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Digital health has seen rapid advancements over the last few years in helping patients and
their healthcare professionals better manage treatment for a variety of illnesses, including
growth hormone (GH) therapy for growth disorders in children and adolescents. For
children and adolescents requiring such therapy, as well as for their parents, the treatment
is longitudinal and often involves daily injections plus close progress monitoring; a
sometimes daunting task when young children are involved. Here, we describe our
experience in offering devices and digital health tools to support GH therapy across some
40 countries. We also discuss how this ecosystem of care has evolved over the years
based on learnings and advances in technology. Finally, we offer a glimpse of future
planned enhancements and directions for digital health to play a bigger role in better
managing conditions treated with GH therapy, as well as model development for
adherence prediction. The continued aim of these technologies is to improve clinical
decision making and support for GH-treated patients, leading to better outcomes.

Keywords: digital health, growth hormone treatment, pediatric endocrinology, adherence monitoring, patient engagement

INTRODUCTION

Over the last decade, healthcare has experienced a digital revolution. Rapid advances in connected
health, mobile technology, artificial intelligence (AI), and gamification, including through virtual
and augmented reality (VR/AR) techniques, are making a difference in how patients are diagnosed,
treated, and managed. At the same time, healthcare systems are facing a crossroads that is
characterized by resource limitation and an increased demand for personalized patient care.
Digitalization has changed these dynamics by improving patient access to information,
facilitating monitoring, intervention, and communications with healthcare providers, and thus
reducing traditional limitations associated with healthcare services (1-5). Indeed, digital health has
played a key role in keeping systems operational during the COVID-19 pandemic, helping patients
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to access care in more convenient ways without the burden of
regular office visits and the unnecessary risk of exposure to
infection (6, 7).

Digital health solutions are typically disease-specific and
address certain conditions and patient populations. Healthcare
system complexities and nuances unique to each country often
mean that these solutions are tailored to a particular country and
difficult to seamlessly transfer from one setting to another. Here,
we share our perspectives and experience from over a decade of
providing digital health solutions for managing growth hormone
(GH) therapy in children and adolescents. These solutions
represent one of the most broadly implemented digital health
solutions in pediatrics. We will also discuss how we envision
future directions and opportunities for improving the
management of growth disorders using digital health,
including findings on models for adherence prediction.

GH THERAPY

GH is important for physical growth and maintenance of healthy
body composition and cardiovascular wellbeing (8). There are
multiple genetic, environmental, metabolic, and nutritional
causes of growth failure in children. In this respect, GH
therapy is approved for a range of specific short stature
conditions to increase growth and adult height, and improve
metabolic and psychosocial health (9-11). When short stature is
detected specialist evaluation and management is warranted (12,
13). Initial evaluation to accurately identify the cause is based on
patient history, meticulous recording of height and height
velocity (auxology), and endocrine tests (14). Approved
indications for GH administration include GH deficiency and
rare non-GH deficient disorders such as Turner syndrome (TS)
and lack of catch-up growth after being born small for gestational
age (SGA). GH deficiency has an estimated prevalence of 1:4,000
to 1:10,000 children (15, 16), and can become apparent at
different ages. Severe cases can present within the first 6
months after birth, whereas milder cases manifest in later
childhood (15). TS has a prevalence of approximately 1:2,000
females and may be diagnosed shortly after birth, but is
frequently only diagnosed from short stature at around
pubertal age (17). For children born SGA, approximately 90%
show catch-up growth within 4 years, and prevalence for those
remaining short and qualifying for GH therapy is 1:1,800 to
1:3,250 births (18, 19).

Once diagnosed and prescribed GH therapy, the child and
their parents/caregivers are instructed on the administration of
daily injections by nurses. While long-acting GH formulations
requiring once-weekly injections have recently been approved,
these therapies are new and their long-term safety and efficacy
records are not yet as thoroughly established (20-22).

The patient’s multi-year journey on GH therapy involves
frequent injections and regular clinic visits (typically every 6
months) to assess growth and metabolic parameters. Along this
journey and depending on the healthcare setting, they receive
various levels of information, support, and encouragement to

comply with the therapy regimen. HCPs may also be involved
in dealing with clinical, emotional, and behavioral issues that arise
both early in the treatment path and later during teenage years,
including when transitioning from adolescence to adulthood (23,
24). In early childhood, parents or caregivers are often involved in
administering injections, and supporting routine. In adolescents,
continuation of GH therapy may be required into adulthood to
optimize body composition maturation and metabolic factors that
could adversely affect their cardiovascular health (25-27).

For all indications, optimal response requires early GH initiation
and continuous treatment for several years through adolescence (11,
15, 28). Response is highest in the first year of therapy, declining
over subsequent years (15, 16, 29). As a result, it is imperative to
closely monitor children throughout treatment. Within the clinic,
several important diagnostic and management tools are available to
assess the cause and track the therapy response including catch-up
growth, genetic analyses, GH stimulation tests, serum insulin-like
growth factor-1 (IGF-1) concentration, bone age, and brain
magnetic resonance imaging (3).

For optimal outcomes, two important considerations are:
adherence to therapy (extent to which the patient’s behavior
matches agreed recommendations from their HCP); and
persistence with therapy (lack of discontinuation). Non-
adherence can be defined in various ways, from taking doses
smaller than prescribed to skipping injections intermittently (30).
Therapies for many chronic conditions are associated
with suboptimal adherence (31-34). In the case of GH
administration, this has negative effects on the catch-up growth
response (34-37) and, and potentially, on achieving target adult
height. While adherence to GH therapy is crucial, it is difficult to
measure and is often reliant on patient testimony or proxy
measurements such as prescription records or vial counting
(38). In conjunction, detection of poor adherence to GH
treatment can be problematic because patients or caregivers may
be reluctant to admit to or recall missed doses and may therefore
overestimate their adherence to treatment during discussions with
their healthcare providers (39). These challenges most likely
explain the wide range of estimated prevalence of non-
adherence (from 5% to 82%), making it is difficult to compare
adherence rates among studies (40, 41). Factors shown to be
strongly associated with non-adherence and lack of persistence
include misperceptions about the consequences of missed doses,
lack of understanding of the disease and GH therapy, discomfort
with injections, dissatisfaction with growth outcomes, and
inadequate or problematic contact with HCPs (30, 42-44).
Several strategies have been recommended to enhance
adherence (42, 45-47); however, there is a need for standardized
measures to accurate monitoring adherence and clinical outcomes,
to support patient management (48).

DIGITAL HEALTH ECOSYSTEM
FOR GH THERAPY

Released in 2006 by Merck Healthcare KGaA (Darmstadt,
Germany), the easypodTM drug delivery solution was designed to
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support children undergoing GH therapy for growth disorders
(49, 50). It was specifically designed with the comfort of the
children in mind as a friendly-to-use auto-injector for
administration of recombinant human GH (r-hGH, somatropin,
Saizen®, Merck Healthcare KGaA, Darmstadt, Germany) (51). It
features a skin sensor, an automatic needle attachment that hides
the needle, audible and visual signals, and customizable injection
settings, such as needle speed and depth, to minimize pain on
injection. The device, which is available in multiple languages, also
includes a display that provides confirmation of dose injected, last
injection date and time, and remaining dose in the cartridge, along
with instructions and reminders. Clinics can further customize
dose settings and allow for dose adjustments, as necessary (52).

While some level of historic data was available on the device
display, it was recognized early on that this can be better tracked
and visualized via computer software. The information on date,
time, and dose allows adherence to be tracked, assisting HCPs in
their therapy decisions. Initial digital health software, dubbed the
easypod " clinical kit, obtained the information from the device
using a USB connection and a docking station in the clinic, which
allowed for analysis on a connected computer with Microsoft
Windows-based programs. Over the intervening years, with the
prominence of the world wide web and cloud architecture, the
easypod " connect system was developed to centralize data for
each clinic and enable monitoring of patients’ progress. easypodTM
connect version 1.0, released in 2011, was a web-based system that
allowed data transmission by the patient/caregiver through a USB-
connected docking station provided by the clinic. In subsequent
years, the ability to transmit data directly from the docking station
via a cellular network was added. easypod" connect version 2.0,
released in 2014, included software to analyze more than 90
reference charts for growth and advanced reporting tools to
comprehensively monitor the patient’s progress. It also provided
the ability to interconnect with external electronic health record
(EHR) platforms for simple enrolment and reporting (53). The
easypodTM connect Next ecosystem, released in 2020, provided
more seamless and intuitive programs to help HCPs better track
the progress of each patient (Figure 1).

The ecosystem currently includes the easypodTM connect
platform and reporting system, the growlinkTM app that can be
used by patients and their families to monitor progress and
provide educational information, and the TuiTek " patient
support program (PSP). Based on the COM-B behavioral
management framework, TuiTek is a combination of behavioral
science (Tuition) and technologic innovation (Tek). It provides a
foundation for the creation of personalized, behaviorally-driven,
self-management support solutions for patients, caregivers, and
HCPs living with and managing GH therapy (54).

AR and gaming have become valuable tools in engaging and
educating patients, particularly young children, as part of their
treatment journey (55). The easypodTM AR app has been
developed to provide training and engagement using avatars
and games to familiarize young patients and their families with
the easypod' " device.

In recent years, other pharmaceutical companies have also
offered digital health solutions to better support patients

requiring GH therapy and their HCPs. The Growth Track
Wizard © (Novo Nordisk, Bagsvard, Denmark) is a web-
based, patient-facing platform that allows parents and children
to track their own growth, receive information about their
treatment, and order supplies. Similarly, the GroAssist®
(Pfizer, New York, NY, United States) patient support app
provides medication and appointment reminders, tracks
injection site rotations and reactions, tracks and graphically
displays growth based on self-measured height and weight, and
provides a rewards scheme to keep children and parents engaged.
However, these apps do not currently connect to any
injection device.

With connected health and digital health becoming more
prevalent in today’s clinical practice, Merck Healthcare KGaA’s
(Darmstadt, Germany) efforts to enhance this digital health
ecosystem have focused on multiple fronts including
empowering physicians and nurses in their treatment decisions
(53). The aim is to make patients more central to the process by
providing digital technologies that engage and support them
throughout treatment (56). Another important consideration
was to enable evidence generation through clinical studies to
demonstrate the efficacy of these tools (34). Over the years, the
company has collected data from more than 25,000 patients, in
nearly 40 countries, allowing analysis of real-world data (38) to
glean insights and identify new capabilities to support HCPs and
patients along their journey.

Empowering HCPs

With digital platforms, clinicians and nurses often face
difficulties in managing separate systems and login accounts,
with possible requirement of double entry across systems and no
clarity over patients that require the most attention. Greater use
of electronic medical record (EMR) or EHR systems across
healthcare, mitigates the problems to some extent. However,
there remains a great deal of hesitation regarding double entry of
data and availability of patient records. In the case of GH-treated
patients, different approaches were utilized to empower HCPs.

Connectivity links with EMR/EHR systems have been added
to allow data exchange and direct input, including patient
demographics and data reporting, to avoid duplicate data entry
(57, 58). While this is a beneficial feature in theory, these
processes have not been utilized to their full potential due to
the complexity of hospital information technology
infrastructures and rules around implementing such EMR/
EHR links. The variety of different systems makes it a
requirement for one-off and customized interconnection for
each hospital or clinic, which has made it impractical. As such,
interoperability becomes the norm, bidirectional flow of
information between the two systems will make things much
smoother and avoid the need for duplicate data entry.

Based on user feedback and focus groups, comprising
physicians and nurses with experience using the system, the
company also revamped the easypod'" connect system to
improve performance and make it more friendly and intuitive
(Figure 2). Changes included providing actionable insights and
making information more readily available in graphical and
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FIGURE 1 | Growth hormone digital health ecosystem.

report forms, and features have been added to allow simpler
inputting of demographic and auxologic information, thus
enabling easy recording of growth information within the
ecosystem. Prediction models for growth, adult height, and
risks of non-adherence and lack of persistence are being
developed, and will be incorporated in the system in the future
to assist HCPs in long-term management of patients (44, 59, 60).

Engaging and Educating Patients

With patient centricity as a fundamental principle, it was
important to provide digital health tools and solutions that
engage, educate, and complement the lives of patients and their
parents/caregivers during their GH therapy journey. This resulted
in the growlinkTM patient app, which enables patients and their

parents/caregivers to obtain information and resources related to
their condition (Figure 3) (61). Along with injection reminders
and an overview of overall adherence, it allows patients to self-
report height and weight data (62) that is transmitted to the HCP
via the platform. growlinkTM also facilitates patients’ interactions
with their care team and patient support services to answer
questions or provide supplies such as needles. The latest
enhancements to the growlink'" patient app include
personalized and relevant content to engage and educate
patients and their families during their treatment journey.

Evidence Generation
Improving medical adherence requires estimation of its
magnitude, but there is little guidance on tools for evaluating

DosE CHANGE HISTORY

ose

FIGURE 2 | Physician views of the easypod ™ connect system.

MacBook Pro
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FIGURE 3 | Views of the growlinkwI patient app.

adherence (40, 63, 64). Physicians and nurses need access to
quick and actionable insights for treatment decisions, including
the response to therapy, dose adjustments, customize injection
settings, or the need to switch medications. The ecosystem
enables objective measurement of adherence to GH therapy.
However, early on it became evident that sound scientific
evidence is important to support the clinical efficacy of digital
solutions. Therefore, the company carried out the global, 5-year
Easypod Connect Observational Study (ECOS), with almost
1,200 children with growth disorders, to assess adherence to
therapy derived from the easypodTM connect system. The
analysis showed high adherence to GH therapy delivered via
the easypodTM device, which was maintained over time (65).
Adherence rates were high throughout, with a median rate of
93.7% in the first year and 87.2% in the third year. Median
adherence across the 5 years, based on the individual period of
follow-up for each subject, was 89.3%, which equated to <1
missed injection per week on average, irrespective of whether 6
or 7 weekly injections were prescribed. Importantly, this high
level of adherence was positively associated with growth
outcomes, specifically change in height and height velocity
evaluated at 1 and 2 years (34, 65).

The ECOS data also showed similar adherence rates for
patients already receiving GH when starting to use the
easypodTM connect device and patients naive to GH therapy
(38). Further analyses showed relatively lower adherence for boys
than girls, and for young children (<8 years old) who performed
most injections themselves and children who started GH therapy
at an older age (=14 years old) (66). Such data can identify
children at risk of low adherence who could be more carefully
followed, with appropriate interventions to help avert any fall
in adherence.

Harnessing Data

Much progress has been made over recent years concerning the
power of data science and large datasets that can be assessed using
Al and machine-learning. Information derived from the
ecosystem is stored securely and pseudo-anonymized when

analyzed for research, similar to other digital health solutions
where patient data privacy is a core principle (67-69). Informed
consent obtained upon enrolment, along with end-user license
agreements, allow the use of pseudo-anonymized data, on the
condition that no protected health information on specific patients
is made available. The large amount of data from patients using
the system over multiple years has the potential to provide insights
into the GH therapy journey. Most of this work has focused on
factors that influence adherence and persistence with GH therapy.
Factors including age and height at the start of treatment, disease
severity, sex of the child, level of parent/caregiver or nurse
specialist involvement and personalization of the treatment
(dose adjustments, customize injection speed/depth, etc.) are
significant contributors (70). To have a more complete picture,
it would be helpful to incorporate further data, such as growth and
socio-economic factors. There are provisions within the system for
HCPs to enter auxology information, but this is often not done.
This is due to lack of resources and the fact that not all patients in a
clinic would receive the same therapy. To address this challenge,
work is ongoing with clinics in different countries to fund
resources for manual completion of this task. While not ideal,
given that each clinic must provide information for a handful of
their patients every few months, it is a practical solution that will
enable richer analysis of available data.

OUTCOMES ANALYSIS

Database Information

For analysis purposes, data were extracted for all patients from
2007 to the end of 2020 from the database on 18 February 2021,
which is a longer timeframe than previously reported (38).
Opverall, this included 20,264 patients from 38 countries who
had transmitted data from 11.5 million injections. Figure 4
shows the increases over time in the number of patients
(Figure 4A), number of injections transmitted (Figure 4B),
number of countries (Figure 4C), and countries with active
patients (Figure 4D).
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connect database from release in 2007 to end of 2020.

Country Localization

Beyond localizing the solution with language translations for
each country, it requires ensuring compliance with local rules
and regulations as well as local healthcare system operations. As
part of a new country release, the platform is configured in
consultation with local resources to adapt to local needs. For
instance, strict patient privacy regulations preclude patient
support nurses to view any information except patient names
and the date of their last data transmission. In countries where
Health Authority regulations allow more freedom to operate in
the way of direct patient interactions, patient support nurses
have access to patient information including adherence levels
and even growth data, if available. This has resulted in the
highest number of active users and active transmissions. These
countries also include some of the highest levels of adherence to
therapy. This is likely due to the fact that patient support nurses
can intervene and provide training and assistance when
necessary. Longer-term plans call for personalized content
offered via the growlinkTM patient app based on patients’ age,
lifestyle, and language preferences, as well as provision of
personalized emotional support and adaptation of language
used to the cultural nuances of each country.

Adherence Outcomes

The annual proportion of patients with high adherence (=85% of
prescribed doses administered) between 2010 and 2020 is shown
in Figure 5 according to global region and duration of GH
therapy. The proportion with high adherence tended to increase

FIGURE 4 | Number of patients (A), number of injections transmitted (B), number of countries (C), and number of countries with active patients (D), in the easypor

Years

dTM

over time, but differences were observed between regions
(Figure 5A). The proportion of patients with high adherence
increased over time in Europe, North America, and Asia, but no
consistent change was found among Latin-American/Caribbean
patients. Figure 5B shows the overall proportion with high
adherence (=85%) between 1-36 months of treatment,
stratified by region. The proportion with high adherence
decreased over time on treatment, with the strongest decrease
in Latin-American/Caribbean and Asian countries. From 24
months onwards, the number of patients in North American
and Asian countries was low, making these results less stable.

Catch-Up Growth Outcomes
Height data from 2007 to the end of 2020 were extracted from
the database on 18 February 2021. Patients aged <18 years with
>2 recorded growth measurements and adherence data available
during treatment were included. Linear interpolation between
height measurements was applied to calculate monthly catch-up
growth [Change in Height Standard Deviation Score (AHSDS)]
overall, and by high (285%), intermediate (>56%-84%) and low
(<56%) adherence. Figure 6 shows the mean catch-up growth
(AHSDS) between 0 and 48 months, stratified by adherence rate
(consistently either a high, intermediate or low level at each
month). Adherence level had a statistically significant effect on
AHSDS (p<0.001) indicating that maintaining a high level of
adherence supports catch-up growth (71).

An analysis of height gain in relation to the cost of GH
therapy found that using the easypodTM device resulted in cost
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FIGURE 5 | The proportion of patients with high adherence (>85%) from 2010 to end of 2020, stratified by region, by year (A), and between 0-36 months of GH

savings versus other GH therapy formulations (72). This was
likely due to the ecosystem enabling improved adherence and
earlier identification of poor responders. Wastage was also
reduced compared with other GH formulations and delivery
methods, adding to the cost savings.

PREDICTION MODELS

Adherence

Technological advancements help the HCP choose the most
effective treatment regimen or intervention; predictions of future
outcomes could enable improved treatment based on the
individual patient’s requirements. Machine-learning has been

AHSDS
°
>

o 4 8 12 16 20 24 28 32 40 44 48

Time after start treatment (in months)

36

~— High adherence —— Intermediate adherence —— Low adherence

FIGURE 6 | Mean catch-up growth (AHSDS) between 0-48 months stratified
by high, intermediate, and low adherence.

used in recent years to develop digital models to predict
adherence to treatment for diseases such as diabetes (73),
tuberculosis (74), Crohn’s disease (75), and heart failure (76),
based on real-world data. Therefore, similar tools for predicting
patient adherence to GH therapy could help to identify
appropriate times for intervention to try to alleviate any
decrease and manage patient growth outcomes better.

A recurrent neural network was used to devise a prediction
model for individual-level future therapy adherence, using a
dataset of 2,500 patients on GH therapy with the platform
randomly allocated into sets for training, validation, and testing
(59). The mean sensitivity and specificity per patient for predicting
suboptimal adherence (<85%) were 0.70 and 0.88, respectively.
Sensitivity with the prediction model was better than that of the
simple average, with very little cost of sensitivity, and the receiver
operating curves (ROC) were better for the model than the simple
average. It was concluded that the proposed model would be
incorporated into the physician interface of the eco-system. A
traffic lights presentation could be used to indicate when
adherence is likely to be suboptimal, enabling personalized
recommendations to address adherence issues, which should
improve patient engagement and adherence (70).

Growth

Growth response to GH treatment depends on several factors
such as age, age at start of therapy, sex, indication, and GH dose.
Since the 1990s, data from large cohorts of GH-treated children
have been used in several different algorithms devised to predict
the growth response from such factors (3, 29). Due to the
requirement to input the necessary data, these prediction
models have only been used to a limited extent. The easypod '
connect system already includes individual patient information
on these factors and a growth prediction model has been
developed using data from a trial cohort. When height at the
start of use is entered, the predicted height over the subsequent
years is shown in tabular format and graphically. In the future,
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this may provide HCPs the opportunity to check if the observed
growth starts to deviate from the predicted growth, with a traffic
lights system similar to that for adherence that can alert the HCP
to any problems in growth response. Such support would enable
individualization and optimization of therapy.

NEW TECHNOLOGICAL FRONTIERS

In 2020, Merck Healthcare KGaA (Darmstadt, Germany)
assembled a panel of scientific experts to consult on the future
of and emerging opportunities for its digital health tools to
support GH patients, their caregivers, and healthcare team.
The resulting framework helped define a roadmap for the
evolution of the easypod ' connect digital health ecosystem (12).

For patients, new technologies such as VR/AR and
gamification provide the means to better engage the children
involved. AR provides the opportunity to offer training,
engagement, and support to patients. Complementary apps for
this purpose have already been released in multiple countries.
Monitoring and tracking height and weight information is also
an important element of closing the data loop. Connected weight
scales are readily available and there are plans to integrate these
as part of the growlink'" patient app. Obtaining height
measurements at home in an accurate and simple manner is
more difficult. There are systems such as LIDAR (Light Detection
and Ranging) that can calculate three-dimensional
measurements but require either latest generation smartphones
or expensive scanners (77, 78). Many mobile devices already
have AR functionalities, and these are being developed within the
platform for educational purposes. However, AR can also be
adapted for measurement of vertical surfaces that are not flat (79,
80), and can be used to measure human height (81).

Such developments could support future capabilities of the
growlink"™" app which already provides opportunities to better
assess patients’ wellbeing and address their needs through
questionnaires by their physician and behavior-changing
techniques. In addition, it provides relevant and timely content
to support social and emotional wellbeing. Digital therapeutics,
generally based on cognitive behavioral training, are also seeing
large adoption across digital health for various conditions such as
anxiety, stress, and depression, and could potentially be
considered to improve support for patients requiring GH
therapy, with their unique conditions and issues (54, 82, 83).
As the focus is broad, attention must be given to ensure that
patients and families who have low digital literacy and access can
adopt and best utilize these solutions.

To assist HCPs, the company’s future efforts will focus on
providing meaningful insights that allow them to make better
informed clinical decisions and triage the workload towards
improved management and support for patients across their
journey. Data analysis efforts are expected to result in prediction
tools that drive improved adherence and persistence to therapy.
The aim is to help HCPs better monitor, track, and manage
patients between office visits including appropriate interventions
when applicable.

CONCLUSIONS

Supporting patients across their disease journey means more than
just providing them and their physicians with a therapy. Beyond a
drug, it means all stakeholders involved are provided with the tools,
information, services, and support needed to achieve their goal of
improving health outcomes. In the setting of GH therapy, this has
meant a long-term commitment to providing innovative devices,
digital health solutions, and patient support services. This has
enabled thousands of patients to achieve their goal of reaching
their full height potential.

While enthusiasm and support for digital health technologies
was initially slow, these efforts have picked up rapidly over the
last few years with broader awareness and acceptance amongst
both patients and HCPs. The COVID-19 pandemic has revealed
the power such digital health technologies have to better connect
patients and HCPs (84). No solution is perfect, however, and to
that end, it is necessary to continue the pursuit of introducing
innovations and new technologies that address the needs of
pediatric patients requiring GH therapy, and all involved in their
care. While not intended to replace HCPs, but rather augment
and support them in the care delivery process, such work should
continue to focus on better understanding the needs of patients
and HCPs, generating solutions that address their unique needs
and personalizing them to their circumstances.
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