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Digital health technologies

Telehealth and telemedicine

Health information technologies

Mobile health

Wearable devices

Networking

Digital technologies aim to enhance the efficiency of healthcare delivery and make medical care more 

personalized and precise



https://www.pinterest.com/pin/851743348247134081/

Digital Health Market ïIncreasing investment 

?"







"In healthcare, you don ƞt want to be a technology - driven 
business; you want to be a needs - based enterprise because 

healthcare is very slow to change. 

Change has to happen from within, as opposed to in the IT world, 
where it is possible to disrupt established practices simply by 

coming up with a compelling new technology .ò

Glooko_Getting_the_Need_Right_031318.pdf

Getting the need right

Rick Altinger, CEO, Glooko Inc.



Improving diagnosis 

Improving patient care

Improving 
communication

Unmet needs in Gaucher disease



Diagnosis of Gaucher disease is easy

Dried blood spot (DBS) cards 

for sample collection3

BGLU ïenzyme levels

GlcSph-

glycosylsphingosine (Lyso-

Gb1)

Dinur T, et al. Gaucher Disease Diagnosis Using Lyso-Gb1 on Dry Blood Spot Samples: 

Time to Change the Paradigm? Int J Mol Sci 2022; 23.

Dardis A,, et al. Patient centered guidelines for the laboratory diagnosis of Gaucher 

disease type 1. Orphanet J Rare Dis 2022; 17: 442.
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1 in 6 patients were diagnosed җ 7 years after first consulting a 
doctor (survey of 212 patients)1

Up to 8 (mean 3±1.2) different physicians consulted before final 
diagnosis (paediatrician, haemato-oncologist, gastroenterologist, 
geneticist, neurologist)2

In the USA, it is estimated that thecurrently diagnosed GD 
patients (approximately 1800 enrolled in a Gaucher 
Registry)account for Ғ60% of the total number3

Assuming at least a similar proportion of diagnosed to total GD we 
expect 1000-1500 not-yet-diagnosed GD patients in Israel

Is a prevalence of 1:130,000 in France true?4



Gaucher disease is a pan ethnic disease
(data from newborn screening programs)

Taiwan 1:101,134

Austria 1:17,368 

USA, Missouri 1:43,701

USA, Illinois  1:4959

USA, NY 1:4,374

Hungary 1:13,341 
China 1:80,855

Italy 1:22,205

Worldwide incidence of 1:40,000 to 60,000 

Matern D. et al. Sem Perinatal. 2015:39:206ï216; Burton BK, et al. J Pediatr. 2017;190:130ï135; Hopkins PV, 

et al. J Pediatr. 2015;166:172ï177; Wasserstein, MP, et al. Genet Med. 2019:21:631ï640; Kang L, et al. J Hum 

Genet. 2017:62:763ï768; Burlina, AB, et al. J Inherit Metab Dis. 2018:41;209ï219; Stirnemann J, et al. Int J Mol 

Sci. 2017;18:441



Gaucher early diagnosis-
consensus  
(GED-C) score

Å Delphi consensus process deployed 
among a global panel of 22 
specialists in GD

Å A threshold point-scoring system 
score of 0.82 identified all 14 
patients with GD in the analysis set 
(100% sensitivity) and 27 of 38 
patients in the non-GD group (71% 
specificity)

Å Most patients have a score > 6

Mehta, et al. Intern Med J 2019, 49, (5), 578-591; Mehata, et al 

Intern Med J. 2020 Dec;50(12):1538-1546; Savolainen et al. Mol 

Genet Metab Rep 2021;27:100725; Revel-Vilk, et al. Int. J. Transl. 

Med. 2022, 2, 506ï514.
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Can the machine be better than us?

Created with assistance from ChatGPT.

Machine learning 

Supervised  

Task driven 

(Predict next 
value)

Unsupervised

Data driven 
(Indentify 
cluster)

Reinforcment 

Learn from 
mistakes





Methods

ÅOptum ® Integrated database includes> 700 hospitals and > 7000 clinics, 
treating > 102 million patients 

ÅThe GD cohort was defined as patients with at least two instances of GD 
diagnoses (ICD-10 code E75.22) or at least one record of a GD-specific 
treatment (Table S1) in the integrated database

ÅA total of 756 patients with GD were matched with 328,000 controls 
(500 controls for 1 patient with GD)

ÅLightGBM method used

ïage-based algorithm - encoding defined by age at first occurrence

ïprevalence-based algorithm - encoding was binary (presence/absence)

Wilson, et al. Orphanet J Rare Dis 2023, 18, (1), 280.



Feature importance

Black = features that had a posive inþuence towards the GD diagnosis; grey = features that had a negave inþuence on GD diagnosis



Assessing algorithm performance 

ÅThe number of patients to be assessed to 

identify 28 patients with GD 

ï1204 age-based algorithm 

ï2862 prevalence-based algorithm 

ï20,743clinical diagnostic algorithm

Both the age-based and prevalence-based algorithms 

achieved an AUPRC of 0.66

AUPRC (Area Under the Precision-Recall Curve):
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Methods: Data source

Revel-Vilk S, et al. Int J TranslMed 2022, 2, 506-514;

Revel-Vilk S, et al. OrphanetJournal of Rare Diseases, 2024;19:71; 

Tenenbaum A, Revel-Vilk S, et al. J Clin Epidemiol  2024; 175: 111517
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Methods: Identification of cases and controls

Revel-Vilk S, et al. Int J TranslMed 2022, 2, 506-514;



Lesson #1: Get the Case Definitions Correct

Misclassified cases lead to misleading algorithms 



Demographics, body measurements (wt, ht)

ICD9 codes, surgical and fracture history

Imaging tests (referrals)

Purchased medications 

Laboratroy data

Registries (osteoporosis, diabetes mellitus, cancer, myocardial infarction, stroke)

Data extraction

Tenenbaum A, Revel-Vilk S, et al. J Clin Epidemiol  2024; 175: 111517

From the first record available until 1 year after the 

first documentation of GD



Lesson #2: Data Quality Matters

Real-world data is messy, often incomplete, or entered incorrectly, 
and requires careful cleaning and validation to ensure model 

reliability



Model development

Tenenbaum A, Revel-Vilk S, et al. J Clin Epidemiol  2024; 175: 111517
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0.0 ï1.0
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25%
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Model
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Processing

Data 

Preparation

Duplicates

Outliers
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Missing values

NaNôs handling

Time Frame 

Standardization

Feature selection

Over\under 

sampling



Feature importance ïGD related



Feature importance ïclinical non-GD realted



Feature importance ïadministrative 



Clinical only model 

[excluding administrative data]
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GED-C- Gaucher early diagnosis- consensus [see Mehta, et al. Intern Med J 2019, 49, (5), 578-591.]  LightGBM - light gradient -boosting machine, AUC- area under the curve 

Model evaluation

Tenenbaum A, Revel-Vilk S, et al. J Clin Epidemiol  2024; 175: 111517



Timing of GD diagnosis detected by the model 

The median (25th-75th percentile) time of early detection was 2.78 (1.29-4.53) years

Tenenbaum A, Revel-Vilk S, et al. J Clin Epidemiol  2024; 175: 111517



Lesson #3: Models Uncover Hidden Clinical Signals

Unexpected featuresτclinical or administrativeτmay emerge, 
offering insights into diagnostic processes or comorbidities



Next steps

ÅInternal validation

ÅExternal validation



Å47 children with GD2

Å86 children with GD3 

Emily Daykin, Nicole Fleischer, Magy Abdelwahab, Nehal Hassib, Raphael Schiffmann, Emory Ryan, Ellen Sidransky,. 

Investigation of a dysmorphic facial phenotype in patients with Gaucher disease types 2 and 3, Molecular Genetics and 

Metabolism, 2021;134(3):274-280.

Facial recognition technology for nGD
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Unmet needs in Gaucher disease



nGD

Individualized 
treatment approaches

Cost and accessibility 
of treatment

Comorbidities

Skeletal 
complications



Spanish registry data

Å340 patients with type 1 GD

ÅPredictive models for long-term complications using decision trees



Correlation network between variables

Andrade-Campos MM, et al. Orphanet J Rare Dis. 2020;15:256



Severe bone disease

Å0ÒÅÖÉÏÕÓ ÓÐÌÅÎÅÃÔÏÍÙ ɉÐױЀ0.005ױ)
ÅSpanish MRI score (S-MRI) (UnױЀ0.98ױ,pױЃ0.01ױ)
Å IgA levels (UnױЀ0.93ױ,pױЀ0.01ױ),
ÅFerritin levels (UnױЀ0.85ױ,pױЀ0.06ױ)
ÅTriglyceride levels (UnױЀ0.75ױ,pױЃ0.01ױ)
Å$ÉÁÇÎÏÓÉÓ  Є9.5ױ years (pױЃ0.001ױ)
ÅYears between Dx and treatment (UnױЀ0.67ױ,pױЀ0.01ױ)
ÅDelayed age of initiation of ERT (UnױЀ0.61ױ,pױЀ0.01ױ)

Andrade-Campos MM, et al. Orphanet J Rare Dis. 2020;15:256



Risk for comorbidities

Cancer

ÅHigh levels of IgG (UnױЀ0.91ױ, pױЀ0.01ױ)

ÅDelayed Tx time (UnױЀ0.70ױ, pױЀ0.00ױ)

Parkinson disease

ÅFerritin levels (UnױЀ0.92ױ, pױЀ0.04ױ)

ÅAge at Dx (UnױЀ0.45ױ, pױЀ0.01ױ)

Andrade-Campos MM, et al. Orphanet J Rare Dis. 2020;15:256



Severe bone disease was associated with  -

Åbone marrow  infiltration degree

Åage at the start of therapy

Åfemur infiltration

Front Med (Lausanne) 2023 May 12:10:1098472



IE

IWGGD 

2nd

biannual 

meeting

2024

Prior splenectomy

Interval to strart Tx



Spleen volume

ÅAim: Develop a precise and reliable 
alternative for spleen volume assessment 
by radiologists

Å30 abdominal MRIs

ÅGroup truth ςspleen volume as reported 
by the radiologists

ÅModeling had significantly less volume 
error compared to formula calculation

Å Need to be updated and re-trained to account 

for changes in MRI data and to work with 
different MRI machines

Azuri, I., et al. 2023, J Clin Med 12(16).



AI-Driven personalized treatment strategies



Constrained disorder principle (CDP)

ÅLiving systems need variability to stay healthy

ïheart rate, glucose levels, immune system

ÅDisease = loss of constrained disorder

ïvariability is lost 

Åflat heart rate variability Ÿ heart failure

ïvariability becomes uncontrolled

Åuncontrolled glucose swings Ÿ diabetes complications

Åuncontrolled immune system Ÿ autoimmune disease



Constrained disorder principle (CDP)

Bodyôs attempt to keep 

things stable around a 

fixed set point

The body adjusts to new set 

points stress or illness. These 

shifts still require energy

The system functions within dynamic 

limits, adapting over time based on the 

environment



Å>10% of patients show incomplete or diminishing response to current 

Gaucher disease therapies

ÅApplying AI-driven adaptive dosing can tailor treatment patterns and 

potentially improve GD-related therapy effectiveness

Background for study in Gaucher disease



Methods

ÅDesign: 6-month, open-label, single-center, proof-of-concept study

ÅParticipants: 5 adults with GD1 on stable ERT (30ï60 U/kg/month)

ÅPlatform: Altus CareÊ mobile app

ÅRandomized ERT dosage and administration intervals

ïDosing interval: 10ï18 days (vs. standard 14).

ïRandomized infusion time: 7 a.m.ï2 p.m.

Hurvitz, N., et al. J. Clin. Med. 2024, 13, 3325.



Results

ÅCompletion: 5/5 patients completed 6 
months; no adverse events

ÅAdherence: 100% engagement through the 
Altus CareÊ app

ÅQuality of Life (SF-36):ŷ in 1, stable in 3, 
slight Ź in 1

ÅHemoglobin: Stable in 4, ŷ in 1 (ȹ +0.7 g/dL)

ÅPlatelets:ŷ in 2, Ź in 2, stable in 1.

ÅLyso-Gb1:Ź in 2 patients (mean ï25 ng/mL)

Hurvitz, N., et al. J. Clin. Med. 2024, 13, 3325.



Improving diagnosis 

Improving patient care

Improving 
communication

Unmet needs in Gaucher disease



Telemedicine tools

ÅConsultation/services to 

physicians or other practitioners

ÅDirect care for patients using 

face-to-face videoconferencing, 

with or without peripheral devices

ÅRemote patient monitoring tools 

to manage chronic illnesses to 

supplement in-person care 

Tuckson RV, et al. N Engl J Med. 2017;377:1585ï1592
ICU, intensive care unit


