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Prevention Relevance: The dynamic prediction provid-

tion before the recommended 5-year duration, primarily
because of bothersome side effects, thereby limiting the
potential benefit of the treatment. Identifying the factors
associated with treatment discontinuation is important to
increase the possibilities for intervention and prevention of

In the phase III, randomized, double-blind, placebo-
controlled NSABP B-35 clinical trial (2, 3), postmenopausal
women with ductal carcinoma in situ (DCIS) treated with
breast conserving therapy and whole-breast irradiation were
randomized to either the aromatase inhibitor anastrozole
or to tamoxifen for 5 years. Anastrozole was shown to signif-
icantly improve the breast cancer-free interval compared with
tamoxifen, especially in women less than 60 years of age,

Dynamic Risk Prediction of Treatment
Discontinuation Using Patient-Reported Outcomes
Data in the Phase Il NSABP B-35 Trial
Vinicius F. Calsavara', Norah L. Henry?, Ron D. Hays?, Sungjin Kim', Michael Luu', Marcio A. Diniz',
Gillian Gresham', Reena S. Cecchini®, Greg Yothers?, Patricia A. Ganz®, André Rogatko', and
Mourad Tighiouart'
Predicting an individual’s risk of treatment discontinua- flashes, headaches, gynecologic symptoms, and vaginal dis-
tion is critical for the implementation of precision chemo- charge, all collected up to 12 months [Brier score, 0.039;
prevention. We developed partly conditional survival mod-  AUC, 0.76; 95% confidence interval (CI), 0.57-0.95]. As for
els to predict discontinuation of tamoxifen or anastrozole tamoxifen-treated patients, predictive factors included base-
using patient-reported outcome (PRO) data from postmen- line BMI, and time-dependent covariates: cognitive pro-
opausal women with ductal carcinoma in situ enrolled in the ~ blems, feelings of happiness, calmness, weight problems,
NSABP B-35 clinical trial. In a secondary analysis of the and pain (Brier score, 0.032; AUC, 0.78; 95% CI, 0.65-
NSABP B-35 clinical trial PRO data, we proposed two 0.91). A real-time calculator based on these models was
models for treatment discontinuation within each treatment ~ developed in Shiny to create a web-based application with a
arm (anastrozole or tamoxifen treated patients) using partly  future goal to aid healthcare professionals in decision-
conditional Cox-type models with time-dependent covari- making.
ates. A 70/30 split of the sample was used for the training and
validation datasets. The predictive performance of the mod-
els was evaluated using calibration and discrimination mea-  ed by partly conditional models offers valuable insights
sures based on the Brier score and AUC from time- into the treatment discontinuation risks using patient-
dependent ROC curves. The predictive models stratified reported outcome data collected over time from clinical
high-risk versus low-risk early discontinuation at a 6-month trial participants. This tool may benefit healthcare profes-
horizon. For anastrozole-treated patients, predictive factors ~ sionals in identifying patients at high risk of premature
included baseline body mass index (BMI) and longitudinal ~ treatment discontinuation and support intervention to
patient-reported symptoms such as insomnia, joint pain, hot ~ prevent potential discontinuation.
Introduction

In patients at high risk of developing breast cancer,
endocrine therapy such as tamoxifen or an aromatase
inhibitor reduces the risk of developing cancer by about
50% (1). However, many people stop taking the medica- discontinuation.
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although the absolute differences were small (3). Persistence
rates were similar in the two study arms, with approximately
30% of the participants discontinuing treatment before the
planned 5-year duration. Using data from this clinical trial,
we developed dynamic risk prediction models for early disconti-
nuation of each drug being given for chemoprevention.
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Materials and Methods

Clinical trial data

From January 6, 2003, to June 15, 2006, the NSABP B-35, a
phase III double blind randomized, placebo-controlled trial
enrolled a total of 3,104 patients. Patient-reported outcomes
(PRO) data were collected from the first 1,275 patients who
were closed on December 28, 2004. Among the participants,
1,187 individuals had both baseline and at least one follow-up
assessment were included in the analysis of the quality-of-life
data (589 in the anastrozole and 598 in the tamoxifen group).

This study was conducted using de-identified data obtained
from the NRG Oncology Statistical Data Management Center
for the completed clinical trial whose primary results have been
published. Use of these data was deemed exempt from the
requirements for Institutional Review Board review and
approval in accordance with federal regulations, 45 CFR
46.101(b). Informed consent was obtained from the partici-
pants in the original study. Additional details of the trial design
have been reported elsewhere (2, 3).

Predictor variables

Baseline demographic and clinical characteristics collected
were as follows: age at randomization (measured in years), race
and ethnicity, and body mass index (BMI; kg/m?). Patient-
reported survey instruments administered at all timepoints
included the Medical Outcomes Study (MOS)-Short Form 12
(SF-12; ref. 4), the SF-36 Vitality Scale (5), a shortened version
of the Breast Cancer Prevention Trial symptom checklist (6-8),
a 10-item version of the Center for Epidemiologic Studies
Depression Scale (CES-D; refs. 9, 10), and the 4-item MOS
Sexual Problems scale (11). Questionnaires were administered at
baseline and every 6 months after treatment initiation. A com-
plete list of the candidate predictor variables considered in the
modeling procedures is provided in the Supplementary Table S1.

Outcome variable

The outcome was treatment discontinuation, defined as
the time from the date of the first treatment to the date of
treatment discontinuation. The reasons for discontinuation
include: (i) side effects and toxicity; (ii) complications; (iii)
withdrawal or refusal; (iv) alternative therapy; (v) closed site
without reassignment; (vi) loss to follow-up; and (vii) other
complicating diseases (2). Treatment completion and treat-
ment discontinuation due to death or disease progression were
right-censored (0.68%-1.2% for death and 4.75%-5.85%
for breast cancer recurrence with anastrozole and tamoxifen
treatment, respectively).

Missing data

To maximize precision and power, we imputed data for
covariates post-baseline using the last observation carried
forward (LOCF) method (12). This method is commonly used
inlongitudinal studies when the missing data are assumed to be
missing at random. The number of patients with missing data
at each timepoint by arm is provided in the Supplementary
Tables S2 and S3. No missing data were observed for the non-

2 Cancer Prev Res; 2023

time-varying baseline covariates (age, BMI, and race and
ethnicity).

Partly conditional survival models

Partly conditional survival models are suitable for risk pre-
diction of time-to-event outcomes with a limited number of
longitudinal predictors. They provide a flexible framework
for dynamic risk prediction by modeling future outcome
conditional on remaining in treatment up to a landmark
time (s), and information accrued by that time. The approach
is based on the partly conditional models (13) and the novel
two-stage partly conditional models (14) that focus on pati-
ents still at risk at the landmark time and relate the covari-
ates’ history up to time s (s > 0) to the residual survival
time 7 (t > 0). That is, they provide dynamic predictions in
the 7 time interval from s using the covariates information
available up to time s.

On the basis of the partly conditional survival models, we
were able to estimate the patient’s risk of treatment discontin-
uation by time v+ s given that the patient has been on
treatment up to time s. Associations between covariates (base-
line characteristics and time-varying PROs) and treatment
discontinuation (survival data) were modeled using a semi-
parametric Cox model (PC¢oy model; ref. 13) and the novel
two-stage partly conditional models (14). For the latter, the
smoothed curve of the trajectory of a single symptom over time
is obtained by fitting a linear mixed effect model, and the
estimated adverse event values are used for a new prediction
based on the best linear unbiased predictor (BLUP) estimator,
resulting in a partly conditional Cox BLUP model (PCcox
BLUP model; Supplementary Methods S1). Figure 1 illustrates
the predicted risks of treatment discontinuation for a hypo-
thetical individual over a time horizon T based on the observed
PROs (e.g., headaches, hot flashes, and joint pain) and their
smoothed curves given a landmark time s. For this individual,
data on headaches, hot flashes, and joint pain are available at
times f;, t,, and t; = s. Using all data from the trial and the
PCcox model, the estimated probability that this patient dis-
continues treatment after time s is given by the blue dotted line.
This estimated probability is around 0.68 by time s+t. The risk
of treatment discontinuation using the PC¢,, BLUP model is
shown by the blue solid line.

Model performance

Calibration and discrimination were used to assess the
predictive performance of the PC¢,, and PCc,x BLUP models
in estimating the conditional probability of remaining in the
treatment. To quantify how well a dynamic prediction is
calibrated in terms of prediction error (PE), we considered an
extended Brier score version (Supplementary Methods S2) to
correctly deal with longitudinal covariate measurements and a
survival outcome (15). In addition, we estimated the time-
dependent ROC curve and examined the area under the ROC
(AUCG; ref. 16) to measure the ability to discriminate between
patients at high and low risk of a treatment discontinuation in
the future.
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Figure 1.

Predictive risk

An illustration of an individual dynamic prediction for treatment discontinuation at a horizon time t using the available longitudinal PRO data collected up to time s.
The dots over time represent the patient-reported symptoms, while the solid lines between ¢, and t; depict the smoothed trajectories of PRO single-items obtained
by fitting a linear mixed-effect model using the BLUP estimator. The blue dashed and solid lines indicate the dynamic predictions from the two predictive partly
conditional (PC) survival models based on the observed PRO data and the smooth curves, respectively.

The dynamic risk predictions for every patient in our dataset
were based on the PCc,, and PC¢,x BLUP models using a 70/30
random split of the dataset into a training and validation sets,
respectively. We fitted both models by including the logarithm
of time, baseline characteristics, and longitudinal PRO data as
the predictors. For each patient, smooth patient-reported
symptom measurements over time were obtained by the BLUP
using the restricted maximum likelihood estimates from the
linear mixed model (LMM) in the training dataset. The LMM
modeled each longitudinal PRO data using fixed effects and a
random intercept and slope. The final predictive model was
selected using the backward stepwise variables selection pro-
cedure based on the Akaike information criterion (17). The
training dataset was used to build the model, and its predictive
performance was checked on the validation set for the selected s
and 7 values. The predicted performance measures were cal-
culated by considering clinically relevant predictions at horizon
times of 7 =6 and v =12 months, conditioned on data
available up to s = 6 and s = 12 months. The low-risk and
high-risk groups were determined using the time-dependent
ROC curve, where for each pair (s, 7), the risk threshold (c)
was calculated using Youden’s index (18). For the low- and
high-risk groups classified by the risk threshold, we assigned a
negative/positive label and calculated diagnostic measures such
as sensitivity, specificity, and accuracy.

All analyses were conducted using R software [Research
Resource Identifier (RRID): SCR_001905] version 4.0 (R:
A Language and Environment for Statistical Computing,
Vienna, Austria. 2020, R Development Core Team) with the
package partlyconditional (https://github.com/mdbrown/
partlyconditional). All hypotheses were two-tailed with a
5% significance level.

Data availability

The data that support the findings in this case study are
available from NRG Oncology but restrictions apply to the
availability of these data, which were used under license for the

AACRJournals.org

current study and so are not publicly available. However, the
request for data can be made to NRG Oncology at https://www.
nrgoncology.org/Resources/Ancillary-Projects-Data-Sharing-
Application.

Results

Patient characteristics

Of the 3,104 participants randomly assigned to receive
anastrozole or tamoxifen, a subsample (n = 1,223) were
enrolled in the quality of life study. Data were available for
1,187 patients who received a treatment and completed both
baseline and at least one follow-up questionnaire. Among
these, 589 patients were treated with anastrozole (412 training
dataset and 177 validation cohort) and 598 received tamoxifen
treatment (418 training dataset and 180 validation cohort). Of
the 1,187 patients available for analysis, 333 (28.1%) discon-
tinued treatment within 5 years. Of these who discontinued
treatment, 173 (29.4%) received anastrozole with 127 (30.8%)
in the training dataset and 46 (26%) in the validation cohort.
Meanwhile, 160 (26.8%) patients received tamoxifen when they
discontinuated treatment, with 120 (28.7%) in the training
dataset and 40 (22.2%) in the validation cohort. The overall
rates of remaining on tamoxifen treatment at 12, 18, and
24 months were 90.6%, 86.9%, and 85%, respectively, versus
90%, 86.5%, and 84.1% for anastrozole, respectively. The rates
of treatment continuation showed similarity between the two
study groups, with roughly 30% of participants discontinuing
therapy prior to the intended 5-year period (Supplementary
Fig. S1). The rates of remaining on anastrozole/tamoxifen
treatments both the training and validation datasets are pro-
vided in Supplementary Figs. S2 and S3. The baseline char-
acteristics are presented in Table 1.

Individual prediction of treatment discontinuation
The multivariable models fit of PCc, and PCc, BLUP for
each treatment arm in the training cohort are summarized

Cancer Prev Res; 2023
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Table 2. Estimated parameters of PC¢oy and two-stage PCcox BLUP models in the training dataset for Anastrozole as treatment.

PCcox model PCcox BLUP model
Variable Category Coefficient robust SE P value Coefficient robust SE P value
Log (BMI) 1-unit increment 0.682 0.522 0.192 0.854 0.519 0.100
Insomnia 1-unit increment 0.204 0.085 0.017 0.325 0.152 0.032
Joint pain 1-unit increment —0.160 0.069 0.019 —0.396 0.128 0.002
Hot flashes 1-unit increment 0.154 0.079 0.051 0.277 0.126 0.028
Headaches 1-unit increment —0.194 0.104 0.062 —0.259 0.212 0.220
Gynecologic symptoms 1-unit increment 0.673 0.244 0.006 1.570 0.539 0.004
Vaginal discharge 1-unit increment -0.320 0.191 0.094 —-0.927 0.464 0.046
Log (time) 1-unit increment —0.335 0.131 0.01 —0.288 0.137 0.035

Abbreviation: SE denotes standard error.

in Tables 2 and 3. For the anastrozole-treated patients, BMI,
insomnia, joint pain, hot flashes, headaches, gynecologic symp-
toms, and vaginal discharge were predictors of time to treat-
ment discontinuation (Table 2), whereas for tamoxifen-treated
patients the predictors were BMI, cognitive problems, joint
pain, gynecologic symptoms, CESD-10, SF-12, weight pro-
blems, and pain with intercourse (Table 3). The results of the
predictive models’ performance in the validation cohort are
summarized in Table 4. For the four sets of s and 7, the PEs
ranged from 0.0391 to 0.0784 for the anastrozole arm and from
0.0242 to 0.0451 for the tamoxifen arm, regardless of the fitted
model. As expected, the lowest PEs were observed when 7 = 6
months, regardless of the patient’s treatment.

In both treatment arms, the best discrimination between those
with and without treatment discontinuation was achieved for
the PCcox BLUP model when predicting risk discontinuation
within the next 6 months (t = 6) using patient characteristics
and PRO history up to s = 12 months. For the anastrozole
and tamoxifen arms, the model achieved an AUC = 0.76 [95%
confidence interval (CI), 0.57-0.95] and AUC = 0.78 (95% CI,
0.65-0.91), respectively. For the pair, (s = 12, T = 12),
the PCcox BLUP achieved AUC = 0.69 (95% CI, 0.51-0.86)

in anastrozole-treated patients and AUC = 0.73 (95% CI, 0.58-
0.88) in tamoxifen-treated patients. PCc,, model had the best
discrimination  ability for (s = 6, T = 6) and
(s = 6, T = 12)in the tamoxifen treatment with AUC =
0.74 (95% CI, 0.58-0.90) and AUC = 0.77 (95% CI, 0.67-0.88),
respectively. On the other hand, the models were not useful in
predicting early anastrozole-treatment discontinuation for the
sets (s = 6, 7 = 6) and (s = 6, T = 12) because the
95% Cls for the AUC contain the value of 0.5. The estimated
time-dependent ROC curves associated with the PCg,y and
PCcox BLUP models are shown in the Supplementary Figs. S4
and S5.

The risk threshold to classify patients into either the low-
or high-risk groups was different between the two models
(Supplementary Table S4). Of note, when considering the
PCcox BLUP model for tamoxifen-treated patients and the
following pairs:i) (s = 12, T = 6);ii) (s = 12, T = 12),
the sensitivity and specificity at the risk threshold (c) values
were: 1) 100% (95% CI, 56.55%-100%) and 60.14% (95% CI,
51.95%-67.8%)atc = 0.0324,andii) 100% (95% CI, 60.97%-
100%) and 48.59% (95% CI, 50.52%-56.74%) at ¢ = 0.0483,
respectively. For anastrozole-treated patients, the risk threshold

Table 3. Estimated parameters of PCc,, and two-stage PCc,, BLUP models in the training dataset for Tamoxifen as treatment.

PCcox model PCcox BLUP model

Variable Category Coefficient robust SE P value Coefficient robust SE P value
BMI (kg/m?) Normal 1 (Reference) 1 (Reference)

Obesity -0.220 0.287 0.445 -0.324 0.31 0.298

Overweight —0.723 0.310 0.020 —0.840 0.322 0.009

Underweight —-2.174 1124 0.053 —-2.200 1125 0.051
Cognitive problems 1-unit increment 0.331 0.107 0.002 0.528 0.156 0.001
Joint pain 1-unit increment 0.150 0.074 0.043 0.285 0.138 0.039
Gynecologic symptoms 1-unit increment 0.246 0.154 on 0.378 0.325 0.245
CESD-10: happiness item 1-unit increment 0.137 0.069 0.048 0.350 0.239 0.143
SF-12: calm and peaceful item 1-unit increment —0.145 0.085 0.088 —0.395 0.203 0.052
Weight problems 1-unit increment 0.158 0.079 0.045 0.297 0.167 0.075
Lack of sexual interest 1-unit increment —0.189 0.094 0.045 -0.322 0.154 0.037
Pain with intercourse 1-unit increment 0.126 0.084 0.134 0.248 0.3 0.056
Log (time) 1-unit increment —-0.629 0.126 <0.001 -0.777 0.135 <0.001

Abbreviation: SE denotes standard error.
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Table 4. PE and area under the time-dependent ROC curve (AUC) based on a partly conditional Cox model (PCc,x model) and partly
conditional Cox BLUP model (PCcox BLUP model) by treatment.

Anastrozole PCcox model PCcox BLUP model
s T Events?® Patients at risk PE AUC (95% CI) PE AUC (95% CI)
6 6 7 166 0.0405 0.60 (0.35-0.85) 0.0405 0.58 (0.33-0.83)
12 14 166 0.0783 0.45 (0.28-0.63) 0.0784 0.59 (0.42-0.76)
12 6 6 156 0.0391 0.71 (0.53-0.90) 0.0391 0.76 (0.57-0.95)
12 n 156 0.0693 0.64 (0.45-0.82) 0.0695 0.69 (0.51-0.86)
Tamoxifen
6 6 4 143 0.0242 0.74 (0.58-0.90) 0.0243 0.68 (0.51-0.86)
12 8 143 0.0449 0.77 (0.67-0.88) 0.0451 0.73 (0.62-0.84)
12 5 138 0.0317 0.73 (0.58-0.87) 0.0315 0.78 (0.65-0.91)
12 6 138 0.0339 0.69 (0.54-0.83) 0.0331 0.73 (0.58-0.88)

@Events represent the number of treatment discontinuation events that occurred between s and s + .

values did not yield reasonable estimates of the sensitivity and ment and the repeated measures of eight patient-reported

specificity. symptoms listed in (Table 3). We predicted early treatment
We illustrated our method for predicting tamoxifen- discontinuation at a horizon time of t = 12 months using
treatment discontinuation using the BMI collected at enroll-  information collecteduptos = 12 months. Fig. 2A shows the
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Figure 2.

Individual risk predictions for overweight patients in the validation cohort obtained from the PCcox and PCcox BLUP models at a horizon time of 12 to 24 months
(r = 12), based on observed PRO data collected up tos = 12 months and their corresponding smooth trajectories using the BLUP estimator. A, Observed PRO
data (dotted lines) over three timepoints and their corresponding smooth curves (blue solid lines) from Patient 1, who had early treatment discontinued at 14 months.
B, Individual risk predictions for Patient 1. C, Observed PRO data (dotted lines) and their smooth trajectories (blue solid lines) from Patient 2, who completed
treatment at 60 months. D, Individual risk predictions for Patient 2.
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actual eight PROs of patient 1 at three time points, baseline,
6 months, and 12 months (shown by the black dotted line). This
patient is also overweight at baseline (25 < BMI < 30). In the
clinical data set, this patient discontinued treatment at
14 months, but this information was not used in the
model. Fig. 2B shows the estimated probability of treatment
discontinuation for patient 1 any time after 12 months but
before 24 months. The risk of treatment discontinuation
using the PCco, model by 24 months is 7.5%. Similar
interpretation is made using the PCco,x BLUP model.
Fig. 2C shows similar information for patient 2 who is also
overweight. However, patient 2 completed treatment by
60 months. As expected, the risk of treatment discontinu-
ation using the PCc,x model by 24 months is lower relative to
patient 1, around 3.5%, see Fig. 2D.

In a prediction window length of 12 to 24 months, a higher
estimated risk of treatment discontinuation was observed
in patient 1, regardless of the predictive partly conditional
survival models. According to the risk threshold values
defined in the two sets (s = 12, T = 6;¢ = 0.0324) and
(s = 12, T = 12;¢ = 0.0483), patient 1 was classified into
the high-risk group, whereas patient 2 was assigned to the
low-risk group. Overall, higher patient-reported symptom
scores over time were observed for patients who discontin-
ued treatment (see the time-varying PROs of the eight
predictors on the top left of Fig. 2). A similar pattern was
also observed for the dynamic prediction in a window length
of 6 to 18 months based on available information collected
up to 6 months (Supplementary Fig. S6).

Web-based treatment discontinuation predictive tool
We developed an online tool to facilitate the application of
our predictive partly conditional survival models. Users can
input the values of baseline characteristics and longitudinal
predictors, and the tool produces the conditional probability
of treatment discontinuation at a specific time horizon con-
ditioned on a given landmark time (https://cshsbiostats.
shinyapps.io/risk_anastrozole/ and https://cshsbiostats.
shinyapps.io/risk_tamoxifen/). Additional details of the
predictive tools are provided in the Supplementary Fig. S7.

Discussion

Patient-reported symptoms are commonly collected from
patients at baseline and over the course of a clinical trial as
indicators of toxicity, and are associated with a shorter time to
treatment discontinuation (2). Premature discontinuation of
treatment can impact the assessment of treatment efficacy.
Therefore, identifying the predictors of early discontinuation
is important for both routine clinical care and for the conduct
of clinical trials.

We used partly conditional survival models (PC¢,y and
PCcox BLUP models) based on trajectories of patient-
reported symptoms and time to treatment discontinua-
tion in postmenopausal women with DCIS treated with

AACRJournals.org
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breast-conserving therapy. We also used partly conditional
models to obtain dynamic risk predictions at the patient
level, providing practical and useful information to support
individualized decisions for the patient’s treatment.

The analytical framework applied in this study provides
insights into the probability of early treatment discontinuation
in the future, using a patient’s baseline characteristics and
longitudinal assessments obtained early in the treatment
course. In addition, in the presence of large within-patient
variability in the longitudinal measurements, predictions
based on the two-stage PCc,x BLUP model provides a more
robust approach once the patient-reported data are smoothed
prior to estimation, which can improve the prediction model’s
performance.

The predictive models were trained separately for each drug
and were internally validated. The patient’s risk models includ-
ed BMI, insomnia, joint pain, hot flashes, headaches, gyneco-
logic symptoms, and vaginal discharge for the anastrozole-
treated patients and BMI, cognitive problems, joint pain,
gynecologic symptoms, CESD-10: happiness item, SF-12:
calm/peaceful item, weight problems and pain with intercourse
for the tamoxifen-treated patients. The PCc,, BLUP model
showed good calibration and discriminative ability for both
drugs to predict treatment discontinuation at horizon times
7 = 6 and 12 months using information collected up to
s = 12 months. In the tamoxifen group, the PCc,y, model
achieved higher AUC values than the PC¢,, BLUP model in
predicting premature treament discontinuation in the time-
frames of 6 and 12 months using the trajectory history up to
s = 6 months. In the anastrozole group, the both models
displayed poor performance in accurately predicting prema-
ture treatment discontinuation at 6 and 12 months, using
available information up to s = 6 months.

Our study has several strengths associated with the use of
partly conditional models. Predictive models were devel-
oped using novel statistical approaches to identify the
important predictors of outcome. Obtaining dynamic pre-
dictions at the patient level allowed us to identify criti-
cal timepoints that could alert healthcare providers and
guide treatment. The predictive performance of our models
achieved satisfactory results for calibration and discrim-
ination measures in the validation cohort to predict pre-
mature treatment discontinuation in both arms, except
when information was available for up to 6 months for
patients receiving anastrozole. The highest AUC values were
obtained for the timeframe of 6 months using accumulated
information up to s = 12 months. Furthermore, we devel-
oped an online tool for clinicians to facilitate practical
application of our predictive models.

There are also some caveats related to the inter-
pretation of the study results. Firstly, we evaluated the
predictive models’ performance using the area under the
time-dependent ROC curve, a measure that is insensitive
to detecting small differences in discriminative ability
between the two models (19, 20). The premature treatment
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discontinuation rates were low in both study arms at the
timepoints used in the analysis (12-, 18-, and 24-month
dropout rates were approximately 10%, 13%, and 15%,
respectively). Approximately 30% of the participants dis-
continued treatment before the intended 5-year duration,
and the persistence rates over time showed similarity
between the two study arms. The predictive models were
trained and validated using B-35 clinical trial participants,
and may reflect a more motivated patient group compared
with the general population. When PRO data were missing,
the LOCF method was applied. This approach has been
criticized in the statistical literature (21). In addition,
missing baseline data associated with PRO data were not
imputed, reducing the amount of available information
from baseline covariates, which can reduce the predictive
models’ performance.

In conclusion, our study identified important patient-
reported symptoms and baseline factors that can be used to
predict early treatment discontinuation using two models
suitable for dynamic risk prediction that incorporate longitu-
dinal PRO data. The incorporation of these well-performing
survival models into an online tool is of potential benefit for
healthcare professionals to identify patients at high risk of
premature treatment discontinuation and intervention to pre-
vent potential discontinuation. Future research should exter-
nally validate partly conditional models and test the feasibility
and acceptability of the Shiny web-based prediction tool.
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