
Demographics & medical history

Demographic, N = 14
Age at enrollment

Median (range), years 19.5 (4–33)
Sex, n (%) 

Male 8 (57.1%)
Female 6 (42.9%)

GACI diagnosis
Participants, n (%) 7 (50.0%)

Age at GACI diagnosis (months)
Median (range) 2.0 (0–8)

ARHR2 diagnosis
Participants, n (%) 10 (71.4%)

Age at ARHR2 diagnosis (months)
Median (range) 61 (4–255)

Mortality, n (%) 2 (14.3%)
Treatment for GACI age <1 year, n (%) 7 (50.0%)

Bisphosphonates or STS 5 (35.7%)
Respiratory supporta 4 (33.3%)
Anti-hypertensives 3 (21.4%)
Heart failure medications 1 (7.1%)

Medicinal treatment for rickets, n (%) 9 (64.2%)
Active vitamin D3b 9 (64.2%)
Oral phosphate 8 (57.1%)

Concomitant medicationsa age >1 year, n (%) 
Cholecalciferol 8 (66.7%)
Bisphosphonates 7 (50.0%)
Anti-hypertensives 5 (23.7%)
Heart failure medications 2 (14.3%)

Orthopedic surgery, n (%) 9 (64.3%)
Epiphysiodesis 7 (50.0%)
Osteotomy 5 (35.7%)

Hearing aids, n (%) 6 (42.9%)
Physiotherapy, n (%) 4 (28.6%)

aIncludes mechanical ventilation and supplemental oxygen.
bIncluded calcitriol and alfacalcidiol.
ARHR2, autosomal recessive hypophosphatemic rickets type 2; GACI, Generalized Arterial 
Calcification of Infancy; STS, sodium thiosulfate.

Bone age & bone health index  
Z-scores by Bone Xpert

CA at X ray 
acquisition 

(years)

Bone age by 
BoneXpert 

(years)

CA – BA  
(difference, 

years)

Bone health 
index 

(Z-score)
9.2 (6.0) 8.4 (5.6) 0.9 (1.3)* -1.3 (1.3)**

All results expressed as mean (SD); *p<0.01; **p<0.001.
CA, chronological age; BA, bone age.

•	 We have carried out internal validation of BoneXpert in 
ENPP1 deficiency, showing high levels of agreement 
between BoneXpert and radiologists

•	 Here we show the bone age and Bone Health Index results 
by BoneXpert in 9 patients with ARHR2

•	 These results affirm a slight bone age delay (Greulich and 
Pyle method) and an average Bone Health Index below the 
mean, both as expected in a rachitic condition
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•	 Progressive decline in serum/plasma phosphate was observed throughout the ages assessed, with levels below the lower limit 
of normal

•	 Most precipitous declines were in the first three years of life
•	 Even the patients receiving phosphate supplementation and active vitamin D3 (9/13) were persistently hypophosphatemic, as 

expected for an FGF23-mediated, renal phosphate-wasting disorder

Blood alkaline phosphatase (ALP)
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•	 Variability in inter-patient ALP, where high ALP is a marker of active rickets
•	 Majority of patients had elevated ALP at some point in time, with highest values observed in childhood and early adolescence

Conclusions
•	Children with ENPP1 deficiency under 

current standard of care exhibit features 
consistent with FGF23-mediated 
hypophosphatemia, including:

	— Persistently low plasma phosphate 
due to renal phosphate-wasting

	— Variable serum ALP 

	— Rickets (median RSS 1.8), with 
features indistinguishable from 
X-linked hypophosphatemia

	— Impaired growth and short stature

	— Delayed bone age and Bone Health 
Index by BoneXpert

•	Many surviving patients may require 
treatments/interventions for hypertension 
and hearing loss

•	High phenotypic overlap of ARHR2 with 
other hereditary hypophosphatemias 
supports the recommendation for genetic 
testing to obtain accurate diagnosis
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Introduction
•	 Ectonucleotide pyrophosphatase/phosphodiesterase 

family member 1 (ENPP1) is a critical enzyme that 
generates pyrophosphate (PPi), a mineralization 
inhibitor, and adenosine, a regulator of vascular smooth 
muscle cell proliferation1-4

•	 Patients with biallelic, loss-of-function ENPP1 
variants typically present at birth with severe arterial 
calcification and cardiovascular complications, 
a phenotype described as Generalized Arterial 
Calcification of Infancy Type 1 (GACI type 1)5-6

•	 All patients with ENPP1 deficiency who survive beyond 
infancy are expected to develop autosomal recessive 
hypophosphatemic rickets type 2 (ARHR2), a PPi- 
and Fibroblast Growth Factor 23 (FGF23)-mediated 
hypophosphatemia causing rickets and osteomalacia 

•	 ARHR2 leads to impaired growth and skeletal 
deformities, with substantial impacts on quality of life 

ARHR2GACI type 1

Cardiovascular

Ectopic calcification Phosphate wasting

Musculoskeletal

high infant mortality

Objective & methods
Objective: To describe the clinical phenotype in children 
and adults with ARHR2 receiving current standard 
of care, by characterizing their height, phosphate 
metabolism, treatments/interventions and (for children), 
their Rickets Severity Score (RSS), rickets biomarkers, 
bone age, and Bone Health Index (cortical thickness and 
mineralization of three metacarpal bones, a surrogate for 
bone strength)
Methods: 
•	 Sub-group analysis (N = 14) of a multicenter 

longitudinal retrospective chart review, including 
patients with clinical and genetic diagnosis of ENPP1 
deficiency

•	 In a post hoc analysis, bone age and Bone Health 
Index were calculated (in children) using BoneXpert™ 
software

Results
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•	 Height Z-scores tended to decline over time
•	 At final follow up, 5/13 (38%) patients had short stature (Z-score ≤-2) including 3 patients with stature Z-scores more than 3.0 

standard deviations below the mean

Rickets severity score (RSS)

Patient A: 3.5-year-old girl
Maximum global RSS in  

participants < 13 years old, N = 8 Patient B: 12.9-year-old boy
Global RSS = 2 Mean (SD) 1.6 (1.1) Global RSS = 3
•	 Wrist RSS = 1 Median 1.8 •	 Wrist RSS = 1.5
•	 Knee RSS = 1 Min, Max 0.0, 3.0 •	 Knee RSS = 1.5


