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Lay Summary

It is increasingly recognized that inconsistent biologic therapeutic response is related to pharmacokinetic variability (drug clearance) between
patients. This study highlights a multidisciplinary effort to integrate a precision dosing dashboard within the electronic health record to individu-

alize biologic exposure starting and during induction.

Introduction

The pharmacokinetic (PK) variability of infliximab (anti-
TNF) in children with inflammatory bowel disease (IBD)
likely contributes to the inconsistent rates of clinical re-
mission and endoscopic healing observed with standard
(as-labeled) dosing.! Although proactive or reactive ther-
apeutic drug monitoring (TDM) will alert clinicians of
antitumor necrosis factor (anti-TNF) concentrations below
target, early immunogenicity is common in children*% and
empiric (“trial and error”) dose intensifications may delay
the time to achieve the targeted concentration.* Moreover,
studies have consistently shown that higher drug expo-
sure during induction is associated with superior rates of
early remission.>’ Interestingly, it was recently shown that
a strategy of using model-informed precision dose (MIPD)
with a PK dashboard was associated with a reduction in
the loss of response during infliximab maintenance in adults
with IBD.®

Given the limited therapeutic options for children and the
high rates of immunogenicity to the anti-TNF biologics,>* our
multidisciplinary team identified a critical unmet need for a PK
dashboard capable of bedside MIPD to more rapidly (during
induction) and accurately attain targeted concentrations. In
this study, we highlight the formal process to create and inte-
grate the RoadMAB dashboard within the electronic health
record (EHR) and the results of using MIPD for infliximab
at our center.

Methods

The dashboard development team included an MIPD software
consultant (N.P.), clinical pharmacologists (A.A.V., T.M.), pe-
diatric gastroenterologists (P.M. and others acknowledged),
software architects, and a human factors engineering firm
(POMIET, Dayton, OH, USA). During the early development
stage, the team recognized there was a need for an intuitive,
interactive, and easy to access dashboard that would launch
within the EHR (Epic, Verona, WI) and a standalone dash-
board (web portal, available online) capable of performing
MIPD for both induction and maintenance therapy.

Technical Dashboard Development

The team first created the infliximab “demonstrator” dash-
board (image not shown) as both a basic proof of concept
PK dashboard and a template for our future MIPD platform.
In order to refine the demonstrator for use by clinicians
and operate within the EHR, the team outlined a design
sprint conducted over 4 distinct phases with structured
interviews to identify the requirements of users (physicians
and advanced practitioners) and create design wireframes
(prototypes) for the infliximab dashboard. Phase 1 included
interviews with clinical staff (nurses, physicians, and clin-
ical pharmacologists) to review the existing workflow and
processes for infliximab dose selection at the start of and
during therapy to identify potential weaknesses with using
the current EHR system to dose optimize infliximab. In phase
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2, the team analyzed participant’s responses, identified deci-
sion support needs, and created low fidelity dashboard design
wireframes for initial physician review. By the end of phase 3,
the redesigned dashboard was again presented to physicians
for feedback, and additional modifications (page layout, re-
sponder “must-haves,” and dashboard advanced features)
were made based on consensus. During design phase 4,
physicians were presented with restructured wireframes with
higher fidelity and an interactive (clickable) prototype using
the InVision (InVisionApp Inc.) platform, which allows users
to trial and edit the design interface prior to final production.

From a technical aspect, the dashboard coding for the
backend (server-side) is written in C#.NET and is primarily
constructed with an application programming interface (API)
that allows the PK dashboard (frontend display) to launch
within the local EHR (Epic). In order for the dashboard to
run smoothly, it was key to extract patient data (medication
administration history and laboratory results) in real time
with the use of Fast Healthcare Interoperability Resources
(FHIR) technology.

The final PK dashboard is equipped with 2 primary
displays, the induction display (“New Start Wizard”) that
opens from infusions 1-3 and the maintenance display that
opens starting at infusion 4 and all subsequent infusions. Our
team also created the RoadMAB portal (portal.roadmab.org)
as a standalone replica of the EHR dashboard that has the
same functionality; however, it requires manual entry of pa-
tient data and is only available by accessing a secured website.

The System Usability Scale” (SUS) was used during struc-
tured interviews to objectively assess the serviceability and
usability of the prior and the newly created decision support
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tools, which included the (1) the current EHR at Cincinnati
Children’s, (2) RoadMAB Epic version 1, and (3) RoadMAB
Epic version S.

Results

Eleven health care professionals (physicians, nurses, and clin-
ical pharmacologists) participated in the design sprints over
26 sessions. The SUS was completed after 3 distinct time
points by 10 separate physicians with varied clinical experi-
ence (mean 18 years, standard deviation [SD] 14) and number
of IBD patients seen per month (mean 25 patients, SD 23).

During phase 1, the mean (SD) SUS for the current process
(using Epic without a PK dashboard) for infliximab dose
optimizations was 63.1 of 100 (SD 14.8, n = 4 physicians).
Following user feedback, stepwise modifications were made
to the wireframes (up to phase 4) for RoadMAB. The mean
SUS for RoadMAB EHR, version 1 was 76 of 100 (SD 14.3,
n =4 physicians). Following a series of additional redesign
sessions, the mean SUS for RoadMAB EHR, version 5 was
86.5 of 100 (SD 15.2, n = 5 physicians).

RoadMAB Features

We created the New Start Wizard (Figure 1) within
RoadMAB to simplify MIPD for infliximab induction by
quickly incorporating baseline laboratory results (covariates
of drug clearance), conducting Bayesian PK estimation using
the selected population PK model, and displaying multiple
projected concentration-time profiles. During maintenance
therapy, RoadMAB also rapidly incorporates past drug
administrations and laboratory results (including TDM) to
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Figure 1. The RoadMAB New Start Wizard was created to simplify induction dose selection. Prior to receiving the first dose, the New Start Wizard
creates a projected (A) concentration-time curve along with (B) future (projected) trough concentrations (at dose 2, dose 3, and dose 4) based on the
selected interval and dose. The user can toggle through (C) standard dosing, (D) model-informed dosing, and (E) manual dosing to guide the dosing

decision.
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display multiple projected concentration-time profiles and the
corresponding (predicted) trough concentrations for 2 sub-
sequent infusions. Advanced dashboard features include user
modification of the default targeted trough concentration
range during induction and maintenance, selection of up to
five different population PK models, and electing the specific
TDM assay. The same user interface has been optimized for
vedolizumab, as well (not shown).

TDM Consultations

Prior to the integration of RoadMAB within the EHR,
individualized MIPD at our center was available to clinicians
as a formal PK consult conducted by the clinical pharma-
cology pharmacometrics service. During these consults,
the clinical pharmacologists (A.A.V., T.M.) provided dose
recommendations following TDM using the RoadMAB dem-
onstrator along with Bayesian dosing software MwPharm++
(Medimatics, Maastricht, the Netherlands). Following insti-
tutional review board approval, we performed a retrospective
review of all infliximab PK consults requested by the primary
gastroenterologist from March 2019 to November 2021. In
total, we identified 21 IBD patients who had a PK consult
during induction (7 = 2) and maintenance (7 = 19). The me-
dian age was 15 years (interquartile range, 11-18) and 76.2%
(16 of 21) had Crohn’s disease (Table 1).

Pharmacokinetic consults varied from requests for an
increase (7 =10) or decrease (7 =8) in maintenance trough
concentrations, requests to forecast an induction regimen
(n =2), and a request to forecast trough concentrations after
a bowel resection (7 =1). We found most (12 of 21) MIPD
recommendations resulted in (agreed upon) changes in both
dose (mg) and interval (weeks) by the treating physician.
Partial agreement (dose only or interval only) occurred in 7
of 21 of the consults, with only 2 PK recommendations (both
for induction doses) not instituted by the physician. Among
the 19 consults during the maintenance phase, a postconsult
trough concentration was available within 6 months after

Table 1. Patient characteristics at the time of the pharmacokinetic
consult

Characteristic n=21

Age, years; median (IQR) 15 (11-18)
16 (76%)

Therapy phase; 7 in maintenance 19 (90.4%)
9.7 (

7.9-11.2)

IBD diagnosis, Crohn’s disease; 7

Weight-based dose, mg/kg;
median (IQR)

Interval, weeks; median (IQR) 4 (4-6)
Maintenance trough, pg/mL; 11 (5.1-23.5)
median (IQR)
No. with antibodies to infliximab 6 (28.6%)
(ATI); n
ATT concentration, ng/mL; 187 (102-270)
median (IQR)
Albumin, g/dL; median (IQR) 3.9 (3.6-4.1)

Paris classification; 7
Crohn’s location: L1, L2, L3
Crohn’s behavior: B1, B2, B3

Ulcerative colitis location, E4

6 (37.5%), 4 (25%), 6 (37.5%)
12 (75%), 1 (6.3%), 3 (18.7%)
5(100%)

IQR, 25%-75% interquartile range.
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the initial consult for all 19 patients. Eighty-four percent
(n = 16) of postconsult concentrations were within or above
the requested range, and 58% (n=11) were within the
requested narrow concentration range (+ 2.5 pg/mL). Among
the 3 patients with concentrations below the targeted level,
one patient exhibited abnormally high drug clearance despite
16 mg/kg every 4 weeks and ultimately required an ileocecal
resection, whereas the second patient had incomplete data
(received external infusions) to confirm adherence to the
PK recommendations. The third patient required infliximab
discontinuation with elevated antibodies to infliximab
(ATI) and an undetectable drug concentration secondary to
nonadherence. We found when the full recommendation was
instituted by the physician, 92% (11 of 12) of the postconsult
concentrations were within or above the requested range, and
75% (9 of 12) were within the requested narrow concentra-
tion range (+ 2.5 pg/mL). Lastly, 5 other patients had ATI
at the time of the PK consult. Following the consult, repeat
TDM showed 2 had an undetectable ATI, and the other 3
had low level ATT (<250 ng/mL) in the setting of therapeutic
concentrations.

Real-world Use of the PK Dashboard

The following PK consult demonstrates the utility of the PK
dashboard for a typical patient with rapid drug clearance at
the first maintenance dose. Infliximab (10 mg/kg) was started
during induction in a 7-year-old child with severe Crohn’s
disease. Proactive TDM was performed at the fourth infu-
sion (week 12) and revealed an infliximab trough of 2.7 ng/
mL (Figure 2A [i]), and ATI was undetectable (using a drug-
tolerant assay). As the trough concentration was below our
center’s target (5-10 pg/mL) and subsequent infusions at
this dose and frequency (Figure 2A [ii]) were predicted to be
below the trough target, a PK consult was performed using a
published PK model,® the patient’s past infliximab adminis-
tration history, and the available covariates of drug clearance
(weight, drug concentration, and albumin). The final recom-
mendation was to increase the dose to 15 mg/kg and escalate
the frequency to every 4 weeks. Proactive TDM was repeated
prior to the third intensified dose, and the patient’s trough
concentration (8.9 pg/mL, Figure 2B [iii]) was within the
targeted range, with future trough concentrations predicted
to remain within the targeted range (Figure 2B [iv]).

Discussion

With the current technology to perform MIPD at the bed-
side and the availability of extensive population PK data for
infliximab, suboptimal exposure in pediatric IBD should be-
come a rare event. However, low trough concentrations and
high rates of immunogenicity are common when standard
dosing regimens are used for all patients.>>* Our team has
successfully developed the RoadMAB dashboard to im-
prove drug durability, as anti-TNF biologics (infliximab and
adalimumab) are the only biologics approved by the United
States Food and Drug Administration for children and re-
main first-line therapy to manage pediatric Crohn’s disease in
North America.'

Our dashboard design process led to notable improvements
in the SUS from empiric dosing (without a dashboard) to the
final design (86.5 of 100) of RoadMAB; as a sidenote, any
SUS score >70 is considered above average.” Additionally,
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(A) Concentration—time curve at the time of the pharmacokinetic consult (patient had received 4 infusions)
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Figure 2. Real-world use of the maintenance PK dashboard highlighting the utility of model-informed precision dosing for patients found to have rapid
drug clearance. The patient's (A) observed (solid line) concentration-time curve, observed concentration (2.7 pg/mL) and the predicted (dashed-line)
future concentrations at the time of the consult. (B) The patient’s observed concentration-time curve and the measured infliximab concentration (8.9
ug/mL) at the third infusion after the consult. The shaded region in each panel represents the targeted trough concentration range (5-10 pg/mL) during

infliximab maintenance.

our real-world use of the infliximab dashboard during PK
consults demonstrated good precision to achieve individual
concentration targets and reduce ATI concentrations for
patients receiving maintenance infusions. As a next step, we
are currently conducting a clinical trial in children starting
infliximab for moderate-severe Crohn’s disease to assess the
efficacy and safety of using an innovative infliximab MIPD
strategy starting from induction.

It is important to note that the recommendations generated
from any PK dashboard, MIPD application, or a PK con-
sult are merely suggestions (tools) to aid treatment decisions,
with the clinician ultimately responsible for the final order.
In fact, this was evident in our real-world cohort as only
12 of 21 of the MIPD recommendations were instituted. As
novel clinical decision support tools are developed to per-
sonalize IBD care, it will be vital to further test these inno-
vative technologies in large, prospective clinical trials during
all phases of care.

While use of a PK dashboard for precision IBD care is in
its infancy, future studies will better define exposure targets
for distinct populations (children, patients <30 kg, or peri-
anal Crohn’s). Lastly, it will be key to test whether more fa-
vorable outcomes are achieved using a novel treat-to-target
precision care (T2T-PC) paradigm that includes the com-
bination of MIPD, proactive TDM and pharmacodynamic
monitoring.
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