
The application of digital
health in the diagnosis and 

management of Gaucher
disease

Shoshana Revel-Vilk
Gaucher Unit & Pediatric Hematology/Oncology Unit

Shaare Zedek Medical Center
Jerusalem, Israel



Disclosures

• Travel, research grants, and honoraria from Sanofi-Genzyme, Takeda, Pfizer

• Advisory board – Takeda, Spur

• The Gaucher Unit receives support from Genzyme/Sanofi for participation in 

the ICGG Gaucher Registry and from Takeda for the GOS



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 – Increasing investment 

?"







"In healthcare, you don’t 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 .”

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 – enzyme 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 ≥ 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 the currently diagnosed GD 
patients (approximately 1800 enrolled in a Gaucher 
Registry) account for ≈60% 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. 2015:39:206–216; Burton BK, et al. J Pediatr. 2017;190:130–135; Hopkins PV, 

et al. J Pediatr. 2015;166:172–177; Wasserstein, MP, et al. Genet Med. 2019:21:631–640; Kang L, et al. J Hum 

Genet. 2017:62:763–768; Burlina, AB, et al. J Inherit Metab Dis. 2018:41;209–219; Stirnemann J, et al. Int J Mol 

Sci. 2017;18:441



Gaucher early diagnosis-
consensus  
(GED-C) score

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

• 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)

• 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, 506–514.
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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

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

• The 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

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

• LightGBM method used

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

– prevalence-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 influence towards the GD diagnosis; grey = features that had a negave influence on GD diagnosis



Assessing algorithm performance 

• The number of patients to be assessed to 

identify 28 patients with GD 

– 1204 age-based algorithm 

– 2862 prevalence-based algorithm 

– 20,743 clinical 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 Transl Med 2022, 2, 506-514;

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

Tenenbaum A, Revel-Vilk S, et al. J Clin Epidemiol  2024; 175: 111517
20

.



Methods: Identification of cases and controls

Revel-Vilk S, et al. Int J Transl Med 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

Train Set 

75%
Modeling

Gaucher 

Prediction

0.0 – 1.0

Test Set

25%

Trained 

Model

Pre-

Processing

Data 

Preparation

Duplicates

Outliers

Unphysiological

Missing values

NaN’s handling

Time Frame 

Standardization

Feature selection

Over\under 

sampling



Feature importance – GD related



Feature importance – clinical non-GD realted



Feature importance – administrative 



Clinical only model 

[excluding administrative data]



30𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 = 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑣𝑒 𝑉𝑎𝑙𝑢𝑒 =
𝑇𝑃

𝑇𝑃+𝐹𝑃
𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = 𝑅𝑒𝑐𝑎𝑙𝑙 =

𝑇𝑃

𝑇𝑃+𝐹𝑁
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =

𝑇𝑁

𝑇𝑁+𝐹𝑃

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 features—clinical or administrative—may emerge, 
offering insights into diagnostic processes or comorbidities



Next steps

• Internal validation

• External validation



• 47 children with GD2

• 86 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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Improving patient care

Improving 
communication

Unmet needs in Gaucher disease



nGD

Individualized 
treatment approaches

Cost and accessibility 
of treatment

Comorbidities

Skeletal 
complications



Spanish registry data

• 340 patients with type 1 GD

• Predictive 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

• Previous splenectomy (p = 0.005)
• Spanish MRI score (S-MRI) (Un = 0.98, p < 0.01)
• IgA levels (Un = 0.93, p = 0.01),
• Ferritin levels (Un = 0.85, p = 0.06)
• Triglyceride levels (Un = 0.75, p < 0.01)
• Diagnosis  > 9.5 years (p < 0.001)
• Years between Dx and treatment (Un = 0.67, p = 0.01)
• Delayed age of initiation of ERT (Un = 0.61, p = 0.01)

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



Risk for comorbidities

Cancer

• High levels of IgG (Un = 0.91, p = 0.01)

• Delayed Tx time (Un = 0.70, p = 0.00)

Parkinson disease

• Ferritin levels (Un = 0.92, p = 0.04)

• Age at Dx (Un = 0.45, p = 0.01)

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



Severe bone disease was associated with  -

• bone marrow  infiltration degree

• age at the start of therapy

• femur infiltration

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



IE

IWGGD 

2nd

biannual 

meeting

2024

Prior splenectomy

Interval to strart Tx



Spleen volume

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

• 30 abdominal MRIs

• Group truth – spleen volume as reported 
by the radiologists

• Modeling had significantly less volume 
error compared to formula calculation

• 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)

• Living systems need variability to stay healthy

– heart rate, glucose levels, immune system

• Disease = loss of constrained disorder

– variability is lost 

• flat heart rate variability → heart failure

– variability becomes uncontrolled

• uncontrolled glucose swings → diabetes complications

• uncontrolled immune system → autoimmune disease



Constrained disorder principle (CDP)

Body’s 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



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

Gaucher disease therapies

• Applying AI-driven adaptive dosing can tailor treatment patterns and 

potentially improve GD-related therapy effectiveness

Background for study in Gaucher disease



Methods

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

• Participants: 5 adults with GD1 on stable ERT (30–60 U/kg/month)

• Platform: Altus Care™ mobile app

• Randomized ERT dosage and administration intervals

– Dosing interval: 10–18 days (vs. standard 14).

– Randomized infusion time: 7 a.m.–2 p.m.

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



Results

• Completion: 5/5 patients completed 6 
months; no adverse events

• Adherence: 100% engagement through the 
Altus Care™ app

• Quality of Life (SF-36): ↑ in 1, stable in 3, 
slight ↓ in 1

• Hemoglobin: Stable in 4, ↑ in 1 (Δ +0.7 g/dL)

• Platelets: ↑ in 2, ↓ in 2, stable in 1.

• Lyso-Gb1: ↓ in 2 patients (mean –25 ng/mL)

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

• Consultation/services to 

physicians or other practitioners

• Direct care for patients using 

face-to-face videoconferencing, 

with or without peripheral devices

• Remote patient monitoring tools 

to manage chronic illnesses to 

supplement in-person care 

Tuckson RV, et al. N Engl J Med. 2017;377:1585–1592
ICU, intensive care unit



• Accessible Care

• Increased Convenience

• Enhanced Comfort

• Greater Confidentiality to 
patients and families

• Reduced risk of Contagion

• Inability to perform parts of the 
physical examination

• Technologies related to laboratory 
testing, imaging

• Deliver care to patients from sub-
specialties (physiotherapists, dieticians, 
social workers, etc.)

• Ethical issues



Telemedicine in GD during COVID pandemic

.

https://rarediseases.org/wp-content/uploads/2020/11/NRD-2061-RareInsights-

CV19-Report-2_FNL.pdf





. 2019;14:212

Wearables and mobile app. 

6-minute walk test (6MWT)

Collected: step counts, events (e.g., bone pain, sleep), 

PROs (CHU9D, PedsQL Fatigue, Sleep & Stress Scales)



Event reporting

Patient-reported outcomes (PROs)



IWGGD 

2nd

biannual 

meeting

2024c



López Royo MP, et al. 

Poster presented at the 14th 

EWGGD Meeting, 12–13 

October 2020 (virtual). With 

permission



MyGauch App



The lower the better

Next step- 2nd MyGauch global version





https://iwggd.com/

Networking 

https://gaucheralliance.org/



Maybe a ChAT bot would be better to capture PRO

XOLTAR: Reinventing the Patient Support Experience in Healthcare



Summary
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1. Telemedicine
•Remote Consultations: Telemedicine allows patients to consult with specialists without the need for travel, 
which is particularly beneficial for those living in remote areas or with limited access to healthcare facilities.
•Regular Monitoring: Patients can have regular check-ups and monitoring of their condition through virtual 
visits, reducing the frequency of in-person appointments.

2. Mobile Health Apps
•Symptom Tracking: Mobile apps can help patients track their symptoms, medication adherence, and overall 
health status. This data can be shared with healthcare providers to optimize treatment plans.
•Patient Education: Apps can provide educational resources about Gaucher disease, treatment options, and 
lifestyle recommendations.

3. Wearable Devices
•Health Monitoring: Wearable devices can continuously monitor vital signs, physical activity, and other health 
parameters. This real-time data can alert patients and healthcare providers to potential issues before they 
become serious.
•Data Integration: Data from wearables can be integrated into electronic health records (EHRs), providing a 
comprehensive view of the patient's health.



Summary

4. Artificial Intelligence and Machine Learning
•Predictive Analytics: AI can analyze large datasets to develop diagnostic algorithms, predict disease 
progression and treatment outcomes, helping clinicians make more informed decisions.
•Virtual Assistants: AI-powered virtual assistants can help patients manage their daily health routines, answer 
questions about their condition, and provide medication reminders.

5. Patient Support Communities
•Online Forums and Support Groups: Digital platforms can connect patients and families affected by Gaucher 
disease, providing emotional support, shared experiences, and practical advice.
•Research Participation: Patients can participate in clinical trials and research studies via digital platforms, 
advancing the understanding and treatment of Gaucher disease.

6. Genomic and Personalized Medicine
•Genetic Testing: Advances in genomic technologies can facilitate early and accurate diagnosis of Gaucher 
disease. Genetic information can also guide personalized treatment plans.
•Biomarker Identification: Digital health tools can help identify biomarkers of disease progression and 
treatment response, enabling more targeted and effective therapies.



Leading Causes of Failure in Rare Disease

0% 5% 10% 15% 20% 25% 30% 35%

Insufficient patient accrual

Safety/Efficacy

Company/business/funding issues

Conduct/regulatory problems

Rees C, et al. PLoS Medicine, 2019; Schoenen S, et al. Orphanet Journal of 

Rare Diseases, 2024



Integration of AI in clinical trails 

• Patient recruitment and screening

• Clinical trial design and feasibility

• Data capture, monitoring, and 

analysis

Aldoseri A, Al-Khalifa KN, & Hamouda AM (2023). Applied Sciences, 13(12), 7082.



Successful implementation of digital health

• Stakeholder Involvement- patients, caregivers, and healthcare 
professionals

• Collaboration- Promote data sharing among healthcare providers, 
researchers, and institutions

• Training and Support

• Regulatory Compliance

• Continuous Improvement- Implement feedback mechanisms and 
regularly update based on user feedback and performance data

• Accessibility and affordability- Develop cost-effective solutions to make 
digital health affordable for a wider population



Supportive care working group

Thanks for your attention !

Srevelvilk@gmail.com

SZMC Gaucher Unit

Subwork working on Digital Health

Please contact me if interested in joining


