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ABSTRACT 
Purpose: To evaluate the persistence of symptoms after radiotherapy (RT) for localised prostate cancer 
(PCa) and the association with quality of life (QOL).
Materials and methods: Prospective patient-reported outcome (PRO) from a multi-institutional study 
on PCa treated with radical RT (2010–2014) was analysed. Data was collected at baseline (BL) and fol-
low-ups (FUPs) up to 5 years. Patients with BL and �3 late FUPs (�6 months) were analysed. PRO was 
scored by means of the IPSS and ICIQ-SF (urinary), LENT-SOMA (gastrointestinal [GI]), and EORTC-C30 
(pain, insomnia, fatigue, and QOL) questionnaires. Symptoms were defined ‘persistent’ if the median 
score over FUPs was �3 (urinary) or �2 (GI, pain, insomnia, and fatigue), and worse than BL. Different 
thresholds were chosen to have enough events for each symptom. QOL was linearly transformed on a 
continuous scale (0–100). Linear-mixed models were used to identify significant differences between 
groups with and without persistent symptoms including age, smoking status, previous abdominal sur-
gery, and diabetes as confounders. Mean QOL differences between groups were evaluated longitudin-
ally over FUPs.
Results: The analysis included 293 patients. Persistent urinary symptoms ranged from 2% (straining) 
to 12% (weak stream, and nocturia). Gastrointestinal symptoms ranged from 7% (rectal pain, and 
incontinence) to 30% (urgency). Proportions of pain, insomnia, and fatigue were 6, 13, and 18%. 
Significant QOL differences of small-to-medium clinical relevance were found for urinary incontinence, 
frequency, urgency, and nocturia. Among GI symptoms, rectal pain and incontinence showed small-to- 
medium differences. Fatigue was associated with the largest differences.
Conclusions: The analysis showed that symptoms after RT for PCa occur with different persistence 
and their association with QOL varies in magnitude. A number of persistent urinary and GI symptoms 
showed differences in a comparable range. Urinary incontinence and frequency, rectal pain, and faecal 
incontinence more often had significant associations. Fatigue was also prevalent and associated with 
largely deteriorated QOL.
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Introduction

The number of cancer survivors has dramatically increased 
with improved early detection and treatment efficacy [1]. As 

a result, the long-term treatment burden on patients’ health 
and overall well-being has become increasingly important for 
several cancer sites [2].
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Given the excellent prognosis of localised prostate cancer 
(PCa), the focus is now directed on strategies aimed at 
reducing treatment-related side effects that can affect quality 
of life (QOL) [3]. Radiotherapy (RT) is an effective option for 
localised PCa, especially considering recent technological 
advances that allow to increase the dose to the target and 
explore hypofractionated regimes [4]. Although the rare inci-
dence of severe adverse events, mild-to-moderate treatment- 
related symptoms are still present and might negatively 
affect daily activities and overall QOL of PCa survivors [5].

Treatment optimisation aims to prevent morbidity based 
on the relationship between the dose to specific organs and 
the risk of a given symptom. One of the well-known side 
effects after RT for PCa and with a defined dose-effect rela-
tionship is rectal bleeding, whose risk can be now minimised 
during treatment planning by keeping the dose to the rec-
tum within defined constraints [6].

While the risk of some symptoms can be effectively 
reduced with both new technologies and optimal planning, 
the downstream effect on health-related QOL is less straight-
forward. Quality of life is in fact a complex concept encom-
passing functional, psychological, and social aspects of an 
individual’s health [7]. The impact of a specific side effect on 
QOL depends not only on its severity, but also on the timing 
(onset, duration, and pattern of manifestation), location 
(organ-specific or systemic), and other factors that may be 
unrelated to treatment [8].

To understand the true burden of radiation-induced 
symptoms, it is important to know which and to what extent 
they can impact patients’ QOL. Despite several recent reports 
on QOL of PCa survivors ranging from intermediate term (4– 
5 years) up to 15 years of follow-up [9–18], only few have 
directly evaluated and compared the impact of side effects 
on QOL [19–23]. However, most of these studies were either 
cross-sectional, retrospective or with limited follow-up, and 
in any case not evaluating the long-term temporal evolution 
of symptoms.

Since it is established that symptoms after RT can have 
different time patterns, being either irreversible, fluctuating, 
or also healing with successful interventions, to evaluate the 
association with long-term QOL it would also be relevant to 
assess their persistence and not only the severity. 
Nevertheless, a recent review reported that timing of symp-
toms is not usually included in prospective RT clinical tri-
als [24].

The aims of this work were: 1) to identify persisting symp-
toms after radical RT for localised PCa and, 2) to evaluate 
and rank the association of persistent symptoms with QOL of 
PCa survivors over 5 years of follow-up. For this purpose, 
mature patient-reported outcome (PRO) from the prospective 
DUE01 study was used [4,25,26].

Materials and methods

Patients and treatment

The DUE01 study is an Italian multi-institutional prospective 
observational study aimed at developing predictive models 
for radiation-induced urinary and sexual side effects from 

radical RT for localised PCa. Patients were enrolled from 2010 
to 2014. The study was approved by the Ethics Committees 
of each participating centre. Detailed information on selec-
tion criteria, and contouring/planning procedures were previ-
ously described [26–28].

Patients were treated with either conventional (1.8– 
2 Gy/fraction) or moderately hypofractionated RT (2.2– 
2.7 Gy/fraction) in 5 fractions/week. Set-up included supine 
position, empty rectum, and full bladder. Image-guided RT 
was used in 80% of patients. Treatment of pelvic lymph 
nodes was delivered according to institutional practice.

Symptoms and QOL assessments

PRO was collected at baseline, at the end of RT, at 3 and 
6 months after treatment, and thereafter every 6 months up 
to 5 years. Patients with exclusively biochemical recurrence, 
e.g., no clinical symptoms and only starting hormone ther-
apy, were not censored during follow-up. For this analysis, 
patients were included if PRO was available at baseline and 
at least three late follow-ups (from 6 months onwards).

Urinary (GU) symptoms were scored with the International 
Consultation on Incontinence Questionnaire–Urinary 
Incontinence Short Form (ICIQ-SF) and the International 
Prostate Symptom Score (IPSS) questionnaires. For this ana-
lysis, individual items (symptoms) of the two questionnaires 
were evaluated. ICIQ-SF assesses the frequency and severity 
of urinary incontinence. IPSS is used to score symptoms of 
benign prostatic hyperplasia and is commonly used to evalu-
ate urinary outcome after RT for PCa. The overall scores for 
IPSS and ‘objective’ ICIQ-SF (ICIQ-O, defined as the sum of 
items 3 and 4 pertaining to frequency and amount of urinary 
leakage, respectively) were also analysed. Gastrointestinal (GI) 
symptoms were reported by means of a modified version of 
the LENT-SOMA scoring system already used in a previous 
Italian prospective multi-institutional study on rectal toxicity 
after RT for PCa (AIRO PROS 01-02) [29]. Systemic symptoms 
(pain, fatigue, and insomnia) were extracted from the 
European Organisation for Research and Treatment of Cancer 
(EORTC) C30 questionnaire [30]. EORTC-C30 was also used to 
evaluate QOL for five functioning (physical, role, emotional, 
cognitive, and social) scales and a global health/general QOL 
domain. More information on questionnaires is provided in 
the Supplementary Material.

Statistics

Definition of symptom persistence
A recently developed methodology to define late, persistent, 
substantial, treatment-related symptoms (LAPERS) was used 
[31,32]. Patients were classified with moderate-severe persist-
ent (MSP) symptoms if scores equal or above a pre-defined 
threshold were reported in at least half of the late follow- 
ups. As shown in the Supplementary Material, PRO measures 
included different systems based on either 6 (GU) or 4 (GI 
and systemic symptoms) points Likert response scales, there-
fore a score threshold of �3 and �2 was chosen to capture 
enough events and have comparable group sizes. In order to 
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identify patients with treatment-related MSP symptoms, they 
were also divided according to whether or not a worsening 
beyond baseline condition was present. For overall IPSS and 
ICIQ-O scores, persistence was defined using thresholds rec-
ommended by the literature, requiring patients to report in 
at least half of follow-ups a score �8 or �5, respect-
ively [4,33].

Association with QOL
Functioning and global health/QOL scales were linearly trans-
formed into a continuous score (0–100) according to the 
EORTC manual [34]. Linear mixed-effect models (LMM) were 
used to identify statistically significant differences in QOL 
between patients without and with MSP symptoms and with 
worsening condition compared to baseline. Models were 
adjusted with relevant patient-related confounders (age, 
smoking status, diabetes, and previous abdominal surgery). 
Statistical significance was assigned at a level of p� 0.05 
(two-sided). To account for multiple testing, the Benjamini– 
Hochberg method was used.

Mean differences for functioning scales and global 
health/QOL domain were calculated across late follow-ups 
from 6 months up to 5 years. As statistical significance is not 
always associated with clinical relevance, deteriorations in 
QOL were also evaluated according to evidence-based guide-
lines to interpret changes in scores (trivial, small, medium, 
and large) for the EORTC-C30 questionnaire [35].

Results

Of 554 patients enrolled in the DUE01 study, 293 met the 
inclusion criteria for this analysis. The complete flowchart for 
patient selection is available in the Supplementary Material. 
The median follow-up of the cohort was 36 [range: 18, 60] 
months. The main patient, disease and treatment characteris-
tics are summarised in Table 1. Details on prescribed dose, 
fractionation, technique, and dose-volume parameters for 
bladder and rectum are reported in the Supplementary 
Material.

Table 2 shows the proportion of patients with MSP symp-
toms according to the LAPERS methodology with and with-
out worsening compared to baseline condition. Individual 
symptoms occurred with different persistence: the most fre-
quent GI symptom was faecal urgency, with more patients 
experiencing worsening as compared to baseline status. On 
the other hand, fatigue symptoms were also recurrent but 
with more patients not reporting any worsening compared 
to BL. The incidences of most GI and GU symptoms were 
comparable in a ± 5% range. Among GU symptoms, incontin-
ence, frequency, weak stream, and nocturia were more 
prevalent, while incomplete emptying and straining were 
rarely reported persistently over time. For GI symptoms, diar-
rhoea and mucus discharge were slightly more prevalent 
than incontinence and rectal pain. For most symptoms, most 
patients who reported persistently also presented a worsen-
ing compared to their baseline condition. Most of the 

patients reported MSP faecal incontinence, blood in stools, 
and urinary intermittency only after treatment.

Proportions of patients with persistent GI and systemic 
symptoms defined with a stricter criterion (score �3 in at least 
half of follow-ups) are reported in Table 3. The number of 
patients reporting persistent symptoms dropped dramatically: 
fatigue symptoms were experienced by �2% of the cohort, 
while GI symptoms were �1%. Only faecal urgency was 
reported by 4.4% of patients. Nevertheless, most of the patients 
worsened beyond BL condition. No patients had persistent fae-
cal incontinence or rectal pain using this stricter threshold.

Figures 1–3 show mean global health/QOL scores for 
MSP GU, GI, and systemic symptoms over late follow-ups. 
Only patients with worsening beyond BL condition are 
reported. As highlighted by the overlap of the confidence 
intervals, no clear differences emerged for symptoms such 
as faecal urgency and blood in stools. QOL trends often 
fluctuated over time (i.e., urinary incontinence and urgency), 
while for some symptoms were worsening (overall IPSS, 
tenesmus, and need to rest), and for others improved (diar-
rhoea and mucus discharge). The QOL of patients without 

Table 1. Patient, disease and treatment characteristics in the cohort eligible 
for analysis.

Age (years) 72 (67–75)
BMI/missings 26 (24–29)/18 (6%)
Smoke/missings 38 (14%)/13 (4%)
Alcohol/missings 139 (50%)/16 (5%)
Diabetes 47 (16%)
Hypertension 164 (57%)
Cardiovascular disease 75 (26%)
Hypercholesterolemia 11 (4%)
Urological disease 15 (5%)
Gastrointestinal disease 26 (9%)
Anticoagulants 21 (7%)
Cardiovascular drugs 195 (67%)
Antiaggregants 100 (36%)
Antidepressive 16 (6%)
TURP 36 (15%)
Previous abdominal surgery 113 (39%)
PSA 6.5 (5.1–10.1)
Gleason score/missings 8 (3%)
<7 100 (34%)
¼7 137 (47%)
>7 32 (16%)
T stage/missings 11 (4%)
T1 161 (57%)
T2 88 (31%)
T3-4 19 (7%)
TX 14 (5%)
Hormone therapy 165 (58%)
Prostate PTV D95% (Gy)
CONV (n ¼ 136) 76.3 (74.7–77.1)
HYPO (n ¼ 147) 67.9 (66.7–69.4)
Seminal vesicles irradiation 227 (78%)
Prostate þ seminal vesicles PTV D95% (Gy)
CONV (n ¼ 113) 79.1 (78.4–79.6)
HYPO (n ¼ 114) 74.6 (71.5–76.1)
Pelvic lymph node irradiation 133 (46%)
Dose prescribed to lymph nodes (Gy)a

CONV (n ¼ 62) 50.0 [46–50.4]
HYPO (n ¼ 70) 51.8 [48.0–54.4]

Proportions are given with number (percentages), or median (interquartile 
range: IQR). Missing values are <2%, unless declared (in italics).
BMI: body mass index; TURP: transurethral resection of the prostate; PTV: plan-
ning target volume; D95%: minimum dose delivered to 95% of the PTV; 
CONV: conventional radiotherapy; HYPO: hypofractionated radiotherapy
aFor dose prescribed to lymph nodes, minimum and maximum values are 
reported instead of IQR.
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MSP symptoms was stable over time within narrow confi-
dence intervals.

After adjusting for confounders and multiple testing, stat-
istically significant differences were found only for some MSP 
symptoms. The mean differences over time for the five func-
tioning scales and global health/QOL domain are reported in 
Figure 4. Differences are listed only for MSP symptoms with 
significant associations with QOL according to the LMM. The 
grey scale highlights the clinical relevance of differences 
according to guidelines for interpreting deteriorations in 
EORTC-C30 scores [35].

Associations with physical functioning were found for 
multiple MSP symptoms; however, differences were all trivial 
if considering their clinical relevance. On the other hand, dif-
ferences for global health/QOL were all medium to large in 
magnitude. Role functioning was also associated with differ-
ent symptoms; however, the clinical relevance was small to 
medium. Social functioning showed mostly differences of 
only minor clinical relevance. Emotional functioning was the 
least affected domain, and only fatigue symptoms contrib-
uted to small to medium differences. Finally, cognitive func-
tioning was associated only with GU symptoms and with 
medium clinical relevance.

Some MSP symptoms had a recurrent association with 
several QOL domains but with varying clinical relevance. 
This was the case of incontinence, frequency, urgency, and 
nocturia for GU symptoms, and faecal incontinence and rec-
tal pain for GI symptoms. Objective urinary incontinence 
(including both frequency and amount of urine) showed 
differences of medium clinical relevance for both role func-
tioning and global health/QOL domain. On the other hand, 
the impact of the overall IPSS score, representing the sum 
of all GU symptoms (excluding incontinence reported in the 
ICIQ-SF) was not significant for role functioning. Fatigue 
symptoms were often associated with significant deteriora-
tions, especially for emotional functioning and global 
health/QOL. Finally, MSP symptoms, such as weak stream, 
diarrhoea, faecal urgency, tenesmus, and insomnia, even if 
more prevalent among patients, were rarely associated with 
significant differences.

Discussion

Based on prospective PROs from PCa survivors over a 5-year 
follow-up, the current analysis identified symptoms persisting 

Table 2. Proportions of patients with MSP symptoms with and without worsening compared to baseline condition.

Symptoms No MSP (%) MSP and worsening (%) MSP not worsening (%)

IPSS total 190 (64.8) 43 (14.7) 60 (20.5)
ICIQ-O 261 (89.1) 24 (8.2) 8 (2.7)
Urinary incontinence 264 (90.1) 22 (7.5) 7 (2.4)
Incomplete emptying 278 (94.9) 8 (2.7) 7 (2.4)
Urinary frequency 254 (86.7) 27 (9.2) 12 (4.1)
Urinary intermittency 275 (93.9) 15 (5.1) 3 (1.0)
Urinary urgency 267 (91.1) 20 (6.8) 6 (2.0)
Weak stream 245 (83.6) 35 (11.9) 13 (4.4)
Urinary straining 287 (98.0) 6 (2.0) 0 (0.0)
Nocturia 232 (79.2) 36 (12.3) 25 (8.5)
Diarrhoea 227 (77.5) 35 (11.9) 31 (10.6)
Tenesmus 231 (78.8) 31 (10.6) 31 (10.6)
Faecal urgency 136 (46.4) 88 (30.0) 69 (23.5)
Faecal incontinence 271 (92.5) 20 (6.8) 2 (0.7)
Mucus discharge 248 (84.6) 35 (11.9) 10 (3.4)
Rectal pain 262 (89.4) 19 (6.5) 12 (4.1)
Blood in stools 267 (91.1) 22 (7.5) 4 (1.4)
Pain 271 (92.5) 17 (5.8) 5 (1.7)
Need to rest 216 (61.8) 48 (16.4) 64 (21.8)
Weakness 179 (61.1) 51 (17.4) 63 (21.5)
Tiredness 161 (54.9) 54 (18.4) 78 (26.6)
Insomnia 216 (73.7) 38 (13.0) 39 (13.3)

MSP: moderate-severe persistent; ICIQ-O: Objective ICIQ-SF

Table 3. Proportion of patient with MSP gastrointestinal and systemic (pain, fatigue, and insomnia) symptoms defined 
using a stricter threshold for persistence (score �3).

Symptoms No MSP (%) MSP and worsening (%) MSP not worsening (%)

Diarrhoea 288 (98.3) 3 (1.0) 2 (0.7)
Tenesmus 290 (99.0) 1 (0.3) 2 (0.7)
Faecal urgency 277 (94.5) 13 (4.4) 3 (1.0)
Faecal incontinence 293 (100) 0 (0.0) 0 (0.0)
Mucus discharge 291 (99.3) 2 (0.7) 0 (0.0)
Rectal pain 293 (100) 0 (0.0) 0 (0.0)
Blood in stools 291 (99.3) 2 (0.7) 0 (0.0)
Pain 292 (99.7) 1 (0.3) 0 (0.0)
Need to rest 285 (97.3) 6 (2.0) 2 (0.7)
Weakness 284 (96.9) 7 (2.4) 2 (0.7)
Tiredness 283 (96.6) 8 (2.7) 2 (0.7)
Insomnia 284 (96.9) 4 (1.4) 5 (1.7)

MSP: moderate-severe persistent
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and worsening after RT, also investigating their long-term 
association with QOL. Urinary incontinence, frequency, and 
urgency, as well as rectal pain and faecal incontinence 
impacted several aspects of QOL. Fatigue was also associated 
with clinically relevant differences in QOL.

The present analysis confirmed previous findings from 
studies that have directly quantified how the incidence of 
different symptoms after RT for PCa can affect long-term 
QOL [19–22], providing new insights on persistence of symp-
toms and their correlation with QOL.

Figure 1. Mean and 95% confidence intervals for EORTC-C30 Global health/QOL during late follow-up for patients without and with MSP urinary symptoms.
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PROs were used to evaluate a variety of GU, GI, and sys-
temic symptoms. When compared to physician-assessed mor-
bidity, PROs can be more sensitive and capture even milder 
severity of symptoms and are used to gather a more com-
prehensive information [2]. Furthermore, physicians often 
underestimate the severity of symptoms and reporting can 

be inconsistent, leading to observation and inter-rater 
biases [2,36].

Persistence and prevalence of symptoms were also con-
sidered to evaluate the association with QOL, as mild to 
moderate but long-lasting symptoms may translate into sig-
nificant limitations on daily activities and overall well-being 

Figure 2. Mean and 95% confidence intervals for EORTC-C30 Global health/QOL during late follow-up for patients without and with MSP gastrointestinal 
symptoms.
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[8,21]. The LAPERS methodology developed for EORTC data 
and validated in a prospective cohort of locally advanced 
cervical cancer patients [31,32] was modified for this scope. 
As PROs also refer to symptoms that can occur occasionally 
in the general healthy population, the concept of persistence 
was introduced to avoid transient conditions unrelated to 
treatment. Baseline status was also considered to exclude 
patients with pre-treatment conditions.

Persistence of symptoms

The LAPERS methodology highlighted that symptoms may 
last differently. Nocturia and faecal urgency were the most 
frequent GU and GI MSP symptoms, respectively, with wor-
sening compared to baseline. On the other hand, straining 

and incomplete emptying rarely persisted over time, indicat-
ing that these symptoms are reversible or can potentially be 
treated with appropriate interventions. A considerable num-
ber of patients also experienced worsening MPS fatigue 
symptoms and insomnia.

Persistence of symptoms is rarely reported in clinical stud-
ies, yet it needs to be considered to understand the potentially 
long lasting or chronic effect on QOL. Karlsd�ottir et al. showed 
that moderate GI symptoms after PCa RT tend to be reversible, 
while GU symptoms tend to persist [37]. In this analysis, pro-
portions of individual MSP GU and GI symptoms were often in 
a comparable range. However, scoring systems with different 
response scales were used to score GU and GI symptoms. As 
highlighted in Table 3, only few patients experienced MSP GI 
symptoms using a stricter threshold to define persistence.

Figure 3. Mean and 95% confidence intervals for EORTC-C30 Global health/QOL during late follow-up for patients without and with MSP pain, fatigue, and 
insomnia.
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Association with QOL

The analysis showed that not all symptoms are associated 
with QOL, regardless of their persistence. Furthermore, not 
all QOL domains (physical, role, emotional, cognitive, social, 
and global health/QOL) were affected in the same way and 
with the same clinical relevance. Statistically significant differ-
ences in physical functioning were found for multiple symp-
toms, but only with trivial relevance according to the 
guidelines for interpreting change scores for the EORTC-C30 
questionnaire [35]. On the other hand, all differences for glo-
bal health/QOL had a medium-to-large clinical relevance. In 
addition, multiple symptoms were also associated with role 
functioning, but with limited clinical relevance, suggesting 
that MSP symptoms do not heavily impact professional life 
or leisure activities. Emotional functioning was less affected, 
and only by fatigue symptoms. The intercorrelation between 
fatigue, anxiety, and depression in cancer survivors has been 
already reported in the literature [38,39]. Interestingly, 
medium differences in cognitive functioning were found only 
for GU symptoms. A recent study highlighted that cognitive 
function is strongly associated with dysfunctional urine stor-
age and with overactive bladder syndrome [40]. Finally, a 
small clinical relevance was found for differences in social 
functioning. Family life and social activities thus seem to not 
be strongly affected by most of MSP symptoms.

Several symptoms were recurrently associated to different 
QOL domains. The impact on QOL of physician-assed urinary 
incontinence and rectal pain had been already reported by 
Schaake et al. [21] and it is confirmed here using patient- 
reported symptoms. In addition, Schaake et al. stated that to 
the number of patients experiencing faecal incontinence was 
too small to reliably investigate the association with QOL in 
their analysis, although it is known to be a disabling 

condition especially with respect to the social domain [41]. 
Its detrimental impact is confirmed here, as faecal incontin-
ence was associated with worse role and social functioning, 
as well as global health/QOL. Other symptoms with similar 
impact on QOL were also detected, such as urinary fre-
quency, urgency, and nocturia. Of note, despite being one of 
the most frequently addressed functional endpoints after RT 
for PCa [42], rectal bleeding did not appear to be the most 
relevant for QOL.

In contrast to the findings of Bacon et al. indicating that 
the impact on QOL of GI symptoms after RT for PCa was 
generally more severe compared with GU and sexual symp-
toms, this analysis did not highlight clear differences 
between the two organ systems. This may be due to the 
questionnaires used to report GI and GU symptoms, includ-
ing different scoring systems and thresholds used to define 
their persistence. Doses delivered to the bladder and rele-
vant urinary sub-structures are usually high, and a consider-
able number of patients experienced MSP GU symptoms [4], 
while GI symptoms were reported persistently at lower 
scores.

Fatigue-related symptoms (need to rest, weakness, and 
tiredness) were associated with almost all QOL domains and 
with the largest differences. This finding confirms what 
Lilleby et al. [19] previously reported: fatigue, and physical 
and emotional functioning emerged as the only predictors of 
QOL in multivariable analysis. Furthermore, this analysis 
showed that only fatigue was associated with emotional 
functioning. Despite being one of the most common symp-
toms related to cancer and its treatment, fatigue was rarely 
investigated in clinical studies, probably also owing to its 
multi-factorial nature [43,44]. Nevertheless, previous works 
have already evaluated the impact of fatigue on QOL of 

Figure 4. Mean QOL deteriorations over 5 years for patients with MSP symptoms. Values are shown when statistically significance was found with LMM. Clinical 
relevance was assigned according the guidelines to interpret changes in EORTC-C30 scores [35].
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cancer survivors [45,46]. Other studies have also suggested 
that fatigue could be related to large irradiated volumes 
[47,48]. In fact, almost half of the patients in the DUE01 
study received prophylactic lymph-nodal irradiation.

Limitations and challenges

This work is not devoid of limitations. First, it relied upon dif-
ferent PRO measures, making the comparison of persistent 
symptoms less straightforward. A lower severity threshold 
was chosen for GI and systemic symptoms in order to 
achieve a sufficient number of events. However, association 
with QOL was not always dependent on the severity of the 
score. Indeed, patients reporting faecal incontinence only 
‘sometimes’ but persistently had significant differences in 
QOL. On the other hand, more frequently reported symp-
toms, such as faecal urgency, diarrhoea, weak stream, or 
insomnia were usually not associated with worse QOL.

In addition, the analysis was focused on single symptoms, 
but it is known that they often can co-occur in clusters [8]. 
Therefore, it would be more relevant to evaluate the impact 
of clusters on QOL rather than individual symptoms.

Only a limited number of confounders was included in 
the models, as the primary aim of this work was to evaluate 
and quantify significant differences associated with symp-
toms and not the impact of other potential risk factors. 
However, other aspects may contribute to a worse QOL. 
Cardiovascular diseases and use of antiaggregants can play a 
role. Furthermore, the use of antiandrogens (ADT) can 
increase the risk of GI, GU, and fatigue symptoms after RT 
for PCa [49–51]. Unfortunately, detailed information on ADT 
timing before and after RT was not comprehensively 
recorded in the DUE01 study and therefore the effect of this 
parameter could not be quantified. Of note, perception of 
patients’ wellbeing is also modulated by parameters difficult 
to measure in the context of a clinical study, such as self- 
esteem, resilience, and spirituality [52,53].

Although PROs offer undeniable advantages, they often 
lack the quantitative and clinical information found in phys-
ician-assessed morbidity. Furthermore, as patients scored 
both symptoms and QOL, findings might be biased by the 
extreme response phenomenon, which expresses the ten-
dency to select the extreme endpoints of a response scale 
[54]. However, since not all symptoms showed clinical rele-
vance in QOL aspects, this issue does not seem to strictly 
apply here. In general, it would be ideal to use both PRO 
and physician-assessed morbidity to get a more comprehen-
sive understanding [36].

Moreover, information on morbidity management during 
follow-up was not recorded in the DUE01 study, while it is 
known that some symptoms can be successfully treated with 
interventions and therefore not impacting long-term QOL.

Finally, sexual dysfunction was not addressed in this ana-
lysis. Although a comparable burden to GI and GU dysfunc-
tions, its aetiology in relation to treatment, patient-related 
factors and the impact on QOL is more complex to assess. In 
fact, sexuality is not limited to the mere erectile dysfunction, 
but encompasses different aspects such as sexual desire, 

ability to achieve orgasm, relationships, confidence, self- 
esteem, etc. Correlations with age, partner status, and use of 
ADT make interpretations more complicated to disentangle. 
Sexual dysfunction was reported in the DUE01 study with 
the International Index of Erectile Function (IIEF) questionnaire 
that measures domains related to erectile and orgasmic func-
tion, sexual desire, intercourse, and overall satisfaction. 
Future works will be focused on understanding the impact 
of sexual dysfunction on QOL after RT for PCa [55].

Clinical implications and future perspectives

Identifying persistent symptoms after RT for PCa and evaluat-
ing their association with QOL has several clinical implica-
tions. It can increase the informational value and 
comprehensiveness of risk communication with patients, so 
as to possibly engage them in a shared decision-making and 
boost their coping strategies with symptoms [32].

Ranking symptoms based on their impact on QOL can 
also help to define evidence-based priorities in treatment 
planning to guide dose optimisation [45]. This approach has 
already been introduced for head and neck cancer, where 
symptoms with more severe impact on QOL have been also 
identified [46].

Primary prevention with optimal planning and new tech-
nologies is not the only application. Identifying relevant 
symptoms for specific cancer sites can help to optimise and 
standardise PRO measures to be used in clinical studies and 
improve comparability of findings [2]. This can also promote 
closer follow-up and support measures based on symptoms 
that can be prevented and/or treated in a timely manner. 
Finally, knowledge of symptoms that impair QOL can encour-
age individualised and targeted morbidity management for 
patients already experiencing them [12]. This may include 
interventions, such as tailored exercise to reduce symptoms 
like fatigue. In addition to physical health concerns, anxiety, 
depression, and overall mental wellbeing should also be 
addressed before treatment and in the follow-up care [20].
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