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Abstract
Background  Risk prediction models (RPM) can potentially improve treatment decisions by providing personalized 
survival estimates for different treatment options, but their effectiveness is uncertain. The VALUE-PERSARC study 
evaluated the impact of the PERsonalised SARcoma Care (or PERSARC) RPM on decision-making quality in patients 
with high-grade extremity soft tissue sarcomas (STS).

Methods  A parallel cluster randomized controlled trial was conducted in seven Dutch hospitals, assigned to usual 
care (control) or care with PERSARC (intervention). PERSARC supported treatment recommendations and informed 
patients about personalized risks and relevant treatment options. The primary outcome was decision-making 
quality, measured by patients’ knowledge of treatment risks and benefits and decisional conflict (Decisional Conflict 
Scale). Secondary outcomes included the Cancer Worry Scale (CWS), Shared Decision-Making (SDM-Q9), number of 
treatment options discussed and treatment choice.

Results  This study enrolled 120 patients: 53 patients in the control group and 67 patients in the intervention 
group. No significant differences were observed between the control and intervention groups in patients’ adequate 
knowledge (respectively 82% vs. 86%) and decisional conflict (respectively 23.1 [15.5] vs. 18.9 [12.8]). Scores on the 
CWS (11.7 [3.3] vs. 11.0 [3.5]) and SDM-Q9 (13.3 [4.0] vs. 15.6 [3.3]) were also similar. Treatment choices did not differ 
significantly between groups. However, clinicians in the intervention group were significantly more likely to discuss 
multiple treatment options (93% vs. 35%).
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Background
Soft-tissue sarcomas (STS) are a rare and diverse group of 
tumors accounting for approximately 1% of all adult can-
cers [1] with an estimated incidence of 4 to 5 cases per 
100,000 people annually [2]. STS can develop in any ana-
tomical site but most commonly occur in the extremities 
(60%) [3]. Over 60% of these cases are high-grade, aggres-
sive subtypes, associated with poor outcomes, includ-
ing a 10% rate of local recurrence, a 50% rate of distant 
metastases, and a 45% five-year survival rate [4–6].

The primary treatment for high-grade extremity STS 
typically involves surgery and/or (neo)adjuvant radio-
therapy. Each option comes with distinct benefits and 
risks, and there is no clear consensus on the optimal 
approach. For instance, while achieving tumor-free resec-
tion margin during surgery may improve survival, it can 
impair quality of life by affecting limb function [6–8]. 
Conversely, (neo)adjuvant radiotherapy (RT) may allow 
for narrower surgical margins, preserving function with-
out compromising survival, but it carries risks of side 
effects like infections, wound healing problems, and radi-
ation-induced functional deficits [9–11].

Given the lack of conclusive evidence on the optimal 
treatment approach [12, 13], and the different percep-
tions of risks and benefits by professionals and patients, 
decision-making for STS patients should ideally involve 
an assessment of each option including personalized 
risks. Currently, treatment decisions are often based on 
standard information, which typically involves general 
descriptions of treatment options and outcomes, which 
limits patients’ ability to weigh the benefits and risks 
tailored to their own circumstances. This can lead to 
decisions that may not align with patients’ preferences, 
increased uncertainty and decisional conflict about 
which treatment is best for their personal situation [14].

Decision support tools, such as risk-prediction models 
(RPMs), can provide personalized prognostic informa-
tion, potentially improving decision quality by helping 
patients understand their individual risks and benefits 
and facilitating more active participation in treatment 
decision-making [15–17]. To address the need for per-
sonalized information for STS patients, our research 
group developed and validated an RPM (PERsonalised 
SARcoma Care (PERSARC)) [18–20], which provides 

individualized risk estimates for treatment options based 
on factors such as patient’s age, tumor size, depth and 
histology. A previous study showed that clinicians using 
PERSARC were able to estimate local recurrence (LR) 
and overall survival (OS) more accurately [21]. Notably, 
in this study the MDT adjusted their preferred treatment 
in two-thirds of cases after using PERSARC, primarily 
due to higher estimated survival rates. These findings 
suggest that PERSARC can influence clinical decision-
making by providing more individualized prognostic 
information, potentially leading to treatment plans that 
are better tailored to each patient’s clinical profile. How-
ever, it remains unclear whether the use of PERSARC in 
consultations also improves patients’ decision quality.

Therefore, the VALUE-PERSARC study aimed to eval-
uate whether PERSARC enhances decision-making by 
improving patients’ knowledge of personalized risks and 
reducing decisional conflict. We hypothesized that PER-
SARC would promote informed discussions between STS 
patients and clinicians, leading to better knowledge and 
decisions more aligned with patient’s values and goals 
and reduced decisional conflict.

Methods
This parallel cluster randomized controlled trial (parallel 
CRT) compared usual care without use of the PERSARC 
RPM to care where the PERSARC RPM was used dur-
ing multidisciplinary tumor boards and during clinical 
consultation to assess the impact of these approaches on 
patients’ decision quality. The Medical Ethical Commit-
tee Leiden-Den Haag-Delft (METC-LDD) and six other 
participating Dutch sarcoma centers approved all study 
procedures (NL76563.058.21). The VALUE-PERSARC 
study was initially registered in the Netherlands Trial 
Register (NL9160) on January 8, 2021, and subsequently 
updated in ClincicalTrials.gov (NCT05741944) on Janu-
ary 31, 2023. The VALUE-PERSARC study protocol has 
been described previously [22]. The study followed the 
Consolidated Standards of Reporting Trials (CONSORT) 
extension guideline for reporting parallel cluster random-
ized trials [23].

Conclusion  While PERSARC did not significantly improve patients’ knowledge or decisional conflict, it led to more 
frequent discussion of multiple treatment options by clinicians. This may be an important step towards enhancing 
shared decision-making in practice. Trail registration: The VALUE-PERSARC study was registered on January 8, 2021 in 
the Netherlands Trial Register (NL9160) and updated on January 23, 2023 in ClinicalTrials.gov (NCT05741944).

Trial registration  The VALUE-PERSARC study was initially registered in the Netherlands Trial Register (NL9160) on 
January 8, 2021, and subsequently updated in ClincicalTrials.gov (NCT05741944) on January 31, 2023.

Keywords  Risk-prediction model, Informed decision-making, Clinical consultation soft-tissue sarcoma



Page 3 of 9Kruiswijk et al. BMC Medical Informatics and Decision Making          (2025) 25:345 

Design and randomization
The study was originally designed as a stepped-wedge 
randomized controlled trial, intended to evaluate the 
progressive integration of the PERSARC RPM across 
multiple sites over time. However, due to challenges in 
patient enrollment and the disruptions caused by the 
COVID-19 pandemic, the design was adapted to a par-
allel CRT. This change allowed us to continue gathering 
robust evidence on the effectiveness of PERSARC, while 
accommodating the logistical challenges that arose. In 
this modified design, participating hospitals (i.e., clusters) 
were randomly assigned to the control or intervention 
group (Table  1). Six of the seven participating hospitals 
are STS expertise centers that collectively treat approxi-
mately 85% of the high-grade extremity STS patients in 
the Netherlands. Randomization was performed by an 
independent statistician not involved in the study’s oper-
ations prior to data collection. Due to the nature of the 
intervention, blinding of allocation was not feasible.

Study population and recruitment
The study included individuals aged 18 years or older 
who were newly diagnosed (histologically confirmed) 
with high-grade extremity STS, and had no predeter-
mined treatment plan. High-grade was defined according 
to the Fédération Nationale des Centres de Lutte Contre 
le Cancer grade II and III [24]. Eligible sarcoma subtypes 
were those covered by the PERSARC model, including 
high- grade angiosarcoma, malignant peripheral nerve 
sheath tumor, synovial sarcoma, spindle cell sarcoma, 
myxofibrosarcoma, (myxoid) liposarcoma, leiomyosar-
coma, malignant fibrous histiocytoma/undifferentiated 
pleomorphic sarcoma, (pleomorphic) STS not otherwise 
specified, malignant rhabdoid tumor, alveolar soft part 
sarcoma, epithelioid sarcoma, clear cell sarcoma, rhab-
domyosarcoma and conventional fibrosarcoma. Patients 
undergoing treatment with non-curative intent or requir-
ing other treatment modalities than surgery and/or 
radiotherapy were excluded from the study. To partici-
pate, all patients were required to download the VALUE-
PERSARC app on their personal mobile devices, available 
through the App Store and Google Play Store.

The recruitment process of patients was identical for 
the hospitals in the control and intervention group. Eli-
gible patients received information about the study 
from their treating physician and/or specialist nurse. 
After providing signed informed consent, patients were 
given an activation code by their physician to enable the 
VALUE-PERSARC app. This code automatically assigned 
patients to the randomized hospital condition, either 
control or intervention.

Intervention
The VALUE-PERSARC app was also used for data col-
lection purposes. For patients in the control group, the 
app did not include the PERSARC RPM (Supplementary 
file 1); it was only used to collect baseline characteris-
tics, such as patients age and tumor type, and included 
questionnaires to gather outcome data. In the interven-
tion group, the VALUE-PERSARC app included the PER-
SARC RPM which was integrated into usual care at two 
key points in the decision-making process. First, STS 
clinicians used PERSARC predictions during multidisci-
plinary tumor board (MTB) meetings to guide treatment 
recommendations. Second, the oncological or orthope-
dic surgeon utilized PERSARC prediction during patient 
consultations to explain the diagnosis and discuss the 
benefits and risks of all relevant treatment options. The 
VALUE-PERSARC app was specifically designed to be 
patient-friendly and provided prognostic estimates for 
each treatment option based on the characteristics of the 
individual patient (Supplementary file 1). Once a patient 
was assigned to control or intervention group and set up 
their account, they remained in that version of the app 
for the duration of the study.

Blinding
Patients were given general information about the study’s 
purpose, which was described as comparing different 
approaches to communicating treatment risks and ben-
efits. Specific details about the study design and inter-
vention were not disclosed to prevent bias in patients’ 
responses based on their group assignment. Due to the 
nature of the intervention, it was not possible to blind 
clinicians treating STS patients. Researchers were not 
blinded for practical reasons, such as when assistance 
was needed in installing the VALUE-PERSARC app.

Outcome measures
The primary outcome, decision-making quality, was 
assessed one week after the treatment decision using 
questionnaires. It included two components: patients’ 
adequate knowledge of risks and benefits of each treat-
ment option and experienced decisional conflict. 
Patients’ knowledge was evaluated with a self-devel-
oped, STS-specific, 6-item knowledge questionnaire 

Table 1  Parallel CRT. Inclusion and follow-up patients (n = 120)
Hospital Time
STS center 1 control
STS center 2
STS center 3
STS center 4
STS center 5 intervention
STS center 6
STS center 7
Control condition; usual care. Intervention condition; usual care + PERSARC. 
CRT; cluster randomized control trial. STS; soft-tissue sarcoma
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(Supplementary file 2). Patients’ knowledge was dichot-
omized (i.e., adequate vs. inadequate). In this study, 
knowledge was considered adequate if at least 50% of the 
statements were answered correctly, corresponding to a 
score of ≥ 3 out of 6 [22]. Decisional conflict was assessed 
using the Decisional Conflict Scale (scored 0-100), where 
scores below 25 indicate the ability to implement a deci-
sion, while scores above 37.5 suggest decision delay. 
Higher scores reflect greater conflict [15].

Secondary outcomes included cancer-related worry 
(measured using the Cancer Worry Scale (scored 0-100, 
with higher scores indicating greater worry) [25] and 
patients’ perception of their involvement in decision-
making, assessed using the Shared Decision Making 
(SDM-Q-9) (scored 0-100, with higher scores indicating 
a higher level of experienced SDM) [26]. These outcomes 
were evaluated one week after the treatment decision. 
Other secondary outcomes included the anticipated 
treatment choice (i.e., surgery and/or (neo)adjuvant 
radiotherapy) and the number of treatment options dis-
cussed. The latter was collected through a checklist send 
to clinicians after each consultation. Clinicians were 
asked to indicate how many and which treatment options 
were discussed during the consultation. The number of 
treatment options was then dichotomized into one or 
two or more options to allow for multilevel analysis. The 
checklist was e-mailed immediately after each patient 
consultation, with reminders sent after one week (Sup-
plementary file 3).

Sample size
The sample size calculation is described in more detail in 
the study protocol [22]. The sample size calculation was 
based on the Decisional Conflict Scale, with previous 
research reporting effect sizes for interventions ranging 
from 0.4 to 1.2 [15]. Drawing from similar studies involv-
ing cancer patients, we assumed a conservative mean dif-
ference of 0.30 and a standard deviation of 0.5, resulting 
in an effect size of 0.6 [27, 28]. To achieve 80% power and 
taking into account an intraclass correlation coefficient of 
0.1, we estimated that 52 participants per group (104 in 
total) would be required. Allowing for a 10% loss to fol-
low-up, we aimed to recruit at least 120 patients.

Statistical analysis
An intention-to-treat approach was used for all analy-
ses. Since randomization was conducted at hospital level, 
baseline patient characteristics (age, gender, ASA physi-
cal status classification, educational level) and tumor 
characteristics (size, depth, grade, location, and histo-
logical subtype) were compared between study groups. 
Differences between groups were assessed using t-tests 
for continuous variables and χ2 tests for categorical 

variables. If the assumption of normality was violated, a 
non-parametric test was applied.

Sum scores for the DCS, CWS, and SDM-Q-9 ques-
tionnaires were calculated according to their respective 
manuals [15, 25, 26]. Primary and secondary outcomes 
were analysed using multilevel regression models, incor-
porating hospital as a random effect. In addition to the 
main analysis, we pre-specified that if any significant 
differences in baseline characteristics were observed 
between groups, a sensitivity analysis would be con-
ducted to assess the robustness of the primary outcomes. 
As tumor grade was the only characteristic that differed 
significantly between groups, mixed-effects models were 
rerun with tumor grade included as a covariate. Missing 
data were handled using listwise deletion within these 
models. For the knowledge outcome and the number of 
treatment options discussed, a generalized linear mixed 
model with a logit link function was used to account for 
the binary nature of these outcomes. Mean differences 
were reported for continuous outcomes, while odds 
ratios and 95% CI were provided for dichotomous out-
comes. All analyses were performed using the R software 
environment [29]. For all primary and secondary out-
comes, 95% confidence intervals (CIs) were provided to 
report the precision of the effect estimates. A two-sided 
p-value ≤ 0.05 was considered statistically significant for 
other analyses where applicable.

Results
A total of 120 patients were enrolled between August 
2021 and August 2024 across seven centers in the Neth-
erlands. In the control group, 53 patients were included 
(28 [53%] men; mean [SD] age, 62 [13] years). In the 
intervention group, 67 patients were included (38 [57%] 
men; mean [SD] age, 58 [15] years). In the control group, 
6% of the patients had a lower level of education, 48% 
had a middle level, and 25% had a high level. In the 
intervention group, these percentages were 7%, 37%, 
and 31%, respectively. Patient and tumor characteristics 
were similar between the two groups, except for tumor 
grade (p < 0.01) (Table 2). In the control group, 7% of the 
patients had a lower level of education, 60% had a middle 
level, and 33% had a high level. In the intervention group, 
these percentages were 10%, 49%, and 41%, respectively. 
Patient and tumor characteristics were similar between 
the two groups, except for tumor grade (p < 0.01) 
(Table 2).

Both the control and intervention groups reported low 
levels of decisional conflict. The unadjusted mean total 
score in the Decisional Conflict Scale was 23.1 [SD 15.5] 
in the control group and 18.9 [SD 12.8] in the interven-
tion group, with no significant difference between the 
two groups (mean difference: -4.2; 95% CI: -9.3, 0.9) 
(Table  3). Additionally, no significant differences were 
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observed on any DCS subscale. Most patients in both the 
control and intervention groups demonstrated adequate 
decision knowledge (82% in the control group vs. 86% 
in the intervention group), with no significant difference 
between the groups (OR 1.4; 95%CI: 0.5, 3.7).

Similarly, there were no statistically significant differ-
ences between the control and the intervention groups in 
terms of cancer worry (mean score: 11.7 [SD 3.3] vs. 11.0 
[SD 3.5]) or patients’ perceived of involvement in shared 
decision-making (mean score 13.3 [SD 4.0] vs. 15.6 [SD 
3.3]). However, clinicians reported significantly more 
often discussing two or more treatment options with 
patients in the intervention group compared with the 
control group (93% vs. 35%, OR 63.9; 95%CI: 1.2, 3507.5). 
Despite this, nearly all patients received surgery with pre-
operative radiotherapy (89% vs. 88%), with no differences 
observed between the study groups.

In addition to the main analysis, we conducted a sen-
sitivity analysis adjusting for tumor grade, as this was 
the only baseline variable that showed a significant dif-
ference between the study groups. Mixed-effects models 

Table 2  Patient and tumor characteristics
Characteristics Control

(n = 53)
Intervention
(n = 67)

P value

Age, mean (SD) 62 ± 13 58 ± 15 0.1
Sex
  Male (%) 28 (53%) 38 (57%) 0.8
Educational level
  Low 3 (7%) 5 (10%) 0.7*
  Middle 25 (60%) 25 (49%)
  High 14 (33%) 21 (41%)
  Missing 11 16
Histological subtype
  Myxofibrosarcoma 18 (34%) 15 (22%) 0.1*
  MFH/UPS and NOS 9 (17%) 17 (25%)
  Myxoid liposarcoma 6 (11%) 16 (24%)
  Dedifferentiated / Pleomorphic 7 (13%) 3 (4%)
  liposarcoma
  Leiomyosarcoma 4 (8%) 3 (4%)
  MPNST 1 (2%) 5 (8%)
  Spindle cell sarcoma 3 (6%) -
  Synovia sarcoma - 2 (3%)
  Others 5 (9%) 6 (9%)
Tumor size, mean (SD) 9 ± 5 9 ± 5 0.1
Tumor depth
  Superficial 15 (28%) 27 (40%) 0.2
  Deep 38 (72%) 40 (60%)
Tumor grade
  2 17 (32%) 46 (69%) < 0.01
  3 36 (68%) 21 (31%)
Location
  Upper extremity 8 (15%) 15 (22%) 0.4
  Lower extremity 45 (85%) 52 (78%)
ASA score
  0 41 (77%) 59 (88%) 0.4
  1 9 (17%) 7 (10%)
  ≥2 3 (6%) 1 (2%)
*Fisher’s exact test

Table 3  Results of primary and secondary outcome measures
Outcome measure Control

Mean [SD]
N = 53

Intervention
Mean [SD]
N = 67

Model based dif-
ference between 
intervention and 
control (95%CI)

Decisional Conflict 
Scale (DCS)

23.1 + 15.5 18.9 ± 12.8 -4.2 (-9.3, 0.9)

Subscales
Informed 23.2 ± 16.0 19.4 ± 14.4 -3.8 (-9.3, 1.7)
Value clarity 26.9 ± 16.6 22.2 ± 15.9 -4.7 (-10.5, 1.1)
Support 19.4 ± 15.9 16.3 ± 14.3 -3.1 (-8.5, 2.3)
Uncertainty 24.4 ± 18.3 19.0 ± 14.2 -3.9 (-11.6, 3.7)
Effective decision 22.0 ± 17.7 18.0 ± 14.0 -4.0 (-9.7, 1.6)
missing 2 -
Cancer Worry Scale 
(CWS)

11.7 ± 3.3 11.0 ± 3.5 -0.6 (-1.9, 0.6)

missing 2 -
Shared Decision-
Making (SDM-Q-9)

13.3 ± 4.0 15.6 ± 3.3 1.8 (-0.8, 4.4)

missing 3 2
Control 
(n(%))

Intervention 
(n(%))

OR (95% CI)

Adequate 
knowledge

1.4 (0.5, 3.7)

No 9 (18%) 9 (14%)
Yes 42 (82%) 56 (86%)
missing 2 2
Treatment options 
discussed

63.9 (1.2, 3507.5)

One 26 (65%) 3 (7%)
Two or more 14 (35%) 42 (93%)
missing* 13 22
Options**
R0 9 (22%) 40 (93%)
R0 + pre-op RT 37 (90%) 44 (100%)
R0 + post-op RT 6 (15%) 17 (40%)
R1-2 1 (2%) 5 (12%)
R1-2 + pre-op RT 6 (15%) 10 (23%)
R1-2 + post-op RT 3 (7%) 3 (7%)
missing 13 22
Treatment choice
R0 5 (9%) 6 (9%)
R0 + pre-op RT 47 (89%) 59 (88%)
R0 + post-op RT - 1 (2%)
R1-2 - -
R1-2 + pre-op RT 1 (2%) 1 (2%)
R1-2 + post-op RT - -
missing - -
*Completed checklists in control group: center 1 (19/19), center 2 (12/18), center 
3 (8/13), center 4 (1/3). Completed checklists in intervention group: center 4 
(24/37), center 5 (18/24), center 7 (1/3). **these percentages do not add up to 
100% as multiple options were possible
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were rerun with tumor grade included as a covariate to 
examine whether this affected the results for the primary 
outcomes. The findings remained materially unchanged.

Discussion
The VALUE-PERSARC study found that integrating the 
PERSARC RPM into the decision-making process of 
patients with soft-tissue sarcoma did not significantly 
improve the decision quality. Patients’ knowledge of 
treatment risks and benefits, levels of decisional conflict, 
in cancer worry, patients’ perceived level of shared deci-
sion-making, and treatment choice were similar across 
groups. However, clinicians in the intervention group 
were significantly more likely to discuss multiple treat-
ment options compared to those in the control group. 
Although this behavioral change did not yet translate into 
improved patient-reported outcomes, it may represent an 
important intermediate step in fostering more informed 
and collaborative decision-making. Such shifts in clinical 
communication are critical enablers of shared decision-
making and may, over time or in combination with other 
strategies, contribute to better patient engagement and 
decision quality.

Results in context
Over the past few decades, numerous risk prediction 
models (RPMs), such as PERSARC, have been developed, 
updated and validated to support medical decision-mak-
ing [30–33]. These models are often evaluated solely on 
their statistical performance, while their integration into 
clinical practice involves more complex decision-making 
processes, such as determining the added value of (neo)
adjuvant therapies in collaboration with patients but also 
incorporation in the workflow of clinicians. Therefore, 
using an RPM in clinical consultations should be viewed 
as an intervention in itself, and its impact on clinical 
decisions and, ultimately, on patient outcomes should be 
assessed [34]. Although the importance of such evalua-
tions is increasingly recognized, studies examining the 
impact of RPMs on (shared) decision-making and patient 
outcomes are still rare and often considered difficult to 
implement [30, 34–36]. To the best of our knowledge, 
this is the first clinical validation study that evaluated 
the effect of an RPM in terms of decision quality from 
patients’ perspective in the context of sarcoma care.

The PERSARC RPM, integrated into the VALUE-PER-
SARC app, was designed to foster deliberation between 
STS patients and clinicians, with the aim of improving 
patients’ understanding of the treatment risks and ben-
efits. This approach intended to facilitate treatment deci-
sions that align more closely with patients’ values and 
goals, thereby reducing decisional conflict. However, 
while clinicians in the intervention group discussed sig-
nificantly more treatment options, this did not translate 

into improved patient outcomes. The lack of effect 
observed may be attributed to the inconsistent or sub-
optimal use of PERSARC in the clinical consultation in 
the intervention group, as demonstrated in a convergent 
mixed-methods study conducted alongside the trial [37]. 
This study revealed that PERSARC was primarily used 
to support and confirm clinicians’ preferred treatment 
plans rather than promote (shared) decision-making. 
So, while PERSARC was intended to encourage patient 
deliberation and help weigh treatment risks and ben-
efits, it often resulted in implicit steering by clinicians 
towards a specific treatment option, leaving patients feel-
ing they had no genuine choice. Moreover, if patients 
were not made aware of or not encouraged to consider 
alternative treatment options, they were less likely to 
improve their knowledge of risks and benefits of treat-
ment options or to experience any decisional conflict. 
Additionally, patient-related factors may have played a 
role in the lack observed improvement in outcomes. For 
instance, limited health literacy could have influenced 
patients’ ability to process complex risk estimates and 
engage with the information provided through PERSARC 
[38, 39]. This is particularly relevant given the emotional 
and cognitive demands of receiving a cancer diagnosis 
and making treatment decisions. Future studies should 
consider assessing patients’ health literacy levels and tai-
loring communication strategies accordingly to ensure 
that personalized risk information is both accessible and 
meaningful.

The results of this study align with broader literature on 
decision supporting interventions, such as decision aids, 
where clinicians frequently fail to properly elicit patients’ 
values and preferences to guide treatment decisions, even 
when using such tools [37, 40–42]. They also highlight 
that simply introducing a tool like PERSARC is insuffi-
cient. Clinicians need structured support and training to 
use these tools effectively. This includes becoming aware 
of the tool’s purpose beyond risk calculation, being will-
ing to engage in shared decision-making, and receiving 
guidance on how to integrate RPMs meaningfully into 
clinical consultations. Training should also cover practi-
cal strategies for communicating risk estimates, support-
ing patient deliberation and conducting well-structured 
consultations (i.e., making more effective and efficient 
use of consultation time), to truly facilitate informed/
shared decision-making.

Implications
The success of using RPMs to support personalized deci-
sion-making in clinical encounters relies on recognizing 
patients’ values, opinions, and treatment preferences 
which may differ from those of clinicians [43]. There-
fore, it is essential to discuss viable treatment options in 
a neutral manner, adhering to the principles of shared 
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decision-making. This allows patients to adequately 
weigh treatment risks and benefits and make informed 
choices that align with their personal circumstances. So, 
when using RPMs to personalize decision-making, it is 
essential to combine this use with proper application of 
SDM, only then will the use of RPMs truly impact treat-
ment decisions.

Strength and limitations
To our knowledge, this is the first clinical validation study 
evaluating the impact of RPMs on patients’ decision 
quality during clinical consultation. However, several 
limitations should be noted. First, the study design was 
changed from a stepped-wedge to a parallel cluster RCT. 
While the stepped-wedge design would have allowed 
for a more robust assessment of the gradual integra-
tion of the PERSARC RPM—and was considered highly 
suitable given the study’s implementation focus and the 
shared interest among participating hospitals in eventu-
ally adopting the tool—it became unfeasible due to chal-
lenges in patient enrollment and the disruptions caused 
by the COVID-19 pandemic. Switching to a parallel clus-
ter RCT enabled the inclusion of additional centers and 
ensured sufficient data collection. Despite this change, 
the study remains an important step toward evaluat-
ing the broader impact of RPMs in routine care. Second, 
there were many missing values in the clinician check-
list, as clinicians often did not report how many or which 
treatment options were discussed. Nevertheless, these 
missing data were evenly distributed across hospitals 
and conditions, making it unlikely that they had a sub-
stantial impact on our results. Third, selection bias may 
have occurred, as clinicians may have enrolled a selec-
tive group of patients into the clinical trial, rather than 
including all patients they encounter in daily practice. For 
example, older patients may have been underrepresented, 
particularly if clinicians were uncertain about the added 
value of radiotherapy, even when PERSARC indicated 
that it could be helpful for them. Fourth, while evidence 
is growing regarding the effectiveness of decision support 
tools, including RPMs, in improving quality of care and 
decision-making processes, there is currently no consen-
sus or standardization in measuring either the decision-
making process or decision quality [44]. For instance, the 
use of decisional conflict as an endpoint is debated - care-
ful deliberation on treatment options and personal values 
may increase conflict rather than reduce it, even though 
it reflect a more informed decision-making process [45]. 
This lack of standardization of outcomes measures com-
plicates the interpretation of our results and makes com-
parison with other studies challenging. Finally, we used 
a self-developed knowledge questionnaire that was not 
extensively validated. As a result, it may not have been 

sensitive enough to capture the fully capture the nuances 
of patients’ understanding.

Conclusion
In conclusion, while RPMs like PERSARC hold prom-
ise for supporting decision-making, their effective inte-
gration into clinical consultations remains challenging. 
In this study, the PERSARC RPM did not significantly 
improve patient-reported decision quality for patients 
with high-grade STS in the extremities. This may partly 
reflect inconsistent or suboptimal use of PERSARC dur-
ing the consultations. However, the increased discussion 
of multiple treatment options in the intervention group 
suggests a meaningful shift in clinician behavior toward 
more informed and collaborative decision-making. Such 
changes may represent an important intermediate step 
in the adoption of RPMs and their potential to enhance 
shared decision-making. These findings underscore that 
simply introducing RPMs is not sufficient; clinicians 
need support in how to apply them effectively apply in 
practice. Training should include practical guidance 
on communicating risk estimates, supporting patient 
deliberation, and structuring consultations efficiently to 
enable truly informed and shared decision-making.

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​
g​​/​​1​0​​.​1​1​​​8​6​​/​s​1​2​​9​1​1​-​​0​2​5​-​0​​3​1​6​6​-​6.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
VALUE-PERSARC group: Dirk J Grunhagen, Winan van Houdt, Ingrid van 
der Geest, Jos van der Hage, Ibtissam Acem, Roos F Bleckman, Stefanie N. 
Hakkesteegt, Marloes van Duijvenbode, Nicolette Leijerzapf. Special thanks 
goes to Nanny van Duijn-Bakker for her invaluable assistance with study 
management, patient inclusion, and data collection.

Author contributions
Conceptualization, L.v.B.-V. methodology, P.J.M.-v.d.M.; formal analysis, A.A.K.; 
investigation, A.A.K.; data curation, A.A.K and A.E.V.; writing—original draft 
preparation, A.A.K.; writing—review and editing, A.A.K., A.E.V., P.J.M.-v.d.M., 
E.G.E., M.F., R.L.H., Y.M.S., C.V., M.H.A.B., R.J.v.G., J.J.B., A.J.W., M.A.J.v.d.S., L.v.B.-V., 
visualization, A.A.K.; supervision, L.v.B.-V. All authors have read and agreed to 
the published version of the manuscript.

Funding
The VALUE-PERSARC is supported by a grant from the Dutch Cancer Society 
(DCS)— KWF kankerbestrijding (grant number 12642). This funding source did 
not influence the study in anyway, nor the writing of the manuscript.

Data availability
The data that support the findings of this study are available from the 
corresponding author, upon reasonable request.

https://doi.org/10.1186/s12911-025-03166-6
https://doi.org/10.1186/s12911-025-03166-6


Page 8 of 9Kruiswijk et al. BMC Medical Informatics and Decision Making          (2025) 25:345 

Declarations

Ethics approval and consent to participate
The VALUE-PERSARC study was approved by the Medical Ethical Committee 
Leiden-Den Haag-Delft (METC-LDD) (NL76563.058.21). Written informed 
consent was obtained from all participating patients.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Biomedical Data Sciences, Medical Decision Making, 
Leiden University Medical Center, Leiden, The Netherlands
2Orthopedic Surgery, Leiden University Medical Center, Leiden, The 
Netherlands
3Safety & Security Science, Faculty of Technology, Policy & Management, 
Delft University of Technology, Delft, The Netherlands
4Division of Psychosocial Research and Epidemiology, Division of 
Molecular Pathology, The Netherlands Cancer Institute, Amsterdam, The 
Netherlands
5Mathematical Institute, Leiden University, Leiden, The Netherlands
6Department of Biomedical Data Sciences, Section Medical Statistics, 
Leiden University Medical Center, Leiden, The Netherlands
7Department of Radiotherapy, The Netherlands Cancer Institute, 
Amsterdam, The Netherlands
8Department of Radiotherapy, Leiden University Medical Center, Leiden, 
The Netherlands
9Department of Surgical Oncology, The Netherlands Cancer Institute, 
Amsterdam, The Netherlands
10Department of Surgical Oncology and Gastrointestinal Surgery, Erasmus 
MC Cancer Institute, Erasmus Medical Center, Rotterdam, The Netherlands
11Department of Surgical Oncology, Maastricht University Medical Center, 
Maastricht, The Netherlands
12Department of Surgical Oncology, University Medical Center Groningen, 
Groningen, The Netherlands
13Department of Surgery, Radboud University Medical Center, Nijmegen, 
The Netherlands
14Department of Surgical Oncology, University Medical Center Utrecht, 
Utrecht, The Netherlands

Received: 17 December 2024 / Accepted: 22 August 2025

References
1.	 Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics. CA Cancer J Clin. 

2021;71(1): pp. 7–33.
2.	 Stiller CA, Trama A, Serraino D, Rossi S, Navarro C, Chirlaque MD, Casali PG, 

Grp RW. Descriptive epidemiology of sarcomas in europe: report from the 
RARECARE project. Eur J Cancer. 2013;49(3):684–95.

3.	 Coindre JM, Terrier P, Bui NB, Bonichon F, Collin F, Doussal VL, Mandard 
AM, Vilain MO, Jacquemier J, Duplay H, et al. Prognostic factors in adult 
patients with locally controlled soft tissue sarcoma. A study of 546 patients 
from the French federation of cancer centers sarcoma group. J Clin Oncol. 
1996;14(3):869–77.

4.	 Zagars GK, Ballo MT, Pisters PWT, Pollock RE, Patel SR, Benjamin RS. Prognostic 
factors for disease-specific survival after first relapse of soft-tissue sarcoma: 
analysis of 402 patients with disease relapse after initial Conservative surgery 
and radiotherapy. Int J Radiat Oncol Biol Phys. 2003;57(3):739–47.

5.	 Pisters PW, Harrison LB, Leung DH, Woodruff JM, Casper ES, Brennan MF. 
Long-term results of a prospective randomized trial of adjuvant brachyther-
apy in soft tissue sarcoma. J Clin Oncol. 1996;14(3):859–68.

6.	 Willeumier JJ, Fiocco M, Nout R, Dijkstra S, Aston W, Pollock R, Hartgrink H, 
Bovee J, van de Sande M. High-grade soft tissue sarcomas of the extremi-
ties: surgical margins influence only local recurrence not overall survival. Int 
Orthop. 2015;39(5):935–41.

7.	 Muller DA, Beltrami G, Scoccianti G, Frenos F, Capanna R. Combining limb-
sparing surgery with radiation therapy in high-grade soft tissue sarcoma of 
extremities - Is it effective? Ejso. 2016;42(7):1057–63.

8.	 Willeumier JJ, Rueten-Budde AJ, Jeys LM, Laitinen M, Pollock R, Aston W, 
Dijkstra PD, Ferguson PC, Griffin AM, Wunder JS, et al. Individualised risk 
assessment for local recurrence and distant metastases in a retrospective 
transatlantic cohort of 687 patients with high-grade soft tissue sarcomas of 
the extremities: a multistate model. BMJ Open. 2017;7(2):e012930.

9.	 O’Donnell PW, Griffin AM, Eward WC, Sternheim A, Catton CN, Chung PW, 
O’Sullivan B, Ferguson PC, Wunder JS. The effect of the setting of a positive 
surgical margin in soft tissue sarcoma. Cancer. 2014;120(18):2866–75.

10.	 Dagan R, Indelicato DJ, McGee L, Morris CG, Kirwan JM, Knapik J, Reith J, 
Scarborough MT, Gibbs CP, Marcus RB, et al. The significance of a marginal 
excision after preoperative radiation therapy for soft tissue sarcoma of the 
extremity. Cancer. 2012;118(12):3199–207.

11.	 Al Yami A, Griffin AM, Ferguson PC, Catton CN, Chung PWM, Bell RS, Wunder 
JS. O’Sullivan, Positive surgical margins in soft tissue sarcoma treated with 
preoperative radiation: is a postoperative boost necessary? Int J Radiation 
Oncology*Biology*Physics. 2010;77(4):1191–7.

12.	 Harati K, Kirchhoff P, Behr B, Daigeler A, Goertz O, Hirsch T, Lehnhardt M, Ring 
A. Soft tissue sarcomas of the distal lower extremities: A single-institutional 
analysis of the prognostic significance of surgical margins in 120 patients. 
Oncol Rep. 2016;36(2):863–70.

13.	 Hoefkens F, Dehandschutter C, Somville J, Meijnders P, Van Gestel D. Soft 
tissue sarcoma of the extremities: pending questions on surgery and radio-
therapy. Radiat Oncol. 2016;11.

14.	 LeBlanc A, Kenny DA, O’Connor AM, Legare F. Decisional conflict in patients 
and their physicians: A dyadic approach to shared decision making. Med 
Decis Making. 2009;29(1):61–8.

15.	 O’Connor AM. Validation of the decisional conflict scale. Med Decis Making. 
1995;15:25–30.

16.	 Pablos JL, Jover JA, Roman-Ivorra JA, Inciarte-Mundo J, Dilla T, Sacristan JA, 
Comellas M, Lizan L. Patient decision aid (PDA) for patients with rheumatoid 
arthritis reduces decisional conflict and improves readiness for treatment 
decision making. Patient-Patient Centered Outcomes Res. 2020;13(1):57–69.

17.	 Engelhardt EG, Garvelink MM, de Haes JCJM, van der Hoeven JJM, Smets 
EMA, Pieterse AH, Stiggelbout AM. Predicting and communicating the risk of 
recurrence and death in women with Early-Stage breast cancer: A systematic 
review of risk prediction models. J Clin Oncol. 2014;32(3):238–.

18.	 Rueten-Budde AJ, van de Sande MAJ, van Praag VM. M. Fiocco and P. study-
group, External validation and adaptation of a dynamic prediction model for 
patients with high-grade extremity soft tissue sarcoma. J Surg Oncol. 2020.

19.	 Rueten-Budde AJ, van Praag VM, studygroup P, van de Sande MAJ, Fiocco M. 
Dynamic prediction of overall survival for patients with high-grade extremity 
soft tissue sarcoma. Surg Oncol. 2018;27(4):695–701.

20.	 van Praag VM, Rueten-Budde AJ, Jeys LM, Laitinen MK, Pollock R, Aston W, 
van der Hage JA, Dijkstra PDS, Ferguson PC, Griffin AM, et al. A prediction 
model for treatment decisions in high-grade extremity soft-tissue sarcomas: 
personalised sarcoma care (PERSARC). Eur J Cancer. 2017;83:313–23.

21.	 Hagenmaier HSF, van Beeck AGK, Haas RL, van Praag VM, van Bodegom-Vos 
L, van der Hage JA, Krol S, Speetjens FM, Cleven AHG, Navas A, et al. The 
influence of personalised sarcoma care (PERSARC) prediction model-
ling on clinical decision making in a multidisciplinary setting. Sarcoma. 
2021;2021:p8851354.

22.	 Kruiswijk AA, van de Sande MAJ, Haas RL, van den Akker-van EM, Marle EG, 
Engelhardt P, van Marang-van de Mheen L. Bodegom-Vos and V.-P.r. group. 
(Cost-)effectiveness of an individualised risk prediction tool (PERSARC) on 
patient’s knowledge and decisional conflict among soft-tissue sarcomas 
patients: protocol for a parallel cluster randomised trial (the VALUE-PERSARC 
study). BMJ Open. 2023;13(11):e074853.

23.	 Schulz KF, Altman DG, Moher D, Grp C. CONSORT 2010 statement: updated 
guidelines for reporting parallel group randomised trials. J Clin Epidemiol. 
2010;63(8):834–40.

24.	 Trojani M, Contesso G, Coindre JM, Rouesse J, Bui NB, Demascarel A, Goussot 
JF, David M, Bonichon F, Lagarde C. Soft-Tissue sarcomas of Adults - Study of 
pathological prognostic variables and definition of a histopathological grad-
ing system. Int J Cancer. 1984;33(1):37–42.

25.	 Custers JAE, Kwakkenbos L, van de Wal M, Prins JB, Thewes B. Re-validation 
and screening capacity of the 6-item version of the cancer worry scale. 
Psycho-oncology. 2018;27(11):2609–15.

26.	 Rodenburg-Vandenbussche S, Pieterse AH, Kroonenberg PM, Scholl I, van der 
Weijden T, Luyten GP, Kruitwagen RF, den Ouden H, Carlier IV, van Vliet IM, et 



Page 9 of 9Kruiswijk et al. BMC Medical Informatics and Decision Making          (2025) 25:345 

al. Dutch translation and psychometric testing of the 9-Item shared decision 
making questionnaire (SDM-Q-9) and shared decision making questionnaire-
Physician version (SDM-Q-Doc) in primary and secondary care. PLoS ONE. 
2015;10(7):e0132158.

27.	 Fiset V, O’Connor AM, Evans W, Graham I, DeGrasse C, Logan J. Development 
and evaluation of a decision aid for patients with stage IV non-small cell lung 
cancer. Health Expect. 2000;3(2):125–36.

28.	 Lo SS, Mumby PB, Norton J, Rychlik K, Smerage J, Kash J, Chew HK, Gaynor ER, 
Hayes DF, Epstein A, et al. Prospective multicenter study of the impact of the 
21-gene recurrence score assay on medical oncologist and patient adjuvant 
breast cancer treatment selection. J Clin Oncol. 2010;28(10):1671–6.

29.	 Team RDC. R: a language and environment for statistical computing. 2009; 
Available from: http://www.R-project.org

30.	 Steyerberg EW, Moons KG, van der Windt DA, Hayden JA, Perel P, Schroter S, 
Riley RD, Hemingway H, Altman DG. Prognosis research strategy (PROGRESS) 
3: prognostic model research. PLoS Med. 2013;10(2):e1001381.

31.	 Moons K.G., Kengne A.P., Woodward M, Royston P, Vergouwe Y, Altman 
D.G., Grobbee D.E. Risk prediction models: I. Development, internal valida-
tion, and assessing the incremental value of a new (bio)marker. Heart. 
2012;98(9):683–90.

32.	 Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent reporting of a mul-
tivariable prediction model for individual prognosis or diagnosis (TRIPOD): 
the TRIPOD statement. BMJ. 2015;350:g7594.

33.	 Binuya MAE, Engelhardt EG, Schats W, Schmidt MK, Steyerberg EW. Meth-
odological guidance for the evaluation and updating of clinical prediction 
models: a systematic review. BMC Med Res Methodol. 2022;22(1):316.

34.	 Hlatky MA, Greenland P, Arnett DK, Ballantyne CM, Criqui MH, Elkind MS, 
Go AS, Harrell FE Jr., Hong Y, Howard BV, et al. Criteria Evaluation Novel 
Markers Cardiovasc Risk: Sci Statement Am Heart Association Circulation. 
2009;119(17):2408–16.

35.	 van Giessen A, Peters J, Wilcher B, Hyde C, Moons C, de Wit A, Koffijberg E. 
Systematic review of health economic impact evaluations of risk prediction 
models: stop developing, start evaluating. Value Health. 2017;20(4):718–26.

36.	 di Ferrante L, Davenport C, Eisinga A, Hyde C, Deeks JJ. A capture-recapture 
analysis demonstrated that randomized controlled trials evaluating the 
impact of diagnostic tests on patient outcomes are rare. J Clin Epidemiol. 
2012;65(3):282–7.

37.	 Kruiswijk AA, Engelhardt EG, Vlug LAE, van de Wal RJP, Schrage YM, Haas RL, 
van de Sande MAJ. P. J. Marang-van de Mheen, L. van Bodegom-Vos, Under-
standing how a personalized risk prediction tool (VALUE-PERSARC) supports 
informed treatment decisions of soft-tissue sarcomas patients in daily clinical 
practice – a mixed methods study. Eur J Cancer. 2024:114269.

38.	 Peters E, Dieckmann N, Dixon A, Hibbard JH, Mertz CK. Less is more 
in presenting quality information to consumers. Med Care Res Rev. 
2007;64(2):169–90.

39.	 McCaffery KJ, Holmes-Rovner M, Smith SK, Rovner D, Nutbeam D, Clayman 
ML, Kelly-Blake K, Wolf MS, Sheridan SL. Addressing health literacy in patient 
decision aids. BMC Med Inf Decis Mak. 2013;13(Suppl 2):S10.

40.	 Branda ME, LeBlanc A, Shah ND, Tiedje K, Ruud K, Van Houten H, Pencille L, 
Kurland M, Yawn B, Montori VM. Shared decision making for patients with 
type 2 diabetes: a randomized trial in primary care. BMC Health Serv Res. 
2013;13:301.

41.	 Wyatt KD, Branda ME, Anderson RT, Pencille LJ, Montori VM, Hess EP, Ting HH, 
LeBlanc A. Peering into the black box: a meta-analysis of how clinicians use 
decision aids during clinical encounters. Implement Sci. 2014;9:26.

42.	 Ankersmid JW, Engelhardt EG, Lansink Rotgerink FK, The R, Strobbe LJA, Dros-
saert CHC, Siesling S, van Uden-Kraan CF. Evaluation of the implementation 
of the dutch breast cancer surveillance decision aid including personalized 
risk estimates in the SHOUT-BC study: a mixed methods approach. Cancers 
(Basel). 2024;16(7).

43.	 Joseph-Williams N, Lloyd A, Edwards A, Stobbart L, Tomson D, Macphail S, 
Dodd C, Brain K, Elwyn G, Thomson R. Implementing shared decision making 
in the NHS: lessons from the MAGIC programme. BMJ. 2017;357:j1744.

44.	 Sepucha KR, Borkhoff CM, Lally J, Levin CA, Matlock DD, Ng CJ, Ropka ME, 
Stacey D, Joseph-Williams N, Wills CE, et al. Establishing the effectiveness of 
patient decision aids: key constructs and measurement instruments. BMC 
Med Inf Decis Mak. 2013;13(2):S12.

45.	 Vickers AJ. Decisional conflict, regret, and the burden of rational decision 
making. Med Decis Making. 2017;37(1):3–5.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

http://www.R-project.org

