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Abstract

Patient-guided dose reduction, as explored in the RODEO study, offers a promising approach to alleviate the burden of ty-
rosine kinase inhibitor (TKI) therapy in chronic myeloid leukemia (CML). Supported by shared decision-making (SDM) and a
patient decision aid, this strategy aims to reduce TKI toxicity while maintaining effectiveness. This interim analysis evaluates
its effectiveness at six months, focusing on intervention failure, i.e., TKI dose re-escalation due to loss of major molecular
remission (MMR) of BCR::ABL17 (>0.1%IS) or expected loss of MMR, and patient-reported health-related quality of life (HRQoL)
and symptom burden. The SDM-process and decisional conflict are also evaluated. This is a prospective, single-arm, mul-
ticenter trial including 148 patients with chronic-phase CML in at least MMR. Patients and their treating hematologists were
engaged in an SDM-process and selected a reduced TKI dose. BCR::ABLT monitoring was conducted regularly; HRQoL and
symptom burden was assessed using the scores of the QLQ-C30 and QLQ-CML24 questionnaires, and IL 156 item list. of
the European Organisation for Research and Treatment of Cancer (EORTC). SDM and decisional conflict were evaluated via
SDM-Q-9, SDM-Q-Doc, and the Decisional Conflict Scale. Of 146 patients analyzed, 2.8% experienced intervention failure
at six months. Modest statistically significant improvements were seen in multiple symptom scales. SDM was well-evalu-
ated, with low decisional conflict by patients. Patient-guided dose reduction appears safe and beneficial at six months
follow-up.

Introduction drug adverse events that significantly impair health-related

quality of life (HRQoL) and tolerability.? Common adverse
Tyrosine kinase inhibitors (TKI) play a crucial role in the events include fatigue, muscle cramps, pain, edema, skin
treatment of chronic myeloid leukemia (CML), enabling issues (e.g., rash, dry skin), gastrointestinal symptoms
patients to achieve life expectancies similar to those of (e.g., diarrhea, constipation, nausea), thrombocytopenia,
age-matched peers.'Despite their effectiveness, TKI cause and headache.® This highlights the need for strategies
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such as TKI switching or dose modifications to reduce the
daily burden of toxicity. Dose optimization strategies are
increasingly discussed in recent literature, with studies
summarizing investigated dosing regimens and emphasiz-
ing the need for prospective trials to evaluate HRQoL in
patients with chronic-phase CML after dose reduction.*®
Beyond alleviating treatment burden, dose reduction may
provide additional benefits, including cost savings and
a potential decrease in long-term toxicity. Furthermore,
when safety conditions are met, such as more frequent
blood monitoring after dose reduction, these strategies
are widely endorsed by both patients and healthcare pro-
viders.®® However, advice on how to appropriately reduce
doses are currently not included in European LeukemiaNet
(ELN) recommendations or National Comprehensive Cancer
Network (NCCN) guidelines.

Decision-making regarding dose reduction requires careful
consideration of various patient-specific factors, includ-
ing clinical indicators and individual preferences, all of
which necessitate active patient engagement, particularly
in the context of CML.*" To effectively do this, shared de-
cision-making (SDM) plays a crucial role in ensuring that
treatment adjustments align with both medical best prac-
tices and patient expectations.”? SDM involves four steps: 1)
the healthcare provider informs the patient about the need
for a treatment decision, emphasizing the value of their
input; 2) treatment options are assessed including their
pros and cons; 3) the patient’s preferences are explored,
with the healthcare provider offering support; and 4) the
healthcare provider and patient discuss the patient’s wish
to make the decision, leading to either a final decision or
a postponement of that decision, followed by a discussion
of next steps.” To further facilitate patient engagement,
the use of patient decision aids (PDA) is advocated.”® PDA
enhance patient knowledge, improve understanding of
risks and personal values, and reduce decisional conflict,
ultimately fostering more informed and collaborative treat-
ment decisions.®

Recent findings from the international CML SUN study,
which explored unmet needs among patients with chron-
ic-phase CML and their physicians, underscore the im-
portance of patient-centered approaches in treatment
decisions, particularly through SDM and patient education.”
Highlighting the current relevance of these approaches,
the ongoing prospective, multicenter single-arm RODEO
study, performed in nine Dutch hospitals, evaluates the
effectiveness of patient-guided dose reduction in adult
patients with chronic-phase CML on TKI who are in sta-
ble major molecular remission (MMR) or deep molecular
remission (DMR) (https://doi.org/10.1186/s12885-023-10697-
6, EUCT: 2024-516511-24-00).* In short, the intervention
followed three steps designed to ensure informed and
patient-involved decision-making: 1) the patient received a
PDA tailored for the decision to reduce the TKI dose; 2) the
patient participated in an SDM consult with their trained
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healthcare provider to discuss their willingness to accept
a dose reduction and by how much the dose should be
reduced; 3) the patient and healthcare provider together
chose a personalized reduced TKI dose.

An interim evaluation is being conducted now that all
participants have passed the halfway point of the study’s
follow-up period, allowing for a meaningful preliminary
assessment of outcomes. This interim evaluation of the
RODEO study aims to assess the effectiveness of the
patient-guided dose reduction intervention at 6-month
follow-up by: 1) evaluating the proportion of patients ex-
periencing intervention failure, defined as patients who
have restarted their initial dose due to loss of MMR or
were expected to lose MMR (re-escalation was initiated in
patients with concerning increases in BCR::ABL1 [% Inter-
national Scale; IS] to prevent actual loss of MMR), and 2)
examining patient-reported HRQoL and symptom burden.
Additionally, the decision-making process is evaluated
based on the use of the PDA, the level of executed SDM
during consultations, and the degree of decisional conflict
experienced by patients after deciding to reduce the dose.
This analysis will not only provide important clinically rele-
vant insights into TKI dose reduction in real-world settings
but will also assess the experiences of a patient-centered
approach in achieving this goal.

Methods

Study design and participants

Adults with chronic-phase CML on imatinib, bosutinib,
dasatinib, nilotinib, or ponatinib in least MMR (defined as
BCR::ABL1 levels £0.1%) for a minimum of six months were
included. The intervention involved a PDA for patients, af-
ter which the healthcare provider and patient engaged in
SDM to select a reduced dose. Detailed eligibility criteria
and intervention information are in the published study
protocol.™ No restrictions were given on the TKI dose at
study start; therefore, normal dosages (bosutinib 400 mg,
dasatinib 100 mg, imatinib 400 mg, nilotinib 600 mg, pona-
tinib 45 mg) were standardized to 100%. All participants
provided written informed consent in accordance with
the Declaration of Helsinki. Ethical approval was granted
by Medical Ethical Committee Oost-Nederland (N. 2021-
3457). The trial is registered at EUCT: 2024-516511-24-00.
Reporting followed the format of the TREND statement
(Online Supplementary Table S7).®

Data collection

To evaluate molecular response, BCR::ABLT levels (%IS) were
monitored through blood samples. Timing of measurements
and detailed questionnaire descriptions are available in
the Online Supplementary Appendix, Online Supplemen-
tary Table A, and study protocol.™ In short, HRQoL and
symptom burden were assessed using QLQ-C30 (version
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3.0) and QLQ-CML24 questionnaires, and IL 156 item list
of the European Organisation for Research and Treatment
of Cancer (EORTC).®® The SDM experience was measured
using the SDM-Q9 (patients) and SDM-Q-Doc (healthcare
providers), alongside the Observer OPTION 5 instrument,
independently scored by an SDM expert (Dutch school for
shared decision-making; www.schoolvoorsamenbeslissen.
nl).*2 The impact of the decision to reduce TKI dose on
patient’s distress was evaluated using the traditional Deci-
sional Conflict Scale (DCS).*

Data analysis and outcomes

The proportion of patients with intervention failure, defined
as the need to re-escalate the initial dose due to (expect-
ed) loss of MMR, was evaluated at six months follow-up
as primary outcome. Molecular relapse-free survival was
estimated using the Kaplan-Meier method and reported
with 95% confidence intervals (Cl). A priori sample size
calculations for 147 patients are detailed in the Online
Supplementary Appendix.*

EORTC questionnaires were scored following EORTC guide-
lines. Longitudinal QoL changes from baseline were inter-
preted using scale-specific thresholds by Cocks et al.?5:2¢
For EORTC QLQ-CML24 and IL156 items, average symptom
thresholds were applied in the absence of evidence-based
thresholds. Subgroup analyses were conducted by sex,
age (< or 2 70 years), and TKI type (for groups with N>30).
Symptom prevalence was based on any response other
than “not at all” on relevant symptom items. The propor-
tion of missing assessments in patient-reported outcomes

148 patients signed informed consent
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(maximum 0.38) supported the validity of a complete case
analysis;?" therefore, no imputation was performed, except
for questionnaires with single missing items in scales,
which were imputed per scoring manuals. Descriptive
statistics were used for categorical (frequencies, percent-
ages) and continuous (mean * Standard Deviation [SD] or
median with interquartile range [IQR]) data. Mean change
scores in EORTC QLQ-C30, CML24 and IL156 scales were
statistically evaluated using one-sample t tests against
zero (o = 0.05), with 95% CI. P<0.05 was considered sta-
tistically significant.

Shared decision-making evaluation included PDA uptake
and reasons for non-use. Outcomes from SDM-Q9, SDM-
Q-Doc, Observer OPTION 5, and DCS were scored as de-
tailed in the Online Supplementary Appendix.

Statistical analyses were conducted per protocol using
RStudio (version 4.1.3).

Results

A total of 148 patients provided informed consent (Figure
1), of whom 146 were included in this analysis (Table 1). The
study started in February 2021 (first patient included) and
is expected to be completed in August 2025 (last patient
completes follow-up) after achieving the inclusion goal in
February 2024. At baseline, 91 patients (62.3%) were on the
standard dose, 9 (6.2%) on a higher dose, and 46 (31.5%)
on a reduced dose. The median relative dose reduction at
6-month follow-up was 25% (IQR 8.4) of the initial dose.

Received
reduced dose

1 did not want dose reduction
1 lost to follow-up, reason:
secondary malignancy

146 patients

»| 0 discontinued

Y
146 patients

[ Analysis ][ Follow-up ] [ Intervention ] [ Enrollment]

Figure 1. Participant flow-chart.
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Intervention failure

At 6-month follow-up, a total of 6 participants re-esca-
lated their dose (4.1%). Of these, 4 patients re-escalated
their dose because of expected loss (N=1) or loss (N=3) of
MMR and were documented as treatment failure (2.8%),
resulting in a molecular relapse-free survival probability of
0.972 (95%Cl: 0.946-0.999) at six months (Figure 2). Two
patients restarted their initial dose because they wished
to do so. Characteristics of patients with (expected) loss
of MMR are detailed in Online Supplementary Table S2.

Health-related quality of life and symptoms

At baseline, most reported symptoms of any severity among
patients were fatigue (82%, N=112/137), followed by aches
or pains in muscles or joints (76%, N=105/138), lack of
energy (74%, N=87/118), muscle cramps (67%, N=88/132),
and drowsiness (60%, N=80/134). After six months, this
top five remained largely unchanged, with fatigue the
most prevalent problem (82%, N=96/117), followed by lack
of energy (69%, N=70/102), aches or pains in muscles or
joints (69%, N=84/122), muscle cramps (55%, N=63/115),
and eye problems (52%, N=59/114). Online Supplementary
Table S3 shows per timepoint all proportions per severity
per symptom along with the number of respondents.
Statistically significant mean changes were observed
across eight scales of the EORTC QLQ-C30, CML24, and
IL156 after six months (Figure 3). Social functioning demon-
strated a medium improvement, while fatigue, nausea /
vomiting, diarrhea, impact on daily life, and body image
problems showed small improvements. The change in
appetite loss and symptom burden was considered trivial.
All other changes and corresponding statistical details
for the complete set of measurements are presented in
Online Supplementary Table S4. Median and mean values
for all items and measurements are provided in Online
Supplementary Table S5.

Exploratory subgroup analysis showed that more sta-
tistically significant mean changes occurred among fe-
males and dasatinib-users (Online Supplementary Fig-
ure S7). Online Supplementary Table S6 presents patient
characteristics in each subgroup. Females experienced
moderate improvements in social functioning, fatigue,
dizziness / light-headedness, and coughing, as well as
small improvements in nausea / vomiting, diarrhea, and
financial difficulties. Males exhibited statistically signif-
icant small improvements in body image problems. The
only significant (small) deterioration was found in satis-
faction with care and information in females. Among the
TKI with sufficiently large subgroups (imatinib, dasatinib,
and nilotinib) significant mean changes were observed
among imatinib- and dasatinib-users. For imatinib, a
small improvement in symptom burden and a medium
improvement in diarrhea was noted. In the dasatinib group,
significant mean changes were observed across ten items.
These included small improvements in symptom burden
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and appetite loss, and medium improvements in role and
social functioning, fatigue, constipation, impact on daily
life, body image problems, lack of energy, and flatulence.
No statistically significant mean changes were found in
the elderly group (70+ years).

Shared decision-making

A total of 85.5% of the patients used the PDA during deci-
sion-making. Several factors contributed to the decision
not to use the PDA, as outlined in Online Supplementary
Table S7. The level of SDM was evaluated at a median score
of 96 (IQR: 20, N=85) by patients and 82 (IQR: 11, N=7) by
healthcare providers. See Online Supplementary Figure S2
for the proportions of the participants per scale item per
guestion. The median overall score for OPTION5 was 45 (IQR:
10, N=13). Participants had low decisional conflict, with a
median score of 12.5 (IQR: 25, N=101). Online Supplementary
Table S8 shows medians per DCS subscore. A total of 7.5%
of the patients reported high decisional conflict after the
choice for dose reduction (total DCS score = 37.5).

Table 1. Participant baseline characteristics of the study.

Characteristics Results at baseline

N 146
Gender, male, N (%) 93 (63.7)
Mean age, years, (SD) 59 (13.7)
Median time since diagnosis, years (IQR) 8.2 (9.1)
TKl used, N (%)

Imatinib 67 (45.9)
High dose 6 (9.0)
Normal dose 49 (73.1)
Low dose 12 (17.9)

Dasatinib 36 (24.7)
High dose -
Normal dose 18 (50)
Low dose 18 (50)

Nilotinib 32 (21.9)
High dose 3(8.3)
Normal dose 20 (55.6)
Low dose 9 (25)

Bosutinib 9 (6.2)
High dose -
Normal dose 4 (44.4)
Low dose 5 (55.6)

Ponatinib (low dose) 2(1.4)

Molecular response of BCR::ABL1, %IS

Major molecular remission, N (%) 24 (16.4)

Deep molecular remission, N (%) 122 (83.6)
MR4 (<0.01%) 23 (15.8)
MR4.5 (<0.0032%) 35 (24.0)
MR5 (<0.001%) 64 (43.8)

Median time in MMR or DMR, years (IQR)? 4.0 (5.1)

aN=132. DMR: deep molecular remission; IQR: interquartile range;
IS: International Scale; MMR: major molecular remission; MR:
molecular response; SD: standard deviation; TKI: tyrosine kinase
inhibitor.
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Discussion

While survival outcomes for patients with CML have signifi-
cantly improved in recent years, the focus is increasingly
shifting toward optimizing long-term QoL. In this context,
recent literature has emphasized the importance of indi-
vidualized dosing strategies to support both efficacy and
tolerability of treatment.>® This interim analysis supports the
clinical feasibility and safety of such approaches, demon-
strating low rates of intervention failure six months after
dose reduction. Moreover, improvements were observed in
EORTC HRQoL scores at the 6-month follow-up, with the
most significant benefits noted among female patients
and those receiving dasatinib. Decision-making in these

1.00

0.75 =

0.50 =

0.25 =

Event-free survival probability

0.00
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contexts may benefit from patient involvement and SDM
as found by qualitative studies into this topic.”?® This was
effectively implemented by this study, as the SDM was
well-evaluated and has resulted in low decisional conflict.
The baseline characteristics of the RODEO study popula-
tion were comparable to those reported in the DESTINY
trial, which served as a reference for intervention failure
rates.?*3° Moreover, compared to data from the Dutch Can-
cer Registry, the RODEO study population closely reflects
the broader Dutch CML population in terms of mean age,
gender distribution, and proportional use of the various
TKIL® The RODEO trial included a higher proportion of pa-
tients treated with second-generation TKI compared to the
DESTINY trial. This distinction offers valuable insights into

ﬁ

T T
0 50

Number at risk
(number censored)

146 (0) 146 (0)

T T 1
100 150 180

Time since dose reduction (days)

144 (1) 142 (1) 140 (2)

Figure 2. Event-free survival curve for major molecular remission over six months following dose reduction.

Social functioning

0*

Fatigue ® i Thresholds for

Naissalvemiling o : clinical interpretation
Appetite loss K : Medium deterioration

—— o Small deterioration

Trivial

Symptom burden —— Small improvement

Impact on daily life o i Medium improvement
Body image problems X
15 10 5 0 5 10 15
Deterioration Improvement

Figure 3. Statistically significant mean changes in the scores of the QLQ C30 and QLQ 24 questionnaires, and IL 156 item list of
the European Organisation for Research and Treatment of Cancer after six months. Dots with 95% confidence intervals represent
the observed mean changes in European Organisation for Research and Treatment of Cancer (EORTC) scores. Colored bars indi-
cate evidence-based thresholds for meaningful differences on the EORTC scales, based on the criteria established by Cocks et

al.?® *p<0.05; **P<0.01.
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the differential outcomes associated with various TKI. Fur-
thermore, the RODEO study population includes a greater
number of patients in DMR, a factor previously associat-
ed with improved outcomes in both dose reduction and
treatment-free remission settings.® Nonetheless, after six
months of follow-up following a 50% dose reduction, the
probability of event-free survival was 0.88 in the MR3 cohort
and 0.99 in the MR4 cohort in DESTINY, compared to 0.97
(95%Cl: 0.946-0.999) observed in the RODEO population.
Notably, all patients in RODEO who experienced (or were
expected to experience) intervention failure, were in deep
molecular remission (=MR4) (Online Supplementary Table
S2). The slightly higher rate of intervention failure observed
may be attributed to the sample size, or the design of the
DESTINY study, which required patients to actually lose
MMR before intervention, whereas in the RODEO study,
dose re-escalation also occurred pre-emptively when loss
of MMR was anticipated. While the latter approach may be
considered more patient-friendly, it could also lead to a
higher probability of intervention failure.

Baseline EORTC mean and median scores in the RODEO
population are comparable to those reported in previous
studies of patients with CML (Online Supplementary Table
S$5).32% Notably, for CML-specific scales, baseline median
scores in the RODEO population indicate better health
status compared to those in an earlier cohort with similar
patient characteristics.®* Fatigue was the most prevalent
problem that patients reported at baseline. This aligns with
recent findings from a meta-analysis of patient-reported
TKI toxicities in CML.*® Although its prevalence remained
stable over six months, the mean score on the EORTC
QLQ-C30 fatigue scale decreased by 6 points, indicating a
small improvement in fatigue severity across all patients.
Indeed, a small proportion (2%) of patients shifted from
moderate / severe to mild problems with fatigue (Online
Supplementary Table S3). Interestingly, subgroup analysis
suggests that women and dasatinib-users (Online Supple-
mentary Figure ST) may experience greater benefit from
dose reduction regarding fatigue problems. However, this
study cannot determine whether these differences are
due to biological factors or socio-cultural or psychological
influences, and further research is needed to clarify the
underlying causes.

A phenomenon often observed after TKI discontinuation is
TKI withdrawal syndrome, primarily musculoskeletal pain,
which affects at least 23% of patients within the first three
months after discontinuation.*” In contrast, no increase
in musculoskeletal problems was observed in this study
following dose reduction (Online Supplementary Table S3).
In this interim analysis, only a limited number of subgroup
analyses were performed, focusing on sex, age (< or 270
years), and TKI type. The 70+ age group was specifically ex-
amined considering findings by Efficace et al., who reported
worsening fatigue in this age group following TKI discontin-
uation compared to an opposite trend in the younger age
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groups.®> However, no statistically significant differences
were observed in this study population. Nonetheless, future
analyses of the complete follow-up data may benefit from
longitudinal modelling stratified by age and other baseline
characteristics, to better identify which patient groups are
most likely to benefit from TKI dose reduction.

Overall, patient experience on SDM was rated positively
and exceeded national averages, suggesting that the pa-
tient-guided dosing approach was well received.*® The high
rate of PDA use further reflects strong engagement with the
decision-making process. Importantly, reasons for non-use
were largely related to logistical aspects of the trial rather
than a lack of relevance or acceptance. Both patients and
healthcare providers reported high levels of SDM, though
patients rated the experience higher, reflecting possible
differences in perception or potentially reflecting critical
self-evaluation from healthcare providers.

In line with the overall positive SDM ratings, patients report-
ed low decisional conflict, with only a small proportion ex-
periencing high conflict following the decision. This suggests
the combined use of a PDA and structured SDM approach
can support informed and confident decision-making. Inter-
estingly, among patients with high decisional conflict, only
one had a below-average SDM-Q9 score, implying that inad-
equate SDM was not the primary cause of conflict in most
cases. In fact, the 5 patients who completed the SDM-Q9,
all rated their experience at the maximum score, further
supporting this interpretation. Further analysis revealed that
88% of patients experiencing high decisional conflict were
female, with greater representation from the MMR group
(38%) and a shorter median time since diagnosis (6.2 years;
IQR: 5.0). These patterns suggest that gender and a recent
diagnosis may contribute to increased uncertainty, even
within the context of high-quality SDM. Supporting this,
results from the EORTC QLQ-CML24 indicated that women
reported lower satisfaction with care and information six
months after dose reduction (Online Supplementary Figure
S17), highlighting a potential role of gender on this process.
Follow-up data on decisional regret at twelve months will
provide additional insight into the long-term effects of the
decision-making process.

The observed OPTION5 score exceeds the commonly re-
ported benchmark of 25 and national averages, suggesting
a potential added benefit of the e-learning intervention
for healthcare providers.®®#° It is important to recognize
that some healthcare providers had already addressed key
decision-making elements during the informed consent
consultation and only briefly referenced them during the
SDM consult. This may have led to certain SDM behaviors
being under-represented, possibly underestimating SDM
performance compared to routine, non-trial settings.

An important limitation of this study is the absence of a
screening log. Consequently, there is no information on the
number of patients assessed for eligibility, reasons for ex-
clusion, or the proportion of eligible patients who declined
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participation. Additionally, as with all single-arm trials,
there is an inherent risk of overattributing observed effects
to the intervention due to the absence of a randomized
control group. This limitation is relevant when interpreting
patient-reported outcomes, as it introduces a risk of over-
estimating QoL and underestimating symptom burden.*
Nonetheless, more statistically significant changes were
observed across sex and TKI usage subgroups, suggesting
an intervention effect.

Although widely used, the SDM-Q9 and SDM-Q-Doc have
limitations. Prior studies have shown discrepancies between
observer and patient-reported SDM, with the latter often
showing ceiling effects, i.e., scores clustered at the top
with limited variability.*>** These effects may result from
patients’ unfamiliarity with SDM or difficulty distinguishing
it from general care satisfaction (halo effects), reducing the
sensitivity of these tools to detect meaningful differences.
In the light of the ultimate treatment goal of CML, i.e., treat-
ment-free remission, TKI dose reduction is increasingly being
used as a step toward eventual treatment discontinuation.
This approach has been explored in studies such as the
DESTINY trial and is currently being further investigated in
the HALF trial (clinicaltrials.gov NCT04147533).°° However,
these studies do not incorporate SDM and PDA to decide
on dose reduction steps, elements that were identified as
highly important by patients and healthcare providers.*
Future research should, therefore, focus on integrating SDM
and PDA into these treatment decisions. Evaluating these
components may not only enhance the decision-making
process but also contribute to greater patient satisfaction
in CML care.®™®

To conclude, patient-guided dose reduction, supported by
SDM and a PDA, appears to be a safe and well-accepted
approach for patients with CML in stable remission. At
six months, the strategy was associated with low rates of
intervention failure, improvements in specific domains of
HRQoL, a positively evaluated SDM process, and minimal
decisional conflict. These findings suggest that this ap-
proach may effectively reduce treatment burden without
compromising clinical outcomes. Ongoing follow-up will
be essential to determine which patient subgroups derive
the greatest benefit from TKI dose reduction.
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