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Background: Maintaining health-related quality of life (HRQoL) is highly desirable during
systemic therapies for patients with castration-resistant prostate cancer (CRPC). Patientreported outcome measures (PROs) were studied in our phase IIa trial on cellular-based
immunotherapy with dendritic cells (DC).
Methods: We treated 21 chemo-naive asymptomatic or minimally symptomatic patients
with CRPC with maximally three cycles of DC vaccinations (ClinicalTrials.gov,
NCT02692976). Here, we report the impact of DC vaccination on HRQoL. PROs were
assessed using the EORTC-QLQ-C30, the EORTC-QLQ-PR25, Checklist Individual
Strength (CIS20-R), and Beck Depression Inventory Primary Care questionnaires.
Short-term and long-term vaccine-related effects on HRQoL were studied.
Results: Questionnaires were collected at baseline (n=20), week 6 (n=19), week 12
(n=18), week 24 (n=13), week 50 (n=8) and week 100 (n=2). No clinically relevant
differences in symptom-related outcome, functioning-related outcome, and Global
Health Status were observed directly after the ﬁrst cycle of DC vaccinations (week 6)
and at follow-up (week 12) compared to baseline. HRQoL remained high throughout the
vaccination cycle and six weeks afterward. In radiographic non-progressive patients, who
continued DC vaccination, high HRQoL scores were observed up to one and two years
after study enrolment.
Conclusions: Patients with asymptomatic or minimally symptomatic CRPC show high
HRQoL throughout DC-based immunotherapy. This is a clinically relevant ﬁnding in this
older-aged patient population with advanced prostate cancer.
Keywords: health-related quality of life (HRQoL), patient-reported outcomes (PROs), dendritic cell vaccination,
immunotherapy, castration-resistant prostate cancer
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under ultrasound guidance by an experienced radiologist or
nuclear medicine specialist in a clinically benign lymph node.
A cycle of DC vaccinations consisted of three biweekly intranodal
injections. In the absence of radiographic disease progression,
patients were eligible for two maintenance cycles of three biweekly
vaccinations, with a six-month interval between cycles. PRO
assessments were completed by patients before apheresis
(baseline) and at weeks 6, 12, 24, 50, and 100 (Supplementary
Figure 1). Adverse events were deﬁned following the Common
Terminology Criteria for Adverse Events version 4.0. The full
study design, vaccine characteristics, eligibility criteria,
immunological outcome parameters, clinical outcome
parameters, and methodological details of the trial have been
described elsewhere (18). The Dutch Central Committee on
Research involving Human Subjects has approved the study
(NL49143.000.14), and written informed consent was obtained
from all patients. The ClinicalTrials.gov identiﬁer of the study is
NCT02692976. The study was conducted in accordance with the
Good Clinical Practice guidelines and with the provisions of the
Declaration of Helsinki (October 9th,2004).

INTRODUCTION
Prostate cancer (PCa) is the second leading cause of cancerrelated death in men (1). Treatment of metastatic PCa is based on
androgen deprivation therapy (ADT), which lowers circulating
testosterone to castrate levels and inhibits tumor growth.
Although primary ADT is initially very effective, in time, cancer
cells become resistant. This stage is known as castration-resistant
prostate cancer (CRPC) (2), a heterogeneous disease stage of
advanced PCa. Since the approval of docetaxel in 2004, essential
advances have been made in the treatment of metastatic CRPC
(mCRPC). Over the past decade, landmark trials have shown an
overall survival beneﬁt in mCRPC for abiraterone, enzalutamide,
cabazitaxel, radium-223, and sipuleucel-T, a dendritic cell (DC)based immunotherapy (3–10). However, the optimal sequence of
agents in mCRPC is unknown. The side effect proﬁle is one of the
parameters to help customize mCRPC treatment. Cancer-related
symptom control is, therefore, a highly desirable health-related
outcome, and patient-reported outcome measurements (PROMs)
are included in most of the prospective phase II and III trials over
the last ﬁve years (11–15).
In our randomized phase IIa study, we enrolled 21
asymptomatic or minimally symptomatic patients with
chemotherapy-naive CRPC and treated them with myeloid DC
(mDC), plasmacytoid DC (pDC) or combined myeloid and
plasmacytoid DC vaccinations (ClinicalTrials.gov, NCT02692976).
DCs can acquire and process antigen for subsequent presentation to
T cells and thereby activate both naïve and memory immune cells
(16). Immune responses, clinical responses, and the impact of DC
vaccination on patient-reported outcomes (PROs) were studied.
Earlier work on HRQoL in the context of adjuvant DC vaccination
in patients with stage III melanoma showed HRQoL improvement
was not hampered after surgery (17).
In the current trial in patients with asymptomatic or
minimally symptomatic CRPC, we hypothesized that PROs
would remain stable during in our DC subset vaccination trial.

Patient-Reported Outcome
Measures (PROMs)
The following PROMs were collected prospectively with four
validated self-reported questionnaires: 1) the European
Organisation for Research and Treatment of Cancer Quality of
Life core Questionnaire C30 (EORTC-QLQ-C30) version 3.0, 2)
the EORTC-QLQ-PR25, 3) the Checklist Individual Strength
(CIS20-R) and 4) Beck Depression Inventory Primary Care
(BDI-PC) (Table 1).
The EORTC-QLQ-C30 has ﬁve functional scales (physical,
role, emotional, cognitive, and social functioning), three
symptom scales (fatigue, nausea/vomiting, and pain), a Global
Health Status (GHS) score and six single-item scores (dyspnea,
insomnia, appetite loss, constipation, diarrhea, and ﬁnancial
difﬁculties). Patients rated the extent to which each statement
was true for the previous week. Responses in the functional
scales, symptom scales, and single-item scores included: “Not at
all”, “A bit”, “Quite a bit”, and “Very much”. GHS scores range
from “Very poor” to “Excellent”. Described scale scores, singleitem scores, and GHS scores were linearly transformed to a 0 to
100 scale. A higher score on the functional scale, for GHS, and
high symptom or single-item score represents a higher level of
functioning, a high HRQoL, or a high symptomatology level,
respectively. A clinically relevant difference was deﬁned by a
mean change of at least 10 points on a scale score (Table 1)
(19, 20).
The EORTC-QLQ-PR25 is a PCa-speciﬁc validated
questionnaire evaluating urinary and bowel symptoms, sexual
activity and functioning, and ADT-induced side effects (hormonal
treatment-related symptoms) (21). All QLQ-PR25 scores are
linearly transformed to a scale from 0 to 100. QoL scores range
from 0 to 100. A higher score on functioning-related domains is
indicative of better functioning, where a higher symptom-related
domain score is indicative of more symptomatology. Sexual
functioning questions required reversing the response categories
for 3 of 4 questions (question number 23–25). In line with the

PATIENTS AND METHODS
Study Design and Patients
We studied PROMs during the open-label, randomized, phase
IIa study of DC subset vaccination in 21 asymptomatic or
minimally symptomatic patients with chemotherapy-naive
CRPC. Patients were randomized (1:1:1) to mDC vaccinations,
pDC vaccinations or combined mDC and pDC (combiDC)
vaccinations. First, patients underwent a mononuclear cell
apheresis. DC subsets were isolated from the apheresis material
with magnetic beads. Subsequently, DCs were matured and
loaded with tumor-associated antigens. DCs were injected
Abbreviations: ADT, Androgen deprivation therapy; BDI-PC, Beck Depression
Inventory Primary Care; CIS, Checklist Individual Strength; (m)CRPC,
(metastatic) Castration-resistant prostate cancer; DC, Dendritic cells; GHS,
Global health status; HRQoL, Health-related quality of life; mDC, myeloid
dendritic cells; PCa, Prostate cancer; pDC, Plasmacytoid dendritic cells; PRO,
Patient-reported outcome; PROM, Patient-reported outcome measure.
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TABLE 1 | Patient-reported outcome measurements.
Questionnaires

Subscales

Items (no.)

Possible range

Clinically relevant difference

EORTC-QLQ-C30

Functional
Symptoms
Single-items
GHS

15
7
6^
2

0–100*
0–100*
0–100*
0–100*

D <10: non-signiﬁcant
D >10: moderate
D >20: very much

Sexual active
Sexual functioning
Urinary symptoms
Bowel symptoms
Hormonal treatment-related
Incontinence aid
CIS total
CIS1 (subjective fatigue severity)
CIS2 (concentration)
CIS3 (motivation)
CIS4 (activity)
Depression inventory score

2
4
8
4
6
1
20
8
5
4
3
7

0–100*
0–100*
0–100*
0–100*
0–100*
0–100*
20–140
8–56
5–35
4–28
3–21
0–21

D <10: non-signiﬁcant
D >10: moderate
D >20: very much

EORTC-QLQ-PR25
Functional
Symptom

CIS20-R

BDI-PC

Score 27-35 (increased risk for fatigue)$
Score > 35 (severe fatigue)$

Score ≥4 (indicative of clinical depression)

BDI-PC, Beck Depression Inventory Primary Care; CIS, Checklist Individual Strength; EORTC, European Organisation for Research and Treatment of Cancer; GHS, Global Health Status.
^
Incorporated single-item questions are about: 1) dyspnea; 2) insomnia; 3) appetite loss; 4) constipation; 5) diarrhea and 6) ﬁnancial difﬁculties. *Scores were linearly transformed to a 0 to
100 scale. $Applicable for CIS1 only.

Figure 1) (18). At baseline, the median age was 67 years (range
53–82). Participants were treated with DC subset vaccines during
the period from November 2015 until May 2018. All 21 patients
(n=7 per arm) received at least one cycle of three biweekly bloodderived DC vaccinations and a skin test for immunomonitoring
purposes. Thirteen patients also received a second cycle and
seven patients a third vaccination cycle. 20 patients completed
PROMs at baseline (95%), 19 patients at week 6 (90%),
18 patients at week 12 (90%), 13 patients at week 24 (100%),
8 patients at week 50 (100%) and 2 patients at week 100 (100%),
which was dependent on patients remaining on study (Figure 1).
One patient was excluded from the analyses for not ﬁlling out the
PRO questionnaires at baseline.

EORTC-QLQ-C30, a clinically relevant difference was deﬁned by a
mean change of at least 10 points on one of the scales.
The CIS20-R is a self-report questionnaire assessing 20 items
encompassing four fatigue dimensions [subjective experience of
fatigue (CIS1), reduction in concentration (CIS2), reduction in
motivation (CIS3), and reduction in activity (CIS4)]. Patients
rated the extent to which each statement was true for the
previous two weeks on a 7-category scale (ranging from score
1 “Yes, that is true” to 7 “No, that is not true”). A CIS1 score of 35
or higher indicates severe fatigue. A score between 27 and 35
represents an increased risk for fatigue (22).
The BDI-PC questionnaire is one of the rating scales for
identifying a mood disorder in medical outpatients. BDI-PC is a
seven-item questionnaire with scores ranging from 0 to 21. Scores of
4 or higher are suggestive for a clinically relevant depression (23, 24).

Clinical Vaccination-Related Adverse Events
Blood-derived DC vaccinations were well tolerated. No vaccinerelated toxicity grade ≥3 was seen. In all vaccinated patients, at
least one low-grade adverse event was reported. Flu-like
symptoms were seen in 10 patients. In 8 of these 10 patients,
fatigue lasted at least 1 day longer than the other ﬂu-like
symptoms or was present without other ﬂu-like symptoms.
Only 2 of these 10 patients had grade 1 or 2 fever. Four
patients (3 treated with pDC vaccinations and 1 treated with
combiDC vaccinations) were diagnosed with a grade 2 upper
respiratory infection during the vaccination period. Three
patients experienced grade 1 dizziness. In 2 patients, an
injection site reaction developed upon the intranodal
administration of DCs. Three patients had a hematoma postvaccination. Two patients had a grade 1 headache after DC
vaccination (Supplementary Table 2). More details and other
laboratory side effects are described elsewhere (18).

Statistical Analysis
A pre-planned descriptive comparison of PROMs was performed
for this study. Outcome scores at group-level are tabulated and
represented as mean with standard deviation. In order to compare
group-level baseline scores with scores after either 6 or 12 weeks, the
mean of the differences and 95% conﬁdence interval are reported.
Missing data were assumed to be absent at random for all analyses.
Missing items from multi-item scales of the questionnaires were
mean-imputed if at least half of the items from a scale were
completed, according to the EORTC QLQ-C30 scoring guidelines
(25). Descriptive statistics at a patient-level were graphically
represented in heatmaps, generated using the R software
environment for statistical computing and graphics (version 3.4.3).

RESULTS

Symptom-Related Outcomes

Patient Features

Symptom-related domains of EORTC-QLQ-C30, EORTC-QLQPR25, and CIS1 of CIS20-R showed, at group-level, equal scores
at baseline compared to week 6 and 12 (Table 2, Figures 2–4 and

In total, 21 eligible patients with CRPC were included in his
prospective study (Supplementary Table 1 and Supplementary
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FIGURE 1 | Completed patient-reported outcome measurements during the study period.

Supplementary Figure 2). Most patients rated low symptom
scores at baseline and during long-term follow-up (weeks 24, 50,
and 100). At group-level, DC vaccination did not affect a
patient’s level of symptoms.
On average, an increase in symptoms was observed on the
incontinence aid scale after 6 weeks (Table 2). At patient-level,
this increase is represented by a temporary increase in symptoms
of 2 patients (pDC-03 and pDC-05; Figure 3D). After 12 weeks,
group-level values returned to baseline (Table 2).
At baseline, two patients (mDC-03 and combiDC-06) had a
CIS1 score of 27–35, indicative of increased fatigue risk. At week
6 four patients (mDC-03, pDC-05, combiDC-03, and combiDC06) and at week 12 six patients (mDC-03, mDC-06, pDC-07,
combiDC-03, combiDC-05, and combiDC-06) showed an
increased fatigue risk score, respectively.
Five patients scored CIS1 >35 at baseline, pinpointing at
severe fatigue (mDC-04, pDC-03, pDC-07, combiDC-03, and
combiDC-05). Severe fatigue scores were seen at week 6 in three
patients (mDC-04, pDC-03, and pDC-07) and at week 12 in two
pDC-treated patients (pDC-03 and pDC-05; Figure 4A).

The BDI-PC depression inventory score was similar at
baseline compared to week 6 and 12 (Table 2 and Figure 4B).
Three patients (pDC-03, combiDC-01, and combiDC-05) had a
baseline score of ≥4, indicative of clinical depression. Patient
combiDC-05 started with antidepressive medication before
apheresis. At week 6, one patient (pDC-03) had a score
indicative of clinical depression. No patient scored ≥4 at week 12.
Sexual activity and functioning showed, however, dramatically
low scores (Supplementary Figure 3). Sexual functioning scores
were based on conditional questions in the PR25. Therefore,
comparable scores were only obtained from up to 3 patients.
Corresponding low scores were observed (Supplementary Figure
3). Low sexual activity and functioning scores were most certainly
due to ongoing castration therapy.
At group-level, moderate improvement of sexual activity,
indicated by an increase in score of ≥10, was found directly
after the ﬁrst vaccination cycle. This ﬁnding seemed to be
consistent at week 12 (Table 2).

Global Health Status
Symptom- and functioning-related domains represented a
satisfactory wellbeing status for most patients. A high GHS
reﬂected these results throughout the trial. GHS at baseline,
week 6, and 12 were respectively 75, 79, and 77 (Figure 2A).

Functioning-Related Outcomes
Functioning-related domains of EORTC-QLQ-C30 and
EORTC-QLQ-PR25 (physical functioning, role functioning,
emotional functioning, cognitive functioning, social
functioning, and sexual functioning) were not different
throughout the study for all patients (Table 2, Figures 2B–F
and Supplementary Figure 3). Using QLQ-C30, on average high
physical, role, emotional, cognitive, and social functioning scores
were observed throughout the trial (Figures 2B–F). For all
patients, CIS2 (concentration), CIS3 (motivation), and physical
activity (CIS4) showed no clinically signiﬁcant difference, when
comparing baseline to week 6 and week 12 (Table 2 and
Supplementary Figure 4).
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DISCUSSION
In this paper, the results of prospectively collected PRO
questionnaires are described in patients with early CRPC treated
with blood-derived DC vaccinations. To our knowledge, this is the
ﬁrst report of PROMs in advanced PCa patients treated with DC
subsets. The questionnaires were well accepted by the patients,
which yielded compliance rates of 90% or higher at every analyzed
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TABLE 2 | Patient-reported outcomes after the ﬁrst dendritic cell vaccination cycle (week 6) and at follow-up (week 12).
Score (SD)
Baseline
QLQ-C30 functional scales*
Physical functioning
Role functioning
Emotional functioning
Cognitive functioning
Social functioning
GHS
QLQ-C30 symptom scales*
Fatigue
Nausea/vomiting
Pain
Dyspnoea
Insomnia
Loss of appetite
Constipation
Diarrhoea
Financial difﬁculties
QLQ-PR25 functional scales*
Sexual activity
Sexual functioning
QLQ-PR25 symptom scales*
Urinary symptoms
Bowel symptoms
Hormonal treatment-related
Incontinence aid
CIS20-R
Subjective fatigue severity
Concentration
Motivation
Physical activity
BDI-PC
Depression inventory score

88.4
88.3
75.8
85.8
85.8
75.4

(11.9)
(13.4)
(20.2)
(18.2)
(18.2)
(16.6)

Mean difference to baseline (CI)

Week 6

88.1
91.2
80.4
90.4
89.5
79.2

Week 12

(14.7)
(17.9)
(19.4)
(20.3)
(17.8)
(14.9)

87.0
88.0
74.1
88.0
85.2
76.6

Week 6

Week 12

(16.4)
(18.8)
(21.9)
(21.2)
(22.8)
(11.5)

−0.4 (−6.6–5.9)
2.6 (−5.5–10.8)
2.8 (−4.6–10.1)
3.5 (−2.2–9.2)
2.6 (−1.4–6.7)
1.9 (−4.9–8.6)

−2.1 (−9.7–5.6)
0.0 (−11.4–11.4)
−0.5 (−5.7–4.8)
1.9 (−3.0–6.7)
−2.8 (−11.4–5.9)
1.0 (−6.9–9.0)

21.9 (18.2)
0.0 (0.0)
10.0 (16.6)
11.7 (19.6)
25.0 (26.2)
1.7 (7.5)
12.2 (16.5)
3.3 (10.3)
5.0 (22.4)

23.1 (21.1)
0.0 (0.0)
8.8 (21.1)
12.3 (16.5)
25.9 (31.4)
5.6 (12.8)
7.0 (14.0)
0.0 (0.0)
7.0 (17.8)

29.0 (22.3)
1.9 (5.4)
10.2 (18.2)
14.8 (23.5)
22.2 (22.9)
5.6 (12.8)
5.6 (12.8)
3.7 (10.8)
7.4 (18.3)

1.8 (−4.2–7.7)
0.0 (na)
−1.8 (−7.0–3.5)
0.0 (−9.3–9.3)
0.0 (−8.0–8.0)
3.7 (−1.7–9.1)
−5.6 (−14.1–3.0)
−3.5 (−8.6–1.6)
1.8 (−9.6–13.1)

7.7 (−1.1–16.6)
1.9 (−0.8–4.5)
1.9 (−8.0–11.7)
7.4 (−7.2–22.0)
−1.9 (−8.8–5.0)
3.7 (−1.7–9.1)
−7.8 (−17.5–1.8)
0.0 (−8.0–8.0)
1.9 (−10.2–13.9)

75.4 (32.6)
56.3 (10.5)

88.9 (19.0)
58.3 (6.8)

84.3 (23.2)
50.0 (6.8)

13.0# (−2.8–28.7)
−2.8 (−14.7–9.2)

10.8# (−3.4–25.0)
−4 (−57.1–48.8)

21.5 (14.3)
7.8 (10.0)
20.6 (13.0)
9.5 (16.3)

22.6
6.1
17.3
22.2

(16.9)
(8.6)
(15.3)
(17.2)

20.9 (19.1)
9.0 (12.5)
16.3 (13.8)
8.3 (15.4)

2.4 (−1.9–6.7)
−1.8 (−4.6–1.0)
−3.5 (−9.3–2.4)
11.1# (−7.0–29.2)

−0.5 (−8.3–7.2)
−0.7 (−4.2–2.8)
−2.5 (−8.1–3.1)
0.0 (−22.1–22.1)

23.3 (12.0)
11.6 (7.1)
10.8 (5.6)
8.4 (4.9)

21.9 (11.7)
11.5 (7.1)
12.0 (6.1)
8.7 (5.2)

22.9 (11.1)
13.4 (7.9)
10.9 (5.1)
9.2 (4.7)

−0.3 (−3.4–2.8)
0.5 (−1.6–2.6)
1.8 (−0.8–4.4)
0.6 (−0.9–2.2)

0.9 (−3.9–5.8)
1.9 (0.0–3.9)
1.4 (−0.5–3.4)
1.5 (−0.3–3.3)

1.3 (1.8)

0.8 (1.4)

0.9 (1.2)

−0.3 (−0.7–0.1)

−0.4 (−1.0–0.3)

HRQoL scores range from 0 to 100. A higher score on functioning-related domains is indicative of better functioning, where a higher symptom-related domain score is
indicative of more symptomatology. #Clinical relevant difference compared to baseline. This was deﬁned by a mean difference of at least 10 points on the scale. BDI-PC, Beck Depression
Inventory Primary Care; CIS, Checklist Individual Strength; EORTC, European Organisation for Research and Treatment of Cancer; GHS, Global Health Status; na, not applicable;
SD, standard deviation. *Scores were linearly transformed to a 0 to 100 scale.

validated since QLQ-C30 is validated in cancer patients and CIS1
in chronic fatigue syndrome (22).
We report stable and often high HRQoL for patients with
CRPC during treatment with DC vaccination. In comparison to
landmark trials in minimally symptomatic mCRPC patients
treated with radium-223, abiraterone, and enzalutamide, no
improvement in HRQoL was seen during DC vaccination (11,
13–15). These ﬁndings need to be interpreted with caution:
differences between the selected questionnaires hamper a clear
and direct comparison, and might even stress the need for
standardized HRQoL measurement in clinical trials in advanced
PCa. However, a hypothesis-generating explorative comparison
leads to some remarkable observations. Of interest in a minimally
symptomatic chemo-naïve CRPC population is the treatment with
second-generation anti-hormonal agents. While the PROSPER
trial (enzalutamide versus placebo in non-metastatic CRPC)
showed stable mean EORTC QLQ-PR25 scores throughout the
trial (14), it reports the least squares mean difference from baseline
for the hormonal treatment-related symptom score favoring the
placebo group, suggesting an inﬂuence of side effects on HRQoL in

time point. DC vaccination was well tolerated, and the overall
toxicity proﬁle was acceptable with only grade 1-2 vaccine-related
adverse events. Despite the limited study size, our results support
the hypothesis that patients’ HRQoL would not deteriorate during
treatment with DC vaccinations. In radiographic non-progressive
patients, eligible for a second and third vaccination cycle, HRQoL
remained stable up to one and two years after randomization,
respectively. Given the low number of patients, these results should
be interpreted with caution.
There are remarkable differences in fatigue outcomes between
the questionnaires. Both the EORTC-QLQ-C30 and the CIS1
scored signs of fatigue. In the QLQ-C30 mean fatigue scores were
22, 23, and 29 at baseline, week 6 and 12, respectively, indicating
relatively low mean fatigue scores (Table 2). This trend is also
observed at patient-level (Figure 2G). However, the CIS1
outcome showed an increased fatigue risk score (27–35 points)
or a severe fatigue score (>35 points) in approximately one-third
of the patients at baseline, week 6 and 12 (Figure 4A). These
results are relatively different from the QLQ-C30 outcome. This
might be due to the setting in which both questionnaires were
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A

B

C

D

E

F

G

H

FIGURE 2 | Heat map of functional and symptom scales of the EORTC-QLQ-C30 at different timepoints in patients with CRPC. (A–F) represent the functioningrelated domains, (G, H) show two of the symptom-related domains. Other symptom scales are shown in Supplementary Figure 2.

(Figure 2E) (26). Compared to the patient population of the
ALSYMCPA trial (9), our patient population consisted of
asymptomatic or minimally symptomatic chemo-naive CRPC
patients. Baseline differences in the patient population,
treatment-related toxicity proﬁle, and the lack of a control arm
complicates a direct comparison with these placebo-controlled
landmark trials (11, 13, 14). A control arm could correct for a
possible placebo-effect on HRQoL caused by the advantages of

these patients. Similar ﬁndings might be present in the results
from the PREVAIL trial (enzalutamide versus placebo in
asymptomatic or minimally symptomatic chemo-naive
mCRPC); FACT-P scores (subscale “functional wellbeing”)
declined over time in both arms (13). The inﬂuence of disease
progression, however, needs to be considered. We did not see a
clinically meaningful worsening in perceived cognitive functioning
in our small study compared with enzalutamide-treated patients
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A

B

C

D

FIGURE 3 | Heat map of symptom scales of the EORTC-QLQ-PR25 at different timepoints in patients with CRPC. (A) Urinary symptoms, (B) Bowel symptoms,
(C) Hormonal treatment-related symptoms, (D) Incontinence aid. Functional scales are presented in Supplementary Figure 3.

A

B

FIGURE 4 | Heat map of CIS1 (subjective fatigue severity) and BDI-PC scores at different timepoints in patients with CRPC. (A) represents the CIS1 scores,
(B) represents the BDI-PC scores. CIS2-4 scores are presented in Supplementary Figure 4.

completion rates were not merely caused by compliance but were
inﬂuenced by study continuation based on the absence of
radiological progression (Figure 1). One and two patients did
not complete the questionnaires at weeks 6 and 12, respectively

taking part in a clinical trial, such as frequent PSA measurements
and 3-monthly imaging.
A potential pitfall of a study without a control group to
monitor PROs is the induction of selection bias. Questionnaire
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(Figures 1–4 and Supplementary Figures 2–4). The missing
patient at week 6 had radiographic progressive disease. At week
12, missing data came from one progressive patient and one nonprogressive patient. Also, the HRQoL outcome of DC-vaccinated
radiographic non-progressive patients (all questionnaires
completed ≥ week 24) could reﬂect the disease biology and not
a direct effect of DC vaccinations itself. Therefore, these ﬁndings
on HRQoL need to be interpreted cautiously, and conﬁrmation
is required.
Studied PROMs are a selection of the available validated
questionnaires. The four used questionnaires were selected to
ensure a full picture of the patient’s HRQoL and are based on
expected symptoms of DC vaccinations. We focused on
symptom-related- (EORTC-QLQ-C30, EORTC-QLQ-PR25,
and CIS20-R), functional-related- (EORTC-QLQ-C30 and
EORTC-QLQ-PR25) and emotional-related wellbeing (CIS20R and BDI-PC). Examples of other questionnaires that could be
valuable in patients with CRPC are the EuroQoL EQ-5D
(validated for a general population) (27), the Functional
Assessment of Cancer Therapy-Prostate (FACT-P; a PCaspeciﬁc questionnaire) (28) and the EORTC-QLQ-BM22 (for
patients with bone metastases) (29).
In conclusion, we observed a high HRQoL in patients with
CRPC that participated in our DC vaccination trial. Most
patients started with a high HRQoL, which did not deteriorate
throughout the trial. In radiographic non-progressive patients,
who continued DC vaccination after one cycle, high HRQoL
scores were observed one and two years after study enrolment.
This is a clinically relevant ﬁnding for elderly patients
with CRPC.

conducted in accordance with the Good Clinical Practice
guidelines and with the provisions of the Declaration of
Helsinki (October 9th, 2004).
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