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Executive Summary: 
This "Point of View" article by Lorenzo Piemonti discusses the current state and 
future challenges of beta-cell replacement therapy for Type 1 Diabetes (T1D). While 
acknowledging significant progress in islet transplantation and the emergence of stem 
cell-derived beta-like cells, the author argues that achieving widespread, accessible 
treatment – the "last mile" – requires a fundamental shift in focus. Drawing parallels 
to space exploration and lessons from gene therapy failures, Piemonti emphasizes the 
need to prioritize scalability, ease of use, and economic feasibility from the initial 
design phase, advocating for a Quality by Design (QbD) approach centered around a 
comprehensive Quality Target Product Profile (QTPP). The article cautions against 
premature optimism and stresses the importance of practical implementation over 
solely academic achievements. 
Main Themes and Important Ideas/Facts: 

1.​ Significant Progress but Limited Impact of Current Therapies: 
●​ Islet transplantation has shown "proof-of-concept success in restoring 

endogenous insulin production" and offers benefits like "long-term glycemic 
control, protection from severe hypoglycemia, and improved quality of life." 

●​ However, islet transplantation is "fundamentally constrained by the limited 
availability of organ donors, the need for lifelong immunosuppression, and the 
challenges associated with islet engraftment and survival." 

●​ The author notes, "we have a therapy that works beautifully—just for not 
enough people to make a real difference." 

2.​ Paradigm Shift with Stem Cell-Derived Beta-Like Cells: 
●​ Advances in "stem cell biology, tissue engineering, and gene editing" have led 

to the successful differentiation of stem cell-derived beta-like cells from both 
human embryonic stem cells (ESCs) and induced pluripotent stem cells 
(iPSCs). 



●​ Initial clinical trials show "promising preliminary data showing functional 
insulin secretion in vivo." 

●​ Potential for immune evasion through encapsulation or genetic engineering 
could "eventually obviate the need for chronic immunosuppression." 

3.​ The "Last Mile" Challenge: Accessibility and Scalability: 
●​ The article highlights the "ambivalence" of the term "last mile," noting that 

while it suggests an imminent cure, it is often the "most complex and 
challenging stage of development, requiring careful navigation to ensure 
successful implementation." 

●​ Drawing an analogy to the Apollo moon program, the author argues that while 
scientific feasibility has been demonstrated, "true accessibility remains 
elusive." Scaling the therapy to treat millions presents a "new set of 
challenges." 

●​ "If we continue to approach beta cell replacement with an ‘Apollo mission’ 
mindset, we risk creating a therapy that could be limited in accessibility," 
potentially leading to stratification based on risk-benefit or, more troublingly, 
financial capacity. 

4.​ Lessons from Gene and Cell Therapies for Rare Diseases: 
●​ Several promising gene and cell therapies for rare diseases have been 

"approved but later withdrawn from the market due to unsustainable pricing 
models and difficulties in reimbursement." 

●​ Examples cited include Glybera, Strimvelis, and the recent suspension of 
Pfizer's hemophilia B gene therapy, fidanacogene elaparvovec, due to its "$3.5 
million per patient" price tag hindering widespread adoption. 

●​ The struggles of bluebird bio, once highly valued but later significantly 
devalued due to financial difficulties, underscore the "economic challenges 
plaguing biotech firms specializing in advanced therapies." 

●​ The author emphasizes that "cost-reduction strategies are essential" for 
widespread conditions like T1D, as the high per-patient costs seen in rare 
disease therapies are not scalable. 

5.​ The Quality by Design (QbD) Approach: 
●​ Piemonti proposes adopting a QbD framework, which "shifts the focus from 

quality control to quality by intentional design," emphasizing building quality 
into the product from the beginning. 

●​ A core element of QbD is the "Quality Target Product Profile (QTPP), which 
defines the desired characteristics of a product, guiding its entire development." 



●​ This approach emphasizes a shift from "test-and-fix" to "design-and-predict," 
enabling more "robust, efficient, and scalable therapeutic solutions." 

●​ The QTPP for cell therapies must consider not only the "intrinsic properties of 
the cellular product itself" but also "patient-specific responses, variability in the 
cellular product, and the evolving nature of the treatment within the body." 

6.​ Importance of Practical Implementation and User-Centric Design: 
●​ The author advocates for defining the QTPP with a strong focus on "scalability, 

ease of use, and economic feasibility from the outset," rather than solely on 
"academic achievements, corporate interests, market economics, or patent 
constraints." 

●​ Using the analogy of impractical wine glasses (Figure 1), Piemonti illustrates 
that a therapy must not only meet quality criteria but also be "practical, 
user-friendly, and functional in real-world applications." 

●​ The ideal product, from a physician-scientist's perspective, would be 
"cryopreserved and easily thawed at the bedside with warm water, compatible 
with a standard syringe, and administered much like a simple intramuscular 
injection—no operating room, no GMP facility for post-thaw reconstitution, no 
angiographic suite for infusion, etc… A final product of just a few milliliters, 
nothing more." 

7.​ Call for Collaboration and a "Hub-and-Spoke" Model: 
●​ "Highly specialized academic centers with the necessary multidisciplinary 

expertise should lead the initial phase," overseeing design thinking and 
early-stage clinical trials. 

●​ Close collaboration with the pharmaceutical industry is crucial, respecting each 
other's expertise. 

●​ A "hub-and-spoke" model should be adopted for broader dissemination, 
expanding from central expertise hubs to ensure larger-scale accessibility while 
maintaining quality. 

●​ Initiatives like ACT (Accelerate Cell Therapies) by Breakthrough T1D are 
highlighted as examples of efforts uniting research, development, regulation, 
and clinical access. 

8.​ Lessons from Bone Marrow Transplantation: 
●​ Bone marrow transplantation serves as a "historical precedent" for a cell 

therapy that has achieved widespread global adoption. 
●​ Its evolution from experimental to standardized treatment highlights the 

importance of an "expert-driven development phase, followed by a strategic 



expansion model to make cell therapies practical and available on a large 
scale." 

9.​ Economic Sustainability as a Key Element: 
●​ Sustainability is crucial for scalability and should be incorporated into the 

QTPP definition. 
●​ There should be a "stronger focus on academic research into the economics of 

Beta-Cell Replacement Therapy." 
●​ Economic sustainability involves not only cost-effectiveness but also broader 

financial considerations, as seen with hepatitis C treatments in countries with 
strong public welfare systems. 

10.​Cautious Optimism and a Call to Action: 
●​ While the timeline for an "exogenous insulin-free world" is uncertain, the 

author believes that "the generation of individual with type 1 diabetes who will 
be definitively cured by beta cell replacement is already born." 

●​ Drawing inspiration from JFK's speech on the moon mission, Piemonti calls for 
"unwavering commitment" and a recognition that achieving this goal will be 
hard but ultimately worthwhile. 

Quotes: 

●​ "while islet transplantation has demonstrated proof-of-concept success in 
restoring endogenous insulin production, its clinical impact remains limited by 
donor scarcity, immune rejection, and procedural complexities." 

●​ "The emergence of stem cell-derived beta-like cells represents a paradigm shift, 
with initial clinical trials showing promising insulin secretion in vivo." 

●​ "Without a strategic shift, beta cell therapy risks becoming an elite intervention, 
restricted by cost and infrastructure." 

●​ "History teaches us that assuming victory just before the finish line is a surefire 
way to trip over our own shoelaces." 

●​ "we have planted the flag, but we’re nowhere near ready to move in." 
●​ "If we continue to approach beta cell replacement with an ‘Apollo mission’ 

mindset, we risk creating a therapy that could be limited in accessibility." 
●​ "Perhaps we do not fully consider the complexities of the ‘last mile’ in 

scientific progress, where the challenges of scaling and ensuring widespread 
accessibility can be more intricate and demanding than the initial breakthroughs 
themselves." 



●​ "The model used for rare disease therapies may not be directly applicable to 
widespread conditions like T1D, especially when scaling therapies like 
beta-cell replacement." 

●​ "QbD is, above all, a philosophy that shifts the focus from quality control to 
quality by intentional design. It emphasizes that quality should not be tested 
into a product but rather built into it from the very beginning." 

●​ "The challenge goes beyond simply creating a functional cellular product; it is 
also about ensuring its scalability, as a transformative therapy that remains 
accessible to only a few is little more than an academic achievement." 

●​ "The goal is not to design a product that functions beautifully under ideal 
conditions but one that remains viable when deployed at scale." 

●​ "Only by adopting this perspective can we transform beta cell replacement 
from experimental success into a truly viable treatment for millions of people 
with T1D." 

Conclusion: 
Piemonti's article provides a critical perspective on the future of beta-cell replacement 
therapy. While celebrating scientific advancements, it serves as a strong call to action 
to address the significant challenges of scalability, accessibility, and cost. The 
emphasis on a Quality by Design approach, with a comprehensive and user-centric 
QTPP, offers a potential pathway to navigate the "last mile" and ensure that this 
promising therapy can reach millions of individuals living with Type 1 Diabetes. The 
lessons learned from space exploration and the failures of some gene therapies serve 
as important reminders of the complexities involved in translating scientific 
breakthroughs into widely available solutions. 
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