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Abstract

Clinical trials have been performed mainly in adults and accordingly the nec-
essary information is lacking for pediatric patients, especially regarding dosage
recommendation for approved drugs. This gap in information could be filled with
results from pharmacokinetic (PK) modeling, based on data collected in daily
clinical routine. In order to make this data accessible and usable for research, the
Swiss Pharmacokinetics Clinical Data Warehouse (SwissPK“") project has been
set up, including a clinical data warehouse (CDW) and the regulatory framework
for data transfer and use within. Embedded into the secure BioMedIT network,
the CDW can connect to various data providers and researchers in order to col-
laborate on the data securely. Due to its modularity, partially containerized de-
ployment and open-source software, each of the components can be extended,
modified, and re-used for similar projects that require integrated data manage-
ment, data analysis, and web tools in a secure scientific data and information
technology (IT) environment. Here, we describe a collaborative and interprofes-
sional effort to implement the aforementioned infrastructure between several
partners from medical health care and academia. Furthermore, we describe a
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real-world use case where blood samples from pediatric patients were analyzed

for the presence of genetic polymorphisms and the results were aggregated and

further analyzed together with the health-related patient data in the SwissPKY.

INTRODUCTION

During development of a new molecular entity (NME)
preclinical and clinical studies are conducted to ensure
the drug’s efficacy and safety. Included in this assessment
are pharmacokinetic parameters describing absorption,
distribution, metabolism, and excretion of the NME. Most
clinical trials were limited to adults, for practical and
economic reasons and, consequentially, the differences
in requirements for pediatric and adult patients are not
visible.” For example, some drug-metabolizing enzymes
reach adult levels shortly after birth, whereas others re-
main at lower activity for months to years.* In conse-
quence, one drug may be metabolized at a similar rate as
in adults, whereas another remains unchanged much lon-
ger in pediatric patients and accumulates with multiple
doses. To give another example, renal excretion is dispro-
portionately low until 2 years of age, affecting the half-life
of drugs which are mainly renally excreted in adults.**

Pediatric drug development and drug use have signifi-
cantly changed over the last 50 years from “therapeutic
orphans,”® to a situation where a robust regulatory frame-
work has been created to ensure that new drugs are re-
viewed for potential use in pediatric patients.” But there
is still a gap in information on drug use in pediatric pa-
tients and the information on pediatric use in the drug la-
bels is still scarce, especially for drugs already approved,
which leads to immense off-label usage in this patient
population.® Unfortunately, pediatricians do not have an-
other choice and, thus, in Switzerland, about 50% of the
drugs prescribed to infants below 1 year and neonates are
off-label.”**

One possibility to enrich the information on pediat-
ric drug use, is the systematic collection and transpar-
ent provision of clinical experience and literature data
from pediatrics, as conducted in the national program
SwissPedDose." It was launched and supported by the
eight largest Children’s Hospitals in Switzerland and the
Swiss Federal Office of Public Health. In detail, currently
applied dose recommendations are compiled, which are
then supplemented with information from literature and
evaluated by experts in the field to define consensus dose
recommendations for Switzerland.'® The dose finding and
certainly dose optimization can be supported by pharma-
cokinetic models, based on available data. Compartmental
methods utilize kinetic models to approximate the be-
havior of the drug concentration in plasma over time.

Depending on the observed kinetics, a model with one,
two, or more compartments is chosen to approximate the
plasma concentration-time curve.'’"*’ Physiologically-
based pharmacokinetic modeling combines compartment
models with physiological parameters, such as organ
plasma flow or renal filtration rate, and with in vitro de-
termined parameters, if available, such as permeability
coefficients or intrinsic clearance.”’ Population pharma-
cokinetics allow to investigate the influence of specified
features, such as body weight or genetic polymorphisms
in drug-metabolizing enzymes on the drug concentrations
found in a target population. If a factor has a measurable
impact on the drug’s dose-concentration relationship, the
dose recommendation can be adjusted accordingly.*"

Within the Swiss Pharmacokinetics Clinical Data
Warehouse (SwissPK*™") project we developed and im-
plemented a secure by design modular data and IT appli-
cation encompassing several infrastructure and software
application layers (see Figure 1). It provides tools for
active data management (module DM), statistical data
analysis (module DA), and domain interpretation (mod-
ule DI; here: exploration and recommendation [mod-
ule ER]), embedded in a secure environment (Leonhard
Med,?* the data and IT platform of the BioMedIT Node
Ziirich). The project is a collaborative effort of the chil-
dren’s hospitals in Ziirich (Kispi) and Basel (UKBB), the
academic Biopharmacy groups in Ziirich and Basel, and
the BioMedIT node Ziirich, represented by the Scientific
IT Services, ETH Ziirich.

The patient data used in this project were so far pro-
vided from Kispi and UKBB and were transferred se-
curely within the IT infrastructure hosting the project
space, using the process recently established in the Swiss
Personalized Health Network® (SPHN; https://sphn.ch/
en/home/). This included the approval from the local
ethics committee, the signing of a data transfer and usage
agreement (DTUA) between the involved parties and
the establishment of secure data transfer systems. The
protocols and agreements included the transfer of bio-
logical material between the children’s hospitals and the
University of Basel for genetic analysis.

CONSTRUCTION AND CONTENT

In 2017, the SPHN initiative was launched, aim-
ing to drive the development of secure scientific IT


https://sphn.ch/en/home/
https://sphn.ch/en/home/
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FIGURE 1 Schematic representation of the BioMedIT infrastructure, which hosts the Swiss Pharmacokinetics Clinical Data Warehouse
(SwissPK“™). BioMedIT’s computing network is provided by the three partners Scientific IT Services (SIS, ETH Ziirich), sciCORE
(University of Basel), and Core-IT (Swiss Institute of Bioinformatics and University of Lausanne) (central box). SwissPK* is built up based

on the standard BioMedIT services that include a secure project space and secure data transfer process. The added value of this project is

the development of three modules: data management (DM), data analysis (DA) and visualization exploration and recommendation (ER),

which extend the project space functionality with user friendly applications for DM, DA, and visualization ER. Confidential patient data

are transferred securely from data providers to the project space in the BioMedIT network.> The access to the SwissPK™" project space and

resources in Leonhard Med is restricted to authorized users designated by the project leader

infrastructures for interoperability and accessibility of
healthcare data in Switzerland.** Part of this effort is
the provision of an IT infrastructure, which fulfills the
strict data protection and security requirements for sen-
sitive patient data. These goals are addressed within
the framework of the BioMedIT network,? and have
been applied to the herein described SwissPK*™", which
started in summer 2020 as an infrastructure project sup-
ported by the SPHN.

Patient consent and data security

Patient data are considered sensitive personal infor-
mation. The herein described SwissPK*®Y is hosted in
Switzerland, and thus Swiss law applies. In detail, the
data collection and use in research is governed by the
Federal Act on Data Protection (FADP) and the Human
Research Act (HRA). This legislation regulates the use of
patient data in treatment and research. The FADP clas-
sifies health data as sensitive personal data (FADP, art.
3c) which means that, to ensure data protection, certain
requirements must be met prior working with the data.
In order to comply with these legal requirements, the pa-
tient’s consent is necessary. Within SwissPK*™™ projects,
we are collecting data from patients that gave a general
consent (GC) with entry in the respective hospital or
retrospectively.

The GC allows the use of patient data and biological
material for future research and allows the patient to im-
pose certain limitations (e.g., type of project). This consent

can be withdrawn by the patient at any time. Within the
project we asked for and were granted ethical approval
for the use of data from patients (BASEC-2019-01004).
The de-identified (pseudonymized) patient data that are
used in the SwissPK*™Y classify as confidential (SPHN
IT Security Policy®*). The sensitive nature of this clinical
data implies that the computational infrastructure needs
to comply with the highest data security standards at all
stages of data handling (including data transfer, manage-
ment and analysis) and with the research policies on data
FAIRness (SPHN Ethical Framework?>*).

Application for authorization

Any researcher or clinician can apply for authorization
to access the SwissPK*®Y infrastructure. To be granted
authorization, the user must first pass the SPHN Data
Privacy and IT security test offered by the SPHN Data
Coordination Center (DCC). The applying researcher
has to read, understand, and sign the SwissPK*®" policy
and the Acceptable Use Policy (AUP) of Leonhard Med,
which is sent to the applicant upon request and explicit
authorization by the SwissPK*® project leader. Finally,
prior to being granted access the applicant has to provide
a valid ethical approval by the corresponding Ethical
Committee for the intended analysis. Authorization re-
quests can be sent per mail to SwissPKcdw@Kkispi.uzh.
ch. In the future, we additionally plan to grant open ac-
cess to our web application containing only nonsensitive
data.
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SwissPK“" infrastructure design

The herein presented clinical data warehouse is embed-
ded in the IT infrastructure of the BioMedIT network,”
which is a nationwide secure infrastructure for data and
compute resources. It consists of three regional nodes in
Ziirich, Basel, and Lausanne operated by the Scientific
IT Services (SIS; ETH Ziirich), sciCORE (University of
Basel), and Core-IT (Swiss Institute of Bioinformatics/
DCSR; University of Lausanne), respectively. BioMedIT
provides a scientific computing environment specifically
designed for the secure transfer, storage, and processing of
sensitive biomedical patient data. As such, the Leonhard
Med platform of the node in Ziirich grants a secure envi-
ronment for bringing together various patient data types
(e.g., routinely collected clinical data and large scale omics
data) from distinct sources, for actively managing re-
search data, and for data analysis using versatile compute
and software resources. Following the BioMedIT process
for secure data transfer, data providers (e.g., hospitals and
universities) are connected to the network and transfer
data securely into dedicated secure project spaces hosted
at the BioMedIT network nodes (see Figure 1). The data
transfer is coordinated by the DCC of BioMedIT, access to
SwissPK*™" in Leonhard Med is restricted to authorized
users, and security controls are imposed at infrastructure
and policy level.*>*

The SwissPK*™Y is designed as a modular system,
which allows the DM, DA, and DI/ER modules to be used
separately (e.g., by data managers and/or data scientists)
or combined in the web application (e.g., by clinicians).

The DM is built around openBIS,***” a versatile tool
for active data management that has features for secure
handling of confidential data (e.g., user-based role access
and data audit trail), can capture diverse data modali-
ties (e.g., patient clinical, genetic data, and experimental
data) and can be integrated with upstream (e.g., data val-
idation) and downstream processes (e.g., statistical data
analyses and web applications).

The DA module provides the tools for extensive data
analysis. This includes the R*® stack with specialized li-
braries for pharmacokinetics,”” Python,® and Jupyter
Notebooks,* as well as the possibility to deploy commer-
cial software like MATLAB (MathWorks, Natick, MA,
USA).

Finally, the SwissPK“™"Y  web application provides
graphical user access to predefined statistical analyses
(from module DA) that are applied to data managed with
openBIS (module DM) and currently offers exploration
functionalities (module ER) for user selected parameters
(e.g., patient cohort, medication, clinical variables, etc.).
As such, SwissPK*™" actively contributed to the develop-
ment of the secure nationwide infrastructure within the

ASCPT

framework of SPHN as a complete, scalable, and reusable
proof-of-concept pipeline for pediatric biomedical re-
search: from secure data transfer, to active data manage-
ment,??” data analysis,28 and interpretation.

Data management module

The pseudonymized patient data that is used in the
SwissPK* classify as confidential and requires security
protection over the full data life cycle. The DM module
within SwissPK*®" uses openBIS**?’ as the active research
data management system, which fulfills the security re-
quirements and is deployed on the secure platform of
Leonhard Med. This DM is pivotal in its role in the whole
infrastructure. It provides the tools for ensuring data
quality checks (i.e., semi-supervised data validation), ad-
vanced query functionality (e.g., search all patients with
age in specified range and with specified gender), data
audit trails (e.g., track any newly added or modified data
for a patient), user role-based access (e.g., “observer”
with read-only permission, “user” with editing permis-
sion, etc.), and patient consent tracking (e.g., consent type
and status defined in the data model). The DM module
is based on a customizable and flexible data model that
links observations (e.g., laboratory values, gene variants,
biological samples, etc.) to patients and uses standard on-
tologies defined in the SPHN core dataset.*? Furthermore,
openBIS has additional functionalities (i.e., support for
integration with archiving and publishing of datasets and
metadata in research repositories). As such, openBIS as
resource data management system for the SwissPK®Y
project streamlines and enforces the proper data manage-
ment on research and patient data.

OpenBIS is deployed as a client-server application and
provides access to the stored data in a relational database
via application programming interfaces and web-based
user interfaces. In order to ensure good scalability, the
metadata is stored in a separate database as the corre-
sponding data. The data organization within openBIS is
described and defined by a data model designed in a cus-
tomized way for the project.®*’

The openBIS model uses controlled vocabularies for
metadata and captures the SwissPK®Y project struc-
ture and data modalities. As such, it comprises spaces
for drug-related patient data (e.g., gentamicin space
and cyclosporine space) and spaces that can be used for
research-related scripts or literature-related data. Access
to openBIS spaces may be restricted using the user-based
role access functionality of openBIS. Each space contains
collections of metadata: patient consent (e.g., status as ac-
cepted or refused), routinely collected patient clinical in-
formation (e.g., age, gender, weight, etc.), measurements



1582 |

GOERS ET AL.

ASCPT

(e.g., height, height unit, date, and time of measurement),
laboratory related information (e.g., laboratory coding
system; i.e., L4ACHLAB, data and time of data collection,
kit name, and instrument name), diagnosis (e.g., diagno-
sis code and coding system; i.e., ICD10GM version 2018),
and genetic results (e.g., laboratory identifier, gene name,
single-nucleotide polymorphism [SNP], and method used
for detection). In openBIS, each individual patient and the
aforementioned related data is associated with a unique
research identifier or pseudonym.

The project’s data manager and other authorized proj-
ect members operate on the DM module via the graphical
user interface of openBIS. Data can be provided at source
(e.g., hospital and research laboratory) in any format
from SQL database dumps, comma separated value (csv)
files, tab delimited text files (txt), or RDF files. The data
transfer is done via the Secure Encryption and Transfer
Tool** (SETT) of BioMedIT. SETT is an application to
package, cryptographically encrypt, and sign, as well as
transfer data via secure channels within the BioMedIT
nodes. The files are encrypted with the public key of
the data manager and signed by the data provider. SETT
transfers the encrypted data from data providers, via the
secure landing zones of the BioMedIT nodes and routes
it to the SwissPK“™Y secure project space at Leonhard
Med, where the data manager of the project performs the
decryption.

Next, confidential patient data on the SwissPK*" se-
cure project space is registered into the project’s openBIS
instance. In brief, a customized tool reads the raw SQL da-
tabase dumps (csv or txt files), standardizes values (e.g., ap-
plies correct UCUM [Unified Code for Units of Measure]
codes for units, and makes timestamps compatible with
openBIS), validates the data (e.g., checks that the weight
of a patient is within an expected range) and reports the
possibly invalid values, thus allowing the data provider to
review and correct the erroneous values before they are
imported into openBIS. The new data is then compared
with already imported data, creating new entries or up-
dating old entries accordingly. To achieve this comparison
quickly, an intermediate SQLite database is used. Finally,
the validated, normalized, and compared data are then
imported and assigned to the correct spaces and projects
in the openBIS instance. Successfully imported data are
also written to the SQLite database for data comparison
with future data imports.

To connect the data management module with the data
analysis module, a custom Python script was developed,
which queries for all data in a given openBIS space and
exports the data to formats, such as csv, so the data can be
used by other processes and tools (e.g., R scripts for statis-
tical data analysis and web applications for data explora-
tion and visualization).

Data analysis and domain
interpretation modules

In addition to the means to aggregate data from differ-
ent providers and store them securely, SwissPK*™" of-
fers several ways for researchers to work on the data.
Pharmacokinetic modeling is often conducted with
the help of commercial or license-bound tools, such as
NONMEM (ICON, Dublin, Ireland) and Monolix (Lixoft,
Paris, France), which have become the de facto gold
standard within industry and academia.”” Within this
project, we wanted to provide means to conduct the same
workflows but relying on open-source software which is
more in the spirit of open access research and sharing of
data and results. Thus, the goal was to implement mod-
eling capabilities of the SwissPK*" platform by primarily
using R. To this end, we relied on the R libraries nlmixr*
and RXODE,* whereas nlmixr is specifically designed for
fitting pharmacokinetic and pharmacokinetic/pharmaco-
dynamic models with individual and population data (see
Figure 2). Its nomenclature and syntax are similar to the
aforementioned commercial/license-bound software and
thus allows a smooth transition for already experienced
researchers. Due to the openness of the software, features
and capabilities can be implemented by collaborating re-
searchers and the platform extended to new needs.

User authorized to work in the SwissPK™" secure
project space at Leonhard Med may use a broad range
of scientific software tools in addition to R and RStudio
(e.g., Jupyter Notebooks currently via the openBIS plugin,
Python stack, or pending permission, use of commercial
software such as MATLAB is possible).

UTILITY

Besides the project’s main goal to drive the development
and implementation of versatile, scalable, and reusable
components in the secure infrastructure of BioMedIT (i.e.,
the modular SwissPK4" platform), using this resource for
research (i.e., feeding real-world patient data into the sys-
tem) was the next step. The aforementioned infrastructure
of the SwissPK*™" was used to extract patient information
from the source systems of the two hospitals (Kispi and
UKBB), and to transfer this information securely into the
SwissPK™" (see Figure 3). During the project, the process
to add laboratory data gathered in a research laboratory
was also set up and tested. Here, we collected leftover
EDTA whole blood samples obtained from the selected
patients, pseudonymized them, and transferred them
from the hospitals to the laboratories of the Biopharmacy
group at the University of Basel in order to analyze them
for the presence of specific genetic SNPs which can impact
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pheno <- function() {
ini({

tcl <- log(@.008) # typical value of clearance

tv <- log(®@.6) # typical value of volume

## var(eta.cl)

eta.cl + eta.v ~ c(1,
©.01, 1) ## cov(eta.cl, eta.v),
# interindividual variability

var(eta.v)
on clearance and volume

add.err <- 0.1 # residual variability

1)) ﬁ

model({
cl <- exp(tcl + eta.cl) # individual value of clearance
v <- exp(tv + eta.v)
ke <- cl1/ v
d/dt(A1l) = - ke * A1
cp=A1/v # concentration in plasma
cp ~ add(add.err)

# individual value of volume
# elimination rate constant
# model differential equation

# define error model

All Data
DV vs PRED/IPRED

DV

Predictions

ASCPT
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FIGURE 2 The nlmixr provides an easy syntax to define pharmacokinetic models and fit them to the data (top left). The visualization

includes the derived model kinetics (top right) as well as graphical assessment of the quality of the fit (bottom left) and traces of the

parameter estimations (bottom right). Adapted from https://nlmixrdevelopment.github.io/nlmixr/articles/addingCovariances.htm1*®

the pharmacokinetics of selected drugs. The data obtained
in the analysis of SNPs combined in panels defined by a
certain drug were encrypted and securely transferred. The
results of the genotyping can then be combined with the
extracted patient information for modeling of the pharma-
cokinetics (see Figure 3).

Substances where medication levels in blood are mea-
sured in daily clinical routine are cyclosporine, tacrolimus,
and gentamicin. The application of the antibiotic gentamicin
requires the monitoring of its plasma levels in order to avoid
adverse drug effects which are linked to high plasma levels
over long time periods.*® Gentamicin is metabolically inert
and is excreted renally. In contrast, cyclosporine and tacro-
limus are immunosuppressants also known for their narrow
therapeutic index, but their metabolism and excretion involve
a complex system of various drug metabolizing enzymes
(CYP3A4 and CYP3AS5) and drug transporters (ABCB1), for
which genetic variants are known (for details please refer to
https://www.pharmgkb.org/pathway/PA165986114).

Within the laboratory of the Biopharmacy group in
Basel, genetic SNP panel testing was conducted using com-
mercially available chemistry (Thermo Fisher Scientific,
TagMan Genotyping assays, and TagMan Master Mix).

The panel of genetic polymorphisms selected for cyclo-
sporine was following the consensus report published by
Brunet et al.,*® even though the recommendations were
gathered for adult patients (see Table 1).

At the time of writing, SwissPK*™" contains three data-
sets for the aforementioned drugs, namely cyclosporine,
tacrolimus, and gentamicin (see Table 2). Thirteen patients
are registered within the cyclosporine data set, having an
average age of 9 years. The timespan in which the patients
were treated with the drug and data has been logged is, on
average, 200 days, whereas the longest registered timespan
is 1414 days. The gentamicin routine dataset is the largest
in terms of number of patients (266)*° whereas they were,
on average, 2 years old at the time of treatment. The data
set of a prospective pharmacokinetic study comprises 126
patients which were treated with three doses on average for
aduration of 7 days in total. Additionally, each dataset con-
tains further information on treatment intervals, applied
doses, comedication, and searchable free text notes. At the
time of writing, the stored data are integrated into the data
warehouse and can be used by researchers for pharmaco-
kinetic modeling and analysis. The detailed analysis of the
pharmacokinetics is beyond the scope of this paper.


https://www.pharmgkb.org/pathway/PA165986114
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Children’s University of Basel
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/\

Children’s

Leonhard Med Hospital Basel

FIGURE 3 Schematic representation of the collaborative
workflow between the Children’s Hospital Ziirich and the
Biopharmacy group of the University of Basel. The pooled
information from the clinical and laboratory information systems
of the hospital is stored in the data lake and extracted from the
latter. Upon extraction, the data is securely transferred into the
dedicated project space in Leonhard Med, following the BioMedIT
process.?® Similarly, patient samples are analyzed for the presence
of genetic polymorphisms and the results are transferred encrypted
via the sciCORE BioMedIT node in Basel. After transfer, data are
decrypted by designated project personnel (i.e., data manager),
validated and registered in the openBIS data management system
hosted within the secure project space. Similar to the Children’s
Hospital Ziirich, the Children’s Hospital Basel extracts the patient
information from their systems and transfers the data via the
sciCORE node

Web application

In order to provide easy and user-friendly ways to explore
SwissPK®™ and generate dose recommendations in the
future, we have designed and developed a web application
(see Figure 4). It builds upon the DM and DA modules
and is accessible by authorized users via the secure remote
desktop login to the project space at Leonhard Med.

In detail, the SwissPK*" web application is imple-
mented in JavaScript and uses openCPU,* which provides
easy integration of R and JavaScript via RPC calls and an
HTTP API The web application deployment in Leonhard
Med is based on container technology (i.e., Docker) and
consists of two main components: (1) the exploration
component, which generates graphical and tabular sum-
maries of the data upon user input, and (2) the dosage
recommendation component, which will be capable to
calculate a recommended dose based on the derived mod-
els. The exploration module has been implemented (see
Figure 4) and allows the user to select a drug from a list of
available drugs (e.g., gentamicin) and to vary the ranges of

TABLE 1 Summary of genetic variants tested for in the
cyclosporine panel indicating the respective polymorphism

by rs number, the exp. MAF (European population, revision
20201027095038), and the obs. MAF as obtained by analyzing 25
patients

exp. obs.
rs number Polymorphism MAF MAF
rs1045642 ABCBI ¢.1236 C>T 0.481 0.460
152229109 ABCBI1 ¢.1199 C>T 0.042 0.060
1s35599367 CYP3A4g.20493 G>A 0.046 0.100
15776746 CYP3A5g.12083 G>A 0.930 0.980
1s10264272 CYP3A5g.19787 G>A 0.001 n.d.
rs1057868 POR g.75587 C>T 0.286 0.120
154253728 PPARa g.68637 G>A 0.270 0.400
154823613 PPARa g. 56877A>G 0.282 0.420

Abbreviations: exp. MAF, expected minor allele frequency; n.d., Minor allele
not detected in the cohort; obs. MAF, observed MAF.

parameters, such as the patients’ age or gender. Based on
this selection, a report containing graphical and tabular
summaries is generated and displayed. Parts of the report
are downloadable in various formats.

The future recommendation module will be based on
pharmacokinetic models developed by researchers and
clinicians within the collaboration. As soon as a model
has been derived which describes the data accurately, it
can be integrated in the SwissPK™™ web application and
be used to predict a dose recommendation for a patient.
The patient’s characteristics, such as age, weight, or poly-
morphisms, can be specified by the user as covariates in
the underlying models.

DISCUSSION

We are reporting details on the establishment of a sus-
tainable infrastructure which can be applied in pharma-
cokinetic modeling research using data generated within
clinical routine. This data extracted from the record sys-
tem of healthcare providers can be supplemented with
data generated within laboratories in an academic set-
ting. The design of the infrastructure is modular and
grants the possibility to aggregate and use data in a
secure way. Use of clinical data obliges to a very high
standard in data security. Because SwissPK*™Y contains
confidential patient data, the project required a legal
framework for transferring and using the data (i.e.,
DTUA). Furthermore, each researcher needs to apply
for authorization from the SwissPK*®" project leader to
access the project’s data. These restrictions can be seen
as limitations by scientists, which are used to open ac-
cess of data and methods. However, as a clinical project



THE CLINICAL DATA WAREHOUSE SWISSPK“"Y | 1585
ASCPT
TABLE 2 Current number of patients ) .. L.
stored in SwissPK*™, grouped by their Cyclosporind/ Gentamicin Gentamicin
’ tacrolimus (routine) (study)
treatment
Number of patients 13 266 126
Avg. age (yr) 9(£5.2) 2(+3.8) 0(+1.7)
Avg. number of doses 167 (+48.7) 1.3 (+0.53) 2.5 (+2.89)
Avg. timespan (days) 200 (+£406) 21 (+100) 7 (£15)

The average age highlights the focus on pediatric patients.

Abbreviations: Avg., average; SwissPKCd“’, Swiss Pharmacokinetics Clinical Data Warehouse.

SwissPKcdw Home| Modelling +  Contact

Exploration

Recommendation |

4

O

”~~

The Swiss pharmacokinetic clinicalldata warehouse [SwissPKcdw] is an SPHN funded infrastructure development project with the scope to

optimise paediatric dosing regimens

r B e ¥ A ~ Yoy, | §
SwissPKcdw  Home  Modelling ~  Contac
Exploration
The exploration button will generate a html report as an overview of the coesponding model. Different parameters and plots can be selected.
Select adrug
Cyclosporine j
Select parameters.
All Gender
¥ | Select Gender :I
Age
¥ | SelectAge :J ‘
Z Score from weight
¥ | SelectZ Score J
Polymorphism
v Select Polymorphism :l +
Generate Report
Load Report Reset '

ised on pharmacokinetic modelling with biological and health-related patient data.

™~z

SwissPKcdw  Home

A

Summary

numberOfPatients

meanWeight | medianWeight | sdWeight | meanHeight | medianHeight | sdHeight | meanAge | medianAge | sdAge

12

20.7561 18.7 11.9738 | 110.1635 13 36219 | 7.8856 9 4.3984

Percent of Total

Age Distribution by Gender

0 H 10 15 L
svg

Female Male

Tng

| - ﬁnmﬂﬂﬂn

Age (years)
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selection, a report containing tabular and graphical summaries is generated

containing confidential patient data, SwissPK*™Y must
comply to the regulations.

From a technical perspective, we were able to success-
fully use existing BioMedIT solutions (e.g., secure project
space and secure data transfer, DTUA). SwissPK*™" has
added further value by developing and testing a proof-of-
concept modular platform for data management, analysis,
exploration, and visualization within the secure envi-
ronment of BioMedIT. Although this project has specific
components (e.g., use of openBIS for data management
and web app integrating openBIS with R-based analytical
workflows), it aims to be as maintainable and sustainable
as possible by using exclusively open-source software
alongside with containerized web app deployment. Thus,

it has the potential to establish generic blueprints for sim-
ilar future projects.

SwissPK" is certainly still far away from providing
data for hundreds of drugs based on thousands of patients,
but it seems worth mentioning that an important aspect of
scientific evaluation of clinical data is the controllership
of the data. Especially if setting up a clinical data ware-
house, where data from multiple providers are transferred
into, defining data ownership becomes rather complex.
Certainly, personal data is owned by the person provid-
ing it (the patient), however, without giving any solutions
for that topic, we want to mention that there are multiple
stakeholders that could claim “ownership” or “controller-
ship” at least in the context of the scientific conduct on
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handling intellectual property of a data set. It is part of
the SPHN initiative to find a national and perhaps legal
solution for that important question. The DTUAs used by
this and other SPHN projects offer a first solution to this
complex question.

A drawback of the focus on pediatric patients is that
the number of available patients is much lower compared
to adult patients. In SwissPK*®Y, the number of entries is
in the lower hundreds range. This could limit the num-
ber of possible analysis technologies for the time being.
However, the available data will increase over time and,
thus, the relevance of this point will diminish. We de-
cided to go for genetic panel testing, which certainly
means that we are limited to the drug-gene associations
known at the moment of selection. The project, as ap-
proved by the ethical committee, foresees no storage of
samples at the research laboratory and, consequently, all
samples have to be destroyed after assessment, quality
control, and data transfer. Accordingly, there is no pos-
sibility yet to add additional variants that may be iden-
tified to be predictive for drug efficacy and safety in the
future.

We are aware that in order to be applied for clinical de-
cision making, the dosage recommendation system must
be approved as a digital medical device by the authorities.
Thus, we are not providing a medical decision support
system at the moment and we are just reporting on the
possible implementation of a web app.

To our knowledge at the time of writing, SwissPK*Y as
aclinical data warehouse, specializing in pediatric patients
and providing the necessary infrastructure to aggregate,
process, and analyze the data, is unique among the proj-
ects in personalized health care. However, as mentioned
above in the limitations, the available data from patients is
currently low. Access to clinical data from a high number
of patients and from a wide variety of drugs would not
only result in optimized dosing regimens, but would in ad-
dition allow to investigate the physiological processes and
their age-dependence involved in pharmacokinetics. Due
to the modular design of the infrastructure, extending the
available data and even the functionality of SwissPK"
can be done conveniently.

SUMMARY

The SwissPK*Y is the first database in Switzerland which
focuses on the aggregation of routine clinical pharmacoki-
netic data of pediatric patients. It provides all necessary
computational resources to analyze the data in a law-
conforming way. We believe that the availability of such
a data warehouse will encourage additional researchers to
join our efforts and build better pharmacokinetic models

as well as motivate further hospitals to provide their data
in order to extend the warehouse toward various drugs.
Our project is committed to data FAIRness and compu-
tational workflows interoperability, while using data pro-
tection measures to ensure confidentiality of sensitive
patient data. The CDW will be part of a platform providing
online pharmacokinetic modeling applications intended
to analyze the data and optimize dosage regimens.
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