose of 77.9 Gy). All results with a p value of 0.01 or 
below were considered as statistically significant; because of the ‘multiple 
testing’ in this study we did not choose a cutoff of 0.05 for statistical 
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significance. We used ©SPSS for Windows software for the analyses, 
release 10.0 (SPSS, Chicago, IL).  
 

 
Results 
 
General statistics 
In Table 2, the general statistics are summarized. The median follow-up time 
was 51 months. The mean age was 69 years (6.4 years, 1 SD). Treatment 
group I contained 18 % of the patient population (n = 99), group II 18 % (n = 
101) and group III/IV 64 % (n = 349; 258 in group III, 91 in group IV). The 
mean volume of the delineated anorectum (including filling) was 82.7 cm3 
and the mean anorectal length (cranio-caudal distance between most upper 
and lower delineated slide) was 11.9 cm. The mean horizontal cross 
sectional area (CSA) was 7.0 cm2 and the median value was 6.6 cm2. The 
CSA and the anorectum volume were highly correlated variables with a 
Pearson correlation coefficient of 0.92 (p < 0.001). With regard to the 
prevalence of diarrhea, 15 % reported loose or watery stools at baseline and 
80 % reported at least once loose or watery stools during radiotherapy of 
whom 71 % reported diarrhea ≥ 25 % of the treatment time (67 % in group I, 
75 % in group II, 71 % in group III/IV). The remaining 9 % of the patients, 
who reported diarrhea < 25 % of the time, all reported loose stools once (no 
watery stools).  
 
Overall results for freedom from failure 
The Freedom From Failure (FFF) for the total group was 56 % at 5 years (3 
%, 1SE). The FFF in the low dose (67.9 Gy) and high dose group (77.9 Gy) 
was 49 % (4 %, 1SE) and 65 % (4 % 1SE), respectively. Within the 
treatment groups, the FFF at 5 years was 82 % in group I (5 %, 1SE), 62 % 
in group II (6 % 1SE) and 47 % in group III/IV (3 %, 1SE).  
   
Predictive value of diarrhea plus large anorectum on CT scan (RF1) 
Out of the 549 patients, 184 (34 %) had an anorectum volume including 
filling ≥ 90 cm3 (29 % in treatment group I, 39 % in group II, 29 % in group 
III/IV) of whom 141 (26 % of total population) reported diarrhea ≥ 25 % of 
treatment time. The number of patients fulfilling the criterion of RF1 was 18 
%, 36 % and 25 % in treatment groups I, II and III/IV, respectively. 
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   Table 2. Characteristics of the study population. 

Variable Total group (n = 549) 
  n               % 

Tumor stage 
  T1 
  T2 
  T3 
  T4 
Treatment group 
   I   
   II  
   III  
   IV 
Randomization arm and actually given dose 
   68 Gy arm 
     - 68 Gy 
   78 Gy arm  
    - 78 Gy 
    - 74-76 Gy 
    - 68-72 Gy 
    

 
100    18 %  
237    43 % 
205    37 % 
  7       1 %  
 
99    18 % 
101    18 % 
258    47 % 
91    17 % 
 
274    50  % 
 274     50 % 
275    50  % 
 248     45 %  
  9      2 %   
 18      3 % 
 

Rectum* 
Delineated volume including filling (cm3) 
Delineated craniocaudal length# (cm) 
Cross-sectional area (cm2) 

Mean values (SD): 
 82.7 (26.7) 
 11.9 (1.4) 
 7.0   (2.0) 

   * calculations include the total delineated anorectal tract   
   # absolute craniocaudal distance between most upper and lower delineated slide 
 
The anorectum volume (including filling) had no predictive value as a 
continuous factor (results not shown) or at a cutoff of the median value, 
which was 78 cm3. It did have a significant predictive value at a cutoff of 90 
cm3 for patients treated in treatment group III/IV (p = 0.01, Table 3) and no 
predictive value in treatment group I and II (p = 0.6 and 0.9, respectively). 
Diarrhea alone had no predictive value. However, RF1 (both diarrhea during 
treatment and an anorectum of at least 90 cm3 on the planning CT scan) 
was a highly significant predictor for FFF in treatment group III/IV (p = 0.001) 
whereas it was not for treatment groups I and II (p = 0.07 and 0.7, 
respectively, Table 3). These results are illustrated in Fig. 1: the Kaplan-
Meier curves show the FFF for patient groups with and without RF1 for 
treatment group III/IV, stratified for the dose group (67.9 Gy and 77.9 Gy). 
The corresponding p value of the Log Rank test (adjusted for dose group) 
was 0.0002. The curves show a difference in FFF at 5 years of 30 % in the 
67.9 Gy dose group: from 49 % (5 %, 1SE) for patients not at risk to 19 % (7 
%, 1SE) for patients at risk. For the 77.9 Gy dose group a difference in FFF 
of 18 % is found at 5 years of follow up: from 59 % (6 %, 1SE) to 41 % (8 %, 
1SE).  
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Table 3. Results of Cox regression analysis for the endpoint freedom from 
biochemical and clinical failure (FFF), per treatment group. Every variable is tested in 
a model adjusted for hospital and dose group. HR stands for hazard ratio. Significant 
results (p ≤ 0.01) are in italics. 
Variable 
 I (n=99)               II (n=101) III/IV (n=349) 

                       HR with 95% CI (p)    
Anorectal volume 
   ≥median (78 cm3) 
   ≥90 cm3 

Diarrhea ≥ 25 % RT 

Anorectal vol ≥90 cm3      
and diarrhea ≥ 25 % RT* 
CSA  
   ≥ median (6.6 cm2) 
   ≥8 cm2# 
 

 
1.7 0.6-4.5 (0.3)     0.8 0.4-1.7 (0.6)  1.2 0.9-1.6 (0.3) 
1.3 0.5-3.6 (0.6)     0.9 0.4-2.0 (0.9)  1.5 1.1-2.1 (0.01) 

9.0 1.2-70 (0.04)    1.0 0.4-2.6 (0.9)  1.2 0.9-1.8 (0.2) 

 
2.7 0.9-7.8 (0.07)   0.9 0.4-1.9 (0.7)  1.8 1.3-2.4 (0.001) 
  
2.7 0.9-7.6 (0.07)    1.0 0.5-2.2  (1.0)  1.1 0.8-1.5 (0.6) 
1.3 0.5-3.9 (0.6)      0.5 0.2-1.3  (0.1)  1.5 1.1-2.2 (0.02) 

Abbreviations: CSA = cross sectional area; F = risk factor; HR = hazard ratio;  
CI = confidence interval 
*defined as risk factor 1 (RF1)   #defined as risk factor 2 (RF2) 
 
 
Predictive value of cross-sectional area 
The median cutoff value of the CSA (6.6 cm2) had no predictive value for the 
FFF (Table 3). A cutoff at the quartile of 75 % (8.0 cm2), defined as risk 
factor 2 (RF2), was associated with a decreased FFF in treatment group 
III/IV (hazard ratio of 1.5). This result was however (borderline) not 
significant (p = 0.02). For treatment group I and II, the hazard ratio’s at a 
cutoff of 8.0 cm2 were 1.3 (p = 0.6) and 0.5 ( p = 0.1), respectively. From the 
25 % (n = 135) with RF2, 96 % had an anorectum volume including filling ≥ 
90 cm3 and 73 % fulfilled the criterion for RF1.  
 
Clinical failures for subgroups with significantly decreased FFF 
For the patients in treatment group III/IV, we evaluated also the impact of 
RF1 and RF2 on the clinical failures only (FFCF). Adjusted for hospital and 
dose group, the HR of RF1 was 1.7 (95 % confidence interval 1.1-2.5, p = 
0.01). For RF2 the hazard ratio (HR) was also 1.7 (95 % confidence interval 
1.1-2.6, p = 0.01). The Kaplan Meier curves for the ‘risk -‘ and ‘risk+’ group 
(n = 262 and n = 87, respectively) are shown for RF1 in Fig. 2 for each dose 
group. The p value of the corresponding Log Rank statistic (adjusted for 
dose group) was 0.009. The drop in FFCF at 5 years is similar for both dose 
groups (about 15 %): from 69 % (5 % 1SE) to 55 % (9 % 1SE) for the 67.8 
Gy dose group and from 71 % (5 % 1SE) to 55 % (8 % 1SE) in the 77.9 Gy 
dose group.  
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Fig. 1 and Fig. 2. Kaplan-Meier curves of ‘freedom from biochemical or clinical 
failure’ (Fig.1) and freedom from clinical failure’ (Fig. 2), for patients with and without 
risk factor 1 (anorectal volume ≥ 90 cm3 and diarrhea ≥ 25 % of the treatment time) 
for the subgroup ‘treatment group III/IV’. Curves are shown for the dose group 67.9 
Gy and 77.9 Gy. The corresponding p value of the Log Rank test (adjusted for dose 
group) is 0.0002 (Fig. 1) and 0.0009 (Fig. 2), respectively.  
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Discussion 
 
We found evidence in our trial data that tumor control was significantly 
decreased in patients for whom the patient model for treatment planning was 
suspected to be not representative for the patient anatomy during the actual 
treatment, owing to the large rectum visible on the planning CT scan.  

This evidence was found for a subgroup of patients with an 
estimated SV involvement of ≥ 25 % (treatment group III/IV; that is, patients 
with T stage T2B-T4 and/or a combination of the risk factors PSA level of 20 
ųg/L - Gleason 5 or higher, PSA level > 4 - Gleason ≥ 8). For these patients, 
RF1 (anorectal volume ≥ 90 cm3 and at least 25 % of the treatment time 
diarrhea) was significantly associated with a decrease in tumor control (for 
FFF, as well as FFCF). In contrast, the RF2 (CSA ≥ 8 cm2) was only close to 
significance. Because the variable CSA and anorectal volume correlated 
highly, the RF2 would probably also become significant when diarrhea would 
become a part of the definition, as in RF1.  

For patients (group I and II) with an estimated risk of SV involvement 
< 25 %, who were treated with a dose of 0-50 Gy to the SV, we found no 
significant decrease in FFF resulting from one  of the two risk factors, 
although some HRs were quite large (e.g. a HR of 2.7 for RF1 in treatment 
group I). This patient subgroup was, however, much smaller and therefore 
the statistical power to identify a risk was limited. Therefore, we could not 
conclude whether the estimated large HR resulted from chance, or that there 
a significant effect would have been noted in a larger study population or 
after more follow-up data. In particular, the HR of 9.0 in treatment group I for 
the risk factor of diarrhea > 25 % of treatment time would be an interesting 
factor to investigate again when we have more events, because the present 
analysis is based on only 17 events of FFF in the total subgroup of 99 
patients.   

The findings of our study support the observations of De Crevoisier 
et al. [4] who described a significant decrease in tumor control (freedom from 
biochemical or clinical failure, according the ASTRO definition) for patients 
treated to 78 Gy, with a CSA on the planning CT scan above the median 
value of 11.2 cm2. They found a decrease of more than 25 % in tumor 
control (FFF) 6 years after RT for 50 % of their patients (with a CSA greater 
than the median value). In our study we found a reduction of 20 % in FFF for 
the 77.9 Gy dose group at 5 years for a much smaller group at risk: about 25 
% of treatment group III/IV, which is about 16 % of the total population. This 
could be explained by a number of differences between the two studies: our 
median CSA was 6.6 cm2 but was much larger (11.2 cm2) for their 
population. Furthermore, we used a setup verification protocol to keep 
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systematic errors within a few mm while their patients had verification by 
films on a weekly basis. Another issue was that the margin for the first 68 Gy 
was 10 mm in our study. In contrast, the study by De Crevoisier et al. used a 
minimum of 7.5 - 10 mm from the CTV to the block edge in the posterior 
direction for the boost > 46 Gy, leading to an effective margin at the dorsal 
site of the prostate < 5 mm because of the beam penumbra. 

The potential danger of a planning CT scan not being representative 
for the situation during treatment can probably be prevented by relatively 
simple to more complex procedures (different types of image guided 
radiotherapy) without increasing the margins. Currently, we use a new 
protocol in our clinic, including a dietary regimen and mild laxatives prior to 
the planning CT scan and during treatment (for patients with diarrhea, no 
laxatives are given). Although the policy of mild laxatives in the Erasmus 
Medical Center did not lead to the prevention of geometric miss in our trial, a 
more strict protocol, including diet, should solve most of the problems. For a 
subgroup of our patient population, we also have implemented a more 
complex solution by means of adaptive RT). Patients treated within the 
adaptive RT protocol undergo repeat planning after the first week of 
treatment to determine their mean prostate position and their mean rectum 
position, which have been established with cone-beam CT scanning during 
the first five fractions. In this protocol, the margins are reduced in the 
additional adaptive RT plan for the remaining treatment period, keeping the 
tumor coverage probability at least at the same level.  Other groups have 
reported using a protocol with on-line matching on prostate markers, a 
straightforward method to avoid a geometric miss.  

However, even with a dietary and laxative protocol, it can not be 
excluded that in a small number of patients a margin of 10 mm is not 
sufficient to take into account sub-clinical disease, errors in setup and 
delineation and relatively large organ motions owing to, for instance, severe 
diarrhea. The applied margin of 10 mm is currently considered as rather 
large when using prostate localization techniques such as cone beam CT, 
ultrasound or fiducial markers.    

The greatest risk of a geometric miss is very likely to be at the site of 
the rectum and/or SV. First, for 70 - 80 % of prostate cancers the peripheral 
zone is involved, which is located at the dorsal (rectal) site of the prostate. 
[14,15] This site is also the place where we want tight margins and steep 
dose gradients to avoid toxicity of the rectum. However, when extracapsular 
disease is present, the dorsal site (adjacent to the anterior rectal wall) is the 
place where extensions are often found. [2] In particular, for patients at high 
risk for SV invasion and extracapsular extension, the true CTV could be very 
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close to the delineated PTV at the dorsal site, leaving only a small margin to 
account for setup errors and organ motion. 

Teh et al. [2] reported on extracapsular extension of prostate cancer 
and the radial distance. They concluded that attention for the coverage of 
sub-clinical disease is important, especially when the isodose lines become 
tight. They found an overall percentage of 26 % of extracapsular disease in 
their study population of 712 patients up to 5 mm extensions and beyond 
and a median radial extension of 2 mm. They concluded that coverage of 
sub-clinical disease must be addressed first before addressing other issues, 
such as intensity-modulated RT and dose escalation, to avoid geometric 
miss. 

Tinger et al. [16] concluded that margins of 9.6 mm in the anterior-
posterior direction are needed to cover 95 % of the uncertainty in setup and 
organ motion when the SV are involved (and 8 mm in case they are not 
involved). Rasch et al. [3] calculated that the margin from CTV to PTV to 
take into account the errors caused by organ motion, patient setup, and 
target delineation, should be at least 9.5 mm in the AP direction for a 
coverage of 95 % of the treatment sessions for prostate cancer. This 
suggests that the 10 mm that we used in our study (only 0.5 mm extra) in the 
anterior-posterior direction was not sufficient to cover for extra risks for some 
patients who had for instance extracapsular extension, full planning CT 
scans and/or severe diarrhea during treatment. Also, the margin of 0 mm 
towards the rectum for the boost of 10 Gy is probably not an optimal protocol 
for dose escalation.  

The magnitude of loss in tumor control probability (TCP) we found in 
this study is larger than previously estimated by our group [17,18]. Van Herk 
et al. [17] calculated that with a systematic error of 3.6 mm and a random 
error of 3.3 mm, a TCP loss due to these errors of 1 % is expected when a 
CTV-PTV margin of 10 mm is applied (with a typical dose distribution of a 
three-field technique similar to the treatment in our trial). Within treatment 
group III/IV, we have had a TCP loss in the range of 15 % - 25 % for about a 
quarter of the population, which is about 4 % - 5 % for the total group of 349 
patients. This could have been partly caused by extracapsular extensions, 
which makes the assumption that the GTV (the prostate) is assumed to be 
the CTV invalid. Furthermore, in these calculations, it was assumed that no 
overall systematic shift occurred between the position of the prostate on the 
planning CT scan and during treatment. We know now that this is not the 
case for the patients with a large rectum on the planning CT scan. We will 
perform additional simulations in the near future to study the observed TCP 
losses in relation to these issues. 
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Conclusions 
Tumor control was significantly decreased in a subgroup of patients with a 
large rectum filling visible in the planning CT scan who were treated with 
conformal techniques and a 10 mm margin and who had an estimated risk of 
SV involvement of > 25 %. Current image protocols offer several solutions to 
further optimize the treatment. Additional research is needed to evaluate 
whether these localization techniques can prevent geometric misses. 
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1 Relationships between dose and toxicity 
 
Dose effect relationships 
A substantial part of this thesis concerns acute and late side effects, within 
the context of external beam radiotherapy of prostate cancer. The main 
focus is on gastrointestinal (GI) toxicity. In Chapter 4 the toxicity data are 
compared for the two dose arms of the Dutch randomized trial. In Chapter 2 
and 3, toxicity is studied as a consequence of the specific dose received by 
organs at risk, especially the rectum and anal canal. In Chapter 5, late 
toxicity is studied as a result of dose volume effect relationships and acute 
toxicity.  

Linking clinical data concerning side effects to individual risk factors 
and dose volume data, is an effective tool to learn more about the underlying 
dose effect relationships. Results of these analyses can be translated into 
guidelines for treatment planning in clinical practice, in order to minimize 
risks for toxicity as much as possible. In this light, it is obviously of great 
importance that the relevant complaints (i.e. which were indeed a result of 
the irradiation), are linked to the correct dose volume data (i.e. derived from 
the organ that is causing these complaints when it is disabled by irradiation). 
Furthermore, these dose effect relationships can be described separately for 
subgroups of patients, who are at a higher risk for developing side effects. 
One should however be careful with recommended dose constraints from 
other studies and institutions. It has been demonstrated that using different 
guidelines for the delineation of the (ano)rectum influences the dose volume 
histogram of the organ at risk, considerably. [1] This implies that dose 
constraints for relative volumes, achieved from studies with a different 
contouring of the organ at risk, can under- or over-estimate the risks. 
Another issue is the lack of comparable (toxicity) results in literature, as 
described in more detail in the paragraph on pitfalls in the comparison of 
results between studies (page 146). 
 
Dose distributions in the anorectal wall 
The Chapters 2 and 3 concern two studies in which we investigated the 
relationships between dose distributions and toxicity outcomes. For this 
purpose, we had access to the clinical and dosimetric data of a subset of the 
Rotterdam trial. In this trial, toxicity outcome for patients treated with 
rectangular fields were compared with conformal fields, in a patient 
population of 266 patients. [2] From our first study (Chapter 2), we learned 
that in order to investigate the relationship between the dose on the rectal 
wall and the endpoint late rectal bleeding, it was best to calculate relative 
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dose distributions (instead of absolute), to take dose to the wall only (instead 
of dose to the whole rectum including filling) and to investigate especially the 
dose to the rectum excluding the last 3 cm of the drawn rectal structure 
where the anal canal is located. Furthermore, the data suggest that the risk 
for bleeding keeps constantly rising with increasing dose rather than there is 
a kind of “threshold” value dividing the dose range into “low risk” and “high 
risk”. In Chapter 3, we investigated (in the same dataset) the relationship 
between the (relative) dose distributions in several parts of the rectal wall 
(including anal region), and a number of patient-reported symptoms 
(bleeding, mucus loss, rectal incontinence, increased stool frequency), in 
order to hypothesize which part of the rectal wall was most optimal related to 
each complaint. From this study we concluded that only bleeding correlated 
with dose, when the total structure (including anal region) was analyzed, 
whereas also other symptoms correlated with dose when only a superior or 
inferior part of the delineated organ at risk was evaluated. 

The majority of studies concerning the relationship between 
irradiation of the rectum plus anal region and adverse events, focus on the 
relationship between the delineated rectum and the recorded EORTC/RTOG 
toxicity scores [3] Grade ≥ 2, with a main focus on rectal bleeding. Published 
data, in which the anal region and/or (part of the) rectum is analyzed in 
combination with other endpoints than bleeding, are limited. Koper et al. [2] 
reported also on this subject and divided dose volume information and 
toxicity into “anal” and “rectal” information. They could, however, not 
establish a significant relationship between dose parameters and the 
assigned toxicity scores. Al-abany and colleagues reported on significant 
dose volume effect relationships for the anal sphincter region in relation to 
fecal leakage. [4] Therefore they recommended limited volumes receiving 
intermediate doses levels (of 35 - 40 Gy) in the region of the anal sphincter.  
 
Consequential damage 
In Chapter 5 we investigated the relationship between acute and late 
gastrointestinal (GI) toxicity, including acute complaints and relevant dose 
parameters (concerning rectum, anal canal or both) in a multivariate 
analysis, for different endpoints (grade ≥ 2 toxicity: severe rectal bleeding, 
intermittent rectal bleeding, use of incontinence pads for fecal loss, use of 
steroids, stools ≥ 6 / day). We concluded that acute toxicity (i.e. acute 
proctitis) is an important independent predictor for late toxicity, with regard to 
increased stool frequency, use of incontinence pads, and intermittent 
bleeding. The dose parameters included in this analysis were derived from 
another published study of our group, in which we identified dosimetric 
parameters (anorectal, rectal and anal wall dose distributions) that correlated 
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with different late gastrointestinal complications. [5] The observation that 
acute GI toxicity is an independent predictor for late GI toxicity, has also 
been reported in a few other studies where dose volume information was 
also taken into account in a multivariate analysis. Wang and colleagues 
reported on acute diarrhea being an independent predictor for late proctitis, 
in patients treated with doses of 40 – 60 Gy for cervical cancer [6]. In a 
population of 743 prostate cancer patients, treated with 68 – 81 Gy, Zelefsky 
and colleagues found that acute GI toxicity Grade ≥ 2 was an independent 
predictor for late GI toxicity Grade ≥ 2. [7] Similar conclusions were drawn by 
Vargas and colleagues [8], in a study population of 331 patients. Zelefsky 
and colleagues also reported consequential effects for late GU toxicity. 
 For the prevention of late toxicity, by means of an optimal treatment 
plan, dose constraints are often aiming at high dose areas in the rectal wall, 
in order to limit the risk of late rectal bleeding. Taking into account that acute 
GI toxicity is an independent predictor for late GI toxicity, it would be 
meaningful to limit the risks for acute toxicity during treatment planning as 
well. As described by Peeters et al. [5], dose constraints to limit acute GI 
toxicity should not only aim at high doses, but also at intermediate doses.   

One step further to limit late toxicity by limiting acute toxicity would 
be to adapt the treatment itself. For instance, hypo-fractionation could 
attribute to less acute toxicity, and therefore less late toxicity.  In 2007 Martin 
and colleagues [9] reported on acute toxicity rates for 92 patients treated 
with 60 Gy in 20 fractions of 3 Gy with a total treatment time of 4 weeks. 
Assuming an α/β of 1.5, the equivalent dose in fractions of 2 Gy would be 
about 77 Gy (on the prostate): the same dose as in the high dose arm of the 
Dutch trial. Maximum acute toxicity Grade 2 or higher was only 12 % for GI 
complaints and 25 % for GU complaints (RTOG scores). In the Dutch trial, 
these numbers were about 50 % for GI and GU complaints, in both arms 
(Chapter 4). Martin and colleagues also reported briefly on late toxicity 
according RTOG scales: at a median follow-up of 38 months actuarial late 
GI toxicity Grade ≥ 2 was 6 %, GU toxicity was 10 %. In the Dutch trial the 
cumulative Grade ≥ 2 GI toxicity at 3 years of follow-up, was 23 % and 27 % 
for the standard and high dose arm, respectively. For GU toxicity these 
numbers were approximately 30 % for both arms (Chapter 4).  

The way of scoring toxicity is likely to be different between the study 
of Martin et al and the Dutch trial, despite the fact that the same scoring 
system was used; therefore a comparison should be made with caution. An 
important difference was that in the Dutch trial the patient questionnaires 
were used for scoring toxicity. In contrast, in the study of Martin et al., the 
physician assessed the toxicity. Nevertheless, the differences in reported 
toxicities are large and strongly suggest less bother for the patient in case of 
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hypo-fractionation. It remains however the question if tumor control is indeed 
at the same level when comparing hypo-fractionated treatment with 
conventional fractionation. In the near future, more results on this subject will 
become available from randomized trials. 
 
Gastrointestinal toxicity from a patient point of view 
In Chapter 4 we reported on the (lack of) differences between the two dose 
arms with regard to Grade ≥ 2 toxicities; moderate differences in acute and 
late Grade ≥ 2 toxicities were found, with only a significant result for late 
rectal bleeding needing treatment and for late nocturia. Therefore we 
concluded that the dose escalation of 10 Gy is safe, because there is no 
relevant rise in moderate to severe toxicity. Another important question is to 
what extend a higher dose is acceptable for the patient, when it comes with 
more low grade toxicities or chronic complaints which significantly affect the 
quality of life of the patient in the remaining years of his life. 

In the Dutch randomized trial, a large part of the patients reported 
their complaints on patient questionnaires, filled out during treatment and at 
each follow-up visit. Apart from the complaints, the patient was also asked if 
they were bothered by their complaints, grading their bother (for GI and GU 
complaint separately) as none, mild, moderate or severe. The available data 
on this bother score for GI complaints are summarized in Fig. 1.  This Figure 
shows how many patients were “bother free” with regard to stools before 
radiation treatment and during a period of 4 years after treatment. The 
proportion of patients without bother is shown for the 68 Gy arm and the 78 
Gy arm separately (for the latter group, patients planned with an advanced 
technique (IMRT) are excluded). The number of available questionnaires 
was 321 (68 Gy) and 289 (78 Gy) at year 1, down to 130 and 136 
respectively, at year 4. 
From Fig. 1 it is clear that after radiation treatment more patients are 
bothered with their stools: before RT about 90 % is free from complaints, 
after RT this percentage drops and increases again after 2-3 years. The 
fraction of patients indicating moderate to severe bother was at 3 years of 
follow-up: 9 % in the 68 Gy arm against 12 % in the 78 Gy arm. The 
difference between 78 – conventional technique and 78 Gy – advanced 
technique are significant at 1 and 2 year of follow-up (p = 0.04 and p = 
0.004, respectively). Data of the small group of IMRT patients (not shown) 
show much less complaints: only 3 % reports “bother” at 3 years of follow-
up. These results are, however, not significantly different.  
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Fig. 1. Proportions (with standard errors) of patients indicating “no bother  
with stools” as a function of time from start treatment. 
 

Another issue related to the described bother of the patient, is which GI 
symptoms in particular are mostly related to this bother of the patient. The 
trial data set on “bother” and scored symptoms is, however, limited, because 
only part of the patients reported “bother”. At the department of Radiation 
Oncology of the NKI / AvL there is a much larger data set available on this 
subject, containing about 500 patients treated with 68-70 Gy in fractions of 2 
Gy, between 1995 and 2002 with a total of about 4000 records. These data 
show that during follow-up visits about 30 % indicates to be bothered during 
stools because of GI complaints. This number of about 30 % is stable 
throughout the years up to 8 years of follow-up. Linear regression shows that 
all registered complaints contribute significantly to the ‘bother’ score. The 
main items contributing the most to the “bother” score are: pain, cramps, 
urge and uncontrolled loss of feces. The patient is less bothered by an 
increased stool frequency, blood loss and mucosal loss. 

In a study by Koper et al [2], it was also observed that patients were 
most bothered by compliance related symptoms like soiling, fecal loss and 
urgency. Al-Abany and colleagues, who studied the relationship between 
irradiation of the anal sphincter and GI toxicity, came to similar conclusions: 
they reported that fecal leakage was the strongest factor associated with GI 
distress. [4]  

A previous report on the Dutch trial about dose effect relationships 
[5], revealed a strong correlation between the mean dose to the anal canal 
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and fecal incontinence Grade ≥ 2. The reported cumulative incidence at 3 
years for this endpoint was 5 % in the 68 Gy arm versus 10 % in the 78 Gy 
arm (Log Rank p = 0.03) in this data set of 641 evaluated patients. Although 
this difference was not (yet) significant (p < 0.01) it gives rise to concern, 
given the previous statements that fecal incontinence is one of the patient 
most feared side effects. For the small patient group treated in the high dose 
arm with the advanced IMRT technique, the estimated cumulative incidence 
of grade ≥ 2 fecal incontinence at 3 years was 5 % (data on the IMRT 
technique are planned to be published in the year 2008). 
 
Quality of Life scoring in the Dutch randomized trial 
In the Dutch randomized trial, the main focus concerning side effects was on 
GI and GU toxicity. A large part of the patients (n = 268) of the Dutch trial 
also filled out questionnaires on health related quality of life (HRQL) and a 
questionnaire on sexual items. The questionnaire on sexual functioning was 
analyzed in a separate analysis. Results were published in 2007 by van der 
Wielen et al. [10] They found a significant increase in the prevalence of 
erectile dysfunction (ED) after radiotherapy. In this study patients were 
censored at the moment they started with hormonal therapy, in order to 
estimate the effect of radiotherapy only. For the patients with no pre-RT 
complaints (72 % of the population), the cumulative incidence of ED was 38 
% at 3 years. No significant differences were observed between the two 
dose arms.  
 Several published HRQL studies concluded that there were no 
differences for prostate cancer survivors in HRQL between different 
treatment strategies, including “watchful waiting”. Recently, a Dutch survey 
study with 780 respondents, reported worse HRQL for patients treated with 
hormonal therapy scored on the 36-item Short Form Health Survey (SF-36) 
compared to other treatment options (radiotherapy, watchful waiting, 
prostatectomy). Comparing scores on the subscales (e.g. bodily pain, social 
functioning) of the radiotherapy group with an age-matched population, no 
clinical meaningful differences were found. [11] Despite the lack of 
differences in HRQL scores in prostate cancer survivors compared to control 
groups, they do, however, report significantly more problems with sexual 
functioning, stools and urinating. Apparently, these problems are not 
translated into worse HRQL scores. 
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2 A higher treatment dose in prostate cancer 
 
Outcome of the Dutch randomized trial 
In Chapter 6 the main results of the Dutch randomized trial (68 Gy vs. 78 
Gy) are presented. In a study population of 669 patients with a median 
follow-up of 51 months, we found a significant improvement in freedom from 
(biochemical and clinical) failure (FFF) for the high dose arm, according the 
ASTRO definition (3 consecutive rising PSA’s, backdated to midpoint 
between first rise and last non-rising value). The overall reported adjusted 
Hazard Ratio (HR) in our study, adjusted for treatment group, age, institution 
and hormonal therapy was 0.74 (p = 0.02) for the total trial population in the 
intention-to-treat analysis. We also evaluated the dose effect for the actually 
given dose (below 73 Gy versus above 73 Gy) which indicated a substantial 
larger benefit for the high dose group with a mean treatment dose of 77.9 Gy 
(versus 67.9 Gy): an adjusted HR of 0.66 (p = 0.001). About 10 % of the high 
dose arm was treated at a lower dose, mainly because dose constraints 
could not be met. For the endpoint clinical relapse (loco regional recurrence, 
metastasis or initiation of hormonal treatment), no differences were found 
between the two arms. 

As discussed in Chapter 6, the conclusions of our trial confirm the 
conclusions drawn in other previous studies on the same subject. We 
compared our results in particular with the results of the M.D. Anderson trial 
which had a similar study design, comparing 70 Gy with 78 Gy in a study 
population of 301 patients. [12,13] The main results (freedom from failure 
according the ASTRO definition) were published in 2002. They found an 
adjusted HR of 0.59 (p = 0.02) for the total group and they reported that the 
dose effect could only be attributed to the subgroup with an initial PSA 
(iPSA) above 10 ųg/L (no dose effect for iPSA ≤ 10 ųg/L). Because our trial 
was not designed for subgroup analysis (in fact, neither was their trial) we 
did not draw definitive conclusions for these subgroups. However, because 
several authors have reported a lack of dose effect for patients with an iPSA 
≤ 10 ųg/L, an explorative analysis on this subject was performed on the data 
of the Dutch randomized trial. The results are described in the paragraph on 
dose effects for subgroups based on initial PSA (page 148). 

Recently, the results of another large randomized clinical trial with a 
similar study design were published by Dearnaley et al: the MRC RT01 
randomized trial. [14] Also in this trial the main conclusion is that a higher 
dose (in this study 74 Gy versus 64 Gy) results in better freedom from 
clinical and biochemical failure. A more detailed comparison of the results of 
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the Dutch trial and the MRC trial is described in the paragraph “Comparison 
of the Dutch trial with the MRC RT01 trial” (page 147). 
 
The Phoenix definition for freedom from biochemical failure 
In the Dutch trial the applied definition of biochemical failure (as an early 
surrogate endpoint for clinical failure) was the recommended guideline of the 
ASTRO at that time: three consecutive rises in PSA level with the date of 
failure between the first rise and the last non-rising value. [15] In 2006 a 
report was published concerning the evaluation and revision of these 
ASTRO recommendations. The investigators at this meeting concluded that 
an alternative definition was more appropriate, especially when follow-up is 
limited and hormonal therapy is prescribed: a rise of 2 ųg/L above the post-
RT nadir (the Phoenix definition). [16] They also stated that “3 consecutive 
rises backdated to the date between first rise and nadir”, was not an 
appropriate definition when hormonal therapy is prescribed, especially when 
(additional) HT and no HT are compared, and when the frequency of follow-
up visits is low. They also recommended that freedom from failure rates 
should be reported at 2 years short of the median follow-up, in order to avoid 
the problems associated with backdating. Because biochemical failures are 
backdated according the definition of 3 rises, Kaplan Meier curves tend to 
shift each time more follow-up becomes available, which makes it tricky to 
compare rates between different studies.  

The outcome of the Dutch trial has been recalculated using the 
Phoenix definition, as briefly mentioned in the discussion of Chapter 6. It 
shows better tumor control in the 78 Gy arm which is not significant (p = 0.3, 
Log Rank test). Comparing the two dose arms according actual dose (< 73 
Gy, mean of 66.9 Gy versus > 73 Gy, mean of 77.9 Gy), this p value is 0.13. 
In Fig. 2 the (smoothed) Kaplan Meier curves are shown for freedom from 
(biochemical or clinical) failure according the ASTRO definition and for the 
Phoenix definition. The dose arms defined according the true dose contain 
358 (<67.9 Gy subgroup) and 306 (77.9 Gy subgroup) patients. In order to 
facilitate a fair comparison, the ASTRO curves are shown without 
backdating.  When comparing the definitions, the moment in time that the 
curves start to separate is 6 months apart: at about 2.5 years for the ASTRO 
definition and at about 3 years for the Phoenix definition. Furthermore, the 
dose arms are separating a bit faster according the ASTRO definition and 
the levels of tumor control drop faster after 4 years, especially in the 67.9 Gy 
subgroup. From the latest update of the Dutch trial [17], with more follow-up 
available, it is known that there is also a significant difference in FFF 
between the two randomization arms according the Phoenix definition 
(results not shown).  
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Fig. 2. Freedom from failure for the dose arms based on actual dose, according to 
the ASTRO definition (without backdating) and according the Phoenix definition.  
 

Pitfalls in the comparison of results between studies 
It would be interesting, from a research point of view as well as from a 
clinical point of view, to compare the levels of tumor control and toxicity of 
the Dutch trial with the results found in other published studies with similar 
irradiation schemes. Also a comparison with historical data, when for 
instance elective irradiation of the pelvic region was applied and lower doses 
were prescribed, would be interesting. It appears however to be hard to 
make valid comparisons. 

First of all, the endpoint ‘tumor control’ is defined in a different way 
throughout the years. The ASTRO committee has made an effort to tackle 
this problem by the publication of guidelines for the definition of “freedom 
from clinical and biochemical failures’ for randomized trials. Another issue is 
that study populations are often not comparable with regard to the 
prognostic features (e.g. T stage, Gleason score, initial PSA level). 
Moreover, throughout the years other characteristics of the tumor are 
presented (e.g. historical data do not report on Gleason scores and PSA). A 
third problem is that described subgroups are often based on different 
criteria, which applies to older studies as well as to recent published data. 
And even when study populations are comparable and subgroups are 
defined according similar criteria, there remain other factors that impair a fair 
comparison of the outcome: a different frequency of follow-up visits, a 
different policy (e.g. guidelines for imaging, biopsy) and different criteria for 

0 1 2 3 4 5 6
30

40

50

60

70

80

90

100

 

Fr
ee

do
m

 fr
om

 F
ai

lu
re

Time since randomization (years)

 ASTRO < 73 Gy
 ASTRO > 73 Gy
 Phoenix < 73 Gy
 Phoenix > 73 Gy



                            Discussion 

  147 

the initiation of hormonal therapy after RT (which is in most studies defined 
as “failure”) can all influence the estimated failure rates. In When the ASTRO 
definition of three consecutive rises is used as an endpoint, also a different 
median follow-up period between studies will affect the comparisons of 
estimated freedom from failure, because ‘backdating” is applied, affecting 
these estimates. Also in the Dutch trial such features are present: a different 
level of freedom from failure was noticed between the hospitals, and this 
was for a large part due to the fact that one hospital could not meet the 
protocol guidelines for the frequency of follow-up visits. 

With regard to comparing toxicity levels, similar problems arise. 
Many studies apply RTOG / EORTC toxicity scales which would make it in 
principle easy to make straight-forward-comparisons. However, the 
interpretation of these toxicity scales can differ considerably. Also 
differences in the frequency of follow-up visits, and the policy in evaluating 
the situation, have an effect on toxicity scores. For instance, when patients 
fill out questionnaires, much more complaints are registered then when the 
information on complaints is only noted by the physician. Recently, Garg and 
colleagues reviewed a large amount of data on radiation proctopathy in 
prostate cancer treatment. [18] They encountered many problems during the 
comparison of the data from different studies.  

In conclusion, comparisons of results on toxicity and tumor control 
should be made very carefully. No need to argue that this is an important 
drawback in the general search for the “optimal radiation treatment” for 
prostate cancer.  

 
Comparison of the Dutch trial with the MRC RT01 trial 
For the Dutch trial the overall reported adjusted Hazard Ratio (HR) was 0.74 
for freedom from failure in the 78 Gy arm compared to the 68 Gy arm(p = 
0.02) in the intention-to-treat analysis (median follow-up of 51 months). 
Dearnaley and colleagues reported an overall HR of 0.67 for the high dose 
group in the MRC RT01 trial (74 Gy vs. 64 Gy) after a median follow-up of 
63 months, which is in general agreement with our results. There are 
however some relevant differences between the studies. 
Apart from the difference in the described dose, differences in the study 
design were: in the Dutch trial patients with stage T3b were included (14 % 
of the population) whereas only stage ‘T1b-T3a’ patients were allowed in the 
MRC trial. In the Dutch trial only part of the patients received hormonal 
therapy (HT) prior to RT (21 %, mainly moderate to high risk patients) 
whereas all patients received HT in the MRC trial. Another issue is that the 
high dose was prescribed to the total PTV (including seminal vesicles (SV)) 
for the MRC trial whereas in the Dutch trial the dose to the SV was 0 Gy 
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(patients with favorable tumor characteristics), 50 Gy or 68 Gy and not 
depending on the randomization arm (except for a small group of high risk 
patients who received 78 Gy to the SV in the high dose arm). Another 
relevant difference between the two studies was a different definition of 
biochemical failure. In the MRC RT01 study the definition was: a PSA 
concentration greater than 2 ųg/L and at least a 50 % increase compared to 
the nadir. This definition is close to the “Phoenix definition”, as described 
earlier (page 145). When the Phoenix definition is applied to the Dutch trial 
data, the estimated HR for FFF becomes 0.86 (intention-to-treat) and 0.81 
according the actual given dose (< 73 > Gy).  

Both trials published results for risk subgroups (low, intermediate, 
high risk) according Chism et al. [19] Comparing the results for these 
subgroups, the estimated hazard ratios (HR) are (Dutch trial and MCR trial, 
respectively): 1.2 vs. 0.8 (low risk), 0.5 vs. 0.7 (intermediate risk) and 0.8 vs. 
0.6 (high risk). When we look at the HR according the actually given dose for 
the Dutch trial data (< 73 Gy >) the HR becomes 0.8, 0.5 and 0.7, 
respectively. The latter shows that the HR estimate for the “low risk” 
subgroup does indicate a (not significant) dose effect, in contrary to the 
results according the intention-to-treat analysis. A significant interaction 
between dose and risk group is however not present (i.e. the dose effect is 
not significantly different within the risk groups) because both trials were not 
designed for reliable subgroup analyses. For this and other reasons, a meta-
analysis of several randomized trials on this subject would be very useful. 

Dose effect for subgroups based on initial PSA 
In the Dutch randomized trial, 39 % of the patients had an initial PSA level 
(iPSA) of 10 ųg/L or below. It has been observed in a number of studies that 
patients with an iPSA ≤ 10 ųg/L do not profit from higher treatment doses. 
Studies concerning patient cohorts as well as data from a randomized trial, 
suggest this. Pinover and colleagues [20] published in the year 2000 that 
patients with a PSA ≤ 10 ųg/L do not profit from dose escalation, except for 
the “poor prognosis” subset (at least T2b and/or Gleason at least 7 and/or 
perineural invasion). Their dataset consisted of historical cohort of about 500 
patients with an initial pretreatment PSA of 10 or below. In 2003, the results 
of the M.D. Anderson trial were published [12]: they reported no dose 
response for the subgroup with a pretreatment PSA ≤ 10 ųg/L. In 2007, an 
update of the trial results was presented in which they confirmed these 
observations. [13] 

A first analysis of our data shows no dose effect for patients with an 
iPSA of ≤ 10 ųg/L; a HR of 0.97 for the endpoint FFF. When we analyze the 
data in detail, evaluating the actually given dose and evaluating more iPSA 
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subgroups, we come however to different conclusions. When we look at the 
actual given dose (66.9 Gy group and 77.9 Gy group), the adjusted HR 
becomes 0.73 (p = 0.2) in the PSA ≤ 10 ųg/L subgroup. Furthermore, when 
we analyze above and below the median in this subgroup (iPSA = 6.8 ųg/L) 
a dose effect is clearly suggested (actual dose) for the patients with a PSA > 
median (HR = 0.63, p = 0.2) whereas this HR is 0.83 for the subgroup below 
the median iPSA.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Freedom from failure according the ASTRO definition for the “actual dose” 
arms of the trial. Data are shown for the total patient group (n = 664) and for the 
patient group with an iPSA between 8 and 18 ųg/L (n = 294). 
 
A further explorative analysis of our data, show the most optimal dose effect 
(based on actual dose) for patients with an iPSA between 8 and 18 ųg/L 
(294 patients, 44 % of the total group), as illustrated in Fig. 3 (adjusted HR 
of 0.49, p = 0.001). Above and below these cutoffs, the HR is in the range of 
0.8-0.9.  
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In conclusion, our data do not fully support the findings in other studies that 
patients with an iPSA of ≤ 10 ųg/L do not profit from dose escalation. For 
very low iPSA’s this seems true but for iPSA levels above a certain level 
(probably between 6-8 ųg/L) the data suggest that dose escalation is useful. 
The trial data suggest a dose response for patients with an iPSA roughly 
within the range of 6-20 ųg/L (and an optimal dose response in the range of 
8-18 ųg/L). Below and above these cutoff levels, only a poor dose response 
was established in the data set.  

Of note is first, the explorative nature of these analyses. For 
instance, the exact cutoffs for “a low iPSA” and a “rather high PSA”, as well 
as for the most favorable group, cannot be established accurately from our 
data alone. Furthermore, different dose effects in subgroups, based on a 
combination of iPSA and other (un)favorable characteristics, as suggested 
by Hanks et al. [21], cannot be excluded or confirmed in our dataset, 
because the statistical power is too limited. As suggested before, a meta-
analysis of several trials would be useful. A final comment is that the 
determination of the iPSA levels can differ between different assays, and is 
probably nowadays more accurate then 10-20 years ago.  
 
Suboptimal treatment and tumor control 
In Chapter 7 we demonstrated that our treatment protocol is not optimal for a 
subgroup of patients, with a relatively large rectum on the CT scan and who 
developed diarrhea during treatment. Data show a decrease in tumor control 
for these patients, when they have a relatively large risk for involvement of 
the seminal vesicles and for extra capsular extension of the tumor. Also the 
prescribed margin of 0 mm for the boost of 10 Gy at the dorsal (rectal) site, 
was probably not optimal. When comparing the data (Kaplan Meier curves), 
the gain in tumor control by adding 10 Gy is negligible for the patients with 
the full rectum and diarrhea: the estimated levels of FFF in the 78 Gy group 
for these patients is approximately the same as for patients treated at 68 Gy. 
In Chapter 7 we suggested that the problem of a prostate position on the CT 
scan not being representative for the position during treatment, can be 
solved by improving the clinical protocol (e.g. laxatives prior to the CT scan 
and/or daily imaging of the prostate). From further research on this subject 
we learned, however, that the underlying mechanisms leading to the sub-
optimal treatment are almost certain more complicated and cannot be solved 
completely by improved image guidance during treatment.        
Based on the results described in Chapter 7, we have tried to simulate the 
observed drop in tumor control, using the data in our volumetric trial 
database containing the CT scans, delineations and dose distributions. For 
this purpose we used a TCP (tumor control probability) model to fit our FFF 
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data. It appeared that if we assume that the drawn CTV is correct, it is not 
possible that the tumor control drops so dramatically due to a modest shift 
caused by a relatively empty rectum during RT for the patients at risk (i.e. 
with a full rectum on the CT and diarrhea during treatment).  

Our hypothesis based on these findings, was that probably the 
delineation of the prostate on the CT scan is not the optimal clinical target 
volume for a number of patients, which could be due to extra capsular 
invasion (ECI) which cannot be seen on the CT scan. Further explorative 
analysis of our data supported the hypothesis that the CTV was probably too 
tight for a number of patients: the dose to the rectum (especially high dose 
areas) appeared to be a very significant predictor for outcome, which is 
strongly suggestive for the presence of tumor cells in the area around the 
rectal wall which is also the area at risk for ECI. An example of visible ECI 
on an MR scan is shown in Fig. 4: a significant amount of extra capsular 
tumor growth is identified on the MR scan and as a consequence the GTV is 
drawn outside the prostate (this scan concerned a patient of 75 years old 
with a clinical T3a tumor, Gleason 8 and an iPSA of 9 ųg/L).  

An optimal CTV possibly also includes a number of lymph nodes for 
a part of the patient population. Radiotherapy of the regional lymph nodes, 
for patients with an estimated risk for node involvement of > 15 %, has been 
proposed as a superior treatment, although other research groups did not 
find improvement of tumor control when pelvic nodes were included in the 
CTV. [23,24] An estimated node involvement of > 15 %, according the Partin 
tables [25], applies to about half of the patient population in the Dutch trial 
(roughly: T2 tumors with PSA > 10 ųg/L and Gleason > 6 and all T3/T4 
tumors). To include lymph nodes in the CTV without irradiating the whole 
pelvis is complicated [23], because the anatomic position of the lymph nodes 
varies largely between patients and is difficult to identify on CT images. A 
whole pelvic irradiation solves this problem, but this is of course a major 
limiting factor for the possibilities of dose escalation.  
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Fig. 4. On the left a sagittal CT slide of a patient with a clinical T3a tumor and on the 
right an MR image of the same patient at the same sagittal height. In white the drawn 
GTV based on the MR image, which does not only include the prostate but also extra 
capsular extensions at the rectal side. 
 
 
3 Further optimization of radiation treatment 
 
The benefit of a higher treatment dose  
So far, there is no evidence that a radiation dose above 70 Gy improves 
overall survival in prostate cancer patients, compared to doses in the range 
of 64 Gy - 70 Gy. An escalated prescribed dose, in the range of 74-80 Gy, is 
superior to a prescription dose in the range of 64-70 Gy, for the average 
prostate patient with regard to tumor control in terms of biochemical or 
clinical relapse (FFF). There are also indications that the risk for clinical 
relapses (FFCF) decreases with a higher treatment dose. In the recent 
update of the M.D. Anderson trial [13], a superior FFCF was reported for the 
78 Gy arm, compared to 70 Gy (93 % versus 85 % at 8 years of follow-up, p 
= 0.01). In the MRC RT01 trial [14] a Hazard Ratio of 0.69 (p = 0.06) was 
reported, for the risk of clinical failures in the high dose arm (74 Gy versus 
64 Gy). In the Dutch trial no such indications were found. Whether a higher 
dose also leads to less prostate cancer-related death, remains unknown until 
more data on this subject become available (more follow-up from the 
randomized trials). It is likely that only a subgroup of patients with localized 
prostate cancer benefits from a higher prescription dose in terms of 
improved survival. Definitive conclusions regarding subgroups are probably 
possible in the future when meta-analyses of the randomized trials are 
performed. 

 



                            Discussion 

  153 

The benefit of a correct determination of the CTV  
The results of our analyses on geometric misses (Chapter 7) stress the 
importance of a careful and correct determination of the location of the 
clinical target volume (CTV), during treatment planning and the treatment 
itself. As described in Chapter 7, the determined CTV was probably too tight 
for a number of trial patients, due to the presence of extra-capsular invasion 
(ECI). The Partin tables report high risks of ECI: in general, only tumors with 
a low iPSA (< 2.5) or a low Gleason score (< 6) have a risk below 30 %. 
Otherwise, estimated risks are up to 60 % for T1c-T2 tumors. Therefore, it 
would make sense to translate the risks for ECI into adequate coverage 
during treatment planning. This was also recommended in a recent 
publication of Boehmer et al. [24], on behalf of the EORTC radiation 
Oncology Group. Another issue with regard to the determination of the CTV, 
is the inclusion of lymph nodes into the treatment volume. At this moment, 
there is, however, no consensus for which patient groups this would improve 
outcome. A general conclusion is, that more knowledge about sub-clinical 
disease is needed, to improve treatment in “localized” prostate cancer.     
 
The benefit of less toxicity  
From the Dutch randomized trial, and from other studies, there are strong 
indications that advanced treatment planning (limiting the dose to organs at 
risk), keeps acute and late toxicity at lower levels. Because the experienced 
toxicity after radiotherapy is considerable when conventional planning 
techniques are applied, further optimization of treatment planning is 
beneficial for a large patient group. Tighter dose gradients are, however, 
also associated with increased risks of marginal misses. Therefore, a 
reliable CTV determination, and a translation of all relevant errors into the 
correct CTV-PTV margins, is becoming more and more an issue in 
advanced treatment planning.  
 
Other research issues  
Apart from the issues discussed in this thesis, there are other urgent 
research questions with respect to an optimal treatment of prostate cancer. 
Main issues discussed in literature are for instance: 1) what are the optimal 
dose and fractionation schemes, and 2) what is the optimal hormonal 
therapy in combination with RT. Therefore, the external beam treatment of 
the (near) future is possibly a completely different treatment than it is 
nowadays, leading to a renewed need for research on toxicity, dose effect 
relationships and tumor control. 
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4 Balancing between tumor control &  toxicity: Conclusions 
 

We have come to the following conclusions with regard to treatment of 
localized prostate cancer: 

1) With the current standards in radiotherapy planning, a dose up to 78 Gy in 
daily fractions of 2 Gy can be delivered to the patient without unacceptable 
risks of severe toxicity. 

2) An escalated prescribed dose in the range of 74-80 Gy is superior to 
conventional doses of 64-70 Gy for the average prostate patient with regard 
to tumor control in terms of biochemical or clinical relapse. Whether this is 
also associated with less prostate cancer related death remains unknown 
until more data on this subject (more follow-up from the randomized trials) 
becomes available. 

3) There are strong indications that not every patient will profit from a higher 
treatment dose. A major step in understanding when a higher dose is 
favorable and when it is not could be achieved by a meta-analysis of the 
trials on this subject.  

4) There is a need for a more adequate determination of the CTV, i.e. the 
GTV and the (sub-clinical) spread of tumor cells in the loco regional tumor 
area. This calls for a more optimal integration of knowledge of different 
disciplines (i.e. radiotherapy, pathology, radiology). An MR scan for patients 
at risk for large ECI could be useful in clinical practice. 

5) With the current knowledge, we can identify on beforehand patients at a 
higher risk for RT-related toxicity. There is a need for a broad discussion in 
the literature how to incorporate this in the treatment decision and planning.  

6) Apart from toxicity risks for severe rectal bleeding, also the risks for side 
effects affecting the patients quality of life in the remaining years (like fecal 
incontinence), should be included in the planning and decision making 
process. This implies evaluation of the dose to the anal region. 

7) Dose constraints during treatment planning should also aim at preventing 
acute toxicity, because acute toxicity is an important independent risk factor 
for late toxicity. 
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Summary   
 
In this thesis, we address the question how to optimize the relationship 
between risks and benefits of radiotherapy in prostate cancer. Chapter 1 is a 
general introduction. In Chapter 2-7 6 studies are described in which we 
study relationships between dose and outcome in terms of toxicity and tumor 
control. In Chapter 8 the results are discussed.   
 
Chapter 1 
Prostate cancer is a common disease in older men in Western countries. 
Data obtained at obductions, indicate a prevalence of about 30 % of (latent) 
prostate cancer in men of 50 years and older. Three important 
characteristics in the diagnosis of prostate cancer are: clinical tumor stage, 
Gleason score and the PSA value. In the management of localized prostate 
cancer, the main treatment options are: brachytherapy, surgery (both for 
relatively small tumors with good prognosis), external radiotherapy and 
hormonal therapy. A fourth option is the “wait and see” policy when it is 
expected that the patient will probably not suffer from further progression of 
the disease during his life. The procedure for external radiotherapy is as 
follows: firstly, a CT scan is made. Secondly, a three-dimensional treatment 
plan is constructed according which the patient will be treated for a period of 
several weeks, usually receiving a total dose of 66-78 Gray (Gy) in fractions 
of 1.8 – 3.0 Gy each day. Besides the tumor, also healthy organs in the 
neighborhood of the tumor (i.e. the rectum and bladder) will receive dose 
during treatment. This can cause acute and late side effects like diarrhea, 
rectal bleeding, fecal incontinence and dysuria. In this thesis the 
relationships between dose on one hand and tumor control and side effects 
on the other hand, are studied.  
 
Chapter 2 
Late rectal bleeding is a major dose limiting factor in the radiation treatment 
of prostate cancer patients. In this study we investigated how to describe 
best the relationship between the dose on the rectum plus anal region and 
late rectal bleeding. The results show that the best correlation is found, when 
relative dose parameters are calculated instead of absolute. Furthermore, 
we found optimal results when the anal region (i.e. the final 3 cm of the 
delineated rectum plus anal region) was excluded from the evaluated organ 
at risk. With regard to the calculated dose it was best to evaluate the rectal 
wall instead of the whole rectum including filling. And finally, we found that 
the volume irradiated to a relatively higher dose (i.e. 60 Gy) correlated best 
with late rectal bleeding. The data suggest also that the risk for bleeding 
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keeps rising with increasing irradiated volume; there is no threshold value 
dividing the dose parameter into low risk and high risk. 
 
Chapter 3 
In literature, many studies concerning dose effect relations in prostate 
cancer, describe the toxicity endpoint ‘late rectal bleeding”. There exists 
however other relevant side effects that are a result of the irradiation of the 
rectum and anal region. In this Chapter, the correlations between dose 
distributions in the anorectal region and late gastrointestinal symptoms in 
patients treated for localized prostate cancer were studied. For this purpose, 
not only the whole delineated rectum plus anal region was evaluated but 
also sub-areas: we evaluated the upper 10 %, 20 %, 30 % of the delineated 
organ at risk, and so on, as well as the lower 10 %, 20 %, up to a 100 %. We 
analyzed data from a randomized study in which patients were treated with 
either rectangular or conformal fields with a dose of 66 Gy. The results of 
this explorative analysis show that only rectal bleeding significantly 
correlates with the dose to the whole delineated structure (rectum plus anal 
region). Evaluating sub-areas of the organ at risk revealed significant 
correlations between the upper 70 % - 80 % and the endpoint mucus loss 
and between the lower half of the delineated rectum plus anal region and the 
endpoints soiling and fecal incontinence.    
 
Chapter 4 
To study the effect of a 10 Gy boost on tumor control and toxicity, a Phase III 
trial was initiated in the Netherlands in 1996 at the Antoni van Leeuwenhoek 
Hospital (Amsterdam) and the Erasmus Medical Center (Rotterdam). In this 
multicenter randomized trial, 669 patients were included in four hospitals. 
They were randomly assigned to either a standard dose of 68 Gy or an 
experimental dose of 78 Gy. In this Chapter the first study results are 
described: the acute and late toxicity levels in both arms. With regard to 
acute toxicity, there were no difference between the two dose arms; 44 % 
experienced a maximum of Grade ≥ 2 gastrointestinal (GI) toxicity and 41 % 
of Grade ≥ 2 genitourinary (GU) toxicity. For late toxicity, data were available 
up to 3 years of follow-up (median follow-up of 31 months). They showed a 
significant (p ≤ 0.05) higher incidence of rectal bleeding needing treatment 
and a higher incidence of nocturia in the high dose arm. Furthermore, a 
number of factors associated with a higher incidence of GI and/or GU toxicity 
(acute and/or late) were identified: adjuvant hormonal therapy, pretreatment 
complaints, treatment group, previous transurethral resection of the prostate 
(TURP), and a history of abdominal surgery.  
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Chapter 5 
We studied to what extent there is a direct relationship between acute and 
late GI toxicity, independent from the dose relationships that exist for acute 
as well as for late toxicity. Therefore we selected patients from the Dutch 
dose escalation study for whom we had detailed information on acute and 
late side effects. Apart from the acute toxicity grade as scored in the trial, we 
also defined two measures for acute reactions: proctitis related complaints 
and mucous discharge. For a number of late toxicity endpoints we evaluated 
whether an independent relationship existed with the defined types of acute 
reactions. We found significant results for fecal incontinence, intermittent 
bleeding and high stool frequency. For the endpoints severe late bleeding 
and late proctitis needing steroids, no association with acute reactions were 
found, when correcting for the dose effect in the multivariate analysis. In 
conclusion, we found that late GI toxicity after radiotherapy can be partly 
explained by late effects of acute toxicity (consequential late damage). 
 
Chapter 6 
The main results of the Dutch Phase III randomized trial are described in this 
Chapter. After a median follow-up of 51 months, tumor control (freedom from 
clinical and / or biochemical failure) was significantly better in the 
experimental dose arm (78 Gy), compared to the standard dose of 68 Gy. 
The cumulative incidence of moderate to severe GI complications was 
slightly higher in the experimental dose arm, but not unacceptable. For the 
endpoints clinical failures only and overall survival, no differences are found 
between the two dose arms. 
 
Chapter 7 
In this Chapter we investigated whether a large rectum filling visible in the 
planning CT scan was associated with a decrease in Freedom from any 
Failure (FFF) and Freedom from Clinical Failure (FFCF) for prostate cancer 
patients treated in the Dutch trial. We evaluated two definitions for a “large 
rectum with a risk for geometric miss: 1) a rectal volume on the planning CT 
scan of at least 90 cm3 combined with diarrhea during treatment, and 2) a 
large mean cross-sectional area of the rectum on the planning CT scan. The 
results showed that for patients with relatively large and unfavorable tumors, 
the FFF was significantly worse when they were at risk for geometric miss 
according either definition. Also the FFCF was decreased in this patient 
subgroup. An important comment is that with current image guidance 
techniques it is possible to geometrically optimize treatment, which could 
probably prevent geometric misses. 
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Chapter 8  
In this Chapter, the study results are evaluated and discussed, also in 
relationship to more recent publications. With regard to the toxicity in the 
dose arms of the Dutch trial, data are presented which show that patients 
assigned to 78 Gy were more bothered with their stools than patients 
assigned to the standard dose of 68 Gy. The described results of the Dutch 
trial in terms of tumor control and toxicity are in agreement with recently 
published data of similar trials: improved FFF and a higher incidence of late 
GI toxicity. The outcomes in terms of Freedom from Clinical Failure are 
however different for the Dutch trial: other trials do find improved control in 
the experimental arm. 
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Samenvatting 
 
Het onderwerp van dit proefschrift is de relatie tussen de uitwendige 
bestralingsdosis gegeven aan patiënten met prostaatkanker en het effect 
ervan, zowel op de tumorcontrole als het optreden van bijwerkingen. Hierbij 
vragen we ons specifiek af hoe de behandeling geoptimaliseerd kan worden 
met de minste risico’s op toxiciteit en optimale tumorcontrole. Hoofdstuk 1 
betreft een algemene inleiding op de studies die beschreven worden in 
Hoofdstuk 2 t/m 7. De beschreven studies betreffen data van twee 
gerandomiseerde onderzoeken: 1) een onderzoek waarbij patiënten 
bestraald werden met standaard rechthoekige (grote) velden of met kleinere 
conformatievelden (conform de vorm van de prostaat), en 2) een onderzoek 
waarbij patiënten bestraald werden met een standaarddosis of met een 
experimentele, hogere dosis. In Hoofdstuk 8 worden de resultaten van deze 
studies bediscussieerd en worden algemene conclusies gepresenteerd. 
 
Hoofdstuk 1  
Prostaatkanker is een veel voorkomende ziekte in de Westerse wereld. Bij 
30 % van mannen boven de 50 jaar wordt bij obductie een (latent) 
carcinoom aangetroffen. Prostaatkanker wordt doorgaans gediagnostiseerd 
aan de hand van drie belangrijke kenmerken: hoe uitgebreid is de 
tumormassa (het klinische stadium), hoe hoog is de waarde van het 
prostaat-specifieke antigen (PSA) in het bloed, en hoe agressief zijn de 
tumorcellen (samengevat in de zogenaamde Gleason score). Dit laatste 
wordt microscopisch bepaald. Er zijn verschillende soorten behandelingen 
voor prostaatkanker: operatie, inwendige bestraling, uitwendige bestraling 
en hormonale therapie. Ook wordt er wel voor gekozen om af te wachten en 
de patiënt te monitoren. Voor uitwendige bestraling wordt er doorgaans eerst 
een driedimensionale afbeelding van de patiënt (het bekkengebied) gemaakt 
met een CT scan. Op deze beelden wordt een bestraling gepland van het 
tumorgebied. Vervolgens wordt de patiënt gedurende een aantal weken 
dagelijks bestraald, volgens het opgestelde plan. Bij deze therapie wordt 
onvermijdelijk ook gezond weefsel bestraald, waardoor de patiënt tijdens en 
na de behandeling klachten kan krijgen, zoals pijnlijke stoelgang, 
bemoeilijkte urinelozing en bloed en slijmverlies. In dit proefschrift wordt aan 
de hand van diverse onderzoeken de relatie bestudeerd tussen de 
bestralingsdosis enerzijds (op tumor en omliggend weefsels) en de 
tumorcontrole en bijwerkingen anderzijds. 
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Hoofdstuk 2  
Bij de behandeling van prostaatkanker met uitwendige radiotherapie, wordt 
het optreden van rectale bloedingen gezien als een belangrijke dosis-
limiterende factor. Het verband tussen de specifieke dosis op het rectum en 
het vervolgens optreden van rectale bloedingen, is onderwerp geweest van 
vele studies. In het onderzoek beschreven in dit Hoofdstuk, wordt 
geanalyseerd op welke manier die relatie tussen dosis en bloeding optimaal 
beschreven kan worden. Ten eerste, moet er gekeken worden naar relatieve 
dosis of naar absolute dosis. Met andere woorden, wat is belangrijker: 
hoeveel cm3 van het rectum bestraald wordt tot een bepaalde dosis, of welk 
percentage van het orgaan deze dosis ontvangt. Ten tweede, moet er 
gekeken worden naar de dosis op alleen de rectumwand of op het gehele 
rectum inclusief de vulling. De derde vraagstelling: moet er gekeken worden 
naar het hele traject van het ingetekende rectum inclusief het anale kanaal, 
of moet deze weggelaten worden bij de evaluatie. En als laatste belangrijke 
vraag: hoe verhoudt de stralingsbelasting, in termen van lage, intermediaire 
en hoge dosis, zich tot de schade die wordt aangericht. Het resultaat van 
deze studie is dat evaluatie van de relatieve dosis van de hogere 
dosisniveaus op de rectumwand, exclusief het anale kanaal, het beste 
correleert met de uitkomst “late rectale bloeding”. Een laatste belangrijke 
bevinding is dat het risico op bloeden toe blijft nemen over de hele range 
van bestraald volume; er is geen drempel (“threshold”) waaronder geen 
risico’s zijn.  
 
Hoofdstuk 3  
Bij radiotherapie voor prostaatkanker wordt veelvuldig de bijwerking “rectaal 
bloeden” beschreven in de literatuur. Echter, er zijn ook andere bijwerkingen 
bekend, zoals rectale incontinentie, die door de patiënt doorgaans ook als 
belastend worden ervaren. In de studie die beschreven wordt in dit 
Hoofdstuk, wordt gekeken naar de relatie tussen dosis op het rectum 
enerzijds en het optreden van slijmverlies, onbedoeld rectale incontinentie, 
ontlastingvlekken (door slechte functie van de sluitspier) en een verhoogde 
frequentie van de stoelgang, anderzijds. Hierbij wordt niet alleen het 
compleet ingetekende rectum (inclusief anaal kanaal) geëvalueerd, maar 
ook gedeeltes daarvan (de bovenste en onderste 90 %, 80 %, 70 %, 
enzovoort). De resultaten laten zien dat alleen de complicatie “bloeden” een 
duidelijke relatie heeft met zowel het hele rectum alsook met gedeeltes 
daarvan. De complicatie slijmverlies hangt samen met bestraling van de 
bovenste 70-80 %, de complicatie fecale incontinentie is geassocieerd met 
de dosis op de onderste helft van het ingetekende rectum inclusief de anale 
regio. De conclusie is dat bestraling van specifieke delen van het 
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ingetekende rectum (inclusief anale regio), samenhangen met specifieke 
klachten. 
 
Hoofdstuk 4  
Om het effect van een hogere bestralingsdosis te bepalen, is in 1996 een 
gerandomiseerde studie gestart waarbij geloot werd tussen een 
standaarddosis van 68 Gy en een experimentele dosis van 78 Gy. In totaal 
669 patienten uit vier Nederlandse ziekenhuizen deden mee aan deze 
studie, waarbij de meeste patiënten kwamen uit het Erasmus Medisch 
Centrum- Daniel den Hoed Kliniek te Rotterdam en het Nederlands Kanker 
Instituut - Antoni van Leeuwenhoek Ziekenhuis te Amsterdam. De eerste 
resultaten van deze studie betreffen de bijwerkingen die geregistreerd zijn 
voor beide studie-armen, welke in dit Hoofdstuk beschreven staan. 
Voldoende gegevens over bijwerkingen waren voor deze studie beschikbaar 
t/m ongeveer 3 jaar na start behandeling (mediane follow-up van 31 
maanden). Voor wat betreft acute klachten (tijdens de behandeling tot 6 
maanden na start van de behandeling), blijken er geen verschillen te zijn in 
de gerapporteerde klachten tussen de groep patiënten die 68 Gy of die 78 
Gy hadden geloot. Dit geldt zowel voor de klachten gerelateerd aan de anale 
regio en het rectum (bijvoorbeeld moeilijke stoelgang), als klachten 
gerelateerd aan blaas en urinewegen (bijvoorbeeld hoge plasfrequentie 
overdag of ’s nachts). Voor late klachten werden er wel verschillen 
gevonden. Dit betrof een hogere incidentie van rectale bloedingen die 
behandeld moesten worden, en een hogere incidentie van de klacht 
“frequent nachtelijk plassen”. Ook werden er diverse risicofactoren 
geidentificeerd met een hogere kans op bijwerkingen: hormonale 
behandeling, bestaande klachten op het gebied van stoelgang en plassen, 
behandelgroep, eerdere medische ingreep bij de prostaat (de transurethrale 
resectie: TURP) en een eerdere buikoperatie in de anamnese. 
 
Hoofdstuk 5  
Het is bekend dat de kans op het optreden van zowel acute als late 
gastrointestinale bijwerkingen na bestraling van prostaatkanker, mede 
afhankelijk is van de dosis op het rectum en de anale regio. In dit Hoofdstuk 
wordt bestudeerd of er ook een directe relatie bestaat tussen acute en late 
schade; met andere woorden, verhoogd het optreden van acute schade de 
kans op late schade, onafhankelijk van het dosis-effect dat er bestaat. De 
data van de gerandomiseerde studie, waarin 68 Gy of 78 Gy werd geloot, 
zijn voor dit onderzoek gebruikt. Hiertoe werd een statistisch model gebruikt 
waarbij tegelijkertijd het effect van zowel de rectumdosis als het bestaan van 
acute toxiciteit op de kans van late schade, kan worden berekend. De 
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resultaten laten zien dat acute schade op zich zelf inderdaad geassocieerd 
is met meer late schade, daar waar het gaat om matig bloeden, verhoogde 
stoelgangfrequentie en rectale incontinentie. Voor het optreden van ernstige 
late bloedingen en late proctitis kon echter geen directe relatie met acute 
reacties worden vastgesteld. 
 
Hoofdstuk 6  
De belangrijkste uitkomst van de gerandomiseerde trial (68 Gy of 78 Gy) 
staat in dit Hoofdstuk beschreven: de tumorcontrole in beide studie-armen 
na een mediane follow-up van 51 maanden. De data laten zien dat voor het 
belangrijkste eindpunt volgens het studieprotocol, biochemisch en/of klinisch 
falen, er een significant betere tumorcontrole is in de experimentele dosis-
arm: na 5 jaar is de tumorcontrole 54 % voor de 68 Gy groep en deze is 64 
% in de 78 Gy groep. Het aantal patiënten met matige tot ernstige 
bijwerkingen is iets hoger in de hoge dosis arm: dit wordt echter als 
acceptabel beschouwd. Voor wat betreft de klinische recidieven alleen, is er 
geen verschil te zien tussen beide studie-armen. Ook de overleving is met 
de huidige follow-up gelijk voor beide armen. 
 
Hoofdstuk 7  
In de literatuur is een onderzoek verschenen waarin een verband wordt 
gelegd tussen een bestraling die gepland is met een vol rectum en het 
optreden van tumorrecidieven. De oorzaak hiervan moet gezocht worden in 
het feit dat een planning CT scan waarop het rectum heel vol is niet 
representatief is voor de gemiddelde positie van het rectum tijdens de 
bestraling, en daardoor ook niet voor de prostaatpositie. In dit Hoofdstuk 
worden de data van de Nederlandse trial (78 Gy versus 68 Gy) gebruikt om 
te onderzoeken of een dergelijk verband te vinden is. De resultaten laten 
zien dat bij patiënten die gepland zijn met een groot rectumvolume, de 
tumorcontrole lager is dan voor patiënten die een kleiner rectumvolume 
hebben op de planningsscan. Voorts wordt dit verband alleen gevonden bij 
patiënten met een uitgebreide tumor en niet bij patienten met een kleine 
beperkte tumor. Geconcludeerd wordt dat het plannen van de bestraling niet 
altijd optimaal is geweest. Dit zou mogelijk opgelost kunnen worden door 
technieken en procedures te implementeren die sinds enige tijd al gangbaar 
zijn in diverse instituten, zoals het herscannen van patiënten bij een (te) vol 
rectum, het laxeren voor de CT scan, het volgen van een dieet voor en 
tijdens de behandeling en het volgen van de prostaatpositie tijdens de 
bestraling, bijvoorbeeld met behulp van prostaatmarkers. 
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Hoofdstuk 8  
In dit Hoofdstuk worden de resultaten van de beschreven studies in 
Hoofdstuk 2 t/m Hoofdstuk 7 samengevat en bediscussieerd, waarbij ook 
meer recente publicaties worden genoemd die betrekking hebben op de 
besproken onderwerpen.  

In relatie tot de gevonden verschillen in rectale toxiciteit tussen de 
twee dosisarmen in de Nederlandse trial (68 Gy versus 78 Gy), wordt 
aangetoond dat er ook een verschil is in beleving van toxiciteit: patienten in 
de hoge dosis arm rapporteren vaker dat ze een problematische stoelgang 
hebben. Verder wordt er een vergelijking gemaakt tussen de resultaten van 
de Nederlandse gerandomiseerde trial en recent gepubliceerde data van 
twee vergelijkbare trials uit Engeland en Amerika. Voor wat betreft de 
toxiciteit en de primaire uitkomst (biochemisch of klinisch falen) zijn de 
resultaten van de studies vergelijkbaar: ze concluderen alledrie dat een 
hogere dosis leidt tot meer rectale toxiciteit en minder recidieven. Voor wat 
betreft het eindpunt “klinisch falen”, zijn er wel verschillen: de nederlandse 
studie laat geen verschil zien tussen beide armen, de andere twee studies 
echter wel. 

De algemene conclusies van dit proefschrift benoemen de 
belangrijkste resultaten van de diverse studies, en de daarmee 
geassocieerde mogelijkheden die er in de kliniek zijn om de behandeling van 
prostaatkanker verder te optimaliseren. 
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List of abbreviations 
 
3D Three-dimensional 
 
AMD Acute mucous discharge 
 
AP Anterior-posterior 
 
ASTRO American society of therapeutic 
 radiation oncology 
 
AUC Area under the curve 
 
bNed Biochemical no evidence of 

disease 
 
CC Craniocaudal 
 
CI Confidence interval 
 
CLE Consequential late effect 
 
CRT Conformal radiotherapy 
 
CSA Cross-sectional area 
 
CT  Computed tomography scan 
 
CTV Clinical target volume 
 
DRE Digital rectal examination  
 
DVH Dose-volume histogram 
 
EORTC European organisation for 
 research and treatment of cancer
 
FFCF Freedom from clinical failure 
 
FFF Freedom from any failure 
 
GI Gastrointestinal 
 
GTV Gross tumor volume 
 
GU Genitourinary  
 
Gy Gray 
 
HR Hazard ratio 
 
HRQL Health-related quality of life 

 
HT Hormonal therapy 
 
ICRU International committee on radia-
 tion units and measurement 
 
IMRT Intensity-modulated radiotherapy 
 
iPSA Initial PSA 
 
LENT/ Late effect normal tissue / 
SOMA subjective, objective,  
  management, and analytic 
 
ln natural logarithm 
 
LR Left-right 
 
MV Multivariable / multivariate 
 
OR Odds ratio 
 
OS Overall survival 
 
PHR Proportional hazard regression 
 
PSA Prostate-specific antigen 
 
PTV Planning target volume 
 
RF Risk factor 
 
RT Radiotherapy 
 
RTOG Radiation therapy oncology 
 group 
 
SD Standard deviation 
 
SE Standard error 
 
SV Seminal vesicles 
 
TCP Tumor control probability 
 
TURP Transurectal resection of the 
 prostate 
 
UV Univariate / univariable 
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