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HEALTH-RELATED QUALITY OF LIFE IN PATIENTS WITH LOCALLY ADVANCED
PROSTATE CANCER AFTER 76 GY INTENSITY-MODULATED RADIOTHERAPY

VS. 70 GY CONFORMAL RADIOTHERAPY IN A PROSPECTIVE
AND LONGITUDINAL STUDY
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Purpose: To compare quality of life (QoL) after 70 Gy conformal radiotherapy with QoL after 76 Gy intensity-
modulated radiotherapy (IMRT) in patients with locally advanced prostate carcinoma.
Methods and Materials: Seventy-eight patients with locally advanced prostate cancer were treated with 70 Gy
three-field conformal radiotherapy, and 92 patients received 76 Gy IMRT with fiducial markers for position
verification. Quality of life was measured by RAND-36, the European Organization for Research and Treatment
of Cancer core questionnaire (EORTC QLQ-C30(+3)), and the prostate-specific EORTC QLQ-PR25, before
radiotherapy (baseline) and 1 month and 6 months after treatment. Quality of life changes in time (baseline vs.
1 month and baseline vs. 6 months) of $10 points were considered clinically relevant.
Results: Differences between the treatment groups for QoL changes over time occurred in several QoL domains.
The 76-Gy group revealed no significant deterioration in QoL compared with the 70-Gy group. The IMRT 76-Gy
group even demonstrated a significantly better change in QoL from baseline to 1 month in several domains. The
conformal 70-Gy group revealed temporary deterioration in pain, role functioning, and urinary symptoms; for the
IMRT 76-Gy group a better QoL in terms of change in health existed after 1 month, which persisted after 6 months.
For both treatment groups temporary deterioration in physical role restriction occurred after 1 month, and an
improvement in emotional role restriction occurred after 6 months. Sexual activity was reduced after treatment
for both groups and remained decreased after 6 months.
Conclusions: Intensity-modulated radiotherapy and accurate position verification seem to provide a possibility to
increase the radiation dose for prostate cancer without deterioration in QoL. � 2007 Elsevier Inc.

Quality of life (QoL), Prostate cancer, Intensity-modulated radiotherapy (IMRT), Dose escalation, Position
verification.
INTRODUCTION

Several randomized trials showed a significant improvement

in biochemical relapse-free treatment outcome in prostate

cancer with escalation of the radiation dose from 68 Gy to

78 Gy (1–3). Further dose increase is expected to lead to fur-

ther improvement (4). By increasing the radiation dose the

risk of developing complications also increases, and there-

fore a decrease in quality of life (QoL) should be expected.

Raising the dose from 68 Gy to 78 Gy using conformal radio-

therapy resulted in more late gastrointestinal and genitouri-

nary toxicity ($5% Grade 3) (5). However, advances in

technology like intensity-modulated radiotherapy (IMRT)
65
(6) and improved position verification of the prostate (7, 8)

have enabled dose escalation while treatment-related compli-

cations are minimized. For evaluation of treatment, not only

toxicity but also impact on QoL is increasingly important (9).

At our department several QoL studies in patients with

prostate cancer have been performed. For instance, QoL after

permanent prostate brachytherapy in relation to dosimetry

(10) and the influence of adding hyperthermia to radiotherapy

on QoL (11) have been described. The purpose of this study

was to investigate the QoL changes after dose-escalated

radiotherapy. The few studies available concerning QoL after

dose-escalated radiotherapy suggest that an increased radia-

tion dose does not result in deterioration in QoL (12–14).
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However, in these studies either a cross-sectional design

(rather than a more solid longitudinal design) was used,

patient groups were small, or no baseline measurement of

QoL was performed, which is essential in this older patient

group. Validated QoL questionnaires, including a prostate-

specific module, were occasionally missing. The vast major-

ity of publications on health-related QoL in prostate cancer

focus on men with localized disease. However, patients

with an unfavorable prognosis (T >2a, prostate-specific

antigen >10 ng/mL, or Gleason score >6) are expected to

need an increased radiation dose as well as adjuvant hor-

monal treatment, resulting in higher incidences of toxicity

and subsequently a decreased QoL (2, 4).

In this study we used a prospective, longitudinal design,

including baseline measurements and well-validated QoL

questionnaires to investigate QoL changes in patients with

locally advanced prostate cancer after conformal radiother-

apy with a dose of 70 Gy, compared with IMRT with a

dose of 76 Gy.

METHODS AND MATERIALS

From December 1997 to October 2001, 99 patients with mostly

locally advanced prostate cancer received three-field conformal ex-

ternal beam radiotherapy (70 Gy). From October 2003 to November

2004, 116 patients with mostly locally advanced prostate cancer

were treated with IMRT (76 Gy). Toxicity of all patients was mea-

sured using the Common Toxicity Criteria (version 2.0) (15).

For the first group, a CT-planned three-dimensional conformal

external beam technique was used to deliver a dose of 70 Gy at

2-Gy fractions (5 fractions per week). A conformal three-field iso-

centric technique was applied using 6- and 18-MV photons and

a multileaf collimator (11). Position verification was performed by

visualizing the bony anatomy using portal imaging with electronic

portal imaging devices. The accuracy of this method is limited be-

cause of the possible variation of the position of the prostate relative

to the bony anatomy.

All patients in the IMRT group received dose escalation to

the prostate corpus, delineated on CT, of 76 Gy in 35 fractions

of 2.17 Gy with a multileaf collimator and 10-MV photons (7). In

this group transrectally implanted gold markers were used for daily

position verification, which provides more accurate positioning of

the prostate, resulting in more precise delivery of the radiation

dose to the prostate and the organs at risk (7, 8).

General health-related QoL was measured by the RAND-36

generic health survey (16), cancer-specific QoL by the European Or-

ganization for Research and Treatment of Cancer (EORTC) core

questionnaire (QLQ-C30(+3)) (17), and prostate tumor–specific

QoL by the EORTC prostate cancer module (QLQ-PR25) (18).

All questionnaires are well validated and are widely used in oncol-

ogy trials (19). Scales and items of these questionnaires range in

score from 0 to 100. For RAND-36 and for the global QoL and func-

tional scales of the EORTC questionnaires, a high score value indi-

cates better functioning and a high level of QoL. For the symptom/

problem items of the EORTC questionnaires, higher scores repre-

sent a higher level of symptomatology and consequently a worse

QoL.

For the EORTC questionnaires, changes in time of 10 points or

more are considered clinically relevant (20). Because RAND-36
applied the same score range, the same interpretation of a clinically

relevant change has been used (11).

The first questionnaire was presented to the patient at the depart-

ment of Radiation Oncology before treatment. One and 6 months

after the completion of treatment, the measurements were repeated.

Seventy-eight patients of the conformal treatment group and 92

patients of the IMRT group completed all questionnaires at the three

measurement points and were, therefore, included for this study. All

questionnaires demonstrated a high response rate except for the

questions regarding sexual activity.

Differences between the baseline characteristics of the two

treatment groups were examined with the chi-square or the Mann-

Whitney U test. General linear model repeated-measures analyses

of variance were performed with SPSS 10.0 (SPSS, Chicago, IL)

to analyze the effect of radiotherapy treatment and time over all three

time points. For the QoL changes without a significant difference

between the two treatment groups, both treatment groups were

analyzed together for QoL changes within time. Separately, two

changes in QoL over time were analyzed (baseline vs. 1 month

and baseline vs. 6 months) to evaluate the QoL changes between

these measurement points. Test results with a p value of <0.01

were considered statistically significant with Bonferroni correction.

Cronbach’s coefficient a was calculated to determine internal

consistency reliability.

RESULTS

The patient characteristics of the IMRT 76-Gy and confor-

mal 70-Gy radiotherapy groups are shown in Table 1. No sig-

nificant differences between groups were found in terms of

age (p = 0.8), tumor stage (p = 0.5), tumor grade (p = 0.9),

and prostate-specific antigen level (p = 0.5). Twenty patients

of the conformal 70-Gy group received hyperthermia in

Table 1. Patient characteristics

Characteristic Conformal (n = 78) IMRT (n = 92)

Age at baseline (y),
Mean (range)

67 (47–78) 67 (49–79)

Tumor stage
T1 4 ( 5.1) 12 (13.0)
T2 13 (16.7) 5 (5.4)
T3 60 (76.9) 75 (81.5)
T4 1 (1.3) —

Tumor grade
G1 10 (12.8) 11 (12.0)
G2 54 (69.2) 62 (67.4)
G3 14 (17.9) 19 (20.7)

PSA* (ng/mL)
Mean (range) 28 (0.2–400) 19 (2–90)
0–20 50 (64.1) 65 (70.7)
21–80 24 (30.8) 25 (27.2)
>81 4 (5.1) 2 (2.2)

Hyperthermia treatment 20 —
Hormonal treatment 9 24
Radiotherapy dose (Gy)

#66 3 —
70 75 —
76 — 92

Abbreviations: IMRT = intensity-modulated radiotherapy; PSA =
prostate-specific antigen.

Values are number (percentage), unless otherwise noted.
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addition to conformal radiotherapy. Because hyperthermia

was shown not to affect QoL (11), these patients were eval-

uated together with the patients who merely received confor-

mal radiotherapy. At the time of study entry, no national

guidelines for hormonal treatment were available. Therefore,

only 9 patients of the conformal treatment group and 24

patients of the IMRT group received adjuvant androgen de-

privation therapy (ADT). All patients had a World Health

Organization performance score of <2.

For both treatment groups, no acute toxicities above Grade

2 were seen for any of the Common Toxicity Criteria cate-

gories (gastrointestinal, genitourinary, infection, and consti-

tutional symptoms), except for one Grade 3 urinary tract

infection with intravenous antibiotic indicated in the 76-Gy

group.

In Table 2, the means and standard deviations of all

variables of the QoL measures before treatment (baseline)

and 1 month and 6 months after treatment are shown for

the patient group receiving 70 Gy conformal radiotherapy

(n = 78) and for the 76-Gy IMRT group (n = 92).
Repeated-measures analysis of QoL changes over all three

time points between the patient groups resulted in statistically

significant differences between the two treatment groups for

several QoL items. For these QoL items the QoL changes

over time were analyzed separately for the IMRT and the

conformal groups (Table 3). The QoL items without signifi-

cant differences between both treatment groups are presented

in Table 4. To evaluate QoL changes over time for these

items, the two treatment groups (n = 170) were described

together to increase the number of patients in the analysis.

Table 3 shows significant differences between the two

treatment groups for QoL changes for baseline vs. 1 month.

The IMRT 76-Gy treatment group demonstrated less deteri-

oration in QoL for all scales and items compared with the

conformal 70-Gy group. For baseline vs. 6 months, no signif-

icant differences between the treatment groups were seen

(Table 3). Analyzed separately, the conformal 70-Gy group

revealed a temporary significant and clinically relevant

deterioration in pain, role functioning, and urinary symp-
toms. For the IMRT 76-Gy group only a clinically relevant
Table 2. Means (� standard deviations) of scales and single items of each questionnaire for the conformal group and the IMRT group

Conformal 70 Gy (n = 78) IMRT 76 Gy (n = 92)

Item Baseline 1 month 6 month Baseline 1 month 6 month

RAND-36
Physical functioning 85 � 21 81 � 20 84 � 21 86 � 17 84 � 17 85 � 18
Social functioning 80 � 21 73 � 28 84 � 22 82 � 18 86 � 19 90 � 16
Physical role restriction 78 � 37 55 � 44 76 � 36 78 � 35 72 � 41 82 � 33
Emotional role restriction 77 � 36 75 � 39 86 � 30 78 � 36 85 � 31 91 � 28
Mental health 75 � 16 77 � 14 79 � 15 76 � 16 78 � 16 80 � 16
Vitality 70 � 19 64 � 21 70 � 18 69 � 20 68 � 19 69 � 20
Pain 90 � 18 79 � 25 86 � 19 88 � 19 87 � 19 91 � 17
General health 68 � 17 67 � 17 70 � 17 66 � 16 66 � 17 68 � 19
Change in health 50 � 21 42 � 19 56 � 25 44 � 14 54 � 26 63 � 25

EORTC QLQ-C30(+3)
Physical functioning 91 � 15 85 � 18 89 � 17 89 � 14 88 � 13 88 � 15
Role functioning 88 � 20 75 � 29 86 � 22 87 � 19 85 � 20 89 � 19
Emotional functioning 75 � 19 81 � 17 82 � 20 78 � 16 87 � 18 88 � 18
Cognitive functioning 86 � 21 85 � 21 84 � 20 89 � 16 86 � 19 86 � 20
Social functioning 90 � 16 84 � 22 90 � 20 90 � 16 92 � 15 94 � 12
Global health/quality of life 79 � 17 75 � 18 79 � 19 78 � 15 78 � 13 81 � 13
Fatigue 21 � 21 30 � 25 21 � 23 20 � 19 24 � 20 20 � 19
Nausea and vomiting 1 � 6 3 � 11 3 � 13 2 � 8 2 � 8 2 � 5
Pain 11 � 19 16 � 23 14 � 19 12 � 20 13 � 22 9 � 17
Dyspnea 12 � 25 12 � 22 11 � 21 9 � 18 12 � 21 15 � 22
Insomnia 24 � 32 30 � 28 19 � 30 23 � 26 26 � 26 16 � 24
Appetite loss 2 � 8 4 � 15 3 � 10 6 � 14 2 � 8 3 � 10
Constipation 2 � 8 8 � 18 4 � 15 3 � 9 6 � 15 7 � 18
Diarrhea 6 � 17 12 � 20 8 � 17 6 � 16 13 � 22 13 � 24
Financial difficulties 1 � 5 4 � 14 4 � 13 3 � 10 3 � 10 2 � 8

EORTC QLQ-PR25
Urinary symptoms/problems 18 � 17 34 � 23 14 � 12 19 � 15 22 � 18 17 � 15
Bowel symptoms/function 5 � 12 11 � 13 7 � 11 5 � 8 9 � 11 8 � 9
Treatment-related symptoms 6 � 8 9 � 10 10 � 11 9 � 12 13 � 13 12 � 12
Sexual functioning 26 � 21 25 � 20 28 � 22 23 � 20 24 � 20 26 � 22
Sexual activity 69 � 22 56 � 25 57 � 23 66 � 22 60 � 29 51 � 25

Abbreviations: EORTC QLQ-C30(+3) = European Organization for Research and Treatment of Cancer core quality-of-life questionnaire;
EORTC QLQ-PR25 = EORTC prostate cancer module.

In RAND-36, a higher score reflects better health. In EORTC QLQ-C30(+3) and QLQ-PR25, a high score reflects a high level of symptoms
or functioning or quality of life.
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Table 3. Quality-of-life items with significant differences over time between treatment groups

QoL change over time

Item
Conformal 70 Gy without

gold markers (n = 78)
IMRT 76 Gy with

gold markers (n = 92)
Difference between

groups (p value)

Baseline vs. 1 mo
RAND-36

Social functioning �7.4 (ns) 3.5 (ns) 0.006
Pain �10.3 (<0.0001)* �1.0 (ns) 0.01
Change in health �8.7 (0.01) 9.9 (0.002)* <0.0001

EORTC QLQ-C30(+3)
Physical functioning �5.7 (0.002) �0.3 (ns) 0.006
Role functioning �12.2 (<0.0001)* �1.8 (ns) 0.006

EORTC QLQ-PR25
Urinary symptoms/function 16.4 (<0.0001)* 2.5 (ns) <0.0001

Baseline vs. 6 months
RAND-36

Social functioning 4.3 (ns) 7.6 (<0.0001) ns
Pain �4.2 (ns) 3.5 (ns) ns
Change in health 6.0 (ns) 18.7 (<0.0001)* ns

EORTC QLQ-C30(+3)
Physical functioning �2.3 (ns) �0.7 (ns) ns
Role functioning �2.2 (ns) 1.5 (ns) ns

EORTC QLQ-PR25
Urinary symptoms/function �4.0 (ns) �2.3 (ns) ns

Abbreviations: ns = not significant. Other abbreviations as in Tables 1 and 2.
Values are change over time (p value). p # 0.01 is considered significant. In RAND-36, a higher score reflects better health. In EORTC

QLQ-C30(+3) and QLQ-PR25, a high score reflects a high level of symptoms or functioning or quality of life.
* Significant change in score of $10 points (clinically relevant).
improvement in the QoL item change in health existed after

1 month, which was improved further at 6 months after

treatment.

For the QoL items without significant differences between

the treatment groups, the QoL changes over time (baseline vs.

1 month and baseline vs. 6 months) for both treatment groups

together are presented in Table 4. The comparison of health-

related QoL at baseline with the measurement at 1 month re-

vealed a significant decrease of $10 points in physical role
restriction and sexual activity. The clinically relevant deteri-

orated sexual activity remained after 6 months, and, further-

more, a clinically relevant improvement in QoL concerning

emotional role restriction was seen comparing QoL scores

at baseline with scores after 6 months.

With regard to the small number of patients (n = 33) treated

with adjuvant ADT in our study, analysis of variance for re-

peated measures showed no significant difference between

patients treated with ADT compared with patients without

ADT, except for treatment-related symptoms and change
in health (p = 0.003 and p = 0.004, respectively). Patients

treated with ADT demonstrated more treatment-related
symptoms after 1 month and a better change in health after

6 months.

For a sufficient internal consistency, a Cronbach’s a coef-

ficient of $0.70 is required. Reliability analysis resulted in

a Cronbach’s a value of $0.70 for all scales, except cognitive
and social functioning in EORTC QLQ-C30(+3) (a between

0.58 and 0.76) and bowel and treatment-related symptoms/
problems, sexual functioning, and sexual activity in

QLQ-PR25 (a between 0.52 and 0.74).

DISCUSSION

A comparison between patients treated with 70 Gy con-

formal radiotherapy without position verification by fiducial

markers and patients receiving 76 Gy IMRT with the use of

fiducial markers revealed no significant decrease in QoL

changes over time with increased radiation dose. Our study

even demonstrated significantly improved QoL changes for

the high-dose radiotherapy group between baseline and

1 month in several domains compared with the 70-Gy treat-

ment group.

In the conformal 70-Gy group, a temporary worsening of

QoL occurred in terms of pain and urinary symptoms. The

bladder and rectum of the 76-Gy treatment group might

have received less radiation owing to the IMRT technique

and improved position verification, resulting in less pain
and urinary symptoms for the 76-Gy group compared with

the conformal 70-Gy group. Because physical complaints

limit the daily role activity, QoL concerning role functioning
showed a temporary decrease for the 70-Gy group as well.

A significant decrease in QoL in terms of change in health
occurred for the 70-Gy group after 1 month, as opposed to

a significant increase for the 76-Gy group. For the 70-Gy

group the deterioration of this QoL item was restored after
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6 months, and for the 76-Gy group the change in health im-

proved even further. Physical complaints explain the differ-

ence between the treatment groups. The ‘‘response shift’’

mechanism (referring to a changed internal standard on

which patients base their perception, due to a life-threatening

disease [21]) may be involved in the improvement of change
in health over time.

The cross-sectional study by Little et al. (13), without

validated QoL questionnaires and baseline measurements,

revealed no significant differences in QoL between patients

receiving 78 vs. 70 Gy. Kupelian et al. (14) made a cross-

sectional comparison between hypofractionated IMRT

(70 Gy in 2.5-Gy fractions) and conformal radiotherapy

(78 Gy in 2-Gy fractions) and also reported no significant

difference in QoL. In accordance with our results, Namiki

et al. (12) demonstrated better QoL for only 30 patients

treated with 76 Gy IMRT compared with 70 Gy conven-

tional and conformal radiotherapy. The relative increase in

QoL might be an effect of less radiation damage due to

improved radiation techniques. Intensity-modulated radio-

therapy improves dose conformality of the target and re-

duces unnecessary radiation to surrounding normal tissue.

Table 4. Change over time in quality of life items without
significant between-group differences over time, for the 170

patients in the IMRT and conformal groups combined

Item
Baseline vs.

1 month
Baseline vs.

6 month

RAND-36
Physical functioning �2.8 (ns) �1.0 (ns)
Physical role restriction �15.0 (<0.0001)* 1.3 (ns)
Emotional role restriction 3.5 (ns) 10.6 (0.002)*
Mental health 1.9 (ns) 3.8 (0.002)
Vitality �3.7 (0.01) 0.2 (ns)
General health �0.3 (ns) 0.7 (ns)

EORTC QLQ-C30(+3)
Emotional functioning 7.6 (<0.0001) 8.5 (<0.0001)
Cognitive functioning �2.4 (ns) �2.8 (ns)
Social functioning �2.3 (ns) 2.3 (ns)
Global health/QoL �1.7 (ns) 1.8 (ns)
Fatigue 6.0 (<0.0001) �0.4 (ns)
Nausea and vomiting 1.3 (ns) 1.2 (ns)
Pain 3.0 (ns) �0.5 (ns)
Dyspnea 1.3 (ns) 2.5 (ns)
Insomnia �1.1 (ns) �6.2 (ns)
Appetite loss �0.8 (ns) �1.3 (ns)
Constipation 4.4 (0.002) 3.3 (ns)
Diarrhea 6.8 (0.002) 4.1 (ns)
Financial difficulties 2.1 (ns) 1.3 (ns)

EORTC QLQ-PR25
Bowel symptoms/function 5.1 (<0.0001) 2.1 (ns)
Treatment-related
symptoms

3.2 (<0.0001) 3.5 (<0.0001)

Sexual functioning �0.1 (ns) 2.7 (ns)
Sexual activity �9.8 (<0.0001)* �13.9 (<0.0001)*

Abbreviations as in Tables 1, 2, and 3.
Values are change over time (p value). p # 0.01 is considered sig-

nificant. In EORTC QLQ-C30(+3) and QLQ-PR25, a high score
reflects a high level of symptoms or functioning or quality of life.
In RAND-36, a higher score reflects better health.

* Significant change in score of $10 points (clinically relevant).
Furthermore, position verification by fiducial markers in

the prostate minimizes patient setup errors during treatment

and leads to less rectal and bladder irradiation (7). Our

report shows that improved technical possibilities, regarding

IMRT and accurate position verification, provide the poss-

ibility of dose escalation with comparable and sometimes

even improved QoL results. Therefore, to minimize the

risk of QoL deterioration, an accurate radiotherapy tech-

nique should be used when further increasing the radiation

dose to the prostate.

The evaluation of QoL changes over time for items without

a group difference (Table 4) revealed a temporary worsening

of QoL after 1 month in terms of physical role restriction,

probably due to passing ‘‘mild’’ side effects. After 6 months,

all patients showed a significant increase in emotional role
restriction, which might be explained by (1) patients having

time to adapt to the situation, (2) response shift mechanism,

and (3) decreasing fear of recurrence and death over time

(22).

For all patients a significantly worse QoL in terms of

sexual activity occurred after 1 month and persisted after

6 months. For both treatment groups the radiation damage

causing erection or ejaculation dysfunction seems to be

permanent. Scores of sexual activity were only available

for 30 patients in the IMRT 76-Gy group and 28 patients

in the conformal 70-Gy group. The Dutch translation of

the EORTC QLQ-PR25 requests an answer to the questions

concerning sexual activity only when patients had been

sexually active in the last 4 weeks, thus causing a low

response rate for this scale and perhaps leading to under-

or overestimated QoL in terms of sexual activity. However,

persistent reduction of sexual activity after external

beam radiotherapy has been extensively reported (12, 13,

23–26). The temporary significant worsening of QoL in

terms of vitality, fatigue, constipation, diarrhea, and bowel
symptoms with a mean score difference of <10 points is

the result of the acute side effects of external beam radio-

therapy treatment (e.g., bowel complaints, pain, and fatigue)

(5, 13, 23, 27).

Despite a prospective design including baseline measure-

ments and using validated QoL questionnaires, the present

study has some limitations. The study was not randomized,

and patients were treated in a sequential fashion over differ-

ent periods, which might have influenced the QoL changes

over time. However, at baseline no significant differences

between the two groups were present with regard to patient

characteristics. Furthermore, at baseline the QoL measures

did not differ significantly between groups. Late rectal and

bladder toxicity usually occurs within 3 years of completion

of radiotherapy (2), and our short-term follow-up of 6 months

may mask significant toxicity and consequently possible

QoL changes. Longer follow-up is required to verify the

comparable and perhaps even improved QoL after high-

dose vs. normal-dose external beam radiotherapy. In the

future, it will be important for randomized studies of further

dose escalation to measure QoL, as well as toxicity, with

long-term follow-up.
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CONCLUSIONS

Compared with 70 Gy conformal radiotherapy, no deteri-

oration in QoL occurred when increasing the radiation dose

for locally advanced prostate cancer, probably owing to

such improved technical possibilities as IMRT and more ac-

curate position verification. For several QoL items the dose-

escalated IMRT group even showed statistically significant
and clinically relevant improved QoL changes over time

compared with the conformal 70-Gy treatment group. There-

fore, this study suggests that IMRT and accurate position ver-

ification provide the possibility of increasing the radiation

dose for prostate cancer without deterioration in QoL. Longer

follow-up is necessary to investigate long-term QoL after an

increased radiation dose.
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