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Abstract. Growth hormone administration is approved for use in a number of
growth failure conditions in children. Optimal growth outcome requires continuous
daily injections over many years, leading to problems of persistence and adherence
with therapy. The easypod™ connect ecosystem enables electronic monitoring of
injection and dose history, transmitted to a secure cloud database via the internet or
cellular networks. Thus, healthcare providers can easily monitor adherence with
therapy and be alerted to problems. The growlink™ patient app has been added to
the ecosystem to provide solutions that can engage and educate patients and their
families/caregivers. growlink™ also allows patients to self-report height and weight,
enabling healthcare providers to track growth progression. The patient support
program, TuiTek and the easypod™ Augmented Reality (AR) app are being
developed within the ecosystem to support telehealth services, increase disease
awareness and reduce therapy-related anxiety. easypod™ connect provides
objective assessments of adherence, shown to be maintained at a high level over
several years, and analyses showed that increased adherence was significantly
associated with a better growth outcome. Studies have identified factors that
influence persistence and adherence with GH therapy via the easypod™ connect
ecosystem. These novel technologies are generating solutions that enable data-
driven personalized care for children with growth disorders and optimize long-term
clinical outcomes.
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1. Introduction

Growth failure in children can be caused by a number of conditions and results in reduced
adult height compared with peers and familial potential. Height growth can be improved
by therapy with recombinant human 1growth hormone (r-hGH) for many of these
conditions, including GH deficiency, Turner syndrome and lack of catch-up growth after

1 Corresponding Author, Ekaterina Koledova, Endocrinology Global Medical Affairs, Merck KGaA,
Frankfurter Str. 250, F135/001, 64293 Darmstadt, Germany; E-mail: ekaterina.koledova@merckgroup.com


mailto:ekaterina.koledova@merckgroup.com

E. Koledova et al. / Digital Health in the Management of Pediatric Growth Hormone Therapy 927

being born small for gestational age [1]. Growth response varies between these
conditions, but in each case optimal outcome is achieved when GH therapy is started at
ayoung age, before puberty, and is continued over many years, through into adolescence.
GH is currently administered most frequently as daily subcutaneous injections for either
6 or 7 days per week. Long-term continuous injections inevitably lead to problems of
adherence and persistence over time, which affect outcomes of GH therapy [2]. Barriers
to continued adherence and persistence with GH have been identified [3], and
ecosystems incorporating eHealth technologies have been developed to assist in
overcoming these, similar to ecosystems in other therapeutic areas such as diabetes and
asthma [4-6].

2. easypod™ Connect Development

GH administration originally used syringes and needles, but problems occurred due to
needle phobia and incorrect dosing, and mechanical pens then auto-injectors were
developed to overcome these problems. Auto-injectors evolved to incorporate smart
electronics that could collect information on dosing, and the easypod™ was launched in
2007 and is now approved in more than 40 countries [7]. The development aim was to
be easy and friendly to use for parents and children [8, 9], and the device now
incorporates a skin sensor, automatic needle attachment that hides the needle, audible
and visual signals, and customizable injection settings of needle speed and depth to
minimize pain [8]. There is a display that shows dose injected, last injection date and
time, and remaining dose in the cartridge, along with instructions and reminders
available in multiple languages. Regimen settings can be incorporated to allow for
schedules of 6 or 7 days of injections per week, and clinics can customize dose settings
to enable dose adjustments, as necessary.

The history of doses and timing was initially only available on the display screen,
requiring patients to visit the clinic for the healthcare professional (HCP) to be able to
see the data. It was quickly recognized that adherence could be better tracked and
visualized via computer software, which required connecting the device via a USB port
to the docking station. Additional software was soon incorporated into the device, which
allows the data on injections, dosing history, and injection settings to be transmitted via
the internet using the easypod™ connect platform. The data is stored in a centralized
secure cloud system and can be easily accessed by HCPs, who can then monitor the
progress of individual patients and make a more accurate assessment of their
requirements. In subsequent years, the ability to transmit data directly from the docking
station via cellular networks has been added [5].

3. The easypod™ Connect Ecosystem for Remote Monitoring of Therapy

Patient empowerment is considered a fundamental principle, and it was important to
provide tools and solutions that engaged, educated, and complemented the lives of
patients and their parents/caregivers during their GH therapy journey. In a digital context,
this resulted in the growlink™ patient app, which was made available in 2017 for use on
smartphones. growlink™ enables patients and their parents/caregivers to obtain
information and resources relative to their condition [10].
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Figure 1. The easypod™ connect ecosystem for remote monitoring of therapy.

Along with injection reminders, it allows patients to self-report their height and weight
data, which is transmitted to the HCP via the easypod™ connect platform and enables
tracking of growth progression. growlink™ also facilitates interactions between the
patients, their healthcare team and patient support services for such things as answering
questions or providing supplies such as needles. With increasing uptake of the app, it is
anticipated that providing compelling and relevant educational content will mean that
the app becomes a routine companion of each patient, driving adherence and persistence
with GH therapy to optimize long-term clinical outcomes. Other apps and support
solutions that are part of the easypod™ connect ecosystem are the patient support
(behavior change) program known as TuiTek™ and the easypod™ augmented reality
(AR) app, which are in development and undergoing testing [11]. The aim of these
solutions and apps is to support telehealth services, to increase disease awareness and
reduce patients’ and caregivers’ therapy-related anxiety. The TuiTek patient support
program enables nurse-led behavioral coaching sessions and eHealth learning to
customize the approach to individual caregivers and patients with different needs. The
easypod™ AR app uses augmented reality and 3D animations for interactive lessons,
with instructions on correct administration techniques, and engages patients with quizzes
and games using an avatar. Overall, the growlink™ and easypod™ AR apps, and the
TuiTek patient support program should help to change future management of children
with growth disorders by enabling HCPs to address individual issues with adherence,
provide eHealth education between clinic visits, and enable patient-centric research to
be based on accurate, reliable, aggregated data. They will also support understanding of
cultural and healthcare system differences, and variations in technology acceptance
between countries.

4. Testing and Implementing Developments of the easypod™ Connect Ecosystem

The easypod™ connect ecosystem has been assessed using a mixed methods approach
to include qualitative and quantitative exploratory research, retrospective analysis of data
(after removal of patient identification information) and surveillance studies. Real-world
data from thousands of patients in the multi-national 5-year easypod™ connect
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observational study (ECOS) showed that more than 65% of patients maintained >85%
adherence with GH therapy for at least 4 years [12]. ECOS also showed that increased
adherence was positively associated with better growth response of the children [13, 14].

More recent work has focused on identifying factors that influence adherence and
persistence with therapy and to provide insights on patients likely to show reductions in
order to address problems in a timely fashion. Initial analyses comparing patients with
long versus short persistence indicate that factors with positive effects on persistence
were having >1 dose change per year, early age at therapy initiation, high average
adherence, customized speed settings of the easypod™ device, regular follow-up
measurements, and being male [15]. Median persistence of use was 3.3 years in patients
with all factor values associated with a prolonged persistence of use, while this was 0.6
years in patients with all factor values associated with a low persistence of use. Large
differences in persistence were seen between continents. Median persistence of use was
1.0, 1.4, and 2.8 years in the available countries in the Asia-Pacific, America, and Europe
regions, respectively. This may reflect socio-economic, cultural, or healthcare system
differences, but further analyses are needed [15]. There are provisions within the
easypod™ connect ecosystem for HCPs to enter height and weight information, although
this is often not done due to the burden of double-entry. Input of the information into
both the health records and the easypod™ connect system is required; future
developments will try to address this issue by increasing connectivity links between the
two, but this is difficult due to the complexity of hospital information technologies and
rules around implementing such links. Other options include obtaining height
measurements at home in an accurate and simple manner and various technologies are
being explored that would enable patients to accomplish this via a validated means and
provide the information through the growlink™ app. As more information on growth
becomes available within the easypod™ connect database, there is the possibility to
integrate prediction models into the ecosystem and the growlink™ app. This will provide
information, in both tabular and graphical forms, of predicted height over subsequent
years and at adult height, for both continued use and if the patient stops use of the
easypod™ device for GH administration, which could help to influence behavior
regarding adherence with therapy.

5. Conclusions

This overview of innovative developments that are changing the management of GH
therapy for children with growth disorders summarizes the design and implementation
of a digital health ecosystem. Patient-centric support means more than just providing a
therapy; it also involves enabling all stakeholders to have the tools and information,
services needed to achieve the goal of better patient health. This requires an ongoing
commitment to improving devices, digital health solutions, and patient support programs,
in the easiest, most intuitive, and meaningful way for all involved. Implementation of
novel technologies through the easypod™ connect ecosystem requires meaningful
understanding of the needs of patients, and generating solutions that address individual
patient circumstances. Such developments will ultimately enable data-driven
personalized care for children with growth disorders and optimize long-term clinical
outcomes.
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