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Abstract

Background Collection of real-world evidence (RWE) is important in achondroplasia. Development of a prospec-
tive, shared, international resource that follows the principles of findability, accessibility, interoperability, and reuse of
digital assets, and that captures long-term, high-quality data, would improve understanding of the natural history of
achondroplasia, quality of life, and related outcomes.

Methods The Europe, Middle East, and Africa (EMEA) Achondroplasia Steering Committee comprises a multidiscipli-
nary team of 17 clinical experts and 3 advocacy organization representatives. The committee undertook an exercise to
identify essential data elements for a standardized prospective registry to study the natural history of achondroplasia
and related outcomes.

Results A range of RWE on achondroplasia is being collected at EMEA centres. Whereas commonalities exist, the
data elements, methods used to collect and store them, and frequency of collection vary. The topics considered most
important for collection were auxological measures, sleep studies, quality of life, and neurological manifestations. Data
considered essential for a prospective registry were grouped into six categories: demographics; diagnosis and patient
measurements; medical issues; investigations and surgical events; medications; and outcomes possibly associated
with achondroplasia treatments.

Conclusions Long-term, high-quality data are needed for this rare, multifaceted condition. Establishing registries
that collect predefined data elements across age spans will provide contemporaneous prospective and longitudinal
information and will be useful to improve clinical decision-making and management. It should be feasible to collect
a minimum dataset with the flexibility to include country-specific criteria and pool data across countries to examine
clinical outcomes associated with achondroplasia and different therapeutic approaches.

Keywords Achondroplasia, Registry, Real-world data, Real-world evidence, Growth, Quality of life, Registry, Rare
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Introduction
Achondroplasia is the most common form of short-
stature skeletal dysplasia [1, 2], with an estimated
worldwide birth prevalence of 4.6 per 100,000 [3].
Achondroplasia is caused by one of two known patho-
genic FGFR3 variants (c.1138G > A, ¢.1138G > C) that
substitute glycine for arginine at amino acid position
380, disrupting the tyrosine kinase domain and consti-
tutively upregulating the receptor. The FGFR3 variant
arises de novo in 76 —80% of individuals [2, 4]. Over-
expression of FGFR3 affects endochondral bone forma-
tion, predominantly at the growth plates, leading to a
distinctive pattern of skeletal features [1, 2] character-
ized primarily by disproportionate short stature and
macrocephaly [1, 5, 6]. These abnormalities in bone
growth and development are associated with a range of
orthopaedic, respiratory, neurological, dental, and ear,
nose, and throat (ENT) manifestations, as well as psy-
chosocial issues [5, 7, 8]. Optimal care and follow-up
require a coordinated multidisciplinary approach, with
early monitoring and medical and surgical interven-
tions to reduce morbidity and mortality [1, 2].
Real-world evidence (RWE)—the analysis of real-world
data generated and captured during routine clinical prac-
tice—is a key instrument to better understand rare dis-
eases, including their prevalence, natural history, and
unmet medical needs [9]. RWE is playing an increasing
role in clinical decision-making and implementing the
right patient-care model, is being used to monitor safety
and adverse events [10] of new therapeutic options, and
is starting to be used in regulatory decisions [11]. Of 793
rare disease registries identified across 36 countries in the
Orphanet Network, none is currently specific to achondro-
plasia. Elsewhere, the Registry of Achondroplasia (ReACH)
is collecting data from patients in the Czech Republic to
facilitate potential access to newly developed treatments. A
few clinical cohorts have published data [12—14], the largest
being the Achondroplasia Natural History Study (CLAR-
ITY), a retrospective cohort of 1374 patients in the United
States [4, 15]. Whereas these and other individual sources
of RWE on achondroplasia exist, their datasets are difficult
to pool due to, for example, differences in data standards
and items captured. The development of internationally
applicable, standardized, prospective registries that cap-
ture long-term data in a consistent manner, particularly in
the context of new therapeutic approaches, would improve
understanding of the natural history of achondroplasia,
quality of life in people with the condition, the outcomes
associated with clinical management, and knowledge gaps.
The aim of this report is to provide an expert opinion on
which data elements are considered essential to capture
the medical issues, clinical outcomes, quality of life, and
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functional impact among individuals with achondroplasia
in a real-world clinical setting.

Methods

The Europe, Middle East, and Africa (EMEA) Achondro-
plasia Steering Committee comprises a multidisciplinary
group of healthcare practitioners (HCP) (endocrinologists,
geneticists, orthopaedic surgeons, and paediatricians) with
expertise in achondroplasia practising in 11 countries in
EMEA, and advocacy organization representatives (AOR)
from EMEA (Additional file 1: Table 1). The Steering Com-
mittee meeting was held with the following objectives in
mind:

+ To assess which parameters of RWE on achondroplasia
are currently being collected across the EMEA region.

+ To identify parameters considered essential for a com-
prehensive resource covering the natural history of
achondroplasia and outcomes associated with treat-
ment that will be relevant to decision-making for
achondroplasia management.

+ To recommend a pragmatic set of essential parameters,
given the issues and practicalities of long-term, volun-
tary data collection in everyday clinical practice.

+ To emphasize the need for AOR input in the genera-
tion of RWE.

Initially, a 4-part engagement process was set up, com-
prising: a virtual meeting, for compilation of the topics
and materials for discussion; an online review, for insight
gathering using the Within3 platform (Within3 Inc., Lake-
wood, Ohio, United States); a virtual meeting, to present
the findings from the online review and reach consen-
sus on actions; and a final virtual meeting to reach agree-
ment. During this review process, the Steering Committee
drafted a list of variables collected in relation to achon-
droplasia and individually selected the 10 parameters they
considered the most useful for studying the natural history
of the condition and outcomes associated with treatment.
They then reviewed the list of parameters and identified
any items that had been omitted. The revised list was dis-
cussed by the committee during subsequent teleconference
calls and virtual meetings and the final core dataset was
determined. The project was funded by BioMarin Pharma-
ceutical (Novarto, CA).

Results

Achondroplasia information currently being collected
across the EMEA region

According to the Steering Committee, a range of real-
world information on achondroplasia is currently being
collected at multiple, specialized clinical sites in the
EMEA region, and is listed in Additional file 1: Table 2.
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Whereas many commonalities exist in the data collected
(e.g. auxological measurements, medical history, surgi-
cal interventions, sleep studies, and genetic diagnosis),
the exact data elements, the methods used to collect and
store them (whether electronic or paper medical records),
and the frequency of collection vary across sites.

Selection of parameters for prospective data collection
The Steering Committee identified 65 items of impor-
tance in the study of achondroplasia. Most are specific
to the condition, and several are collected as standard in
routine clinical practice. The committee was then asked
to each identify the items they considered the most rel-
evant for a prospective registry of the natural history of
achondroplasia and outcomes associated with treatment.
Of the 65 original items, 23 were selected (Additional
file 1: Figure), most commonly auxiological measures,
sleep studies, quality of life, and neurological develop-
ment. Of the 23 items, data on 11 are routinely collected
by at least half of the HCP at their clinics (Additional
file 1: Table 3).

Items considered most relevant by the AOR were simi-
lar to those selected by the HCP (Additional file 1: Fig-
ure), but included other factors including birth weight,
mobility, device (positive ventilation and limb lengthen-
ing), and wheelchair use. Parameters considered impor-
tant by both HCP and AOR included body length at
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birth, spinal deformities, pain, limb lengthening, and
social and personal independence.

Data elements were reviewed during subsequent vir-
tual meetings and teleconference calls, and consensus
reached on the core set considered of greatest value for
a standardized, international, prospective achondropla-
sia registry. The recommended data elements are shown
in Fig. 1, grouped into three categories: demograph-
ics; diagnosis and patient measurements; and medical
issues (including investigations and surgical events, med-
ications, and outcomes possibly associated with achon-
droplasia treatments). Several of the elements only need
to be recorded once (at entry into the study) or at specific
times during the life course, whereas others would be col-
lected at study entry and regularly thereafter, reflecting
the natural history of the condition and the manifesta-
tions at each stage in the life course (Table 1) [1, 2, 7, 12,
16-20].

Discussion

Our findings revealed both commonalities and notable
differences in data collection for achondroplasia across
EMEA. Of the 23 parameters given the highest priority
by HCP, fewer than half are routinely measured, indicat-
ing disparity between which information is collected and
what is considered essential; it may also be indicative of
the practicalities and feasibility of data collection in the

Table 1 Onset of manifestations associated with achondroplasia over the life course [1, 2,7, 12, 16-20]

Body system 0-2 years

3-12years

13-18years >18years

Musculoskeletal and
central nervous system

Foramen magnum stenosis
Cervical medullary compression
Kyphosis

(Risk is higher in the earlier years)
Foramen magnum stenosis
Hydrocephalus

Cervical medullary compression

Cervical medullary compression
Symptomatic spinal stenosis
Lumbar hyperlordosis

Kyphosis

Hip flexion contractures

Limited elbow extension

Genu varum

Tortional deformity of lower limb segments
Early onset arthritis-related pain syndrome

Hydrocephalus
Gross motor delay
Muscular hypotonia

Gross motor delay
Speech delay
Muscular hypotonia (for the first years of life)

Potential wheelchair
dependency

Ear, nose, throat Otitis media Hearing loss
Hearing loss
Cardiorespiratory Sleep apnoea (obstructive or central)
Restrictive pulmonary disease (infancy)
Hypertension
Heart disease
Increased mortality
Dental Tooth malocclusion
Other Sudden death Obesity

Chronic pain
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Demographics
Patient characteristics
Date of birth, sex, ethnicity, country of birth, country of residence....
Parental characteristics, family history
Family history of achondroplasia, age of parents (at patient’s date of birth),
Parental heights
Employment status
Full-time/part-time/unemployed/retired .............cccoiiiiiiiiiici s
Education
Mainstream school/special school/adaptations needed.............ccccererinircniniiiicces
Diagnosis, birth and clinical measurements
Diagnosis
Pre/postnatal diagnosis, age at diagnosis, method of diagnosis
(genetic, clinical, and/or radiology), pathogenic FGFR3 variant (if available)
Birth parameters
Gestational age, birth length, birth weight, head circumference APGAR score

Routine clinical measurements
Routine physical examination (blood pressure, vital signs, muscle tone, reflexes) ........
Reproductive parameters
Puberty (Tanner stage), age at menarche (if applicable) ............cccccoeiiiiiiiiciicicie
Medical Issues
Orthopaedics: Spinal manifestations

Neonatal procedures
Delivery (vaginal or C-section), neonatal complications at birth ...............cc..ccociiie

Auxiological measures
Body length/height (standing, sitting) I |
Body weight I —
Head circumference I |
Arm span I |

I |

Cranial cervical junction compression I | | |

Foramen magnum stenosis................... ]

Hyperkyphosis, thoracolumbar kyphosis, kyphosis. I | | |

Hyperlordosis . I |

Scoliosis I | | |

Spinal stenosis (symptomatic or asymptomatic) N | |
Orthopaedics: Limb deformity

Genu varum (or valgum) N | |

Ankle: varus or valgus deformity [ | . | —

Limited range of motion I | | |

Locomotor: devices (cast, walking device, brace), wheelchair [ | . | —
Neurological and neurodevelopment

Motor development (achondroplasia milestones) I | | -

Hydrocephalus ... I | | | —

Neurological signs (e.g. bladder and bowel) I | | |
Respiratory and ear, nose and throat

Sleep apnoea/hypopnoea .... I | ]

Otitis media .........cccceeee I | |

Hearing disorder I | N | |

Dental overcrowding I |
Body composition

Body weight (obesity) |
Pain

Pain location, Pain SCAIE ...........iiiiiiiiiie e I | |
Quality of life

Relevant questionnaire(s) N | |

Comorbidities unrelated to achondroplasia. I | N | |
Interventions and surgical events related to achondroplasia

Record when relevant (e.g. breathing device, tonsillectomy)..........cccoooviiiiiiieiiienieniens I | N | | —
Medications

Long term, pain related, hormone related, growth related .............cccccooeiiiiiiinine I | N | |
Outcomes suspected to be related to achondroplasia treatment®

Adverse effects (e.g. fractures, iNfections) ............ccoeiiiiiiiii s I | | |

*Including pharmacological treatment and limb lengthening

Fig. 1 Data elements recommended for inclusion in prospective achondroplasia registries according to age group. Note: the decision to perform
any investigation or document specific data is at the discretion of the treating physician, and some data elements are collected at baseline only
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clinic. Our findings show some agreement between the
priorities of AOR and HCP, but they also indicate dif-
ferences in the value placed on the type of information
collected.

Potential challenges also exist regarding the complete-
ness of data. Wide variations exist across healthcare sys-
tems in terms of who (patient, primary care practitioner,
or specialist), where (hospital database, patient records),
and how (in specified ‘fields’ or as free text, in paper or
electronic files) individual patient data are stored and
who has access.

Relevance of data according to age

One important consideration for collecting real-world
data is the collection of pragmatic and relevant informa-
tion on the natural history of the condition at the appro-
priate times during the affected person’s life course (i.e.
according to age group). Onset of manifestations and
complications in achondroplasia in different age groups
is outlined in Table 1, which has informed the inclu-
sion of parameters in Fig. 1 for collection of information
across age groups.

In achondroplasia, impaired bone development in
infants (birth to <2 years) may lead to complications that
can put them at risk for sudden death, giving the first
years of life a greater sense of urgency and attentiveness.
Up to four-fifths of infants with achondroplasia have
sleep-disordered breathing during early infancy [21], and
concomitant increased apnoeic events and decreased
arousal response may be responsible for sudden unex-
pected deaths. Other complications during infancy
include otitis media [7], hypotonia, and delayed motor
developmental milestones [2].

After the age of 2 years, complications such as lower
limb deformity, hearing loss, and speech impairments
become more apparent. Children with achondropla-
sia also follow a specific pattern of motor develop-
mental milestones despite age-appropriate cognitive
development [22]. Impaired bone growth continues to
affect body functions with the transition into childhood
and early adolescence, potentially causing ENT, respira-
tory, and orthopaedic manifestations that can adversely
affect developmental milestones such as speech and
mobility if left untreated. Midface hypoplasia can con-
tribute to sleep-disordered breathing [23] as well as
hearing impairment and orthodontic issues, requiring
specialist evaluation [24]. Hearing and speech impair-
ment may persist during the teenage years [7], and the
psychosocial and functional implications of living with
achondroplasia may become more pronounced [8, 22,
25]. Other common problems during the teenage years
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include lack of weight control, reduced muscle strength,
and lumbar hyperlordosis [24].

In adults with achondroplasia, complications can
include spinal stenosis, chronic pain, obstructive sleep
apnoea, hearing loss, and obesity, all of which may need
specialist evaluation and treatment.

Need for real-world evidence in achondroplasia,

and the challenges

The key benefits, challenges, research questions, and
future directions of RWE are illustrated in Fig. 2. Rand-
omized controlled trials (RCT) provide evidence of the
safety and efficacy of new treatments but are subject to
strict enrolment criteria that limit the representative-
ness of the population and are conducted over a relatively
short period. In contrast, RWE is gathered from a variety
of sources and is more representative of the population
with a condition.

The challenges of setting up an international registry
are substantial and multifactorial. Standardization of
data, as well as implementing quality control measures, is
imperative to ensure harmony, and will require substan-
tial funding and administrative support. The legalities
of data sharing, ethical issues, and patient confidential-
ity will also need to be addressed. For achondroplasia,
in addition to being a rare condition, the situation is
made more complex by the different pathways of patient
care across—sometimes within—countries, and differ-
ent specialities involved, resulting in lack of longitudinal
data across age groups. However, the benefits in terms
of answering research questions are enormous, provid-
ing insights into the challenges and natural history of
the condition, geographic variations, comorbidities, psy-
chological issues, and quality of life, as well as reporting
clinical outcomes associated with treatment. Rare disease
registries can also improve the quality and efficiency of
RCTs by informing on sample size calculation; they have
also been used as historical controls in single-arm clini-
cal trials. In addition, post-regulatory approval registries
provide long-term data on clinical outcomes, especially
safety, from patients treated in routine clinical practice
[26].

Pooling good-quality, long-term data from individu-
als across clinical practices and geographical boundaries
would generate a more robust and representative pic-
ture of the medical and healthcare challenges faced by
people with the condition and the outcomes associated
with treatment. From the clinician’s perspective, the key
aim of such a registry is to better understand the effect
of achondroplasia throughout the life course, ultimately
leading to improvements in management and support
that are appropriate and relevant to the affected person
throughout their life. The availability of RWE will also
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* Robust data

* Follow throughout individual’s
life course

» Representative population

» Complementary to RCTs

* Natural history

Opportunities

* Natural history and
clinical manifestations

* Treatments & clinical
outcomes

* Quality of life

» Geographic variations

 Pathogenic variants

» Comorbidities

Real-world
evidence
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» Combining data from different
sites/countries/regions

« Standardizing data (when, how)

+ Quality control (missing data,

selection bias)

* Level of data collected

(granularity)

* Funding and administration

* Online sharing platform

Challenges

Optimization &

futu.re « Multinational registry
questions « Stakeholder involvement
» Advocacy organization
representatives
 Databank

» Substudies

Fig. 2 Role of real-world evidence in providing insights into the natural history of achondroplasia, management of achondroplasia, and clinical

outcomes associated with treatment

help HCP understand the effect of treatment approaches
on social and educational outcomes. From the per-
spective of people with achondroplasia, the aims are to
improve the knowledge of the condition, support scien-
tific research, provide more evidence-based based infor-
mation for families and patients, and identify factors
influencing quality of life.

Recommendations for documenting data from routine
clinical practice

Whereas registry studies are generally less rigorous than
RCTs, data quality remains vital. Before setting up a reg-
istry, stakeholders should first consider the key clinical
questions that can be addressed by such an enterprise.
These questions will help determine which data ele-
ments are essential to be collected. Limiting the num-
ber of elements to those considered of greatest value to
both patients and HCP but are also feasible to collect and
reflect the standard of care will likely increase the long-
term success and optimize the data quality of such a pro-
ject. Furthermore, the key list of data elements should
serve as the starting position, with the flexibility and
agility to capture additional data according to country-
specific needs as well as to reflect changes in practice and
availability of new treatments.

Standardizing the capture of data (e.g. auxological
measurements) would improve the overall quality and
could be achieved by using online tools (e.g. voluntary
instructional videos for measuring arm span) and check-
lists. Standardizing data collection has the potential to
allow pooling of datasets from different sites, regions, or
countries. This could be achieved by developing a plat-
form that can be accessed by HCP in different countries
or a single access point for recording information on
multidisciplinary care for an individual patient. While
challenging, the development of a template embedded
into patients’ electronic records, with drop-down lists of
predefined items, would also facilitate the collection of
data, ensure continuity of data collection, and facilitate
progress reports.

Use of a condition-specific quality-of-life tool may help
standardize data on pain, quality of life, and psychologi-
cal issues, but is not generally included in the standard
of care. Additionally, detecting tangible changes in qual-
ity of life takes time and necessitates comparison groups
or historical matched controls. Capture of such infor-
mation would need to be done on a voluntary basis and
should be limited in extent to minimize the burden for
patients and clinicians. Where possible, empowering
patients or carers to access their data online and provide
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inputs may help significantly improve collection of such
information. Other questionnaires could focus on daily
independent living questions, self-esteem, and parent or
carer perception of the child’s progress. Currently, several
different quality-of-life tools have been used with vary-
ing success in clinical trials and natural history studies
to measure quality of life [27-29]. There is a need and
opportunity also to ascertain the most useful validated
tool for prospective collection of quality-of-life measures
in achondroplasia.

Advocacy organization perspectives

From the AOR perspective, a well-conducted registry can
improve understanding of the natural history of achon-
droplasia as well as support research and development, in
turn providing more evidence-based information for
people with achondroplasia and their families, and iden-
tifying factors influencing long-term quality of life such
as independence, personal relationships, health, and
wellbeing.

Advocacy groups often obtain valuable and compre-
hensive data from their members through surveys and
social media, but most of this information is not stand-
ardized and may not even be analysed, losing a valuable
opportunity to improve understanding within the com-
munity. Advocacy groups face sizeable obstacles when
attempting to set up a registry, including funding, pro-
prietary information, and resources (e.g. data collection
and third-party governance). The development of a com-
mon international registry that adheres to the principles
of ‘findability, accessibility, interoperability, and reuse
of digital assets, set up in close collaboration between
healthcare professionals and advocacy groups, would
ensure that the data collected are relevant and meet the
requirements of all stakeholders. Two such ventures are
the European Registry for Rare Bone and Mineral Con-
ditions (EuRR-Bone; https://eurr-bone.com/) and Cresc-
Net (https://www.crescnet.org/), where a standardized
dataset aligned with the elements presented in this paper
has been incorporated into an achondroplasia-specific
module.

Knowledge gained through data analysis from such
resources would be continuing and evolving, and can be
used by healthcare providers to improve patient care. The
transformation of real-world data into useful information
that improves the care of each individual and educates
the broader community is a much needed and expected
demand.
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Strengths and limitations

Opinions are those of the EMEA Steering Committee.
This consensus offers a starting point for developing a
robust, prospective, international registry on which to
conduct research into achondroplasia.

Conclusions

Achondroplasia can be associated with significant con-
sequences, not only for patients and their caregivers,
but also for society and healthcare systems. Thus, early
identification and appropriate treatment of serious
complications are crucial to improve clinical status and
achieve better quality of life. Long-term, high-quality
RWE is needed to provide insights into the natural his-
tory of achondroplasia, leading to better understanding
of patient experiences and perspectives, as well as clinical
outcomes associated with current and future therapeutic
approaches. Establishing regional, nationwide, or mul-
tinational registries that collect a predefined set of data
elements across age spans will provide real-time prospec-
tive and longitudinal information and may be valuable
in answering clinical questions. Where participation in
global or multinational registries is not feasible, collec-
tion of standardized data in a harmonized way would
help in pooled analysis and potentially comparable and
comprehensive evidence generation. Despite differences
across regions, it should be feasible to document a mini-
mum dataset at a country level, using the key elements
identified during this process, with the flexibility to add
additional country-specific criteria and to pool data to
examine clinical outcomes associated with achondropla-
sia and its treatment.
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