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ORIGINAL ARTICLE

2-weekly versus 3-weekly docetaxel for metastatic castration-resistant prostate
cancer: complete quality of life results from the randomised, phase-III
PROSTY trial

Miikka Lehtonena,b , Jorma Sormunena,c, Tiina Luukkaalad, Timo Marttilae, Ray McDermottf, Timo Joensuuc,
Ilari Lehtineng, Claes Ginmanh and Pirkko-Liisa Kellokumpu-Lehtinena,i

aFaculty of Medicine and Health Technology, Tampere University, Tampere, Finland; bKatriina Hospital, Vantaa, Finland; cDocrates Cancer
Center, Helsinki, Finland; dResearch, Development and Innovation Center, Tampere University Hospital and Health Sciences, Faculty of
Social Sciences, Tampere University, Tampere, Finland; eSein€ajoki Central Hospital, Sein€ajoki, Finland; fSt Vincent’s University Hospital and
Cancer Trials, Dublin, Ireland; gFaculty of Information Technology and Communication Sciences, Tampere University, Tampere, Finland;
hKarlstad Central Hospital, Karlstad, Sweden; iTampere University Hospital Cancer Center, Tampere, Finland

ABSTRACT
Introduction: Treatment with 2-weekly docetaxel 50mg/m2 was shown to improve overall survival
and was better tolerated than the standard 75mg/m2 3-weekly regimen in men with metastatic castra-
tion-resistant prostate cancer (mCRPC) in the original randomised PROSTY trial. The aim of this study
was to investigate, whether quality of life (QoL) effects would differ between the 2-weekly docetaxel
50mg/m2 regimen from the standard 3-weekly 75mg/m2 treatment.
Materials and Methods: QoL data were collected with the Functional Assessment of Cancer Therapy
– Prostate (FACT-P) and Functional Assessment of Cancer Therapy Advanced Prostate Symptom Index
� 8 Item version (FAPSI-8). Pain was measured using the Visual Analogue Scale (VAS). A total of 743
forms from 163 patients were analysed in Arm A (2-weekly docetaxel), and 704 forms from 173
patients were analysed in Arm B (3-weekly docetaxel). The data were analysed using both the
Wilcoxon signed rank test (with Holm–Bonferroni adjustment) and Mann–Whitney U models.
Results: No major differences were found in total QoL. Total QoL was higher at month 8 in Arm B
(p¼ .020), but this was reversed in the following month (p¼ .043), and no statistically significant differ-
ences were found during other months. Compared to Arm A, participants in Arm B had longer-lasting
deterioration in FAPSI-8 scores and emotional well-being subdomain at the beginning of treatment
(p< .05). Various one-month differences were found in FACT-P subdomains (except for functional well-
being), and these favoured participants in Arm A, except for the prostate-cancer subdomain. There
were no differences in pain.
Conclusion: Based on our results, 2-weekly docetaxel was not inferior to 3-weekly docetaxel in terms
of total health-related QoL and seemed to be superior at least in terms of the FAPSI-8 and emotional
well-being subdomain in the first three to four months of treatment. More research on the topic is
suggested to confirm the results.
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Introduction

Although novel therapeutics have emerged, docetaxel
remains a mainstay in the treatment of metastatic castration-
resistant prostate cancer (mCRPC) [1–5]. The expected treat-
ment response and tolerance are moderate with the stand-
ard 75mg/m2 3-weekly regimen. As drug-related toxicity
does exist, it is still important to search for new alternatives
for these patients [6,7].

The PROSTY trial was a phase III, prospective randomised
multinational trial that compared 2-weekly administration of
docetaxel 50mg/m2 to the standard 75mg/m2 3-weekly regi-
men [7]. The 2-weekly regimen had a favourable Grade 3–4
toxicity profile on Common Toxicity Criteria (CTC) of National

Cancer Institute (NCI) version 2.0 and led to 2.5months gain
in median overall survival (OS, p¼ .021) when compared to
the standard 3-weekly regimen [7,8]. This led to an acknow-
ledgement in the National Comprehensive Cancer NetworkVR

(NCCN) guideline on prostate cancer as an alternative dosing
for mCRPC, as well as in the European Association of Urology
(EAU). Moreover, International Society of Geriatric Oncology
(SIOG) guidelines on prostate cancer recommended 2-weekly
regimen particularly for elderly patients [3,4,9]. However, the
2-week regimen is not mentioned in the American Urological
Association/American Society for Radiation Oncology/Society
of Urologic Oncology (AUA/ASTRO/SUO), European
Association of Urology (EAU) or European Society of Medical
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Oncology (ESMO) guidelines [5,10]. Furthermore, only 10% of
experts preferred 2-weekly regimen over 3-weekly or weekly
dosing in Advanced Prostate Cancer Consensus Conference
(APCCC) 2017 [11]. Perhaps this is because the health-related
quality of life (HRQoL) results have not been previously pub-
lished. The aim of this study was to investigate, whether 2-
weekly docetaxel 50mg/m2 would differ from the standard
75mg/m2 3-weekly regimen in terms of HRQoL, and thus
find out if HRQoL effects would support the use of 2-weekly
docetaxel or not. The quality of life (QoL) was classified as a
secondary endpoint of PROSTY trial. The null hypothesis was
that QoL would not differ (clinically) significantly between
the treatment groups.

Material and methods

The PROSTY trial was a multicentre investigator-initiated
study that took place in 11 hospitals in Finland, Ireland and
Sweden. All participants signed a written, informed consent
form. The trial was registered to the clinicaltrials.gov data-
base (number NCT00255606) before the enrolment period.
The study was approved by ethics committees in each partic-
ipating country. Patient accrual and data collection were con-
ducted between 2004 and 2009. The rate of treatment
failures was 100% at the end of the study. Treatment failure
was defined as disease progression, intolerable toxicity,
patient refusal to continue treatment or death. Time to treat-
ment failure was the primary endpoint in the study. The
power calculations were based on the primary endpoint pur-
poses [7]. Consolidated Standards of Reporting Trials
(CONSORT) guidelines were used in the reporting of this
trial [12].

The main inclusion criteria for the study were adult men
with World Health Organisation (WHO) performance scores
of 0–2, the presence of distant metastases of prostate cancer
(M1) on (conventional) imaging and biochemically confirmed
castration-resistant status by plasma testosterone levels
under 1.7 nmol/l and elevating prostate-specific antigen
(PSA) during castration treatment. No previous chemotherapy
except estramustine was allowed. Exclusion criteria are
described in detail in the primary publication [7]. Individuals
with a previous history of other malignancies, significantly
increased serum creatinine or major blood count or liver
enzyme abnormalities were not allowed.

QoL instrument used in this study was the Finnish,
English or Swedish version of the Functional Assessment of
Cancer Therapy – Prostate (FACT-P) questionnaire [13,14].
This is a validated tool for evaluating QoL in patients with
prostate cancer, and it contains 39 questions that are divided
into physical, social/family, emotional and functional well-
being subdomains and the prostate cancer specific subdo-
main [13]. Additionally, FACT Advanced Prostate Symptom
Index-8 (FAPSI-8) data were analysed [15,16]. The FAPSI-8
contains eight key questions derived from the FACT-P ques-
tionnaire and is specifically designed for men with advanced
prostate cancer, which was the reason it was used along
with the complete FACT-P questionnaire [15]. Higher scores
indicate better QoL in the FACT-P and its subdomains. Both

FACT-P and FAPSI-8 are validated to evaluate QoL during the
treatment [13,15,17]. Pain was assessed with the Visual
Analogue Scale (VAS) [18]. Possible VAS values range from 0
to 100mm, where 0mm equals for no pain and 100mm the
worst imaginable pain.

According to the power calculations, which were con-
ducted for the primary end-point purposes, 361 patients
were randomised to either 2-weekly docetaxel 50mg/m2

(Arm A, N¼ 177) or docetaxel 75mg/m2 every three weeks
(Arm B, N¼ 184). The number of the treatment cycles was
not limited, but the treatment was continued until complete
response, treatment failure or the end of study (the treat-
ment failure rate was 100% at the end of the study). After
randomisation, 15 noneligible patients according to the
inclusion and exclusion criteria were additionally identified,
meaning that the cohorts consisted of 170 patients in Arm A
and 176 patients in Arm B. However, only 163 men in Arm A
and 173 men in Arm B returned FACT-P questionnaires,
meaning that seven patients in Arm A and three patients in
Arm B were lost to HRQoL follow-up.

According to the protocol, FACT-P forms were collected
every six weeks (before docetaxel infusion), at the end of
treatment and every two months after treatment failure until
subsequent therapy was initiated. The collected data were
analysed for every month, up to a year, to increase accuracy
in relation to time. The early responders were considered to
be similar to the late responders except for the probability
of progression and treatment burden. These both correlate
with time and are likely less biased due to this procedure.
The patients responded to the questionnaires in paper for-
mat at home. The patients visited doctor every six weeks
during the treatment, within a month after the treatment
failure and every 12weeks during the follow-up (after the
treatment failure) in both arms. A nurse checked the patient
before infusion, made sure that the patient had received the
possible premedication (e.g., antiemetic agents), adminis-
tered docetaxel and followed the patient during the intra-
venous administration for possible side-effects.

Statistical analysis

The method for handling the missing data in the study was
a pattern mixture model with a patient subdomain mean
substitution. Patients with �50% nonresponse in any subdo-
main were excluded (N¼ 45), as suggested by Fairclough
et al. [19]. Nonresponse in the final model was 2.1%, which
is acceptable [19]. Only one form for each patient for a single
time period was allowed. If the patient returned more than
one form for a single month, the form included in the ana-
lysis was chosen by lot (N¼ 28). The majority of forms
returned in this manner were of the same content, meaning
that a patient had filled two identical copies, one for the last
treatment and one for the required end of treatment evalu-
ation. The end of treatment FACT-P questionnaires and fol-
low-up visits after treatment failure were not analysed
separately for this study design, but along with patients still
in active treatment of the corresponding month.
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All the exclusions are depicted graphically in Figure 1.
Qualitative analysis of the returned questionnaires by the
type of visit is available in Table 1. Overall, 743 forms in Arm
A and 704 forms in Arm B were analysed. The distributions
were highly skewed, meaning that parametric models could
not be used. The data were analysed using both the paired
Wilcoxon signed rank test (comparisons within groups
towards the baseline value) and the independent
Mann–Whitney U-test (direct comparisons between groups).
The multiplicity adjustment was made for in-group compari-
sons towards the baseline since a repeated measure was
used for comparison 12 times [20]. The multiplicity adjust-
ment was made using the Holm–Bonferroni method [21]. For
VAS, which also had skewed distributions, only
Mann–Whitney U-tests were performed.

Although QoL was classified as a secondary endpoint in
PROSTY trial per protocol, the minimally clinically important
differences (MCIDs) were not defined in protocol but decided
prior the statistical analysis according to the current scientific
knowledge on HRQoL analysis of FACT-P published after the
initiation of PROSTY trial [22–24]. MCIDs were defined as 6
points in mean for the total FACT-P score, 2 points for the
FAPSI-8 and each subdomain, with exceptions of the social/
family well-being (SWB) score and emotional well-being
(EWB) score, for which 1-point limits were used. MCIDs for
FACT-P total score, prostate cancer subscale (PCS) and FAPSI-
8 were based on the study by Cella et al. with patients with
metastatic castration-resistant prostate cancer [22]. MCIDs for
the remaining subdomains were based on the meta-analysis
by King et al., which consisted of patients from 71 trials with

Figure 1. Flowchart depicting included and excluded FACT-P questionnaires. Additional two forms were excluded from the in-group model only due to a missing
baseline questionnaire. Arm A: docetaxel 50mg/m2 every two weeks; Arm B: docetaxel 75mg/m2 every three weeks.

Table 1. Forms by type of the visit for each Arm.

Arm A Arm B

Month

Ongoing treatment EoT evaluation Control after TF
Total

Month

Ongoing treatment EoT evaluation Control after TF

N % N % N % N N % N % N % Total

1 50 98.0 1 2.0 0 0.0 51 1 51 94.4 3 5.6 0 0.0 54
2 82 95.3 3 3.5 1 1.2 86 2 80 90.9 8 9.1 0 0.0 88
3 105 88.2 14 11.8 0 0.0 119 3 102 86.4 15 12.7 1 0.8 118
4 62 89.9 6 8.7 1 1.4 69 4 63 78.8 15 18.8 2 2.5 80
5 35 68.6 14 27.5 2 3.9 51 5 17 47.2 16 44.4 3 8.3 36
6 46 69.7 15 22.7 5 10.6 66 6 43 63.2 18 26.5 7 10.3 68
7 33 70.2 10 21.3 4 8.5 47 7 24 55.8 9 20.9 10 23.3 43
8 18 58.1 7 22.6 6 19.4 31 8 9 34.6 11 42.3 6 23.1 26
9 18 60.0 5 16.7 7 23.3 30 9 7 36.8 5 26.3 7 36.8 19
10 17 53.1 6 18.8 9 28.1 32 10 8 66.6 0 0.0 4 33.3 12
11 8 47.1 4 23.5 5 29.4 17 11 3 37.5 3 37.5 2 25.0 8
12 7 70.0 1 10.0 2 20.0 10 12 5 45.5 2 18.2 4 36.4 11

Two patients in Arm A that had not filled the baseline forms were excluded from the Wilcoxon signed rank model but not from the Mann–Whitney U-tests.
Only one form for each patient for time patient was allowed. If the patient returned more than one forms for a single month, the form included in the analysis
was chosen by lot (N¼ 28), which are not separated for this qualitative table, but were excluded from the statistical analysis. Arm A: docetaxel 50mg/m2 every
two weeks; Arm B: docetaxel 75mg/m2 every three weeks; EoT: End of Treatment; N: sample size; TF: Treatment Failure.
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different kinds of cancer surveyed with Functional
Assessment of Cancer Therapy – General (FACT-G), which is
identical to FACT-P except it omits the PCS subdomain
[23,24]. Studies determining MCID for other FACT-P subdo-
mains than PCS consisting of mCRPC patients do not exist to
our knowledge. VAS was defined as a 23mm difference in
medians, based on Olsen et al. [25]. The statistical analysis
was conducted using IBMVR SPSSVR version 26 and R-software
version 4.1.1. The post hoc power analysis was conducted
using G�Power software version 3.1.9.7.

Power analysis

Power calculations were originally made for primary end-
point purposes. Power analysis was performed post hoc to
interpret the results reliably within this trial, and its results
are available in the supplementary material (Supplementary
Material Table S1). The number of returned forms diminished
steadily towards the end of follow-up, reflecting mortality
and the rate of treatment failures, and was more prominent
in Arm B.

Considering comparisons within groups compared to the
baseline, the power remained acceptable (with one excep-
tion at 5months at Arm B) until 7months, which means that
direct comparisons towards the baseline considering differ-
ences between arms are recommended only until 7months,
and tabulated results for in-group comparisons towards the
baseline are reported only until 7months in the main article
to avoid misinterpretation. The tabulated results for the
remaining timepoints are available in the supplementary
material and are described for the significant part.

The power does not affect similarly to the comparability
of head-to-head model, which means all the statistically sig-
nificant differences are to be interpreted in terms of super-
iority or inferiority regardless of power. However, the
observed power was over 80% only at baseline and months
2, 3 and 4, warranting caution when drawing conclusions

outside these perimeters due to the potential type-II error.
We recommend using in-group data for interpretation until
the seven-month timepoint, after which we recommend
using head-to-head comparisons as complementary data.

Results

There were no statistically significant differences at baseline in
total FACT-P scores, FAPSI-8 scores, VAS scores or any FACT-P
subdomains. The median age of the participating patients was
68 years in Arm A (range 46–85years) and 69years in Arm B
(range 45–87years). In Arm A, 62% of the patients and in Arm
B, 60% belonged to WHO performance status category 1
(‘restricted in strenuous activity’), while 32% and 34% (respect-
ively) belonged to performance status category 0 (‘normal per-
formance’). The remainders (6% in both arms) belonged to
category 2 (‘unable to work, up and about over a half of the
day’). The total FACT-P score means at baseline were 46.8 in
Arm A and 46.6 in Arm B (medians 43.0 and 44.0, respectively,
p> .99), while the FAPSI-8 score means were 9.5 and 10.0
(p¼ .64). A total of 147 men in Arm A and 149 men in Arm B
completed the baseline questionnaire.

The baseline characteristics were similar in both Arms.
The median serum PSA was 116 nanograms per microlitre
(ng/ml) in arm A and 109 ng/ml in arm B, and the difference
was statistically nonsignificant. Twelve percent in Arm A and
13% in Arm B had previous prostatectomy, 58% versus (vs.)
53% had received radical-intent radiotherapy, 91% vs. 93%
had been treated with hormonal therapy and 7% vs. 11%
had been treated with estramustine.

The first seven months

There were no clinically significant changes in total HRQoL
during the first seven months of follow-up in either model
(Table 2). In Arm B, there was a decline compared to the

Table 2. Total FACT-P scores compared to the baseline values for months 1� 7 and directly between groups for months 8� 12.

Docetaxel 50mg/m2 every 14 days Docetaxel 75mg/m2 every 21 days

Mth. N
Diff.

(mean)
Diff.

(median) P (exact) P (adj.) N
Diff.

(mean)
Diff.

(median) P (exact) P (adj.)

1 51 �6.2 �5.3 .010 .120 54 �4.8 �4.9 <.001 <.012�
2 83 �3.0 þ3.0 .072 .792 85 �6.1 �3.6 .033 .330
3 111 �1.6 þ1.0 .284 >.999 117 �4.6 �3.0 .008 .088
4 69 �3.5 �0.3 .505 >.999 80 þ0.9 þ5.3 .823 >.999
5 51 �4.5 �6.0 .637 >.999 33 �0.1 þ1.3 .995 >.999
6 65 �2.3 þ0.0 .178 >.999 68 �1.7 �1.3 .479 >.999
7 46 �5.8 �5.5 .972 >.999 43 þ2.3 þ3.9 .718 >.999

Total FACT-P scores: head-to-head comparisons

Docetaxel 50mg/m2 every 14 days Docetaxel 75mg/m2 every 21 days

Mth. N Mean Median IQR N Mean Median IQR p Value

8 30 39.9 41.5 [23.8� 52.3] 26 51.5 51.0 [36.5� 66.1] .020�,†
9 29 44.2 38.7 [29.0� 61.1] 19 31.4 29.9 [25.0� 43.0] .043�,†
10 32 44.2 45.8 [25.1� 61.0] 12 43.7 45.5 [26.2� 61.5] .985
11 17 46.3 46.0 [32.0� 59.2] 8 38.5 37.8 [25.0� 55.6] .344
12 10 45.4 45.0 [29.2� 62.7] 10 31.9 30.0 [13.8� 45.3] .184

Both models were performed for all the timepoints, and complete results are available in the supplementary material. Statistically significant P-values (<.05) are
marked with an asterisk (�). Both statistically and clinically significant differences are marked with a dagger symbol (†). Minimally clinically significant difference
is � 6 points of difference in means. Adj.: adjusted for multiplicity with Holm-Bonferroni method; diff.: difference; IQR: interquartile range; mth.: month; N: sam-
ple size; P: P value. Total FACT-P scores compared to the baseline.
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baseline HRQoL not exceeding the clinically significant
threshold in the first month (difference in means �4.8,
p< .012, adjusted for multiplicity [adj.]). In the FAPSI-8, how-
ever, differences compared to the baseline were observed
(Table 3). In Arm B, QoL measured in the FAPSI-8 remained
both clinically and statistically decreased for the first three
months (mean differences �2.6, �2.9, �2.9; adj. P-values
<.012, .012, <.012). In Arm A, however, FAPSI-8 scores
decreased both clinically and statistically significantly only for
the first month (�2.7; adj. p< .012). In the following two
months, the FAPSI-8 score decreased statistically but not clinic-
ally significantly (�1.9 and �1.9; adjusted P-values <.012 and
<.012). At the remaining time points, statistically significant dif-
ferences were not found (adj. P-values >.05). The results for dir-
ect comparisons between groups for total FACT-P and FAPSI-8
are available in Supplementary Material Table S2 (there were
no significant differences). Graphical boxplot presentations of
median, interquartile range (IQR) and range values between
arms are shown for total FACT-P score in Supplementary
Material Figure S1 and for FAPSI-8 in Supplementary Material
Figure S2 for the entire analysis period.

In the emotional well-being subdomain, Arm B suffered a
longer-lasting decrease in EWB, which lasted for the first four
months (-1.5, �1.3, �1.6 and �1.2; adj. P-values < .012, .020,
< .012 and .020). In Arm A, the decrease in EWB was clinic-
ally significant only for months 2 and 5 (�1.1 and �1.6; adj.
P-values .012 and .027). Additionally, there was one non-clin-
ically significant decrease in month 3 (�0.9, adj. p< .012).
The complete tabulated results are available in
Supplementary Material Table S3. In head-to-head compari-
sons, there was only one not clinically significant but statis-
tically significant difference favouring Arm A in the third
month (6.3 points vs. 5.5 points; p¼ .031; Supplementary
Material Table S4) during the first seven months.

In physical well-being (PWB) scores, there was one solitary
clinically significant improvement in Arm B in month 4 (þ2.1,

adj. p¼ .022) compared to the baseline (Supplementary Material
Table S5). In addition, there was one non-clinically significant
improvement in month 6 (þ1.5, adj. p¼ .012). Participants in
Arm A had a consistent trend of statistically significant, but clin-
ically unimportant improvements between months 4� 7 (þ0.8,
þ1.0, þ1.97 and þ0.9; adj. P-values < .012, .040, < .012 and <

.012). There were no statistically significant differences in direct
comparison between the groups in PWB during the first seven
months (Supplementary Material Table S6).

In the PCS score, participants in both groups suffered
similar deterioration compared to the baseline in month 1
(Arm A: �2.8 and Arm B: �3.5, adj. p< .012 for both) and 3
(Arm A: �2.8 and Arm B: �3.2, adj. p< .012 for both).
Additionally, there was one clinically insignificant deterior-
ation in Arm A in month 2 (-1.8, adj. p¼ .040). The complete
results are shown in Supplementary Material Table S7. There
were also no statistically significant differences in PCS in dir-
ect comparison between groups during the first seven
months (Supplementary Material Table S8).

In functional well-being (FWB) scores, there was one soli-
tary, clinically nonsignificant improvement in the fourth month
in Arm B (þ1.0, adj. p< .012, Supplementary Material Table S9)
and no differences in the head-to-head model (Supplementary
Material Table S10). In social/family well-being, there were no
statistically significant differences in either model during the
first seven months (Supplementary Material Tables S11 and
S12) or in VAS (Supplementary Material Table S13). Graphical
boxplot presentations depicting medians, interquartile ranges
and total ranges for the entire analysis period are available in
Supplementary Material Figures S3– S7 (for PCS, PWB, EWB,
FWB and SWB, respectively).

Months 8212

In the head-to-head model, total FACT-P scores favoured
Arm B in month 8 (means Arm A: 39.9 vs. Arm B: 51.5 points,

Table 3. FAPSI-8 compared to the baseline values for months 1� 7 and directly between groups for months 8� 12.

FAPSI-8 scores compared to the baseline.

Docetaxel 50mg/m2 every 14 days Docetaxel 75mg/m2 every 21 days

Mth. N
Diff.

(mean)
Diff.

(median) P (exact) P (adj.) N
Diff.

(mean)
Diff.

(median) P (exact) P (adj.)

1 51 �2.7 �3.0 <.001 <.012�,† 54 �2.6 �2.0 <.001 <.012�,†
2 83 �1.9 �2.0 <.001 <.012� 85 �2.9 �3.0 .001 .012�,†
3 111 �1.9 �2.0 <.001 <.012� 117 �2.9 �2.1 <.001 <.012�,†
4 69 �2.5 �3.0 .049 .392 80 �1.6 �1.0 .006 .054
5 51 �3.9 �4.0 .024 .216 33 �1.9 �2.0 .099 .594
6 65 �1.8 �2.0 .839 >.999 68 �2.5 �3.0 .040 .320
7 46 �3.1 �3.0 .176 >.999 43 �1.6 �2.0 .083 .581

FAPSI-8: head-to-head comparisons

Docetaxel 50mg/m2 every 14 days Docetaxel 75mg/m2 every 21 days

Mth. N Mean Median IQR N Mean Median IQR p Value

8 30 6.3 5.5 [2.0� 10.3] 26 8.7 8.0 [5.0� 12.3] .053
9 29 7.7 7.0 [3.0� 13.5] 19 5.6 5.0 [2.0� 8.0] .190
10 32 7.4 6.5 [3.0� 11.8] 12 7.0 6.5 [4.0� 10.3] .974
11 17 7.1 6.0 [3.0� 11.7] 8 6.3 6.0 [2.3� 10.3] .763
12 10 8.2 8.0 [3.8� 11.0] 10 5.7 5.0 [0.0� 9.5] .286

Both models were performed for all the timepoints, and complete results are available in the supplementary material. Statistically significant p-values (< .05)
are marked with an asterisk (�). Both statistically and clinically significant differences are marked with a dagger symbol (†). Minimally clinically significant differ-
ence is � 2 points of difference in means. Adj.: adjusted for multiplicity with Holm-Bonferroni method; diff.: difference; IQR: interquartile range; mth.: month; N:
sample size; P: p Value.
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p¼ .020). However, in the following month, the results were
reversed (Arm A: 44.2 vs. Arm B: 31.4, p¼ .043). At eight
months, differences were seen in EWB (Arm A: 4.7 vs. Arm B:
6.0, p¼ .022) and PCS (Arm A: 13.7 vs. Arm B: 16.5, p¼ .022).
The FAPSI-8 behaved in a borderline significant manner (Arm
A: 6.3 vs. Arm B: 8.7, p¼ .053). In the ninth month, Arm A
was superior in PWB (Arm A: 7.1 vs. Arm B: 4.7, p¼ .034) and
SWB (Arm A: 6.6 vs. 4.0, p¼ .029), meaning the differences
were attributed to different subdomains of FACT-P. In the
last three months, the rate of participation was quite low
due to the progression of the disease (remaining greater in
Arm A, reflecting the difference in OS), but there was one
additional clinically significant difference in PWB in the final
month (N¼ 20) of the analysis period (Arm A: 8.1 vs. Arm B:
4.1, p¼ .048). The VAS scores remained similar (grand means
1.9 for Arm A and 1.7 for Arm B) in both groups for months
8� 12 (p> .05). As discussed previously, the in-group com-
parisons are not comparable after the seventh month due to
the decreasing number of patients in both groups. However,
no statistically significant deteriorations compared to the
baseline were observed with these sample sizes in months
8� 12. A clinically nonsignificant improvement trend in PWB
persisted in Arm A from 8months until 10months (difference
in means: þ0.4, þ1.1, þ1.2; adj. P-values < .012, .040, .042).
The remaining total FACT-P scores and FAPSI-8 scores com-
pared to the baseline scores are shown in Supplementary
Material Table S14. No statistically significant differences
were present in total FACT-P or FAPSI-8 even in unadjusted
(exact) P values. A summary of the complete results for the
entire analysis period is shown in Table 4.

Discussion

Since it was already known that patients who received
docetaxel 50mg/m2 with 2-weekly dosing gained a 2-

month-benefit in OS compared to those receiving the stand-
ard regimen, the most important matter to investigate was if
these patients would have inferior QoL compared to those
who received 75mg/m2 of docetaxel every three weeks [7].
Our results do not support this view regarding the total QoL
and key elements of QoL measured by the FAPSI-8. Only for
PCS, non-inferiority could not be shown, as Arm B outranked
Arm A once in the eight months in head-to-head model, and
declines compared to the baseline values were similar in
both groups. However, similar one-month differences were
also found to favour Arm A in EWB, SWB and PWB scores. In
the FIRSTANA and PROSELICA trials, which studied cabazi-
taxel for mCRPC, a deterioration or improvement had to be
present in two subsequent measurements to confirm the
results [26]. Arguments for such a definition were not given,
but as seen in this study, the QoL in patients with mCRPC
can fluctuate somewhat, and such a definition may indeed
be reasonable [26]. If the results confirmed in this manner
had been considered significant, the declines in QoL would
have only been observed in the FAPSI-8 and EWB in Arm B
during the first months. This would support the claim that
biweekly docetaxel is not inferior and, based on our results,
seems to be superior to triweekly docetaxel, at least in the
FAPSI-8 and EWB, during the beginning of treatment.

The biweekly docetaxel 50mg/m2 had reduced incidence
of grade 3–4 neutropenia and febrile neutropenia compared
to triweekly 75mg/m2 [7]. In QoliTax trial, which investigated
the impact of adverse effects of docetaxel on QoL in cancer
patients in general (of which 48.1% were PC patients), grade
3–4 leukopenia during docetaxel treatment did not affect
significantly QoL [27]. However, grade 3–4 infections did
have a negative impact on patients’ total HRQoL, although
not linked to emotional functioning [27]. On the other hand,
grade 3–4 nausea was associated with a detrimental effect
on patients’ emotional functioning as well as total HRQoL
[27]. In PROSTY trial, biweekly docetaxel had no reduced rate

Table 4. Summary of the clinically and statistically significant results from both models.

In-group
Head-to-head

Months improved Months deteriorated Difference Months superior to the other arm ‘Grade’

Total FACT-P
Arm A 0 0 0 1 1
Arm B 0 0 0 1 1

FAPSI-8
Arm A 0 1 �1 0 �1
Arm B 0 3 �3 0 �3

PWB
Arm A 0 0 0 2 2
Arm B 1 0 1 0 1

SWB
Arm A 0 0 0 1 1
Arm B 0 0 0 0 0

EWB
Arm A 0 2 �2 0 �2
Arm B 0 4 �4 1 �3

FWB
Arm A 0 0 0 0 0
Arm B 0 0 0 0 0

PCS
Arm A 0 2 �2 0 �2
Arm B 0 2 �2 1 �1

A grade for comparability was formed by calculating the difference of improved and deteriorated months compared to the baseline and the
months the arm outranked the other (sum). PWB: physical well-being; SWB: social well-being; EWB: emotional well-being; FWB: functional well-
being; PCS: prostate cancer subdomain in FACT-P.
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of grade 3–4 nausea compared to the triweekly docetaxel,
but there was smaller incidence of grade 1–2 nausea (34%
vs. 48%). Whether milder nausea is also associated with
worse emotional QoL, requires more study. There could also
be other explanations to differences: more frequent visits to
the hospital required by biweekly dosing could give a stron-
ger sense of safety, which could be linked to the EWB.

The shifting behaviour of the total FACT-P in the eighth
and ninth months was interesting. The total QoL remained
rather stable in Arm A (means 39.9 and 44.2, Ns 30 and 29),
although 39.9 was the minimum QoL in Arm A during the
analysis period. In Arm B, the QoL was at the maximum in
the eighth month (51.5, N¼ 26) and then dropped to the
minimum in the ninth month (31.4, N¼ 19). Small sample
sizes are known to overestimate effect sizes (absolute differ-
ences); however, this does not erase significance [28]. The
proportion of end of treatment (EoT) evaluations was high in
the eighth month in Arm B (42.3%). However, no similar
effect was found in the fifth month, when the proportion of
EoT evaluations was even higher (44.4%). The reason for EoT
was also collected, and we noticed that in the fifth month,
most EoT decisions in Arm B were due to progression
(68.7%), while in the eighth month, the majority (54.5%)
were due to other reasons, that is, side effects or an individ-
ual decision by the patient. This could suggest that QoL
could decrease more substantially in the subsequent follow-
ups if the treatment failure is due to a patient refusal to con-
tinue or side effects compared to those with progression.
More research on the topic is needed.

The statistical method (a pattern-mixture model with
patient subdomain mean substitution) is the least biased
method possible for FACT-P to our knowledge, meaning that
the results are very accurate when the power is over 80%
[19]. Mixed models are mostly used in similar studies.
However, they produce biased results when the data are not
missing at random (MNAR), for example, if the missingness is
related to mortality [29,30]. We postulated that missingness
was related to mortality in this setting and that patients near
death would return fewer forms and have weaker quality of
life, thus representing another MNAR mechanism. Another
issue in mixed models is related to the handling of missing
data, which still frequently go unreported in clinical trials
[31]. If the exclusion is based on a relatively low nonresponse
(over 20%, for example), this will lead to unnecessary loss of
power and larger bias if the nonresponse is not due to ran-
dom factors [32,33]. Fairclough et al. demonstrated that non-
response is associated with higher age and living alone, so a
mixed model approach would have been biased towards
younger men and men living with a partner [19]. However, a
linear mixed model produced similar results to the pattern
mixture model in the AFFIRM trial comparing enzalutamide
versus placebo in men with mCRPC [34]. The non-parametric
approach may be difficult to fathom, and solutions based on
the categorical classification into groups (‘maintained QoL’,
‘deteriorated QoL’, ‘improved QoL’), which make the data
more parametric, have been used [26]. However, such proce-
dures reduce statistical power and have a higher rate of
type-I and type-II errors [35,36].

Limitations of the study and design

Our study has several limitations as well. The most obvious
concern is the declining power after 7months, a phenom-
enon also depicted in other similar studies [26]. The power
calculations were not made for QoL data for which it is
expected that response rate is more around 50% than close
to 100% [37]. The MCIDs were not defined until before the
statistical analysis, not per protocol. This is understandable
from the historical perspective, since the first consensus
statements about the use of MCIDs were not published until
year after the initiation of the trial in 2005, although there
had been a consensus meeting in 2002, which only mainly
concluded that more research on the topic was needed at
the time [38,39]. Even if the MCIDs would have been defined
per protocol, the contemporary definitions from 2000s based
on the standard deviation would be outdated now. However,
due to the aforementioned limitations, it could be argued
that the design was not truly developed to substantiate QoL
differences, and the present study can be considered
exploratory in this regard. The evidence presented would
therefore benefit from support from other trials designed to
investigate exclusively QoL.

Towards the end of the analysis period the sample sizes
are small due to the incurable nature of mCRPC. However,
this is emphasised in the interpretation. If the analysis period
were selected solely based on power, then months 8 and 9
would not have been analysed, and many significant findings
would have been lost. Collecting QoL information of patients
in their final months of life from trials is difficult but import-
ant for the general view [40]. Combining data for several
studies may be the only solution to yield powerful results.
However, QoL of patients after treatment failure was fol-
lowed more seldom than patients in ongoing treatment, and
in retrospect, if the follow-up schedule had been equal,
slightly more power would have been preserved. Treatment
cycles differed in duration between arms, which means that
cumulative dose at the time of average response also differ
slightly. The difference in cumulative dose was highest in
month 7 (800mg/m2 in Arm A and 750mg/m2 in Arm B),
with no apparent effect on QoL results.

Another limitation is the age of the study. The trial was
conducted between 2004 and 2009, and the primary results
were published in 2013 [7]. Over the past 10 years, the
second- and third-line treatment of mCRPC has improved,
and thus, the QoL of patients with mCRPC in clinical practice
may be different compared to that 10 to 15 years ago
[41–46]. However, because fewer patients received second-
line treatment, fewer patients were lost to follow-up since
this was an exclusion criterion, although some patients
enrolled in subsequent trials. Imaging was based on conven-
tional methods, and the results may not be extrapolated to
patients who are negative for M1 disease on conventional
imaging but positive on prostate-specific membrane antigen
(PSMA) -labelled positron emission tomography or PSMA-
labelled computer tomography [3]. Because of greatly chang-
ing landscape of PC treatment due to the developments in
radioisotope imaging, we suggest the future trials on the
topic to be based on PSMA-imaging. The results also apply
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only to those patients who receive docetaxel in first-line
chemotherapy for mCRPC or after estramustine.

This study also was not intended to compare the cost-
effectiveness of biweekly docetaxel treatment to the tri-
weekly treatment in relation to the benefit gained. Since
biweekly regimen requires 1.5 times more frequent visits to
the hospital, it also increases the costs. The patent of doce-
taxel has expired in Europe, and it is currently quite afford-
able, meaning that the increased costs would mainly be
caused by personnel costs, which greatly vary between dif-
ferent countries [47]. The rate of febrile neutropenic infec-
tions was also higher with the standard triweekly docetaxel
(p¼ .001) [7]. As these infections usually require ward care in
the hospital, they are also costly.

Conclusions

Based on our results, two-weekly docetaxel 50mg/m2 is
equal to the standard 75mg/m2 every three weeks in terms
of total HRQoL and seems to be superior at least in terms of
the FAPSI-8 and emotional well-being in the first three to
four months. However, we suggest additional research with
QoL-exclusive design to confirm the results.
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