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Abstract
Background: Achondroplasia is the most common short-limbed skeletal dysplasia resulting 
from gain-of-function pathogenic variants in fibroblast growth factor receptor 3 (FGFR3) 
gene, a negative regulator of endochondral bone formation. Most treatment options are 
symptomatic, targeting medical complications. Infigratinib is an orally bioavailable, FGFR1–3 
selective tyrosine kinase inhibitor being investigated as a direct therapeutic strategy to 
counteract FGFR3 overactivity in achondroplasia.
Objectives: The main objective of PROPEL is to collect baseline data of children with 
achondroplasia being considered for future enrollment in interventional studies sponsored 
by QED Therapeutics. The objectives of PROPEL 2 are to obtain preliminary evidence of safety 
and efficacy of oral infigratinib in children with achondroplasia, to identify the infigratinib 
dose to be explored in future studies, and to characterize the pharmacokinetic (PK) profile of 
infigratinib and major metabolites.
Design: PROPEL (NCT04035811) is a prospective, noninterventional clinical study designed 
to characterize the natural history and collect baseline data of children with achondroplasia 
over 6−24 months. PROPEL 2 (NCT04265651), a prospective, phase II, open-label study of 
infigratinib in children with achondroplasia, consists of a dose-escalation, dose-finding, and 
dose-expansion phase to confirm the selected dose, and a PK substudy.
Methods and analysis: Children aged 3−11 years with achondroplasia who completed ⩾6 
months in PROPEL are eligible for PROPEL 2. Primary endpoints include treatment-emergent 
adverse events and change from baseline in annualized height velocity. Four cohorts at 
ascending dose levels are planned for dose escalation. The selected dose will be confirmed in 
the dose-expansion phase.
Ethics: PROPEL and PROPEL 2 are being conducted in accordance with the International 
Conference on Harmonization Good Clinical Practice guidelines, principles of the Declaration 
of Helsinki, and relevant human clinical research and data privacy regulations. Protocols have 
been approved by local health authorities, ethics committees, and institutions as applicable. 
Parents/legally authorized representatives are required to provide signed informed consent; 
signed informed assent by the child is also required, where applicable.
Discussion: PROPEL and PROPEL 2 will provide preliminary evidence of the safety and efficacy 
of infigratinib as precision treatment of children with achondroplasia and will inform the 
design of future studies of FGFR-targeted agents in achondroplasia.
Registration: ClinicalTrials.gov: NCT04035811; NCT04265651.
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Introduction
Achondroplasia is the most common short-limbed 
skeletal dysplasia, affecting an estimated one in 
15,000 to one in 30,000 live births worldwide, 
with an estimated global prevalence of 250,000.1,2 
Characteristic clinical features of achondroplasia 
include disproportionate short stature (Table 1), 
smaller than average chest, macrocephaly with 
frontal bossing, midface hypoplasia, abnormal 
curvature of the spine, hypermobile joints, leg 
bowing, and shortening of the fingers and toes.3 
Individuals with achondroplasia experience a vari-
ety of physical, functional, and psychosocial com-
plications and challenges.4,5 Common problems 
experienced during the first year of life include 
delayed motor development and hypotonia.6 
Recurrent otitis media and bowed legs are often 
seen in childhood as a result of abnormal skeletal 
growth.7 Of greater concern are sleep apnea and 
sudden death that result from foramen magnum 
stenosis.6 In later years, complications resulting 
from lumbosacral spinal stenosis can occur, 
including pain, muscle weakness, and paralysis.7

Achondroplasia is characterized by defective endo-
chondral ossification resulting from gain-of-func-
tion pathogenic variants in the fibroblast growth 
factor receptor 3 (FGFR3) gene,9,10 which is a 
negative regulator of endochondral bone forma-
tion. FGFR3 is particularly prevalent on the sur-
face of chondrocytes that give rise to cartilaginous 
bone.11 Longitudinal bone growth is driven by the 
proliferation and differentiation of chondrocytes in 
the growth plate. Activating pathogenic variants of 
FGFR3 cause inhibition of chondrocyte 

proliferation and differentiation.10 Achondroplasia 
results in most cases from either a G to A or G to C 
substitution at nucleotide position 1138 in FGFR3.10 
Both pathogenic variants result in the same glycine 
to arginine amino acid (Gly380Arg) substitution in 
the transmembrane domain of FGFR3; notably, 
80% of affected individuals have a de novo event.

Management of the condition is mostly support-
ive in nature and may involve painful interven-
tions aimed at preventing or treating complications 
of achondroplasia.5,12 Management varies from 
country to country, which prompted the recent 
development of an international consensus state-
ment to standardize management and improve 
patient outcomes.12

Infigratinib is an orally bioavailable and selective 
FGFR1–3 selective tyrosine kinase inhibitor in 
development for FGFR-related conditions, includ-
ing cholangiocarcinoma and bladder cancer, in 
which FGFR2 and FGFR3 alterations have been 
implicated.13,14 Infigratinib inhibits phosphorylation 
of FGFR and, as a result, attenuates its downstream 
signaling, offering a direct therapeutic strategy to 
counteract the hyperactivity of FGFR3 in this con-
dition.5 Preclinical data in an Fgfr3Y367C/+ mouse 
model of achondroplasia showed that low doses of 
infigratinib (0.2, 0.5, and 2 mg/kg/day) reduced 
FGFR3 phosphorylation and restored activity of 
FGFR3 downstream signaling pathways to levels 
observed in wild-type mice.15,16 Infigratinib-treated 
mice exhibited substantial increases in the length of 
upper and lower limb long bones, and improvement 
in the shape and size of the foramen magnum, com-
pared with untreated animals.15

The PROPEL program was initiated to investi-
gate the safety and efficacy of infigratinib in chil-
dren with achondroplasia. Two studies are 
ongoing: The first is a study designed to observe 
children with achondroplasia over a minimum of 
6 months (PROPEL study; NCT04035811), 
which is followed by the interventional PROPEL 
2 study (NCT04265651) in which children who 
participated in PROPEL will receive treatment 
with infigratinib (Figure 1).

Methods

PROPEL
Study design. PROPEL is an ongoing, prospec-
tive, noninterventional clinical assessment study 
designed to collect serial assessments to 

Table 1. Growth velocity in children with achondroplasia compared with 
those of average stature.8.

Age group Growth velocity

 Achondroplasia Average stature

Infants
(after birth)

20 cm/year
(1.7 cm/month)

44 cm/year
(3.7 cm/month)

1 year 10 cm/year
(0.8 cm/month)

14.4 cm/year
(1.2 cm/month)

2–10 years 4–5 cm/year 5–7 cm/year

10+ years 4–5 cm/year 5.5–7 cm/year

Puberty peak
(12–14 years)

5 cm/year 9.3 cm/year
(males at 13.5 years)
8.3 cm/year
(females at 12 years)
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characterize the natural history of achondroplasia 
symptoms in children for a minimum of 6 months 
and a maximum of 2 years (Figure 2). The study, 
which is sponsored by QED Therapeutics, Inc., is 
currently enrolling and will include up to 200 
children. After the observational period, children 
may be eligible to enroll in the QED-sponsored 
interventional PROPEL 2 study.

PROPEL is being conducted in accordance with 
the International Conference on Harmonization 
Good Clinical Practice guidelines, the principles 
of the Declaration of Helsinki, and all relevant 
human clinical research and data privacy regula-
tions in the countries in which the study is being 
undertaken. The protocol has been approved by 
local ethics committees and institutional depart-
ments, as applicable.

Eligibility criteria. Eligibility criteria are summa-
rized in Table 2. Eligible children are aged between 
2.5 and 10 years (inclusive) at study entry, with 
diagnosis of achondroplasia. Parents or legally 
authorized representatives (LARs) are required to 
provide signed informed consent; signed informed 
assent by the child is also required, where appli-
cable. Children must be ambulatory and able to 
stand without assistance. Participating children 
and their parents or LARs must be willing to 
comply with study visits and procedures.

Exclusion criteria are hypochondroplasia or short 
stature condition other than achondroplasia, 

females who have had their menarche, height less 
than –2 or more than +2 standard deviations 
(SDs) for age and sex based on reference tables 
for growth in children with achondroplasia, and 
annualized height velocity (AHV) ⩽ 1.5 cm/year 
during the ⩾6 months before screening. Children 
are not allowed to participate if they have a con-
current disease or condition that, in the view of 
the Investigator and/or Study Sponsor, may affect 
growth or where the treatment is known to affect 
growth. Likewise, children with significant abnor-
mality in screening laboratory test results will not 
be eligible to participate. Children will be 
excluded if they are receiving or have received 
treatment with growth hormone, insulin-like 
growth factor 1 (IGF-1), or anabolic steroids in 
the previous 6 months or long-term treatment 
(>3 months) at any time, as well as a C-type 
natriuretic peptide (CNP) analog, treatment tar-
geting FGFR inhibition, or any other investiga-
tional product or investigational medical device 
for the treatment of achondroplasia or short stat-
ure at any time. Children who require regular 
long-term treatment (>1 month) with oral corti-
costeroids are not eligible, although low-dose 
ongoing inhaled steroid for asthma is acceptable. 
Children who have had previous limb-lengthen-
ing surgery are not eligible for inclusion.

Objectives and outcomes. The primary study 
objective is to collect baseline height velocity 
measurements of children with achondroplasia 
being considered for future enrollment in inter-

Figure 1. Design of the PROPEL and PROPEL 2 studies.
ACH, achondroplasia; PK, pharmacokinetic; TEAE, treatment-emergent adverse event.
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Figure 2. PROPEL study flowchart.
BL, baseline; M, month; NTEAE, non-treatment-emergent adverse event.

Table 2. PROPEL key inclusion and exclusion criteria.

Key inclusion criteria

1. Signed informed consent by study participant or parent(s) or LAR(s) and signed informed assent by the study participant (when 
applicable)
2. Age 2.5 to 10 years (inclusive) at study entry
3. Diagnosis of ACH (as confirmed by the Principal Investigator, Co-principal Investigator, or other qualified clinical geneticist)
4. Ambulatory and able to stand without assistance
5. Study participants and parent(s) or LAR(s) are willing and able to comply with study visits and study procedures

Key exclusion criteria

1. Hypochondroplasia or short stature condition other than ACH
2. Females who have had their menarche
3. Height < −2 or > + 2 SDs for age and sex based on reference tables for growth in children with ACH
4. AHV ⩽ 1.5 cm/year over a period ⩾6 months before screening
5. Concurrent disease or condition that, in the view of the Investigator and/or Study Sponsor, may impact growth or where the 
treatment is known to impact growth
6. Significant abnormality in screening laboratory results
7. Treatment with growth hormone, IGF-1, or anabolic steroids in the previous 6 months or long-term treatment (>3 months) at 
any time
8. Treatment with a CNP analog or treatment targeting FGFR inhibition at any time
9. Regular long-term treatment (>1 month) with oral corticosteroids (low-dose ongoing inhaled steroid for asthma is acceptable)
10. Any other investigational product or investigational medical device for the treatment of ACH or short stature
11. Previous limb-lengthening surgery

ACH, achondroplasia; AHV, annualized height velocity; CNP, C-type natriuretic peptide; FGFR, fibroblast growth factor receptor; IGF, insulin-like 
growth factor 1; LAR, legally authorized representative; SD, standard deviation.
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ventional studies sponsored by QED Therapeu-
tics. The primary endpoint is to establish AHV.

Further objectives are collection of other baseline 
growth measurements of children with achondro-
plasia, exploratory evaluation of biomarker indi-
cators of growth (e.g. type X collagen degradation 
fragment, collagen X marker), and assessment of 
achondroplasia-related medical events, such as 
obstructive sleep apnea, middle ear infections, 
and lumbar spinal stenosis, reported as medical 
history, or nontreatment adverse events (AEs). 
The study will also document achondroplasia-
related surgical procedures (e.g. tympanostomy 
tube insertion and orthopedic procedures) that 
occurred before and during study participation.

Planned study period. The study was first posted 
on ClinicalTrials.gov on 29 July 2019 and the first 
child was enrolled in August 2019. It is active and 
enrolling participants as of 29 September 2021 
(last update on ClinicalTrials.gov). The estimated 
study completion date is June 2026.

Statistical considerations. The sample size of 
approximately 200 children is considered enough to 
characterize the natural history of achondroplasia in 

children and will lead to sufficient enrollment in an 
interventional phase II or III study of infigratinib in 
children with achondroplasia. Relationships 
between selected baseline factors and height veloc-
ity may be assessed descriptively, and linear regres-
sion models may be used to assess the association 
between baseline factors and growth velocity. 
Descriptive statistics will be provided for demo-
graphics, subject disposition, and other assessments 
of bone and growth (biomarkers).

PROPEL 2
Study design. PROPEL 2 is a prospective, phase 
II, open-label study designed to provide prelimi-
nary evidence of safety and efficacy of oral infig-
ratinib in children with achondroplasia, and to 
identify the dose of infigratinib to be explored in 
future studies (Figure 3). PROPEL 2 consists of a 
dose-escalation phase with extended treatment 
(n = 40), followed by a dose-expansion phase to 
confirm the selected dose and to provide evidence 
of efficacy (n = 20); a pharmacokinetic (PK) sub-
study is also included (approximately n = 18). In 
the dose-escalation portion of the study, children 
will be enrolled in ascending dose cohorts of 
approximately 10 children/cohort (four cohorts 

Figure 3. PROPEL 2 study flow chart.
DRC, Data Review Committee; PK, pharmacokinetic.
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planned) and will be treated for 6 months at their 
assigned dose, continuing for an additional 12 
months (extended treatment period) with dose 
modifications as required. Doses are weight based 
and will be adjusted for changes in weight approx-
imately every 3 months. Cohort doses are as fol-
lows: cohort 1, 0.016 mg/kg per day; cohort 2, 
0.032 mg/kg per day; cohort 3, 0.064 mg/kg per 
day; and cohort 4, 0.128 mg/kg per day. Children 
enrolled at the lowest dose levels (cohorts 1 and 2) 
may have their dose increased at month 6 and 
month 12 if there are no safety concerns and their 
AHV has not increased by at least 25% over base-
line. The dose for further exploration will be 
selected based on safety and efficacy data from 
the four cohorts after all children have completed 
6 months of treatment (dose-escalation phase). 
Once this dose has been selected, study partici-
pants will have their dose adjusted to the identi-
fied level. To support and confirm the dose 
identified for further study, approximately 20 new 
children will be enrolled into the dose-expansion 

phase and will receive 12 months’ infigratinib 
treatment at the identified dose. PROPEL 2 
assessments are shown in Supplementary Table 1.

The PK substudy will enroll approximately six 
children aged ⩾8 years in each of the dose cohorts 
(cohorts 2−4 only). Following the same visit 
schedule and assessments of safety and efficacy as 
those in the dose-escalation phase, children in 
each PK dose cohort will be treated and followed 
for 6 months at their assigned dose and, after the 
6-month study visit, will continue treatment for 
an additional 12 months. Those in PK dose 
cohort 2 may have their dose increased to the next 
dose level at their 6- and 12-month study visits if 
no safety concerns have been identified and their 
AHV has not increased by at least 25% over base-
line (a maximum of two dose increases is allowed). 
Children may also have their dose adjusted to the 
dose identified for further study at the time such 
a dose is determined, based on data from the 
dose-escalation phase. After completing the 

Table 3. PROPEL 2 key inclusion and exclusion criteria.

Key inclusion criteria

1. Signed informed consent by child or parent(s) or LAR(s) and signed informed assent by the child (when applicable)
2. Age 3 to 11 years (inclusive) at screening
3. Diagnosis of ACH documented clinically and confirmed by genetic testing (including p.Gly380Arg and other pathogenic FGFR3 
variants associated with achondroplasia)
4. Ambulatory and able to stand without assistance
5. Study participants and parent(s) or LAR(s) are willing and able to comply with study visits and study procedures
6. At least a 6-month period of growth assessment in PROPEL before study entry

Key exclusion criteria

1. Hypochondroplasia or short stature condition other than ACH
2. Females who have had their menarche
3. Height <−2 or >+ 2 SDs for age and sex based on reference tables for growth in children with ACH
4. AHV ⩽ 1.5 cm/year over a period ⩾6 months before screening
5. Concurrent disease or condition that, in the view of the Investigator and/or Study Sponsor, would compound assessment of 
efficacy or safety of infigratinib
6. Significant abnormality in screening laboratory results
7. Current evidence of corneal or retinal disorder/keratopathy
8. Current treatment with known strong inducers or inhibitors of CYP3A4 and medications that increase serum phosphorus and/
or calcium concentration
9. Current evidence of endocrine alterations of calcium/phosphorus homeostasis: inorganic phosphorus outside of normal limits; 
total serum calcium (corrected) outside of normal limits
10. Treatment with growth hormone, IGF-1, or anabolic steroids in the previous 6 months or long-term treatment (>3 months) at 
any time
11. Treatment with a CNP analog or treatment targeting FGFR inhibition at any time
12. Regular long-term treatment (>1 month) with oral corticosteroids (low-dose ongoing inhaled steroid for asthma is 
acceptable)
13. Any other investigational product or investigational medical device for the treatment of ACH or short stature
14. Previous limb-lengthening surgery

ACH, achondroplasia; AHV, annualized height velocity; CNP, C-type natriuretic peptide; CYP, cytochrome P450; FGFR, fibroblast growth factor 
receptor; IGF, insulin-like growth factor 1; LAR, legally authorized representative; SD, standard deviation.
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study, children will have the opportunity to con-
tinue treatment in an open-label extension study 
in which the safety and efficacy of long-term oral 
administration of infigratinib will be evaluated.

PROPEL 2 is being conducted in accordance with 
the International Conference on Harmonization 
Good Clinical Practice guidelines, the principles 
of the Declaration of Helsinki, and all relevant 
human clinical research and data privacy regula-
tions in the countries in which the study is being 
conducted. The protocol has been approved by 
health authorities, local ethics committees, and 
institutional departments as applicable.

Eligibility criteria. Inclusion and exclusion crite-
ria for PROPEL 2 are shown in Table 3. The same 
exclusion criteria for PROPEL are applicable in 
PROPEL 2. In addition, children with severe 
sleep apnea, children who have had guided growth 
surgery, or children who have had a recent frac-
ture (within 6 months of screening) will also be 
excluded. Children receiving treatment with 
agents that are known to be strong inducers or 
inhibitors of cytochrome P450 3A4 and medica-
tions that increase serum phosphorus and/or cal-
cium concentration will not be eligible to 
participate.

Study oversight. A Data Review Committee 
(DRC) will monitor the safety and key efficacy 
data and provide recommendations to the Spon-
sor regarding dose escalation, dose de-escalation, 
and/or expansion of dose cohorts following crite-
ria prespecified in the protocol based on the 
Bayesian optimal interval (BOIN) design17:

 Cohort dose escalation: each cohort will com-
mence after the safety of the prior dose 
cohort has been reviewed and confirmed by 
the DRC. During dose escalation, the open-
ing of the next ascending dose cohort will be 
decided by the DRC based on review of 
safety data from approximately 10 children 
in each cohort after completion of ⩾4 
weeks’ treatment and safety assessments.

 Cohort dose de-escalation: the need for a 
cohort dose de-escalation will be deter-
mined by the DRC based on the safety 
assessment and incidence of treatment-
emergent AEs (TEAEs) leading to dose 
reduction/discontinuation in an individual 
child. If at any point in the study, ⩾30% of 
children enrolled in a cohort meet the dose 
discontinuation or reduction criteria, then 

enrollment in that and/or any higher dose 
cohort (if applicable) will be paused, and 
the DRC will be convened. The DRC will 
determine if the dose of the current or 
higher cohort should be de-escalated.

 Dose reduction/discontinuation for an individ-
ual participant: although the DRC will mon-
itor safety and will consider the number of 
children meeting the dose-reduction/dis-
continuation criteria to determine whether 
a cohort dose escalation can proceed or 
whether a dose de-escalation is needed at 
the cohort level, dose modifications in an 
individual participant will be managed by 
investigators following criteria prespecified 
in the protocol.

Objectives and outcomes. The study objectives 
and endpoints are summarized in Table 4. The 
primary objective of the dose-escalation phase is 
to identify a dose of infigratinib for children with 
achondroplasia to be used for further study. The 
primary objective of the dose-expansion phase is 
to provide preliminary evidence of efficacy of infi-
gratinib for the treatment of achondroplasia. The 
primary objective of the PK substudy will be to 
evaluate the PK profile of infigratinib and its 
major active metabolites after oral administration 
of infigratinib. Primary endpoints will be inci-
dence of TEAEs that lead to dose reduction or 
drug discontinuation and change from baseline in 
height velocity (annualized to cm/year) in the 
dose-escalation phase and change from baseline 
in height velocity (annualized to cm/year) in the 
dose-expansion phase. The primary endpoints of 
the PK substudy will be PK parameters including 
peak plasma concentration (Cmax), last measur-
able plasma concentration (Clast), time to reach 
Cmax (Tmax), area under the plasma concentra-
tion–time curve over 24 h (AUC24), elimination 
half-life (T1/2), area under the plasma concentra-
tion–time curve from time zero to infinity 
(AUCinf), apparent total clearance of drug from 
plasma after oral administration (CL/F), apparent 
volume of distribution during terminal elimina-
tion phase after oral administration (Vz/F), and 
accumulation ratio (Racc). Baseline is defined as 
the AHV obtained after at least 6 months’ obser-
vation in the PROPEL study. Secondary objec-
tives will be to evaluate the safety and tolerability 
of infigratinib in children with achondroplasia, to 
evaluate changes from baseline in anthropometric 
parameters (including sitting height and body 
proportions) after administration of infigratinib, 
and to evaluate the PK and pharmacodynamic 

https://journals.sagepub.com/home/tab


Therapeutic Advances in Musculoskeletal Disease 14

8 journals.sagepub.com/home/tab

Table 4. PROPEL 2 objectives and endpoints.

Objective Endpoint

Primary

  Dose-escalation phase: to identify a dose of oral 
infigratinib for children with achondroplasia to be 
used for further study

TEAEs leading to dose decrease or discontinuation
Change from baseline in height velocity (annualized to cm/year)a

  Dose-expansion phase: to provide preliminary 
evidence of efficacy for oral infigratinib in the 
treatment of achondroplasia

 • Change from baseline in height velocity (annualized to cm/year)

  PK substudy: to characterize the single- and 
multiple-dose PK of infigratinib and its major 
active metabolites

 • PK parameters of infigratinib and major active metabolites (e.g. Cmax, 
Clast, Tmax, AUC24, T1/2, AUCinf, CL/F, Vz/F, and Racc)

Secondary (dose-escalation and dose-expansion phases)

  To evaluate the safety and tolerability of oral 
infigratinib in children with achondroplasia

 • Safety evaluations by incidence, type, severity, and causality of AEs, 
SAEs, laboratory test results (urinalysis, chemistry, hematology), 
clinically significant changes in vital signs, physical examination 
(including ophthalmic and dental evaluation), electrocardiograms, and 
imaging

  To evaluate changes from baseline in 
anthropometric parameters after administration 
of oral infigratinib

Absolute height velocity (annualized to cm/year), expressed numerically 
and as Z-scores in relation to nonachondroplasia tables
Absolute (expressed as absolute values and Z-scores in relation to 
achondroplasia and nonachondroplasia standardized pediatric growth 
curves) and change from baseline in anthropometric parameters, 
including sitting height and body proportionsb

  To evaluate the PK and PD profile of infigratinib in 
children with achondroplasia after administration 
of oral infigratinib

PK parameters (e.g. Cmax and Tmax)
Changes in PD parameters (biomarkers of bone turnover that may include 
type X collagen degradation fragment, CXM)

Exploratory

 To evaluate changes in achondroplasia condition 
burden

Changes in disease-specific complications, such as changes in mobility 
(assessed by elbow, hip, and knee range of motion), changes in the 
number of episodes of otitis media per year, changes in number of 
episodes and/or severity of sleep apnea, and changes in QoL as assessed 
by PedsQL (short-form generic core scales, child and parent reports)
Baseline for range of motion and PedsQL will correspond to the values 
obtained at the baseline visit
Baseline for the number of episodes of otitis media will be the number of 
episodes recorded during the PROPEL study, expressed as episodes/year
Baseline for sleep apnea will correspond to the polysomnogram 
performed at screening to rule out severe sleep apnea

ACH, achondroplasia; AE, adverse event; AUC24, area under the plasma concentration–time curve over 24 h; AUCinf, area under the plasma 
concentration–time curve from time zero to infinity; CL/F, apparent total clearance of the drug from plasma after oral administration; Cmax, 
maximum plasma concentration; CXM, collagen X marker; PD, pharmacodynamic, PedsQL, Pediatric Quality of Life Inventory; PK,  
pharmacokinetic; QoL, quality of life; Racc, accumulation ratio; SAE, serious adverse event; TEAE, treatment-emergent adverse event; Tmax, time to 
achieve Cmax; Vz/F, apparent volume of distribution during terminal elimination phase after oral administration.
aBaseline is defined as the annualized height velocity obtained from a minimum of 6 months of observation in the PROPEL study.
bAnthropometric measurements may include, but may not be limited to, standing height, sitting height, weight, head circumference, upper and 
lower arm length, thigh length, knee height, and arm span. Body proportion measurement ratios may include, but may not be limited to, upper to 
lower body segment ratio (i.e. sitting height/standing height), upper arm to forearm length ratio, upper leg to lower leg length ratio, arm span to 
standing height ratio, and head circumference to standing height ratio.
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profile of infigratinib in children with achondro-
plasia. Evaluation of changes in the burden of 
achondroplasia, including quality of life, is an 
exploratory endpoint.

Planned study period. The study was first posted 
on ClinicalTrials.gov on 11 February 2020 and 
the first dose was administered on 15 July 2020. 
PROPEL 2 is active and enrolling participants as 
of 3 August 2021 (last update on ClinicalTrials.
gov). The estimated study completion date is Jan-
uary 2024.

Statistical considerations. Data will be summa-
rized separately for children in the dose-escala-
tion, dose-expansion, and PK substudy phases. 
The mean, SD, median, quartile 1 (Q1), quartile 
3 (Q3), minimum, and maximum may be pro-
vided for continuous data at each timepoint. The 
number/count and percentage will be provided 
for categorical data.

Dose-escalation and de-escalation rules are based 
on the BOIN design17 with a target toxicity rate of 
25%. Selection of the dose for the expansion 
phase will be based on assessment of approxi-
mately 10 children per cohort. If a true AE inci-
dence is 25%, 10 children per cohort will allow 
observation of at least of one AE with 94.4% con-
fidence. With 10 children per cohort, there is also 
a 62.5% chance of obtaining a 95% confidence 
interval with a half-width that is at most 1.5 cm/
year, assuming the change from baseline in height 
velocity follows a normal distribution and the SD 
is 2 cm/year.

In the dose-expansion phase, approximately 20 
children will be enrolled at the selected dose level. 
An AHV increase of ⩽0.5 cm/year will be consid-
ered not clinically relevant and will be used as the 
null hypothesis. Assuming an increase in height 
velocity of 2 cm/year after initiation of infigratinib 
treatment, with an SD of 2 cm/year, 20 children 
will provide approximately 88.9% power to dem-
onstrate that treatment with infigratinib can result 
in an increase from baseline in height velocity of 
>0.5 cm/year at a one-sided significance level of 
0.025.

For the dose-escalation phase, all analyses will be 
performed separately for each dosing cohort based 
on the dose originally received and in total, taking 
into consideration dose increases and reductions. 
Children enrolled in the dose-expansion phase 
will be analyzed for both safety and efficacy.

A primary analysis for the dose-escalation phase 
is planned after all children have had the opportu-
nity to complete 6 months of treatment. The pri-
mary analysis for the dose-expansion phase is 
planned after all children in this phase have had 
the opportunity to complete 12 months of treat-
ment. In addition, other ad hoc analyses may be 
performed during the course of the study, as 
needed.

All safety analyses will be performed using the 
safety analysis set, defined as children who have 
received ⩾1 dose of study drug. Analyses of 
growth parameter endpoints will be performed 
for children with a baseline and ⩾1 postbaseline 
growth parameter assessment.

Discussion
The impaired endochondral ossification charac-
teristic of achondroplasia results from a domi-
nantly inherited FGFR3 pathogenic variant. 
Following on from the development of selective 
FGFR inhibitors with demonstrated efficacy in 
the treatment of patients with FGFR-related con-
ditions, targeting FGFR3 mutations in achondro-
plasia represents a promising strategy for this 
challenging condition. Preclinical data provided 
early and encouraging data for infigratinib, an 
FGFR1–3 inhibitor, where treatment with infi-
gratinib for 15 days (day 1–16) revealed dose-
dependent improvements in foramen magnum 
size and shape and long bone length in Fgfr3Y367C/+ 
mice.16 The PROPEL study program was there-
fore initiated to study infigratinib, an investiga-
tional, orally available, small molecule targeting 
FGFR as a novel approach to the treatment of 
children with achondroplasia.

The PROPEL study aims to characterize the nat-
ural history of achondroplasia in a cohort of 
affected children who can subsequently partici-
pate in an interventional study with oral infi-
gratinib. It is designed to establish baseline data 
in participants, including growth velocity for chil-
dren with achondroplasia before the start of treat-
ment. Establishing the natural history of the 
condition is essential in rare diseases to avoid 
uncertainty regarding the optimal timing of inter-
vention, incorrectly attributing side effects to the 
study drug rather than as disease-related compli-
cations (or vice versa), and misunderstanding 
which are the best outcome measures.18 
Specifically, by establishing AHV in PROPEL, 
each child’s change in AHV in PROPEL 2 
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following infigratinib treatment can be compared 
with PROPEL data, allowing each child to act as 
their own control. Therefore, natural history 
observational studies, such as PROPEL, facilitate 
the assessment of outcomes of greatest relevance 
to individuals with a specific condition and rigor-
ous assessment of safety data.18

PROPEL 2 is the first study to target the genetic 
driver of overactivity in FGFR3 and its down-
stream signaling pathways in children with achon-
droplasia. Infigratinib has proven efficacy and 
tolerability in the treatment of cholangiocarci-
noma and bladder cancer, other conditions char-
acterized by FGFR alterations.14,19 Notably, doses 
used for oncological indications are substantially 
higher than the doses used in the PROPEL 2 
study. The properties of low doses of infigratinib 
in the pediatric population with achondroplasia 
and an appropriate therapeutic dose remain to be 
elucidated. The safety monitoring of this study 
takes into account the known safety profile of 
higher doses of infigratinib in patients with chol-
angiocarcinoma and bladder cancer, in which set-
tings hyperphosphatemia was the most common 
known on-target toxicities.14,19 In the achondro-
plasia setting, however, infigratinib doses are con-
siderably (10–100 times) lower than those used in 
the cholangiocarcinoma and bladder cancer set-
tings, with the result that these toxicities are not 
expected to occur in PROPEL 2. Preclinical 
experiments conducted to date support this 
hypothesis and showed that hyperphosphatemia 
does not occur at the low doses of infigratinib that 
show activity in vivo.15,20

The outcomes of PROPEL 2 were chosen to 
reflect not only increase in height but also a range 
of wider health measures considered to be of 
importance, including quality of life and medical 
complications. Quality of life – in particular func-
tional domains – can be compromised in children 
with achondroplasia21,22 and a focus on aspects 
other than height is likely to provide a rounded 
assessment of treatment success in individuals 
affected by achondroplasia.

To date, only one drug targeting the underlying 
causes of achondroplasia has been approved, with 
additional agents currently in development for 
this indication. Vosoritide is a CNP analog, 
administered by daily subcutaneous injection, 
which inhibits the FGFR3-mediated MAPK sign-
aling pathway,23,24 and was approved in the 
European Union in August 2021 for children 

with achondroplasia from age 2 years until growth 
plate closure. In the United States, vosoritide for 
injection has been granted accelerated approval 
by the US Food and Drug Administration to 
increase linear growth in pediatric patients with 
achondroplasia who are aged 5 years and older 
with open epiphyses (growth plates). The 
approval of vosoritide for the treatment of chil-
dren with achondroplasia is paving the way for 
new options in the management of this condition. 
To the best of our knowledge, infigratinib is the 
only agent currently in clinical development for 
the treatment of children with achondroplasia 
that is orally administered.

Conclusions
Children with achondroplasia currently have few 
treatment options; however, the development of 
agents that effectively target the underlying cause 
of the condition, namely, FGFR3 mutations, has 
the potential to improve outcomes in this setting. 
The PROPEL study described in this article is an 
ongoing observational study investigating the nat-
ural history of children with achondroplasia, pro-
viding a basis against which the success of any 
subsequent intervention can be measured. The 
follow-up phase II PROPEL 2 study is designed 
as a dose-finding study and will obtain prelimi-
nary evidence of safety and efficacy. It will assess 
the effects of infigratinib on growth, develop-
ment, and disease burden in children with achon-
droplasia, as well as its safety in this population. It 
is the first study to use a small molecule, orally 
administered FGFR inhibitor in this setting. 
PROPEL and PROPEL 2 are expected to inform 
the design of future studies of this promising new 
targeted approach to the treatment of children 
with achondroplasia. Successful development 
and approval of agents with differing modes of 
action could provide children with achondropla-
sia with a range of potentially life-altering treat-
ment options.
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