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Background: Poor adherence to daily human growth hormone (hGH) treatment has been shown to be associated with poor clinical
outcomes for growth hormone deficiency (GHD) patients. However, few studies have examined the perception of adherence to hGH
treatment among both physicians and caregivers in Japan.

Objective: The aim of this study is to examine the perception of adherence for daily hGH treatment among physicians and caregivers
of pediatric and adolescent patients treated with GH in Japan. Moreover, we explore reasons for skipping treatment and the potential
impact of a once-weekly treatment on adherence.

Methods: A cross-sectional survey was conducted in Japan among physicians that prescribe daily hGH treatment and caregivers that
have administered daily hGH treatment to children/adolescents for 3 months or longer. The Morisky Medication Adherence Scale
(MMAS-8) was used to gauge perceived adherence for both physician and caregiver groups. Caregivers were also questioned
regarding reasons for missing injections. Moreover, both groups were asked about the impact of a once-weekly treatment on
adherence.

Results: Responses were collected from 123 physicians and 112 caregivers. Physicians reported that 18.1% of patients have poor
adherence based on the MMAS-8 instrument. In contrast, 32.1% of the caregivers reported poor adherence. “Simply forgetting”,
“Patient refused/resisted”, and being “Busy with school activities, etc” were the most commonly selected reasons by caregivers for
missing an injection. Physicians felt that a once-weekly injection could improve adherence for 64.5% of patients with poor adherence.
Moreover, 56.9% of the caregivers that reported an experience of missed injections felt that a once-weekly injection would improve
their adherence.

Conclusion: Approaches to improve adherence to hGH treatment in Japan are continuously needed. While further research is needed
to understand factors most likely to improve adherence, availability of a once-weekly treatment is expected to help improve
adherence.
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Introduction

Growth hormone deficiency (GHD) is a medical condition whereby the body does not produce enough growth hormone factor
which can result in a noticeable reduction in height. It is the most common pituitary hormone deficiency in children.' In Japan
GHD is said to affect less than 1% of the pediatric population, but there are estimated to be about 2000 new GHD patients
per year.>* Recombinant human growth hormone (rhGH) administered daily via subcutaneous injections has been available

since 1988.> Guidance on the treatment of GHD for pediatric patients in Japan recommends a dose of 0.175 mg of somatropin
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(recombinant) per kilogram of body weight per week by subcutaneous injection, in 6 or 7 divided doses (hereafter referred as
“daily hGH treatment™).” A once-weekly, long-acting thGH (somatrogon) was approved in January 2022 for pediatric GHD
(pGHD) in Japan.® Researchers and healthcare professionals have suggested that a once-weekly formulation for hGH treatment
may lead to an improvement in treatment adherence and a reduction in the burden of treatment.”® However, since a once-weekly
treatment option has only been available in Japan since January 2022, its contribution to adherence is still unclear.

Adherence to treatment may be defined as the extent to which patients follow recommendations from healthcare professionals
concerning treatment administration.”'® Poor adherence can involve a number of intentional or unintentional actions to limit
treatment, including a reduction in the total amount of the dose administered and skipping doses altogether by patients due to
concerns about the safety of the medication or the risk of administering too much medication, for example."''* Lack of
adherence to daily hGH treatment has been shown to be associated with a number of negative outcomes, including poorer clinical
outcomes, poorer QOL, and higher treatment costs.'> ' In Japan, treatment outcomes are thought to be further hindered by
a lower regulatory-approved posology of dosing relative to the US and Europe.**

Despite the potential benefit of daily hGH treatment and the positive relationship between adherence in treatment
outcomes, adherence with treatment is thought to be suboptimal. A recent systematic review (SR) of publications that
included adherence data for rhGH treatment found that adherence to rhGH treatment was high (<80%) for many
treatment studies.”> However, the studies included in that SR varied in the way that they defined, measured, and reported
adherence making comparability and generalizability of the studies included difficult. Another SR of studies on factors
associated with non-adherence in pGHD published between 1985 and 2018 found that as many as 71% of the GHD
patients may be non-adherent to treatment in some cases.'* However, estimates reported by the identified studies varied
widely ranging from 7% to 71% poor adherence overall depending on the setting that the study was conducted in (eg,
clinical setting versus non-clinical setting), the method of gauging adherence (eg, scale-based questionnaire approach
versus database study), and the definition of adherence used. Moreover, the previously mentioned SRs did not include
any studies in Japan, and they considered adherence with treatment for a wide range of underlying conditions that can
affect stature, including GHD, Turner Syndrome, short stature homeobox-containing gene (SHOX) deficiency, etc; thus,
it may not be considered relevant to the Japanese population with pGHD.

An online study conducted in 2015 among Japanese persons, who reported having been treated for GHD or who had
children who were treated for GHD, found that nearly two-thirds (64.3%) had missed a treatment in the past.'” Moreover,
about one out of four participants in that study reported that they do not always follow the instructions of their physician
concerning administration of treatment. Specifically, 20% of the participants said that they follow the instructions of their
physician only 70-89% of the time and 3.5% followed the instructions of their physician less than 70% of the time
overall. Other studies conducted in Japan have reported very high levels of adherence to hGH treatment but were
conducted in a clinical trial setting where treatment adherence is expected to be higher.?**>

While previous research suggests that adherence may be moderate to high among GHD patients and their caregivers
in Japan, a lack of consistency in the clinical trial setting and the method used to ascertain adherence makes the results of
previous research difficult to interpret.'’*** Also, no studies were found that use a similar scale to examine the
perception of adherence between physicians and caregivers of patients undergoing daily hGH treatment in Japan. In this
study, we examine adherence to daily hGH treatment from the perspective of Japanese physicians and caregivers and
consider the difference in perceived adherence using a similar scale. We also consider reported reasons for not injecting
among caregivers — including those reporting poor adherence and those reporting moderate or good adherence. Lastly, we
consider the perceived contribution of a once-weekly injection for patients with poor adherence.

Methods
Study Design and Participants

Two prospective, cross-sectional surveys were conducted in September 2021. First, an online survey was completed by
physicians that prescribe growth hormone treatment to pGHD patients aged 14 or younger. Next, an online survey was conducted
among caregivers of patients being treated for pGHD or for being small for gestational age (SGA) that had been treated with
growth hormones for 3 months or more. Caregivers were defined as parents or guardians of children with GHD who are currently
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undergoing daily hGH treatment. All caregivers or their spouse/partner were the primary person administering thGH treatment
for the patient.

Physicians were identified from a registered panel of Japanese physicians practicing in Japan that is maintained by
Plamed Inc. (Tokyo, Japan), a subsidiary of INTAGE Healthcare. Plamed maintains a panel of approximately 81,000
physicians employed at healthcare facilities in Japan, including about 3000 pediatricians and 1750 diabetes/endocrinol-
ogy specialists. Caregivers were identified from a registered panel of Japanese consumers maintained by INTAGE Inc.
(Tokyo, Japan) and a separate consumer panel managed by Rakuten Insight, Inc.. INTAGE maintains a panel of nearly
4 million consumers in Japan that actively participate in online research. Among those, about 720,000 persons have been
screened to participate in studies related to their health. Rakuten Insight maintains a panel of approximately 2.2 million
consumers that actively access the Rakuten site. Among those, nearly 450,000 persons have been screened to participate
in studies related to their health.

Data collection was completed from September 3 to 9, 2021 for physicians and from September 9 to 16, 2021 for
caregivers. An online survey comprising 20 questions was conducted among physicians, and an online survey comprising
29 questions was conducted among caregivers. The survey instrument was developed by the authors after a targeted
review of existing literature on adherence. The draft survey instrument was reviewed by medical affairs specialists at
Pfizer Japan Inc. (Tokyo, Japan) that specialize in GHD to improve its comprehension. Physicians and caregivers were
contacted to answer an initial online screening questionnaire. Those meeting the study inclusion criteria were immedi-
ately invited to participate in the main online survey.

This study was conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki and
that are consistent with Good Pharmacoepidemiology Practices and the applicable laws and regulations of Japan. Moreover,
this study adhered to the European Pharmaceutical Market Research Association (EphMRA) Code of Conduct.® Ethical
approval for this study was obtained from the ethical review board maintained by the Saga Memorial Hospital based in Saga,
Japan, prior to starting data collection. Informed consent to participate in the study was obtained from all respondents prior to
start of the survey.

Survey Content

The online survey completed by physicians included questions about their background such as their primary specialty,
certifications, and type and size of facility. Moreover, physicians were asked about the number GHD patients aged 0-14
years that they currently prescribe hGH treatment by school-age group. The online survey completed by caregivers
included various questions on the background of the person involved in administering treatment such as their age gender,
employment status, annual household income, etc. The caregiver survey also included questions concerning the patients
that they care for such as their age, gender, etc.

Both groups were asked to report about adherence to daily hGH treatment using the eight-item Morisky Medication
Adherence Scale (MMAS-8). The MMAS-8 instrument is a structured self-report measure of medication-taking behavior
that has been widely used in various countries for a number of different conditions.'**”** A Japanese version of the
MMAS-8 is available from the license holder and has been used outside Japan among GHD and SGA patients, and has
been used in Japan among non-GHD patients/caregivers.>*> The items included in the MMAS-8 instrument are shown
in Table 1. Physicians were asked about the number of their GHD patients undergoing daily hGH treatment that may be
considered to have low, medium, or high adherence, based on the MMAS-8 instrument. Caregivers were asked to
complete the MMAS-8 instrument and were also asked if they have ever skipped one or more injection during a 1-week
period — and if so, how recently.

Lastly, both physicians and caregivers were asked about how the availability of a once-weekly treatment option may
affect adherence to hGH treatment. Physicians were asked to assume that they treat 10 patients with poor adherence to
hGH treatment. Then, they were asked how many of those patients would experience an improvement, worsening, or no
effect on their adherence with the availability of a once-weekly treatment option. The number of total patients with poor
adherence among all physicians that experienced an improvement, worsening, or no effect on adherence due to the
availability of a once-weekly treatment option was then aggregated to establish an aggregate percentage for each
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Table | The 8-ltem Morisky Medication Adherence Scale Items

I. Do you sometimes forget to administer your medication?

2. People sometimes miss taking their medication for reasons other than forgetting. Thinking over the past 2 weeks, were there any days when you

missed taking the medication?

3. Have you ever cut back or stopped administering the medication without telling the doctor because the patient felt worse when they took it?

4. When you travel or leave home, do you sometimes forget to bring along the medication?

5. Did you administer medication yesterday?

6. When you feel like the condition is under control, do you sometimes stop administering medication?

7. Administering medication every day is a real inconvenience for some people. Do you ever feel hassled about sticking to the treatment plan?

8. How often do you have difficulty remembering to administer all the medication?

potential impact. Caregivers who had experienced missing an injection were also asked if they felt that a once-weekly
injection might improve, worsen, or not affect their adherence to treatment.

Statistical Analyses

Quantitative data collected were analyzed by INTAGE Healthcare using Microsoft Excel (2016) and statistical testing
was conducted using R statistical software. A descriptive analysis of the data was performed using summary statistics for
categorical and continuous data. For categorical data, frequencies and proportions are provided. Missing data were not an
issue; the online survey method prevented its occurrence.

The primary outcome for this study was overall rates of adherence reported by physicians and caregivers based on the
MMAS-8 instrument. Those with a score of less than 6 on the MMAS-8 instrument were considered to have poor
adherence, those with a score of 6—7 were considered to have moderate adherence and those with a score of 8 were
considered to have good adherence. This categorization has been used to described poor, moderate, and good adherences
in previous studies that utilized the MMAS-8 instrument.'>***%® For physicians, the number of patients treated with
poor, moderate, and good adherence was divided by the total number of patients treated overall and for each school age
group to determine the adherence rate. For patients, their score for the MMAS-8 instrument (1-8 points) was used to
determine their adherence. The number of patients overall and for each school age group responding for each level of
adherence was divided by the total number of patients (caregivers) overall and for each school age group to determine the
adherence rate. A Chi-squared test was used to determine the significance of differences in responses about missing an
injection and reasons for not injecting among those with poor adherence and those with moderate or good adherence.
A p-value less than or equal to 0.05 was considered statistically significant.

Results
Characteristics of Study Participants

Table 2 shows the characteristics of those that completed the physician survey. The physician survey was completed by
123 physicians who prescribe growth hormone treatment to pGHD patients aged 14 or younger. Among those, 80.5%
were male and most were aged 30-59 years (78.9%). This is in line with the overall population of physicians in Japan.
Pediatrics was the primary specialty for 61.0% of the physicians interviewed, with the remainder being diabetes/
endocrinology specialists. Most of the physicians interviewed (86.9%) were from hospitals with 100 or more beds,
which is where gHD patients are mainly treated. The type of facility that physicians were primarily employed at varied
with 59.3% being primarily employed at a national, municipal, or other public hospital and 40.6% at a private hospital or
clinic. The 123 physicians interviewed treated 757 patients in total — or 6.2 pGHD patients, on average, per physician.
Physicians reported that more than half of their pediatric patients undergoing hGH treatment (59.5%) were in first to
sixth year of elementary school. Only about one out of six patients treated (15.9%) had not started elementary school yet.
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Table 2 Physician Baseline Characteristics

n (%)

Total 123 (100.0)
Gender

Male 99 (80.5)

Female 24 (19.5)
Age (years)

20-29 9 (7.3)

30-39 40 (32.5)

4049 29 (23.6)

50-59 28 (22.8)

260 17 (13.8)
Primary specialty

Pediatrics 75 (61.0)

Diabetes/endocrinology 48 (39.0)
Certifications

Pediatrics 65 (52.8)

Endocrinology 31 (25.2)
Type of facility

National/municipal/public 73 (59.3)

Private/individually owned 50 (40.6)
Number of beds

<100 16 (13.0)

100-199 11 (8.9)

=200 96 (78.0)
Pediatric GHD patients by school age (n=757)

Pre-elementary school 120 (15.9)

Ist year to 3rd year elementary school 211 (27.9)

4th year to 6th year elementary school 239 (31.6)

Middle school 187 (24.7)

(While ages vary depending on the month that the child was born, those that have not started elementary school are
generally under the age of 6 years, those in first to sixth year elementary school are generally aged 6 to 12 years and those
in middle school are generally aged 12 to 15 years.)

Table 3 shows the characteristics of those that completed the caregivers survey. The caregiver survey was completed
by 112 caregivers of patients being treated for pGHD or for being SGA that had been treated with growth hormones for 3
months or more. Over half (54.5%) of caregivers interviewed were female. Most caregivers (85.8%) were aged 30—49
years. About two-thirds (63.4%) of caregivers reported that their child was primarily being treated at a hospital and
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Table 3 Caregiver (and Patient) Baseline Characteristics

n (%)

Total 112 (100.0)
Caregiver gender

Male 51 (45.5)

Female 61 (54.5)
Caregiver age (years)

20-29 3(27)

30-39 49 (43.8)

4049 47 (42.0)

=50 13 (11.6)
Primary facility type

Hospital 71 (63.4)

Clinic 41 (36.6)
Primary department treated by

Pediatrics 90 (80.4)

Diabetes/metabolic/endocrinology 14 (12.5)

Internal medicine 5 (4.5)

Other I (0.9)

Do not know 2 (1.8)
Patient gender

Male 74 (66.1)

Female 38 (33.9)
School age

Pre-elementary school 33 (29.5)

I'st year to 3rd year elementary school 36 (32.1)

4th year to 6th year elementary school 27 (24.1)

Middle school 16 (14.3)

80.4% were primarily being treated by a pediatrician. About two-thirds (66.1%) of GHD patients were male. More than
half of GHD patients (56.2%) were in their first to sixth year of elementary school and about 29.5% of GHD patients
were pre-elementary school-age patients.

Adherence to Daily hGH Treatment

Figure 1 shows a summary of responses concerning adherence to daily hGH treatment for physicians and caregivers
overall. Physicians were asked about the percentage of their pediatric and adolescent patients undergoing daily hGH
treatment (757 patients in total) that meet the criterion for poor adherence based on the MMAS-8 instrument. Physicians
said that 18.1% of their pediatric and adolescent patients overall undergoing daily hGH treatment fit the criterion for poor
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Physicians (n=757)* 18.1 17.8 64.1
Caregivers (n=112)** 321 39.3 28.6
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Poor adherence (<6 points) Moderate adherence (6-7 points) Good adherence (8 points)

Figure | Perceived and reported adherence based on the MMAS-8 instrument. *Physicians were asked to report adherence for all patients based on MMAS-8. Physicians
treated 757 patients overall. **Caregivers were asked to report adherence for themselves based on MMAS-8.

adherence, defined as less than 6 points based on the MMAS-8 instrument. Among caregivers, however, nearly one-third
(32.1%) reported poor adherence.

Figure 2 shows poor, moderate, and good adherence to daily hGH treatment for physicians and caregivers based on
the MMAS-8 instrument by school age of the patient. For both physicians and caregivers, poor adherence was most
commonly reported for pre-elementary school-age patients. Physicians suggested that 22.5% of the pre-elementary
school-age patients have poor adherence and 48.5% of the caregivers of pre-elementary school-age patients reported
poor adherence based on the MMAS-8 instrument. In contrast, physicians suggested that only 13.8% of fourth to
sixth year elementary school-age patients and 18.7% of the middle school-age patients have poor adherence. Moreover,
poor adherence reported by caregivers of older patients ranged from just 22.2% to 29.6% depending on the school age of
the patient.

Table 4 shows the relationship between treatment adherence reported based on the MMAS-8 instrument and based on
whether or not caregivers have experienced missing an injection once or more during a 1-week period. Nearly three out

Physicians* Total (n=757) 18.1 17.8 s ——
Pre-elementary school (n=120) 225 20.0 N s 7S

1st to 3rd year elementary (n=211) 19.9 12.8 a7 s

4th to 6th year elementary (n=239) 13.8 16.7 e s

Middle school (n=187) 18.7 235 S 578
e . - Total (n=112) 321 393 . 286
aregivers
Pre-elementary school (n=33) 48.5 21.2 [ o Je |
1st to 3rd year elementary (n=36) 222 50.0 278
4th to 6th year elementary (n=27) 296 44.4 259
Middle school (n=16) 25.0 43.8 [ k|
0% 20% 40% 60% 80% 100%
Poor adherence (<6 points) Moderate adherence (6-7 points) m Good adherence (8 points)

Figure 2 Perceived and reported adherence based on the MMAS-8 instrument by school-age of child. *Physicians were asked to report adherence for all patients based on
MMAS-8. Physicians treated 757 patients overall. **Caregivers were asked to report adherence for themselves based on MMAS-8.
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Table 4 Experience Having Missed an Injection Once or More During a |-Week Period by Adherence Based on
MMAS-8 Instrument

n (%) All Caregivers Poor Adherence Caregivers® Moderate/Good Adherence Caregivers
(n=112) (n=36) (n=76)

Yes 65 (58.0) 30 (83.3) 35 (46.1)

No 47 (42.0) 6 (l16.7) 41 (53.9)

Notes: *Chi-square test of “Poor adherence caregivers” and “Moderate/good adherence caregivers” yielded a p-value of <0.001. A p-value
<0.05 was considered significant based on a Chi-squared test.

of five caregivers (58.0%) had experienced missing an injection once or more during a 1-week period. However, among
those with poor adherence based on the MMAS-8 instrument, most caregivers reported that they had missed an injection
once or more during a 1-week period (83.3%). The results of a Chi-square test also suggest a significant difference
between those with poor adherence and those with moderate/good adherence based on the MMAS-8 instrument when it
comes to missing an injection once or more during a 1-week period. Overall, this suggests a positive relationship
between poor adherence as assessed by the MMAS-8 instrument and missing an injection once or more during a 1-week
period.

Reasons for Not Injecting Daily hGH Treatment
Table 5 shows reasons for missing an injection of daily hGH treatment among caregivers that had experienced missing an
injection once or more during a 1-week period (58.8% of the caregivers) overall and by adherence reported based on the

Table 5 Reason for Not Being Able to Inject GH Treatment; Poor Adherence Caregivers and Moderate/Good Adherence Caregivers
(Base: Those Who Have Experienced Missing an Injection Once or More Often During a |-Week Period)

n (%) All Caregivers Poor Adherence Moderate/Good Adherence p-value
(n=65) Caregivers (n=30) Caregivers (n=35)
Simply forgot 34 (52.3) 21 (70.0) 13 (37.1) 0.008
Went somewhere and stayed overnight 20 (30.8) 6 (20.0) 14 (40.0) 0.082
Patient refused/resisted 12 (18.5) 8 (26.7) 4 (11.4) 0.114
Worried about side effects 10 (15.4) 10 (33.3) 0 (0.0) <0.001
Busy with school activities, etc 9 (13.8) 5(16.7) 4 (11.4) 0.542
Worried about safety 7 (10.8) 7 (23.3) 0 (0.0) 0.002
Injection pain 6(9.2) 5(16.7) I (2.9) 0.055
Emotional or physical burden of long-term 5(7.7) 4 (13.3) 1 (2.9) 0.114

treatment on patient

Ran out of medication/was unable to 4 (6.2) 4 (13.3) 0 (0.0) 0.026
resupply/forgot to resupply

Dissatisfied with treatment efficacy 4 (6.2) 3 (10.0) 1 (2.9) 0.232

Emotional or physical burden of long-term 3 (4.6) 3 (10.0) 0 (0.0) 0.055

treatment on caregiver

Treatment cost burden 1 (1.5) 0 (0.0) 1 (2.9) 0.351

Other 1 (16.9) 5 (167) 6 (17.1) 0.959

Notes: Data are expressed as number (percentage). A p-value <0.05 was considered significant based on a Chi-squared test.
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MMAS-8 instrument. Among those caregivers, “Simply forgot” was the most commonly reason for not injecting with
52.3% of caregivers selecting it. Moreover, among caregivers that had experienced missing an injection once or more
during a 1-week period AND reported poor adherence based on the MMAS-8 instrument, 70.0% selected “Simply
forgot” as a reason for not injecting — which was significantly higher than those with moderate or good adherence
(p=0.008). “Went somewhere and stayed overnight” was the second most commonly selected reason for missing an
injection once or more during a 1-week period with 30.8% of caregivers selecting it. “Patient refused/resisted” was also
commonly selected as a reason for missing an injection by caregivers with 18.5% selecting it overall. Among caregivers
that had experienced missing an injection once or more during a 1-week period AND reported poor adherence based on
the MMAS-8 instrument, 33.3% selected “Worry about side effects” and 23.3% seclected “Worry about safety” as
a reason for not injecting once or more often during a 1-week period — which was significantly higher than those with
moderate or good adherence (p<0.001 and p=0.002, respectively).

“Busy with school activities, etc” was selected by 13.8% of the caregivers overall as a reason for missing an injection.
Moreover, 13.3% of the caregivers had experienced missing an injection once or more during a 1-week period AND
reported poor adherence based on the MMAS-8 instrument, selected “Ran out of medication/was unable to resupply/
forgot to resupply” as a reason for missing an injection — which was significantly higher than those with moderate or
good adherence (p=0.026).

Potential Impact of Less Frequent Injections
At the time of the survey, a once-weekly injection was not yet approved for treatment in Japan. All physicians (n=123)
and caregivers that had missed an injection one or more times during a 1-week period (n=65) were also asked about the
impact that an option for a once-weekly injection might have on adherence. Figure 3 shows the responses to those
questions. Among 1230 hypothetical patients with poor adherence that were treated by physicians (10 per physician), the
availability of a once-weekly injection was expected to improve adherence for 793 patients (64.5%). Physicians
suggested that treatment adherence would not change for 322 patients (26.2%) and that it might worsen for 115 patients
(9.3%) based on the availability of a once-weekly injection.

Among caregivers who had missed an injection once or more during a 1-week period, caregivers were asked more
directly how their adherence to treatment may differ if there were a once-weekly treatment option available. Among
those, 56.9% suggested that their number of missed injections would be fewer, 40.0% felt that their number of missed

injections would not change, and 3.1% felt that their number of missed injections would increase.

Physicians (n=1230)* 9.3 26.2 64.5
Caregivers (n=65)** 3.1 40.0 56.9
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Adherence would worsen Adherence would not change Adherence would improve

Figure 3 Potential impact of a once-weekly option on adherence to GH treatment according to physicians and caregivers. *Physician perception assuming 10 patients with
poor adherence (123 physicians x 10 patients each = 1230 patients). **Asked to caregivers that have experienced missing an injection once or more during a |-week period
(n=65).
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Discussion

Findings from this study suggest that actual adherence to daily hGH treatment may be worse than the level of adherence
that physicians perceive it to be in Japan. The results of the physician survey suggest that about 18.1% of the pediatric
and adolescent patients in Japan undergoing hGH treatment are perceived by physicians to have poor adherence based on
the MMAS-8 instrument. However, caregivers of patients undergoing hGH treatment reported a higher degree of poor
adherence, with 32.1% reporting poor adherences based on the MMAS-8 instrument. Simply forgetting to administer
treatment, busy travel schedules, concern about side effects, and concern about safety were the most common reasons
given by caregivers for not injecting among those that had missed an injection during a 1-week period, and those reasons
were particularly common among caregivers who reported poor adherence based on the MMAS-8 instrument.

For this study, both physicians and caregivers who had missed an injection one or more times during a 1-week period
felt that a once-weekly treatment option is likely to improve adherence for those with poor adherence, so the availability
of that treatment option is expected to improve adherence in Japan for those that miss injections. In a previous study
conducted among adult GHD patients at a treatment center in Germany, 36% of the patients said they want to start or
switch to a once-weekly treatment and 44% considered it a possibility.** Moreover, patients with childhood-onset GHD
(CoGHD) more commonly responded that they would be willing to switch to a once-weekly treatment compared to adult-
onset GHD (AoGHD) patients (57% vs 23%). As such, the perceived benefit of a once-weekly treatment may differ
depending on the age of onset of GHD.

The findings from this study are important in that, to our knowledge, they are the first such findings in Japan that
consider adherence to treatment for those undergoing daily hGH treatment based on a commonly used adherence
assessment scale — ie, the MMAS-8 instrument. While there are several ways to gauge adherence to treatment, the
MMAS-8 instrument has been commonly used across numerous countries and disease areas which allows for greater
comparison based on a common scale.'??°>® Moreover, this is the first study that considered adherence for daily hGH
treatment in Japan from the perspective of both physicians and caregivers of patients. These findings have highlighted
a clear difference in the perception of treatment adherence for those two groups in Japan based on the MMAS-8
instrument which should be considered.

The adherence level observed for the present study is substantially lower than levels reported for previous studies that
examined adherence to thGH treatment in Japan.”**> However, those previous studies were conducted in a more
controlled clinical setting and which may have led to higher levels of adherence. Findings from previously conducted
SRs that examined studies related to adherence to rhGH treatment have also suggested a higher degree of adherence
ranging from about 71% to 80%.'*** However, the way that the studies included in those reviews defined and measured
adherence and the setting in which they observed adherence differed which makes comparison difficult. For example,
most studies have relied on self-reporting of number of non-adherent days over a defined period and some have been
conducted in a clinical setting which may lead to higher adherence due to the more controlled treatment. Previous studies
that have considered adherence to treatment for thGH treatment using the MMAS-§ instrument, on the other hand, have
reported lower levels of adherence than those observed for the present study.'”?° Findings from Mohseni et al, for
example, suggested that 43% of hGH treatment users have poor adherence based on the MMAS-8 instrument that was
conducted in a non-clinical setting. That level is closer to the levels observed for the present study compared to those
reported in previous studies that used different measures and different settings.

Simply forgetting to administer treatment, busy travel schedules, concern about side effects, and concern about safety
were the most common reasons given for missing injections. Previous studies also identified degree of forgetfulness and
experience with treatment side effects as factors associated with non-adherence to daily hGH treatment.'*'®?"-*® Other
patient characteristics identified by previous studies as being associated with adherence for daily hGH treatment include
the education level of the patient or their caregiver, the patient’s age/pubertal stage, duration (years) since treatment was
started, and/or ability to handle devices in general.”’® Other treatment factors identified by previous studies to be
associated with adherence for daily hGH treatment include the type of device used and its ease-of-use or issues with its
use, injection frequency, experience with treatment side effects, and/or dissatisfaction with treatment efficacy.'®?’
Moreover, the physician—patient relationship (eg, poor communication), patient choice in device selection, discomfort
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or pain associated with treatment, psychological issues with the patient, lack of support from family or caregivers, and
the perceived benefit and/or risk following from treatment have also been shown in previous studies to be associated with
adherence for daily hGH treatment.”’

Given the gap in perceived and reported adherence among physicians and caregivers, it may be the case that
physicians are unaware of the challenges and concerns that patients and caregivers face when it comes to regularly
and frequently administering treatment. In fact, previous studies have suggested that better physician and patient
communication can improve adherence for GH treatment and treatment for other diseases that require regular treatment
such as osteoporosis and hypertension.**** As such, programs or services that help patients remember to administer
treatment and/or that can alleviate concerns about the side effects and safety related to treatment through comprehensive
and ongoing updates may lead to an overall improvement in treatment adherence. A multicenter prospective cohort study
conducted in Japan among patients undergoing GH treatment found that the use of a digital app to support with treatment
can lead to an improvement in adherence.*> Moreover, better tools for physicians to measure and address the burden and
concerns that patients and caregivers have with regard to treatment might help improve adherence to treatment. Once-
weekly injections as opposed to more regular injections have also been shown to improve adherence to treatment for
some diabetes medications, for example.**** Therefore, the recent approval of a once-weekly treatment option may help
improve adherence.

In some cases, less frequent injections may lead caregivers or patients to forget to administer treatment, but
physicians felt that, in the case of hGH treatment, it would lead to an improvement in adherence for more than half
those that exhibit poor adherence, and for most others there would be no negative impact. Caregivers who had
experienced missing injections in the past responded similarly when asked about the impact of a once-weekly treatment
option, with most suggesting that the net benefit of a once-weekly treatment option is likely to be an overall improvement
in treatment adherence, if that treatment option was available.

Study Limitations

Although this study is unique, it has a number of limitations. First, although this study was designed to gauge differences
in the perception of adherence to treatment and reasons for not injecting daily hGH treatment among physicians and
caregivers in Japan, we were unable to link the responses of physicians to their specific patients. When considering gaps
in the perception among physicians and patients (or caregivers), a method that allows linking the responses of physicians
directly with patients that they personally manage would be ideal in terms of interpreting differences and considering
underlying issues that may lead to those differences. However, that method was not possible for this study due to the
challenge of recruiting caregivers through physicians or healthcare facilities. Regardless, we were able to observe some
clear differences in the aggregate without directly linking physicians to caregivers.

Next, although this study only included physicians that treat pediatric GHD patients and caregivers that support with
administering rhGH injections, in some cases, patients may administer treatment themselves. An initial screening of
caregivers of GHD patients conducted by INTAGE Healthcare indicated that about one out of three patients primarily
administer treatment themselves and most of those patients were 13 years or older. For this study, however, we only
included caregivers of GHD patients who were the primary person administering treatment or whose spouse/partner was
the primary person administering treatment. This is primarily due to the fact that in Japan, in order to interview persons
under the age of 15, consent is required from their parent/guardian and that was difficult to achieve using an online
consumer panel to recruit respondents. Future studies may examine the adherence of treatment among older patients that
primarily administer treatment themselves.

Lastly, it is important note that while the MMAS-8 instrument is a widely used and validated instrument and has been
used for numerous studies in Japan, relatively few cases were found where it has been used to consider adherence to
treatment for daily hGH treatment and where it has been used among caregivers. For this study, most of the caregiver
respondents were likely to have been the parent (mother or father) of the patient and were confirmed to play a direct role
in hGH treatment administration for the patient. As such, they are more directly responsible for medication adherence
than the patient themselves. Moreover, the MMAS-8 instrument and similar survey-based instruments are not the only
method for ascertaining adherence. A database method that examines prescribing and refills such as the medication
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possession ratio (MPR), the proportion of days covered (PDC), or direct measurement using a “brown bag” review of
dispensing in cooperation with pharmacies may yield less biased results given that those approaches do not only rely self-
reporting.*®*” However, we chose to use a self-reported, survey-based study design in order to explore the reasons for
low adherence and attitudes towards treatment in more detail.

Conclusion

Adherence to treatment was found to be an issue for about one-third of caregivers who administer daily hGH treatment to
patients in Japan when measured using the MMAS-8 instrument in a non-clinical setting. However, physicians felt that
fewer patients meet the criterion for poor adherence based on the MMAS-8 instrument, suggesting a substantial gap in
the perception of adherence between physicians and caregivers. As such, approaches to improve adherence in Japan —
particularly for pre-elementary school age children — are needed. Additional research may help understand specifically
what aspects are most likely to improve adherence, but a long-acting hGH treatment option was reported as likely to help
improve adherence for patients in Japan. Moreover, programs to reduce concerns about side effects or safety may
improve adherence even further.
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