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• The PK Deficiency Advocacy Advisory council (AAC) is a multi-disciplinary 

advisory group consisting of 8 members: 2 HCPs, 5 patient advocates (4 living 
with PK deficiency), and 1 caregiver

• As a first step, the group assessed and defined unmet community needs, 
aligning on:

- Primary Need: better understanding among patients and HCPs about the burden of 
the disease at different phases in a patient’s life

- Secondary Need: improve available resources for patients/caregivers to support 
them in communicating about their disease to those around them, including HCPs

• To address these, the AAC developed a Life Phase Model detailing the 
progression and potential impacts of the disease at different phases of life from 
their perspectives (Figure 1)

• First-hand knowledge shared by patients, caregivers, and HCPs helped further 
understand the physical and psychosocial experiences that may impact individuals 
affected by PK deficiency at different phases of life

• This work led to the development of a descriptive Life Phase Model to help patients 
and their healthcare supporters better understand how the spectrum of disease 
burden potentially impacts patients and caregivers over time

• The model could further serve as a source of information for patients, caregivers, and 
HCPs in support of this rare disease community

• Future research could build upon our understanding of the impact of PK deficiency 
over the lifetime

• The process followed by the PK Deficiency AAC could potentially be adapted by other 
rare disease communities, allowing for the collection of relevant qualitative 
information and insights to inform discussions and decision-making surrounding their 
unique needs
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Figure 3. Conceptual Pyruvate Kinase Deficiency Life Phase Model
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• Pyruvate kinase (PK) deficiency is a rare congenital hemolytic anemia caused by 
mutations in the PKLR gene, which encodes PK, the enzyme that catalyzes the 
final enzymatic step in glycolysis and is required for the generation of adenosine 
triphosphate (ATP); insufficient ATP leads to premature red blood cell 
destruction, resulting in anemia and other complications (e.g., iron overload, 
pulmonary hypertension, endocrinopathies, osteoporosis)1

• With an estimated prevalence of 3.2–8.5 cases per million in Western 
populations2, PK deficiency can have wide-ranging signs and symptoms that 
negatively impact patients’ health-related quality of life (HRQoL), including their 
physical, emotional, and functional well-being3

• Patients, caregivers, and families report that improved resources are needed to 
support the PK deficiency community4, with a particular need for better 
understanding of how disease-related physical and psychosocial experiences 
change over the course of a patient’s lifetime5

• To address this gap, a multi-disciplinary group of patients, caregivers, patient 
advocates, and healthcare providers (HCPs) collaborated to develop the PK 
Deficiency Life Phase Model, a descriptive tool that communicates the physical 
and psychosocial impacts of PK deficiency for patients and their caregivers 
across six life phases
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Provide HCPs, patients, and caregivers a guiding resource to further 
understand the potential physical and psychosocial impacts of PK 

deficiency through a Life Phase Model based on the lived 
experiences of patients and caregivers

Life Phase Model: Input Collection
• Life phases were defined based on a review of existing literature and AAC 

input6–10

- Infant (0–2), Child (3–12), Adolescent (13–18), Young Adult (19–33), Adult (34–
64), and Older Adult (65+)

• Working groups (2–3 AAC members) were assigned to each life phase and 
tasked with describing the important physical and psychosocial experiences

• Discussion summaries from each group were reviewed by the full AAC to 
ensure broad input and alignment

• Finalized discussion summaries were organized thematically to ‘group’ AAC-
reported experiences into core physical and psychosocial themes; these 
formed the AAC ‘executive summaries’

• Executive summaries were further reviewed by the AAC HCPs to ensure 
medical and phasing accuracy

• The group sought to further support the summaries with published 
references provided by AAC members and Agios representatives where 
available11–20; for experiences not supported by these references, targeted 
searches were conducted in PubMed and Cochrane databases (search 
period = 5 years; inclusion criteria = search term stated within the abstract, 
title, or item tags)20–28 

- Where available, published literature was referenced in the executive 
summaries of physical experiences to ensure medical accuracy

- Psychosocial experiences were supported by fewer references and therefore 
the corresponding executive summaries the AAC- and community-reported 
psychosocial experiences only

• See Supplemental Figure 1 (available via QR code) for additional 
information on this step

Life Phase Model: Visual Development
• To show the potential impact of PK deficiency across life phases, a 

preliminary Life Phase Model was developed based on:
- AAC opinion as reflected in the executive summaries (Figure 2A)
- Visual representation of potential impact at defined life phases (Figure 2B)

 The potential impact of physical and psychosocial experiences on 
individuals with PK deficiency, their families, and caregivers was assessed 
based on a research team member's review and synthesis of the AAC-
reported experiences across each life phase, with lighter shading depicting 
lower potential impact and darker shading depicting higher potential impact

 In life phases where further input was required to confidently assign a 
specific shade, additional AAC input was also considered

 To complete the shading of the ‘co-morbidities and complications’ theme, 
literature-based information was also referred to19,29

- The preliminary Life Phase Model was brought back to the AAC for further 
feedback and refinement

Life Phase Model: Community Input
• Given the lower volume of literature supporting the psychosocial executive 

summaries and themes in the preliminary Life Phase Model visual, additional 
community input was sought via community-based focus groups and 1-1 
interviews:

- Focus group participants were recruited (9 countries) across 3 categories: 
young adult patients aged 18–25 (n=9), adult patients aged >25 (n=14), and 
caregivers (n=7)

- In-depth interviews were conducted with 2 young adult patients and 2 
caregivers to gather further qualitative data

- Focus groups and interviews were conducted in accordance with British 
Healthcare Business Intelligence Association Legal and Ethical Guidelines30

and guidelines established by the UK Market Research Society31

• Feedback from the focus groups and interviews was reviewed by the AAC 
and the Model was further refined and finalized

= AAC led = PK deficiency community based

1. Project Initiation: 
AAC defined the 

unmet needs of the 
PK deficiency patient 
community & aligned 
on addressing these 

with a Life Phase 
Model

2. Life Phase Model: 
Input Collection

AAC working groups 
discussed specific Life 

Phase experiences; 
discussed summaries 

were organized 
thematically into 

‘executive summaries’

3. Life Phase Model: 
Visual Development

AAC executive 
summaries and input 
were used to develop 

a preliminary Life 
Phase Model visual*

4. Life Phase Model: 
Community Input
Community focus 

groups, interviews and 
AAC feedback was 

used to finalize the Life 
Phase Model

Figure 1. Life Phase Model development process

• Physical themes detailed in the executive summaries included Symptom Impacts, 
Complications and Comorbidities, Transfusion Burden, Impact of Iron Overload, and 
Disease Management

- Complications and Comorbidities associated with PK deficiency occur in all life phases
- Adolescents struggled with challenges associated with growing up with a chronic condition

• Psychosocial themes detailed in the executive summaries included Mental Health and 
Psychosocial Wellbeing, Growing Up/Older, The Future*, Family Dynamics, Symptom 
Impact on Life and School, Work and Hobbies 

- PK deficiency AAC members described the potential impact of medical trauma on their 
mental health; negative medical experiences in the past also impacted patients and 
caregivers throughout all life phases

- The potential impact of PK deficiency on mental health and psychosocial wellbeing affects 
patients, families, and caregivers 

- Anxiety and depression-related themes were commonly observed with both patients and 
caregivers, and the potential economic impact of PK deficiency was commonly reported by 
families, as well as patients

- Overall, the potential psychosocial impacts of PK deficiency appeared to increase with age 
- AAC discussions, as well as focus group and interview findings, showed that the potential 

impact of PK deficiency on school, work, and/or hobbies is observed in all life phases
• See Supplemental Table 1 and Supplemental Table 2 (available via QR code) for full 

executive summary tables
• The literature review process found more evidence supporting certain physical themes12–

13,15–23, 25–28 than psychosocial themes11–14,18, 20–27 indicating a literature gap
• The PK Deficiency Life Phase Model (Figure 3) illustrates how the physical and 

psychosocial experiences identified through this project may vary between life phases

Shading reflects the potential symptom impact on lived experiences at different life phases, as described by the AAC, community input via focus groups, 
1-1 interviews. Shading in the ‘complications & comorbidities’ theme of the Life Phase Model was also informed by literature-based information. 
* Literature audit findings were also used to substantiate the Life Phase Model domains where possible.​

LIMITATIONS
• PK deficiency is an ultra-rare disease with a clinically heterogenous population, and the 

Life Phase Model visual was developed using subjective input from a small group; 
insights elucidated by this analysis may not be generalizable to the broader population of 
those living with PK deficiency or other rare diseases
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Figure 2. (A)  AAC opinion as reflected in executive summaries (example using the 
‘Growing Up/Older’ theme). (B) Visual representation of potential impact at defined 
life phases (example using the ‘Growing Up/Older’ theme)

* Note that ‘The Future’ was combined with the ‘Growing Up/Older’ theme in the Model visual, given similarity in experiences explored between these two categories
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