
• During the Round 2 survey, clinicians selected frequency of 
MDEs (n=4, 67%) and age at onset (n=2, 33%) as the top 
two most important factors

• See Figure 3 for additional details on the relative 
importance of the factors

• Following the Round 2 survey, a series of discussions led to 
further refi nement and fi nalization of the IGA-S

• These discussions focused on other long-term disease 
complications, clarifi cation on routine vs non-routine 
biomarkers/lab values, use of “sick day diet” regimen, 
the possibility of initiating treatment prior to the initial 
presentation (if detected via newborn screening), an initial 
proposed scoring algorithm, and confi rmation that the 
instrument is appropriate to use in MMA

• The fi nal conceptual framework of the IGA-S is shown in 
Figure 4

Background
• Propionic acidemia (PA) is an ultra-rare pediatric disorder 

impacting multiple organ systems1–4

• The burden of PA is not fully captured by existing 
endpoints or clinical outcome assessment instruments

• Delphi survey methodology involves consensus-building by 
disseminating surveys in several rounds,5,6 and is a helpful 
tool in healthcare and life sciences research,7 especially for 
identifying important concepts and achieving consensus 
among experts8

Objective
• To develop an Investigator Global Assessment of Severity 

(IGA-S) to standardize the assessment of disease severity 
objectively and consistently in patients with PA

Methods
Study design

• See Figure 1 for an overview of the Delphi survey study 
design

• The Delphi survey was designed to gain clinical expert 
consensus of the most important factors for assessing PA 
disease severity from a clinical perspective (without factoring 
in potential confounders, such as healthcare systems), as 
well as appropriate level-defi nitions for each factor

• The fi rst two rounds were programmed into an online format 
using the Qualtrics online survey platform (Qualtrics, Provo, 
UT, USA). Individualized survey links were sent to the clinical 
experts

• Following the Round 2 online survey, the IGA-S was drafted 
and reviewed with the clinical experts in a series of group 
discussions

• During these discussions, the items, response options, 
and scoring were further refi ned

• Clinical experts were also asked to review each item 
and confi rm its appropriateness for use in assessing 
methylmalonic acidemia (MMA) severity, another inborn 
error of metabolism with similar symptomology to PA 1,2,4,9
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Clinical expert selection

• Criteria for clinical expert participation included: being in practice 
for at least 20 years, actively treating patients with PA and MMA, 
and also conducting or participating in relevant research

• A multi-national panel (USA: n=2; UK: n=2; Italy: n=1; 
Spain: n=1) was intentionally sought to address potential 
differences across regions

• The clinical experts’ background is shown in Table 1

Analysis

• The data collected throughout the study were summarized 
using descriptive statistics (eg, n, percentage, mean, 
standard deviation [SD])

• Free-text data was analyzed via qualitative content analysis 
to identify key concepts, establish categories, and count 
frequencies of occurrence10

Results
• Following the Round 2 survey, the most important factors 

for evaluating PA severity were frequency of metabolic 
decompensation events (MDEs; mean [SD]: 5.0 [0.0]), 
duration of MDEs (4.3 [1.2]), age at onset (4.2 [0.4]), 
biomarkers/lab values (3.7 [0.5]), cognitive impairment 
(3.5 [0.5]), and dietary restrictions (3.0 [1.3]) 

• See Figure 2 for Round 2 compared with Round 1 
regarding mean rating of the overall importance of 
individual factors
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Table 1. Clinical expert background

Characteristic US1 US2 UK1 UK2 IT1 SP1

Country of practice US US UK UK Italy Spain

Primary medical specialty Medical genetics Medical genetics  Pediatric metabolic 
medicine 

Pediatric metabolic 
medicine Pediatrics Pediatrics

Current role in treating patients 
with PA or MMA Treating physician

Does limited clinical 
service, sees mostly 

research patients

Treating physician, 
PI for investigational 

trials, co-author 
of international 

guidelines  

Responsible for 
overall medical 
management in 

collaboration with 
three colleagues

Head of a referring 
pediatric center for 
metabolic diseases

Referral coordinator 
for Hereditary 

Metabolic Disease 
Unit

Years practicing medicine 40 38  31 21 41 20

Years treating patients with 
PA or MMA 30 No information  25 13 years for both 

PA and MMA 36 13

Overall number of patients with 
PA treated 12 20–30  28 16 >30 11

Number of patients with 
PA treated in the last year 5

Does limited clinical 
service, sees mostly 

research patients
14 9 15 6

Overall number of patients with 
MMA treated 20 20–30  57

7 (limited to 
methylmalonyl CoA 

mutase patients only)
>30 12

Number of patients with 
MMA treated in the last year 6

Does limited clinical 
service, sees mostly 

research patients
21 2 15 5

IT, Italy; MMA, methylmalonic acidemia; PA, propionic acidemia; PI, principal investigator; SP, Spain; UK, United Kingdom; US, United States
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Figure 1. Overview of the Delphi survey study design

IGA-S
• Finalization of IGA-S and initial scoring algorithm

Round 3
• Series of wri�en communications and virtual meeting with 
 clinical experts (n=5) to gain consensus and refine IGA-S 
 factors, levels, and scoring
• Discussion of use of IGA-S in MMA

Round 2
• Distributed to clinical experts (n=6) to gain consensus on 
 dra� severity level-definitions for each of the IGA-S factors
• Development of dra� IGA-S

Round 1
• Distributed to clinical experts (n=6) to assess the importance 
 and sensitivity of factors identified in the pre-survey and 
 in discussions with clinical experts

Pre-survey questionnaire
• Distributed to clinical experts (n=5) to identify core
 signs/symptoms, lab results/biomarkers, and other important 
 factors to inform on the assessment of PA severity

 

IGA-S, Investigator Global Assessment of Severity; MMA, methylmalonic acidemia; PA, propionic acidemia

Figure 2. Overall importance of individual factors in 
evaluating PA severity, Round 2 vs Round 1 (N=6)

0

1

2

3

4

5

6

M
ea

n 
im

po
rt

an
ce

 ra
tin

ga

Factors

Round 1 Round 2

Frequency

of MDEs

Duration

of MDEs

Age at disease

onset

Biomarkers/

lab values

Cognitive

impairment

Extent of dietary

restrictions

4.8
5.0

4.0
4.3 4.3 4.2

3.7 3.7
3.3 3.5

3.0 3.0

aImportance rated on a scale from 1 = “not at all important” to 5 = “extremely important”
MDE, metabolic decompensation event; PA, propionic acidemia

Figure 3. Rank order of the top three most important 
factors in evaluating PA severity, Round 2 (N=6)
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Figure 4. IGA-S conceptual framework
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aIndicators of MDEs include biomarkers or relevant lab values 
MDE, metabolic decompensation event; PA, propionic acidemia

Conclusions
• This study established consensus among clinical experts and standardized concepts 

to assess the severity of PA consistently in patients with PA, including age at disease 
onset, frequency of MDEs, duration of MDEs, indicators of MDEs, long-term disease 
burden, and dietary restrictions

• The IGA-S is fi t-for-purpose for use in clinical trials in patients with PA, and could 
also be used in general clinical practice 

• The IGA-S was also confi rmed to be fi t-for-purpose for use in patients with MMA

• The initial proposed scoring algorithm was confi rmed to be clinically meaningful. 
The next steps in this research should aim to further validate the proposed scoring 
algorithm


