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Abstract
Purpose Analysis of quality of life changes after radiotherapy with focus on the impact of time after treatment and prescrip-
tion dose.
Methods Consecutive patients were treated with doses from 70.2/1.8 Gy (n = 206) to 72/1.8–2.0 Gy (n = 176) in a single 
centre and surveyed using the Expanded Prostate Cancer Index Composite questionnaire.
Results Urinary and bowel bother scores decreased 1 / 3 / 6 points and 7 / 7 / 9 points on average 1 / 5 / 10 years after RT in 
comparison to baseline scores. The rate of urinary (need of pads in 8% vs. 15% before vs. 10 years after RT; p = 0.01) and 
bowel (uncontrolled leakage of stool in 5% vs. 12% before vs. 10 years after RT; p < 0.01) incontinence, as well as rectal 
bleeding (4% vs. 8% before vs. 10 years after RT; p = 0.05) increased. Sexual function scores decreased (erections sufficient 
for intercourse in 36% vs. 12% before vs. 10 years after RT; p < 0.01).
A higher dose had a statistically significant impact on urinary bother and stool incontinence, but also tended to decrease 
urinary continence. Age and comorbidities did not have an influence on score changes, but on baseline urinary function/
bother and baseline sexual function.
Conclusion Apart from an increasing rate of erectile dysfunction, urinary and bowel incontinence rates increased with 
increasing follow-up period. A higher dose was found to be associated with increased urinary problems and larger stool 
incontinence rates. Age and comorbidities were found to be relevant for baseline scores, but not for score changes.
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Introduction

External beam radiotherapy (RT) is an established curative 
treatment for prostate cancer. Several technical advances 
have been introduced in the last two decades, as image-
guided radiotherapy (IGRT) or intensity-modulated radio-
therapy (IMRT). Smaller treatment volumes with improved 
prostate localization and better dose conformity with 
improved dose delivery allow a dose escalation [1, 2]. Sev-
eral prospective randomized dose escalation studies, using 

three-dimensional conformal techniques, have demonstrated 
increasing biochemical control rates with higher prescription 
doses. However, higher doses have also been shown to be 
associated with increased rectal toxicity [3]. Overall survival 
advantages have been shown in subanalyses of randomized 
studies [4] or non-randomized studies [5].

Health-related quality of life (QoL) has been increasingly 
recognized to be an essential part of treatment evaluation, 
describing treatment-associated effects from the patient`s 
perspective. Studies reporting QoL after a follow-up of more 
than 5 years in relation to baseline values are hardly avail-
able [6]. As radiotherapy is known to have effects even many 
years after treatment, long-term effects on QoL are of high 
practical relevance [7].

The most important new contribution to the literature is 
the QoL analysis after > 10 years in patients treated within 
normal clinical routine. In contrast to tumour control, this 
information is not available in the completed dose escalation 
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studies. Consequently, as treatment techniques change with 
time, the treatment in these patients corresponds to the 
standards used > 10 years ago.

Comprehensive QoL evaluation has been introduced early 
for our patients, so that currently QoL results > 10 years after 
RT are available. Prescription dose has been increased over 
the years, so that not only the effects of higher doses on 
tumour control and survival, but also on QoL have been 
analysed with a specific focus on the impact of total dose.

As long-term toxicity following radiotherapy is extremely 
important, especially for patients with a long life expectancy, 
but poorly investigated, the results of this study are novel 
and urgently needed.

Dose escalation is always an issue in prostate cancer 
radiotherapy, as tumour control rates can be increased with 
higher doses. Understanding the effects of dose escalation on 
QoL many years after treatment is another novel and practi-
cally relevant aim of this study.

Methods

A group of 382 consecutive patients with localized 
T1-T3N0M0 prostate cancer was treated in the years 
2003–2006 with a three-dimensional conformal four-field 
box technique with 15 MeV photons and a multileaf collima-
tor in a single institution, corresponding to the routine treat-
ment at this time. The PTV was required to be enclosed by 
the 90% isodose relative to the reference point with a margin 
of 1.5 cm in the anterior/lateral and 1 cm in the craniocau-
dal and dorsal directions to the CTV (prostate and seminal 
vesicles). The concept included a moderate consecutive 
dose escalation from 70.2 Gy in 1.8 Gy fractions (n = 206) 
to 72 Gy in 1.8–2.0 Gy fractions (n = 99 in 1.8 Gy; n = 77 
in 2.0 Gy fractions), prescribed to the isocentre. The treat-
ment has not been influenced by this study and the subgroup 
analysis has not been planned prospectively.

The PTV was required to be enclosed by the 90% isodose 
relative to the reference point with a margin of 1.5 cm in 
the anterior/lateral and 1 cm in the craniocaudal and dor-
sal directions to the CTV (prostate and seminal vesicles). 
Neoadjuvant and adjuvant hormonal therapy has been added 
depending on the decision of the referring urologist. This 
study is based on the principles outlined in the Declaration 
of Helsinki.

Patients were surveyed using the expanded prostate can-
cer index composite (EPIC) [8] questionnaire before the 
beginning of RT. Questionnaires that have been missed in 
the time between the initial consent and the beginning of RT 
have not been answered after the start of RT retrospectively 
(limited time-frame for collection). Long-term question-
naires were sent to the patients 1–2 years, 5–6 years and 
9–12 years after the end of RT (minimum changes of five 

points regarded as clinically significant) with a return enve-
lope. If a questionnaire was not returned within 4 weeks, 
patients were contacted by telephone and urged to complete 
it.

The questionnaire comprises 50 items concerning the 
urinary, bowel, sexual and hormonal domains for function 
and bothersomeness. The multi-item scale scores were trans-
formed linearly to a 0–100 scale, with higher scores repre-
senting better QoL. The Charlson Comorbidity Index (CCI) 
[9] was calculated as a scale that considers both patient 
age (starting at 50 years of age, each decade is counted as 
an extra point) and comorbidities (relevant comorbidities 
as diabetes or peripheral vascular disease are counted as a 
point, a localized tumour as two points).

Regular follow-up evaluation was performed by the refer-
ring urologist, usually at least every 3 months in the first 
2 years, every 6 months up to 5 years and then at least once 
a year. Follow-up data (laboratory, clinical results) were col-
lected in our department using patient and urologist ques-
tionnaires, additionally phone calls and also personal visits 
at the urologist’s or general practitioner’s practice. Biochem-
ical failure was defined as a rise by 2 ng/ml or more above 
the nadir (Phoenix definition) and includes patients with an 
additional hormonal therapy [10].

Statistical analysis was performed using IBM SPSS Sta-
tistics 25.0 software (IBM, Armonk, NY, USA). To explore 
statistical QoL score differences between different sub-
groups, the Mann–Whitney U-test was used. The Wilcoxon’s 
matched-pairs test was applied to determine longitudinal 
changes. Contingency table analysis with the Chi-square test 
was performed to compare treatment groups with respect to 
categorical variables. The Kaplan–Meier method was used 
to assess biochemical recurrence, prostate cancer-specific 
and overall survival rates. The log-rank test was used to 
compare survival rates by specific factors. All p-values 
reported are two-sided, p < 0.05 is considered significant.

Results

Baseline patient characteristics are presented in Table 1. 
With the exception of the Gleason score distribution (higher 
percentage of Gleason score seven and higher in the high 
dose group), patient characteristics did not change in the 
subsequent treatment groups. Biochemical tumour control 
in the 72 Gy subgroup was significantly higher in compari-
son to the 70.2 Gy subgroup (78% vs. 55% after 10 years; 
p < 0.01)–including subgroup analyses for intermediate 
(80% vs. 58%; p < 0.01) and high risk patients (60% vs. 
35%; p < 0.01). CCI did not significantly impact prostate 
cancer-specific survival (84% vs. 78% after 10 years with 
CCI ≤ 4 vs. CCI > 4; p = 0.07), but overall survival (76% 
vs. 58% after 10 years with CCI ≤ 4 vs. CCI > 4; p < 0.01). 
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No impact of neoadjuvant hormonal therapy was found on 
disease-specific or overall survival.

The response rate in the respective intervals consider-
ing all treated patients was 78% (n = 297) before RT, 92% 
(n = 350) 1–2  years, 74% (n = 282) 5–6  years and 52% 
(n = 199) 9–12 years after the end of RT. The response rate 
needs to be seen in relation to the 6- year and 12-year overall 
survival rates of 81% and 58%, respectively. Thus, taking 
into account only living patients at a specific follow-up, the 
response rates 5–6 years and 9–12 years after the end of RT 
were also nearly 90%.

Urinary and bowel bother scores decreased 1 / 3 / 6 
points and 7 / 7 / 9 points on average 1 / 5 / 10 years after 
RT in comparison to baseline scores. The rate of urinary 
(need of pads in 8% vs. 15% before vs. 10 years after RT; 
p = 0.01) and bowel (uncontrolled leakage of stool in 5% vs. 
12% before vs. 10 years after RT; p < 0.01) incontinence, 
as well as rectal bleeding (4% vs. 8% before vs. 10 years 
after RT; p = 0.05) increased. Scores and score changes in 
the two dose groups are presented in Table 2, specific items 
in Table 3. In the 72 Gy group, the urinary bother score 
difference after 5 years was significantly larger in compari-
son to 70.2 Gy (urinary bother: 6 vs. -1; p = 0.04). A clini-
cally significant decline has only been detected in the 72 Gy 
group after 5–6 years and 9–12 years. A larger percentage 
of patients in the 72 Gy group reported big/moderate bother 
with urinary function overall at all follow-up intervals. Sta-
tistically significant longitudinal changes have only been 
found in the 72 Gy group for urinary function/bother, in 
contrast to the 70.2 Gy group.

A higher dose had a statistically significant impact on 
stool incontinence after 5–6 years and 9–12 years, but also 
some (statistically not significant) impact on urinary incon-
tinence. Sexual function scores decreased 6, 13 and 18 
points in the corresponding intervals (erections sufficient 

for intercourse in 36% vs. 12% before vs. 10 years after RT; 
p < 0.01). Sexual function score changes after 5–6 years and 
9–12 years were larger in the 70.2 Gy in comparison to the 
72 Gy group.

For patients with higher CCI, score changes have not been 
found significantly different from patients with lower CCI. 
However, baseline urinary function/bother and baseline sex-
ual function was significantly worse with higher CCI (mean 
urinary function/bother score of 94/85 vs. 90/80; sexual 
function score of 41 vs. 27 with CCI ≤ 4 vs. CCI > 4).

Thus, patients who reached the last follow-up 9–12 years 
after RT had more frequently a lower CCI in comparison 
to patients who did not reach the last follow-up (CCI > 4 
in 64% vs. 81%; p < 0.01), they were younger at the time 
of RT (median age of 70 vs. 73 years; p < 0.01) and tended 
to have less aggressive tumours (low/intermediate/high risk 
in 39%/38%/23% vs. 36%/29%/35%; p = 0.04). Focusing on 
baseline QoL, a statistically significant difference was found 
for the urinary function score–94 vs. 89 with vs. without last 
follow-up; p = 0.02.

Discussion

Several randomized dose escalation studies have been per-
formed in the last two decades in prostate cancer patients 
[3]. They have clearly demonstrated improved biochemical 
tumour control or clinical progression with higher total 
doses, in line with the results of our study. Increasing the 
fraction dose from 1.8 Gy to 2.0 Gy and considering an 
α/β-value of 1.5 for prostate cancer [11], the total dose 
will be biologically 6% higher, i.e. a total dose of 72 Gy in 
2 Gy fractions corresponds to 76.4 Gy in 1.8 Gy fractions. 
Thus, the dose difference corresponds to 3% with 1.8 Gy 
fractions (72 Gy/70.2 Gy), but to 9% (76.4 Gy/70.2 Gy) 

Table 1  Baseline patient 
characteristics

PSA prostate-specific antigen, CCI Charlson Comorbidity Index
*p < 0.01
a No risk factors: PSA < 10 ng/ml, Gleason score < 7, cT-stage < 2b
b One risk factor: PSA10-20 ng/ml, Gleason score = 7 or cT-stage = 2b/c
c Two risk factors or PSA > 20 ng/ml or Gleason score > 7 or cT-stage > 2b/c

70.2 Gy/1.8 Gy (n = 206) 72 Gy/1.8-2 Gy (n = 176)

Median follow-up (months) 109 (mean 95) 107 (mean 85)
Median age (range) (years) 71 (45–85) 72 (51–84)
Median planning target volume (range)  (cm3) 343 (173–627) 336 (169–631)
median initial PSA (range) (ng/ml) 9 (2–104) 8 (2–66)
Gleason score > 6 (%)* 20 48
Neoadjuvant hormonal therapy (%) 35 34
Adjuvant hormonal therapy (%) 11 10
Lowa/intermediateb/high  riskc (%) 39 / 31 / 30 35 / 36 / 28
CCI > 4 (%) 70 77



440 Quality of Life Research (2021) 30:437–443

1 3

with simultaneous increase from 1.8 Gy to 2.0 Gy frac-
tions. This considerable difference is usually not consid-
ered in clinical practice.

As the follow-up of these patients is > 10 years, the dose 
is rather lower than currently applied in most radiotherapy 
departments. In contrast to the three-dimensional confor-
mal technique, image-guided and intensity-modulated 
radiotherapy is regarded as the current standard [12]. 
Application of these techniques will most probably allow 
to improve QoL results, as also been shown by rectal spac-
ers that considerably decrease the rectal dose and improve 
QoL [2, 13, 14].

An International Society of Urological Pathology Con-
sensus Conference of Gleason Grading took place in 2005 
[15], with the effect of upgrading many prostate cancers. 
The percentage of Gleason score 7–10 prostate cancers has 
increased considerably, with the effect of a larger percent-
age of higher Gleason scores in the high dose group in our 
patient population. This effect very likely explains the con-
siderable biochemical control difference between the dose 
subgroups, as higher Gleason scores have been rated more 
favourably in earlier years, thus in the patient population 
treated with lower total doses.

Randomized dose escalation studies have analysed treat-
ment toxicity. The largest effect has been found on gastro-
intestinal toxicity, with significantly higher grade two or 
higher rates for higher doses [3]. A correlation of gastroin-
testinal toxicity with rectal dose–volume parameters is well 
known [16]. However, quality of life from the patients’ per-
spective have not been evaluated in these trials.

In a prostate cancer patient population, quality of life 
changes with longer follow-up cannot be reliably differenti-
ated from changes with ageing [17]. It is known that age 
and comorbidities have an impact on continence rates and 
erectile function [17–19]. These are the changes that have 
also been found in this study, focusing on baseline results 
for patients with a higher Charlson Comorbidity Index and 
changes with longer follow-up.

The comparison of different dose levels helps to assess 
the actual impact of radiotherapy. An effect has been found 
on urinary bother score changes that have been found to be 
statically significantly higher in the 72 Gy in comparison 
to the 70.2 Gy group and have reached the level of clinical 
significant changes only in the 72 Gy group.

Significant differences of bowel function or bother 
scores have not been found between different dose levels. 

Table 2  Mean function/bother 
scores (quartiles in brackets) 
before and changes after the 
irradiation

Positive change = decreasing/worsening quality of life
RT radiotherapy
*p < 0.05 comparing the dose groups

Before RT
(n = 297)

1–2 years 
after RT
(n = 350)

5–6 years after RT
(n = 282)

9–12 years after RT
(n = 199)

Urinary function score 70.2 Gy 91
(87/100/100)

−  2
(− 5/0/0)

0
(− 5/0/7)

2
(− 3/0/7)

72 Gy 92
(88/100/100)

0
(− 5/0/7)

4
(0/0/7)

4
(0/0/7)

Urinary bother score 70.2 Gy 79
(68/86/96)

− 1
(− 10/0/7)

− 1*
(− 7/0/11)

3
(− 7/0/14)

72 Gy 83
(75/89/96)

3
(− 7/0/10)

6*
(− 7/4/18)

8
(− 4/4/18)

Bowel function score 70.2 Gy 92
(89/96/100)

3
(− 4/0/7)

2
(− 4/0/7)

5
(− 4/0/9)

72 Gy 92
(89/96/100)

3
(− 4/0/7)

4
(− 4/0/11)

2
(− 4/0/7)

Bowel bother score 70.2 Gy 93
(93/100/100)

7
(0/0/11)

4
(− 4/0/12)

10
(− 7/0/14)

72 Gy 94
(93/100/100)

7
(0/0/14)

9
(0/0/14)

8
(0/4/16)

Sexual function score 70.2 Gy 32
(5/33/52)

8
(0/4/18)

17*
(0/12/34)

23*
(3/25/38)

72 Gy 29
(4/27/50)

7
(− 3/5/17)

10*
(− 3/7/22)

13*
(0/12/37)

Sexual bother score 70.2 Gy 60
(25/63/100)

7
(− 9/0/19)

13
(− 6/6/38)

15
(− 6/13/44)

72 Gy 59
(25/63/100

11
(0/7/31)

16
(0/6/37)

21
(0/25/50)
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However, bowel bother score changes reached the level 
of clinical significance in both dose groups. A higher 
dose had a significant impact on stool incontinence 
rates, additionally a tendency for higher rectal bleeding 
rates. Smaller margins and more conformal techniques, 
applying daily image guidance and intensity-modulated 
techniques, as well as improved rectal protection with 
prostate-rectum spacers might considerably improve these 
radiotherapy effects [2, 20].

Several different aspects contribute to sexual function. 
As presented in Table 3, > 50% of patients still have some 
erections 9–12 years after the end of radiotherapy (if abil-
ity present before treatment). However, this percentage 
decreased to about 30% if we consider only erections 
sufficient for intercourse. In contrast to urinary scores, 
larger sexual function score changes have been found for 
patients treated with lower total doses. This effect can be 
well explained by higher recurrence rates with the need 
of antiandrogen treatment in the low dose group.

Conclusion

The dose escalation was found to be clinically relevant for 
biochemical tumour control and quality of life. This is the 
consequence of a simultaneous increase of the dose per frac-
tion from 1.8 Gy to 2 Gy. Apart from an increasing rate of 
erectile dysfunction, urinary and bowel incontinence rates 
increased with increasing follow-up period. A higher dose 
was found to be associated with increased urinary problems 
and larger stool incontinence rates. Age and comorbidities 
were found to be relevant for baseline scores, but not for 
score changes.
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