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1 | INTRODUCTION

Bayesian forecasting (BF) is a mathematical approach that can be

utilised to individualise drug dosing regimens when performing

Principle Investigator: The authors confirm that there was no Pl for this paper, and no

patients were involved.

Aims: To evaluate 3 Bayesian forecasting (BF) programs—TDMY, InsightRx and
DoseMe—on their user-friendliness and common liked and disliked features through
a survey of hospital pharmacists.

Methods:

program were invited to a BF workshop and complete a survey on programs they

Clinical pharmacists across 3 Australian hospitals that did not use a BF

trialled. Participants were given 4 case scenarios to work through and asked to com-
plete a 5-point Likert scale survey evaluating the program's user-friendliness. Liked
and disliked features of each program were ascertained through written responses
to open-ended questions. Survey results were compared using a X? test of equal or
given proportions to identify significant differences in response.

Results: Twenty-seven pharmacists, from hospitals, participated. BF programs were
rated overall as user-friendly with 70%, 41% and 37% (P = .02) of participants record-
ing a Likert score of 4 or 5 for DoseMe, TDMXx and InsightRx, respectively. Partici-
pants found it easy to access all required information to use the programs,
understood dosing recommendations and visualisations given by each program, and
thought programs supported decision-making with >50% of participants scoring a 4
or 5 across the programs in these categories. Common liked features across all pro-
grams were the graphical displays and ease of data entry, while common disliked fea-
tures were related to the units, layout and information display.

Conclusion: Although differences exist between programs, all 3 programs
were most commonly rated as user-friendly across all themes evaluated, which pro-
vides useful information for healthcare facilities wanting to implement a BF

program.
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therapeutic drug monitoring (TDM).%? This method has been imple-
mented in several software programs available for use in clinical prac-
tice.># Initial dosage predictions, based on a population model® can be
made using this approach. As concentration measurements become
available, pharmacokinetic parameter and exposure predictions can

be updated to more individualised values.
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This approach can be applied under complicated dosing regimens
and non-steady-state conditions and using single concentration mea-
surements and samples taken at flexible times.>® Despite these advan-
tages, the uptake of BF methods into healthcare settings has been
limited,” even though some national guidelines recommended this
approach.® Potential barriers to uptake include the absence of high-
level pharmacokinetic and technical expertise at practice sites, lack
of easy-to-use software programs and difficulty with validating
licensed programs in the clinical setting.>%-1°

As with any decision support system, the user's experience needs
to be considered from a design, implementation and operational per-
spective.'112 System usability is affected by software design, graphical
user interface, setup assistance and system feedback.'># Initial and
on-going costs, technical support and user training also affect the
user's perception of a system's user-friendliness.*>*” System usability
and user-friendliness may also be influenced by user demographics
(such as age, qualifications and experience) and an individual's ability
to adapt to new systems.!®® Thus evaluating user-friendliness
involves considering multiple factors in context of the user, their clin-
ical setting and the system.

TDMXx (http://www.tdmx.eu), InsightRx (https://insight-rx.com/)
and DoseMe (https://doseme-rx.com/) are 3 internationally
recognised BF programs currently available for use in the clinical set-
ting. These programs utilise the same population pharmacokinetic
model for tobramycin and were shown to have high accuracy and
low imprecision in their predictions suggesting suitability for clinical
implementation.!’ Currently, no study has assessed the user-
friendliness of these programs during their application. Therefore,
the aims of this study were to: (i) evaluate the user-friendliness of
TDMX, InsightRx and DoseMe; and (ii) identify common liked and

disliked features of each program.

2 | METHODS

2.1 | Study design and survey administration

A cross-sectional survey-based study involving hospital pharmacists
with TDM experience was conducted at the Queensland Children's
Hospital (Brisbane), the Children's Hospital at Westmead (Sydney) and
the Westmead Hospital (Sydney). Hospitals selected for this study were
not using a BF program at the time. The study was approved by hospital
and university Ethics Committees. As part of participant recruitment,
the study was promoted at all 3 sites with detailed information circu-
lated through staff emails and at staff meetings for 2 months. Four study
investigators from the corresponding study sites were site-specific
investigators responsible for recruiting participants. Participation was
voluntary and open to all pharmacists with TDM experience.

Four cystic fibrosis-focused tobramycin-based case scenarios
were developed by study investigators for this study (see Supporting
information Appendix S1), based on previously observed patient
examples and their expertise.?” One of the cases was used as an exem-

plar to illustrate the use of each program. A survey was developed
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What is already known about the subject

e A potential barrier to the uptake of the Bayesian
forecasting method of therapeutic drug monitoring is
the availability of an easy-to-use program

e A predictive performance evaluation of TDMX, InsightRx
and DoseMe indicated that these programs are suitable

for clinical implementation

e A user-friendly evaluation of these programs with end-
users has never been performed before

What this study adds

e All 3 programs performed well in terms of their user-
friendliness

e The study provides information that should be

considered when planning to implement a Bayesian

forecasting program in clinical settings

e Increases awareness of the applicability of a Bayesian

method in healthcare settings

based on previously published system usability and clinician satisfac-
tion surveys®29-24 (see Supporting information Appendix $2). Ques-
tions were scored on a 5-point Likert scale, where 5 indicated the
most positive response. The first part of the survey obtained participant
demographic details. The second part consisted of 11 questions
designed to obtain participants' perception on: (i) the user-friendliness
of each program and (i) the liked and disliked features of each program.
These questions were grouped into 7 categories; A: overall user-
friendliness (Q13); B: ease of data entry (Q14); C: availability of clinical
information required by the program (Q15 and Q22); D: understanding
dosing recommendations (Q16 and Q17); E: obtaining and interpreting
visualisations (Q18 and Q19); F: adequacy of decision support (Q20 and
Q21); and G: likelihood of recommending the tool (Q27). Questions 24
and 25 were open-ended questions allowing participants to provide a
written response around what they liked most and least about each
program. The survey was piloted twice with experienced pharmacists
and pharmacy students. Two questions were reviewed and reworded
to increase clarity after the first pilot, no further refinements were
required after a second pilot.

Study sessions were conducted in 3 phases: (i) an introductory pre-
sentation to potential participants at all 3 hospitals on tobramycin
TDM, dosage adjustment tools and the BF methods; (ii) a 2-hour
workshop for survey participants (maximum of 4 participants per
workshop); and (iii) completion of a paper-based survey. The work-
shop started with a detailed introduction to each program using the
same exemplar case scenario (case 1, Supporting information
Appendix S1). This was followed by the participants using the pro-
grams for a further 3 case scenarios by themselves. The order in which
each participant used each program was randomised, to help minimise

recall bias. Participants were informed that certain program settings
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could be adjusted to suit their hospital requirements; however, for the
purpose of the workshop and survey the standard form of each pro-
gram was used without customised settings. TDMx (v0.95.5),
InsightRx (v1.5.9) and DoseMe (v2.8.36) were used in the study.

2.2 | Data analysis

Descriptive statistics were used to summarise participant demographic
information. Each theme was analysed per BF program. Questions
around user-friendliness were evaluated by comparing frequency of
response across the programs using a > test of equal or given propor-
tions to see if there were differences in results. Statistical differences
in the proportion of participants who chose a Likert score 4 or 5
across the programs per theme was tested using RStudio
(v0.99.491). The significance level was set to P < .05. Answers to the
open-ended questions were analysed by 2 investigators.?>?® Ques-
tions around liked and disliked features of each program were evalu-
ated by reading each written comment and grouping these into
broader themes.2”?® The percentage of overall written responses that
were grouped into broader themes as a liked or disliked feature were
then reported. This process was then reviewed by another investiga-
tor to confirm the written responses fitted the identified themes and
responses had been grouped appropriately.

3 | RESULTS

3.1 | Participant demographic

Across the 3 hospitals 120 registered clinical pharmacist positions
were invited to participate; however, of these, maximal 30% were
available for research activities on any given day and as study partici-
pant. Forty pharmacists attended the introductory presentation and
27 of these completed the survey, with 13 not able to participate
due to work-related constraints. Characteristics of study participants
are summarised in Table 1. Half of all participants were age >25 years
with at least 5 years of registered pharmacy experience. Median self-
assessed TDM experience was 5 years and 89% of participants had a
high to very high level of self-assessed computer literacy according to

their Likert response.

3.2 | User-friendliness of each BF program

Results on the user-friendliness of the programs are summarised in
Figure 1. The higher the Likert-scale response, the more user-friendly
the program was perceived by participants. For categories A, B, D and
G, a significant higher proportion of participants scored a 4 and 5 for
DoseMe compared to InsightRx and TDMx: A: 70 vs 37 and 41%,
respectively (P = .02); B: 78 vs 52 and 41%, respectively (P = .01); D:
75 vs 50 and 68%, respectively (P = .02); G: 70 vs 59 and 30%, respec-
tively (P < .01). For categories C, E and F, no significant difference was
seen between the programs. Participants found it easy to access all

required information needed to use the programs, understood dosing

TABLE 1 Participant demographic data and self-reported experi-
ence, knowledge and computer literacy in the field

Demographics

Sex: Number, percentage

Male 8, 30%

Female 19, 70%

Median IQR

Age (y) 30 27-37
Work experience (y) 7 5-13
TDM experience (y) 5 3-10
Number of weekly TDM episodes conducted 5 3-10
Computer work per working week (h) 30 25-38

Likert response®

Median IQR
Computer literacy 4 4-5
Tobramycin pharmacokinetics knowledge 3 3-4
Knowledge on tobramycin dose adjustment tools 8 2-4
Knowledge on dose adjustment tools after the workshop 3 3-4

?Response recorded on a 5-point Likert scale ranging from no knowledge
at 1 to very high level of knowledge at 5.

IQR = interquartile range; TDM = therapeutic drug monitoring.

recommendations and visualisations given by each program, and
thought they supported decision-making based on >50% of partici-

pants scoring a 4 or 5 across the programs in these categories.

3.3 | Liked and disliked features

Results from written responses to open ended questions on liked and
disliked themes of each program are displayed in Figure 2. Data entry
and graphical display of dose recommendations were liked feature
across all 3 programs. The top 3 liked features of TDMx were: easy
to use and navigate, freeware and graphical displays. Data entry was
noted to be the most disliked feature of TDMx (32% of 28 comments)
followed by units and layout and no file storage availability. Participants
liked the graphical display of dose recommendations and data entry
process in InsightRx and reported that it was an intuitive program to
use. In contrast, the American date format (i.e. mm-dd-yyyy) used in
InsightRx received unfavourable comments (44% of all dislike com-
ments). A few participants (7%) specifically reported that InsightRx
was visually appealing and appeared user-friendly. A commonly liked
feature of DoseMe was that it was easy to use and navigate (28% of
all comments). Participants also liked its European date format (i.e.
dd-mm-yyyy), its easy to understand summary page and availability
of file storage. Participants had fewer comments about features they
disliked in DoseMe with 50% of the 14 comments made, related to
data entry and the number of computer-clicks required to complete

the tasks. Although, data entry processes also appeared as a liked
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FIGURE 1 Bar plots displaying the survey response as per Likert score for each category and BF program together with the percent of
participants scoring 4 and 5 labelled as liked, 3 labelled as neutral, and 1 and 2 labelled as disliked, displaying their frequencies for each

program. Results are shown for the 7 themes for the 5-point Likert scale

feature of DoseMe with 4 positive comments. DoseMe was consid-
ered the preferred BF program by 67% of participants, InsightRx by
15% and TDMx by 15%, with 1 participant undecided. Few partici-
pants changed their mind when they were told which program was
freeware (TDMx) and which were not (DoseMe, InsightRx).

4 | DISCUSSION

This study is the first to evaluate the user-friendliness of BF programs
based on the opinions of potential future users and found that although
differences exist between programs, all 3 programs were most com-
monly rated as user-friendly across all categories evaluated. While 1
previous study has compared 5 different BF programs (Adult and Paedi-
atric Kinetics, Best Dose, DoseMe, InsightRx, and PrecisePK) in terms of
their adaptability, visual appeal, ease of use and company support, find-
ings were based on study investigator rather than end-user opinion.?’
Date format and program layout were common factors influencing
the user's experience. These are important design-related features
which help determine the intuitiveness of a program.* Notably, after
the completion of this study, InsightRx has been updated to include
both the European and American date styles. DoseMe and InsightRx
received a few unfavourable comments around system feedback and

information display with a few users finding it difficult to identify the

most appropriate dose from those suggested; this might be because
some of these programs' features are for more advanced users with
DoseMe providing 2 options and InsightRx providing 3 options for
potential doses along with corresponding pharmacokinetic parameters
to aid the user's clinical decision making. Participants may have found
the data entry process somewhat more difficult in TDMx because they
had to alternate between several tabs to obtain a potential dose.

The response rate in this study was considered positive given work
demands on pharmacists and the total time required to complete the
training workshop.

This study has some limitations. Participants who were more com-
fortable with pharmacokinetic calculations or with higher computer lit-
eracy may have been more likely to volunteer to participate in the
study. Given the hospitals selected for this study did not use a BF pro-
gram, most participants were likely to be first time users; however, this
was not specifically ascertained. Given the likely BF naivety of partic-
ipants, there may have been a preference towards straight-forward
processes with fewer options to choose from. However, with
increased use, a program with expanded capacities and greater appli-
cability across different clinical settings may become more favoured.
A not applicable option was not provided in the survey and that is
why not all items were answered by all participants (such as Q15

and Q22). DoseMe was originally developed in Australia and as such
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(A) TDMx

InsightRx

some participants may have had exposure to it prior to the study.
Additionally, our workshop presentations did not highlight all features
of each program, but focused on the basic functionalities and informa-
tion needed for dosage adjustment.

This study provides valuable insight into use of BF program in the
clinical setting and healthcare provider preferences. With overall pos-
itive results on the user-friendliness of all 3 programs, it is anticipated
that clinical uptake of BF programs should increase in the future.
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and DoseMe, respectively. Total number of comments for disliked features were 28, 34 and 14 for TDMYx, InsightRx and DoseMe, respectively
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