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Foreword
In early 2019, JDRF and the JDRF T1D Fund recognized the need to characterize the full economic value of novel
therapies for T1D. Currently, despite at least 18MM people living with the disease globally and an estimated
1.6MM in the US, the investment in new technologies and therapies for T1D lags relative to other chronic or
autoimmune diseases as measured by resources invested or number of trials in the clinic. There are also an
estimated 2.3MM people globally at risk for T1D, in stage 1 or 2 of the disease. We believe that traditional
approaches to market analysis underestimate the true value of T1D therapies (where a number of recent market
studies predict the global T1D market to be anywhere from $2.8B up to $25B by 2025). T1D is a chronic
condition that requires constant attention from the individual and their caregivers, whose burden is on top of
the unmet medical need, acute cost of care, and the cost of long-term morbidity and mortality from
complications from the disease. We sought a comprehensive and quantitative burden of illness (BOI) assessment
to provide stakeholders developing, funding, and approving therapies for T1D a better understanding of their
potential.
Indeed, the results of the analysis show that the large scale of the annual economic burden of T1D, >$30B in the
US and >$90B globally, has been historically underestimated. This is driven by productivity costs that far exceed
direct medical costs, the traditional way of sizing the disease impact. As reported here, the full picture exceeds
even these figures: due to limited data sources, they do not account for the psychological burden or other
intangible costs of the disease for people with T1D and their families. Further psychosocial studies are needed to
produce evidence and data to account for these burdens in future analyses.
The report finds that there is substantial economic benefit to a range of T1D therapy innovations. Disease
modifying therapies (there are none approved for T1D today) represent substantial improvements in patient
health and reduce significant costs associated with the economic burden of disease. This will be true even for
therapies that are steps along the way to a cure. Several therapeutic concepts, whether slowing progression of
T1D or delaying T1D onset for 1-2 years, or developing truly closed-loop artificial pancreas systems, have
multibillion dollar annual economic impact in the US alone. Furthermore, several of these concepts and
innovations are relatively near-term as new therapies enter the clinical phase. Our message is reinforced:
investment in T1D therapies must be made today to reap these benefits.
Important to note, this report is based on an updated prevalence number of T1D in the US: 1.6MM, up from the
1.25MM prevalence JDRF has previously referenced. This is based on CDC estimates of 1.4MM adults >20 years 1
and 187,000 youth with T1D in 20182. The following report rigorously quantifies BOI for the US, and then
extrapolates to most other regions based on gross domestic product (GDP). JDRF will continue to invest and
encourage other efforts to better quantify the burden of T1D for geographic regions worldwide.
The following economic analysis is not intended to demonstrate the market size of any one specific therapy for
T1D, but rather to illuminate the magnitude of societal costs borne by governments, payers, employers, and of
course, people with T1D and their families. This report can inform any organization or company considering
investment in T1D research and therapy development, including JDRF and the JDRF T1D Fund as we build our
Cure, Prevent, and Treat portfolios. Our hope is that this more comprehensive approach to assessing the value
of therapeutic innovations spurs more attention and interest, and ultimately catalyzes more investment into
new modalities and tools for T1D.

1
2

Based on 2013-2016 NHANES, 2017 NHIS, and the 2018 Census
Based on SEARCH prevalence data, 2017-2018 NHIS, and the 2018 Census
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Executive Summary
Objectives
The purpose of this evaluation is two-fold: 1) to identify and assess previously unrecognized costs associated
with type 1 diabetes (T1D) and quantify the full economic burden and 2) to fully estimate the potential
economic value of several novel T1D therapeutic concepts.
Previous analyses of T1D disease burden typically only consider the direct medical costs associated with T1D, i.e.
the costs of insulins and health care visits, but underestimate the full disease burden felt by patients and
caregivers. This assessment focuses on also assessing indirect costs, in particular productivity costs, and
qualitatively evaluating intangible quality of life impact, in order to derive a global T1D BOI.
This analysis then quantifies how the introduction of seven novel therapeutic concepts for T1D would address
the global T1D economic burden. The overall concepts, as well as sequential generations of each concept that
achieve increasing therapeutic value, were rigorously defined by JDRF in collaboration with the academic,
clinical, and research communities. The concepts tie to three distinct T1D research goals: to prevent progression
of the disease in those at risk or recently diagnosed; to cure the body’s inability to control glucose, thereby
reversing insulin dependence; and to treat T1D patients with new drugs, therapies, and devices that make it
easier to manage the disease until a cure is found.
As shown in Table 1, the evaluation includes three prevention concepts: delaying onset of Stage 3 (clinical T1D
diagnosis), preventing diabetic ketoacidosis (DKA) at diagnosis, and delaying progression within Stage 3; two
cure approaches: replacing beta cell function and restoring beta cell function; and two adjunctive treatments:
both medication and device adjuncts to insulin to increase HbA1c and/or time in range (TIR). All concepts are
assessed in sequential generations with improvements in efficacy, safety, or route of administration, along the
path to achieving increasingly meaningful therapeutic benefits. For some of the concepts, HbA1c improvements
are defined, for others TIR improvements, and for others, both. These are meant collectively to reflect
improvements in glucose control and the expectation that in the future HbA1c and TIR will both be available as
efficacy measures of glycemic control.
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Key Findings - T1D Burden of Illness
Figure 1a: Annual T1D Per Patient Burden （ US）

Global T1D Burden of Illness Nears $100B When
Factoring in Productivity Losses
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There are significant “hidden” costs associated with the
economic burden of T1D. Annual productivity costs exceed
direct medical costs associated with adult T1D and even have
meaningful impact in pediatric T1D, where caregiver
productivity is affected. As shown in Figure 1, while the
annual direct medical cost burden of T1D in the US in 2018 is
$4,429 for a pediatric patient and $8,136 for an adult patient,
the total annual cost burden is $5,960 and $20,320 per
pediatric and adult patient, respectively, when factoring in
productivity losses. Accounting for the 1.6MM annual
prevalence in the US, the cumulative economic burden for all
T1D patients in the US is ~$30B per year. Extrapolating to
global regions suggests a worldwide annual T1D cost burden
of ~$90B.
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Figure 1b: Lifetime T1D Burden for a Newly Diagnosed Patient (US)
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Source: Health Advances Burden of Illness Analysis, Diabetes 2012

Figure 2: Total Economic Burden of T1D Globally (2018)
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Key Findings - Economic Value of Therapeutic Concepts
Improvements to Today’s Treatments Would Address Global Cost Burden
As the field works towards a cure, there are opportunities to address the needs of people living with the disease
today. Adjunct therapies that reduce HbA1c and improve TIR beyond the rates patients are achieving with
insulin therapy would have meaningful economic benefits. These adjuncts may be medications or improved
delivery devices. Medications that reduce HbA1c by 1.0%-1.5% and improve TIR to 65%+, without significant
safety risks, would achieve $5B-$10B of annual economic impact in the US, depending on the level of efficacy
achieved. Future fully closed-loop pumps, which achieve TIR of 95% and minimize user burden, would achieve
$18B in US annual economic impact. These innovations would also provide intangible benefits, not captured in
these figures, by alleviating the day-to-day burden of disease management and the associated psychosocial
challenges.
Delaying Disease Onset to, or Preserving Beta Cell Function at Stage 3 Has $3B-$6B in US Economic Benefit
T1D prevention drives value by delaying insulin needs, reducing acute events, and reducing longer term
complications. While the direct medical cost savings associated with a therapy that achieves 70% response and
delays disease for two years is $12,262 for a pediatric patient and $22,525 for an adult patient, factoring in
productivity gains and lifetime benefits increases the total value to $71,675 for a child and $74,799 for an adult
in the US. Therapy with 5 years of durability increases these values to $151,596 and $177,721 for each pediatric
and adult patient respectively. Accounting for early disease prevalence suggests $3B in annual economic impact
for a prevention therapy with 5 year durability and 70% response. There is also value in slowing disease
progression upon the onset of T1D. Beta cell preservation therapies that reduce insulin needs by 50-70% would
have $6B in annual US economic impact.
Interim Developments Towards a Cure Have Multibillion Dollar Impact in the US Alone
With 18MM people living worldwide with T1D and a global disease cost burden of ~$90B, the need for a cure is
significant. The ideal therapeutic cure would achieve durable insulin independence and normal A1c levels with a
clean safety profile, and address the full ~$90B global and ~$30B US annual cost burden. However, our
evaluation revealed that interim developments towards the cure also have significant economic impact. For
example, a beta cell preserving therapy that halts loss in insulin production and allows patients to achieve HbA1c
levels <7.5% would provide $4.6B of economic value in the US annually. A beta cell replacement therapy that
reduces insulin requirements by 50%+, even if it requires broad immunosuppression and provides 1-2 years of
effect, would still generate $3.5B in annual US economic value. These interim developments have a strong place
in the market and meaningfully address disease burden by reducing the direct and indirect costs associated with
high A1c and insulin requirements.
Overall, this evaluation shows that while a full cure would address the total $30B US annual T1D cost burden,
adjunct therapies and interim steps would still address several billion dollars of economic burden in the nearterm, as summarized in Figure 3 below.
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Total Annual Value of Disease Impact by Concept
Gen 1
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Figure 3: Total Annual Value of Disease Impact by Therapeutic Concept and Generation

Improve
Metabolic
Control
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Pancreas

Beta Cell
Replacement

Restore Beta
Cell Function

Impact shown can be achieved in 5 years for certain concepts and early
generations (e.g. delay onset of stage 3, artificial pancreas), and in 10 years
or more for later generations.

Further Efforts Are Imperative to Quantify Intangible Burden of Disease
It is important to note that the economic analysis does not account for several “intangible” burdens of T1D that
patients and caregivers experience throughout the T1D patient lifespan, because of limitations in the disease
economic literature. Numerous psychosocial challenges associated with T1D have not yet been quantified. While
these challenges across the lifespan of T1D are described below, dedicated research is needed to fully quantify
and characterize the pain, suffering, and reduced quality of life that T1D patients and their caregivers
experience.
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Starting with pediatric T1D, caregivers of pediatric patients experience high psychosocial burden due to the
stress and anxiety of caring for a sick child. This burden often leads to strained relationships within the family, as
well as tensions that can affect the child. In addition, as many as 22% to 33% of mothers of T1D patients
experience clinically-significant levels of depressive symptoms [1].
In the adolescent phase of T1D, teens often struggle with a sense of self identity and strive to regain control
from their disease. This can manifest in a power struggle between parents and adolescents that can affect
relationships in the long-term. Eating disorders and depression are common in adolescents with T1D [2]. Studies
show that one in five teenagers with T1D experience depressive symptoms, regardless of how well they manage
their A1c [3, 4].
When patients transition to young adulthood, planning for their own care and decisions about career bring up
new challenges. In adulthood, patients with T1D may struggle with feeling comfortable with a partner and see
their disease as a barrier when seeking a lifelong partner. As T1D patients look to become parents and start a
family, they worry about their genetics, and carry the guilt of potentially passing on T1D to a child.
If the psychosocial issues experienced by both caregivers and patients were fully measured and quantified from
an economic standpoint, the burden of illness of T1D and the associated value of new interventions would be
even higher than what can be estimated today.

Conclusion and Call to Action
This evaluation uncovered significant hidden and underappreciated costs associated with T1D beyond the direct
medical costs of insulins, health care services, and other interventions. Productivity losses for both patients and
caregivers carry tremendous societal cost. Furthermore, there are concerning intangible costs to the disease
January 2020
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throughout the lifespan, which have yet to be quantified and accounted for in the economic literature. While it
was not within the remit of this evaluation to pursue quantification of these intangible costs, this is an urgent
need and no BOI study will be complete without this analysis. Investing in robust psychosocial studies would
generate valuable data and address this critical gap in the health economic literature.
Based on the key findings, government entities, private payers, and employers should consider the broader
disease burden in their calculus for coverage and reimbursement for T1D therapies. Only factoring in cost offsets
from insulin, for example, does not consider the burden of insulin management, the related suboptimal HbA1c
and TIR outcomes, and the subsequent costs of longer term complications and productivity losses. Payers and
regulators can further support innovation by recognizing clinical measures beyond HbA1c, in particular TIR, that
better reflect total glycemic control and disease burden, relate to clinical outcomes, and can be differentially
addressed by newer innovations.
All parties ultimately have an interest in incentivizing innovations that improve T1D outcomes. Increased
recognition of the full burden of T1D by key stakeholders would spur more investment in T1D, where today
there is underinvestment relative to other autoimmune diseases. As this evaluation shows, there are multiple
market opportunities to address T1D burden, from adjuncts to insulin to treatments that delay disease onset to
regenerative approaches that reduce insulin requirements. Efforts to develop novel therapies for T1D have
strong economic value and should be rewarded.
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Situation Analysis
Today, 18MM people live with type 1 diabetes
(T1D) globally, and 1.6MM have been
diagnosed with T1D in the US [5-11].3 Lacking
disease modifying therapies, patients are
managed with insulin today, and many
patients continue to experience suboptimal
outcomes. Nonetheless, the investment in
new technologies and therapies for T1D is
limited relative to other similarly-sized
autoimmune diseases. In rheumatoid arthritis,
multiple sclerosis, and Crohn’s disease, there
are already several classes of diseasemodifying therapies available and
development pipelines continue to be highly
active [12]. This underinvestment in T1D is
driven in part by the perception that T1D is well managed with established insulin regimens. Additionally,
traditional analyses of T1D disease burden typically only consider the direct medical costs associated with T1D
and underestimate the full disease burden felt by patients and caregivers. This incomplete understanding of T1D
disease burden contributes to the underinvestment in T1D in the US and globally by the biopharmaceutical and
investor communities.
Suboptimal Outcomes from Insulin
Despite the standard of care of insulin therapy, most patients with T1D are not at optimal glycemic control, even
with use of insulin pumps and continuous glucose monitoring (CGM) which are today’s most advanced tools for
insulin management [8, 13]. An HbA1c test is the most commonly accepted metric by which physicians, payers,
and patients understand an individual’s degree of metabolic control today [14]. HbA1c is considered
“controlled” for T1D when it is lower than 7.0% in adults and lower than 7.5% in children[15-17]. However, for
all patients with T1D today, the average HbA1c hovers around 8.2% [18]. The vast majority of patients do not
reach their target HbA1c levels despite their arduous efforts, with a recent study finding that only 17% of
pediatric patients and 21% of adult patients meet American Diabetes Association (ADA) recommendations [19].
Furthermore, studies have shown that an average individual with T1D experiences nearly two episodes of
symptomatic hypoglycemia per week [20, 21]. Severe hypoglycemia is defined as untreated hypoglycemia that
results in intervention from another person or healthcare professional [22]. On average, about 20% of T1D
patients in the US experience one or more severe hypoglycemic events annually [20, 21].
Finally, long-term complications associated with T1D are significant. For example, more than 50% of T1D
patients experience complications related to polyneuropathy [23], 25% experience nephropathy-related
complications [24], and 36% experience retinopathy-related complications.
Underinvestment in T1D
Investment by biopharmaceutical companies in T1D is low relative to the investment in other similarly-sized
autoimmune diseases [28]. In rheumatoid arthritis, Crohn’s Disease, and multiple sclerosis—autoimmune
diseases with roughly 1MM US prevalence—there already are numerous available disease-modifying therapies
that address underlying pathophysiology [29-31]. Patients have multiple biologic treatment options, such as
anti-TNFs and interleukin blockers for rheumatoid arthritis and Crohn’s disease. If one line of therapy does not
work, patients can trial several other options.
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Furthermore, even with available treatments, the development pipelines in these autoimmune disease are more
active than that for T1D. There are ~150 programs in preclinical through Phase 3 development for T1D. In
comparison, there are ~220 programs and ~250 programs in development for multiple sclerosis and rheumatoid
arthritis respectively. While there are 8 late-stage programs in T1D, many of these insulin related, there are ~20
Phase 3 programs each in multiple sclerosis and rheumatoid arthritis, all focused on disease modifying therapies
[12]. Given the high unmet need in T1D, this relative underinvestment is striking. [32].
Incomplete Economic Estimates of T1D Disease Burden
Today, economic estimates of T1D disease burden focus largely on direct medical costs, with payers, budget
holders, and Health Technology Assessment (HTA) decision-makers in mind; they fail to consider important and
costly indirect, productivity, and intangible burdens shouldered by patients, caregivers, and society. Factors less
often considered include lost income due to disease, productivity costs felt by employers and society from
missed or inefficient workdays, and intangible costs of disease such as pain and suffering, which are felt by both
patients and caregivers.
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Research Methodology
T1D Burden of Illness Methodology
Health Advances completed a comprehensive literature review to estimate the global burden of T1D, drawing
on all relevant published literature to define the economic costs that contribute to patient, caregiver,
employers, healthcare system, and societal burden [33, 34]. While previous economic analyses focus mainly on
direct medical costs, this analysis covers direct medical, direct non-medical, and productivity costs to better
reflect the full burden of disease. This evaluation was not able to quantify several intangible burdens of T1D
related to pain and suffering that patients and caregivers experience, because of limitations in the disease
economic literature.
Direct medical costs include all costs due to resource use that are attributable to the delivery of a health care
intervention for T1D, e.g., insulin, testing supplies, and all follow-up costs for other medications and/or health
care interventions and complications in ambulatory, inpatient, and nursing care. Direct non-medical costs
include transportation costs to access care, trained caregiver time, and specialized and/or frequent daycare.
Productivity costs can result from both presenteeism (presence of a worker who experiences reduced
productivity due to illness) and absenteeism (the physical absence of a worker, in which case the employer must
also absorb the cost and time of worker replacement) [35]. Productivity costs include the loss in gross income to
the patient [35]. In addition, costs to support disability payments for absent workers, and life insurance costs for
workers that die are included in the productivity cost calculus [36-38].
This analysis focused on the global costs associated with T1D as well as the net change in these costs associated
with the introduction of a novel intervention compared to the cost of care for an otherwise healthy individual.
Impact of Disease Concept Methodology
To examine how novel therapeutic concepts for T1D could address the global T1D
economic burden, Health Advances developed a quantitative model that estimates
the value of disease impact of seven therapeutic concepts that cure, prevent, or
treat T1D. The total impact of each therapeutic concept factored in global T1D
epidemiology, patient segmentation, and addressable population sizes, and the
change in economic costs associated with each intervention based on anticipated
clinical efficacy (Figure 5).
To inform the relevant patient segments and addressable population (i.e. patients
who are eligible and likely to be treated) for each concept, Health Advances
conducted in-depth interviews with 20 US and European key opinion leaders
(referred to as “experts” throughout this paper) and payers. These discussions
provided deep insights on each concept’s anticipated clinical impact and adoption,
and factors that would drive prescribing. Health Advances then designed and
fielded a quantitative survey of 72 US endocrinologists, to gain a broader sample of
perspectives on each concept, and more inputs on the addressable patient
population and adoption potential for each concept.
The value of each therapeutic concept was determined by applying economic
estimates to improvements in the following four specific efficacy outcomes: 1)
reduction in HbA1c and/or improvement (or increases) in TIR; 2) reduction in DKA
events; 3) reduction in severe hypoglycemic events; and, 4) achieving insulin
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independence.3 For each efficacy measure, we attributed savings in direct medical costs relative to the T1D
baseline outcome today. We then applied the economic value from savings in direct non-medical and
productivity costs. Specifically, we allocated a proportion of the sum of these other economic costs to each
therapeutic concept based on the average improvements seen across the key efficacy outcomes compared to
healthy baselines.
Finally, while we provide detailed descriptions of the model output for each therapeutic concept on the
following pages, there are two important caveats. First, because we did not test and model specific product
concepts, or the commensurate price potential, the model results presented here do not represent
manufacturer revenue potential. Rather, the model results represent the total annual economic value of each
concept’s impact on T1D at a single point in time. Second, the model estimates the economic impact of each
therapeutic concept in isolation; it does not compare across therapeutic concepts nor does it indicate the
combined or net impact should several concepts become available.
More details on both the BOI methodology and concept impact modeling are provided in the appendix.

3

For all such economic outcomes, we applied a 3% growth rate to all future years to account for increasing per-capita health expenditure in the US, as
averaged between 2007-2016
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Therapeutic Concept Evaluation
Overview
The following sections provide detailed evaluations for each of the seven novel therapeutic concepts (Figure 6).
For each concept, the market need, current development status, drivers of adoption, and modeled per-patient
and US-level impact on T1D disease costs are described for several concept generations.

1. Delay Onset of Stage 3
There are at least 300K people with Stage 1 and Stage 24 disease in the US and 2.3MM worldwide, based on
disease incidence and a 5-year seroconversion rate of 44%5 [39]. Past research has shown that most Stage 1 and
2 patients progress to Stage 3 within 10 years and that disease progression is even faster in patients younger
than 3 years old or with the DR3/DR4-DQ8 HLA genotype [40]. By delaying disease progression, patients not only
gain disease-free years but also realize long-term benefits. In particular, studies have shown that prevention of
early stage progression could forestall diabetic complications and potentially improve life expectancy [41].
Finally, as T1D incidence continues to increase at 2-4% annually [8, 42], more and more patients will benefit
from preventative treatments.
Figure 7 on the following page defines potential generations in therapies that could be developed to prevent
Stage 2 T1D from progressing to Stage 3.

4

Stage 1 is defined as the presence of β-cell autoimmunity as evidenced by the presence of two or more islet autoantibodies with normoglycemia and is
presymptomatic, stage 2 as the presence of β-cell autoimmunity with dysglycemia and is presymptomatic, and stage 3 as onset of symptomatic disease.
5
As there are no studies on seroconversion rates in adults, we simply applied a rate found in pediatric studies to our estimate. However, we recognize
that the at-risk population in adults is likely larger as disease progression is slower in the adult population.
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Development Environment
Broad use of preventative therapy relies on the timely identification of early-stage patients. Supporting this goal,
early-stage presymptomatic disease definitions formally introduced by JDRF, the Endocrine Society, ADA, AACE,
Helmsley Charitable Trust, and others in 2015 have been broadly accepted by the T1D field [41]. Islet
autoantibodies are increasingly recognized as key T1D biomarkers. While screening for islet autoantibodies
remains limited to first degree relatives (FDRs) today, pilots for broader screening efforts are underway in both
the US and Europe. For example, in the US, the ASK Research Program at the Barbara Davis Center for Diabetes
is screening for islet autoantibodies in the general childhood population. In Europe, the Fr1da study was
designed as a model to introduce public health screening of multiple islet autoantibodies in Bavaria, Germany.
[43, 44]. Supporting both of these pilots, JDRF is committed to leading the implementation of population-based
screening. Over the next five years, JDRF will support expansion of global screening networks, infrastructure,
and protocols, making population-based screening more feasible [45].
In addition to progress in the staging and screening of early-stage disease, recent clinical trials have
demonstrated the feasibility of delaying clinical diagnosis in high-risk patients. In 2017, results from a Phase 2
trial with oral insulin provided the first clinical evidence showing feasibility of delaying Stage 2 progression by
about one year [43]. More recently, the Teplizumab Prevention Study sponsored by the National Institute of
Diabetes and Digestive and Kidney Disorders (NIDDK) and conducted by TrialNet demonstrated delay of clinical
T1D diagnosis by a median of two years in both high-risk children and adults who received one course of
teplizumab (now owned by Provention Bio) [46]. This outcome has renewed excitement in the field in
developing interventions that delay progression of disease before diagnosis, and in including stage 2 disease as
part of drug development paths.
Potential Drivers of Adoption
The most important adoption drivers for a preventative therapy are safety and response rate. The safety risks
should not outweigh potential disease burden, especially as patients do not yet have symptomatic disease and
some may never develop T1D. The therapy should be effective in a broad population, i.e. show a response rate
higher than 50%. Based on the supporting endocrinologist survey, physician stated adoption increases from50%
to 70% when response rate increases from 30% to 70%.
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While current FDA guidance for registration trials states that sponsors should demonstrate at least one year of
prevention for high risk patients, longer delay (e.g., 5 years) in symptomatic disease onset is preferred. Given the
substantial disease burden of T1D, experts and survey respondents confirmed that 2 years of efficacy duration is
highly valuable. Industry sponsors may weigh the choice to seek regulatory approval with one (or two) years of
efficacy data and then generate additional post market durability data. Intravenous (IV) therapy will be tolerated
given the lack of disease modifying therapies.
Economic Value of Disease Impact
Based on the per-patient model projections, an IV-formulation therapy that achieves a 70% response rate and
delays progression for 2 years yields direct medical cost savings of $12,262 for a pediatric patient and $22,525
for an adult patient in the US.
The value of disease impact includes near term benefits from delayed onset of disease and the longer-term
benefits from an improved disease state. For a therapy that delays disease onset by 2 years, the total perpatient economic impact on T1D could reach ~$71,675 and ~$74,799 for each pediatric and adult patient in the
US, respectively. If a therapy can demonstrate five years of insulin independence, its potential economic impact
on T1D increases to ~$151,600 and ~$177,700 for pediatric and adult patients, respectively.
Figure 8 shows the total annual US economic impact of a preventative therapy that delays the onset of Stage 3,
by therapy generation. The model hypothesizes that by 2029, childhood screening rates for T1D increase to 15%
of the pediatric population, expanding the population of patients identified and eligible for therapy. The model
also assumes an acceptable safety profile, with <1% of serious adverse events (SAEs) in all patients.

Figure 8: Total Annual Economic Impact – Delay Onset of Stage 3

Total Annual Value of Disease Impact (USD MM)
US, 2029 Shown for Comparative Purposes
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2. Prevent Diabetic Ketoacidosis (DKA) at Diagnosis
DKA affects 30-46% of children with newly diagnosed T1D in the US and the rate is likely even higher outside
Western regions due to lower awareness and delayed care [47, 48]. These events are life threatening and can
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lead to detrimental neurocognitive outcomes and affect long-term care [49]. In recent years, rates of this lifethreatening condition increased 6% per year in the US between 2009-2014 [50]. Preventing DKA at diagnosis has
immediate and longer-term benefits. Payers today broadly recognize the high cost burden of these DKA events
(~$18,000 direct medical cost per DKA event in the US) and appreciate the value of reducing DKA rates [75]. In
addition, DKA has been demonstrated in clinical studies to be a preventable event with appropriate screening
[51, 52].
Figure 9 defines a monitoring program that reduces DKA at diagnosis.

Development Environment
Multiple studies have already demonstrated strong feasibility for a monitoring program to prevent DKA at
diagnosis, including the TEDDY study that showed a 13% DKA rate at diagnosis, compared to 36% in SEARCH and
32% in the German DPV register [52]. Follow up studies of the TEDDY population are even more compelling,
showing 4-5% DKA rates [45]. Similarly, the German BABYDIAB and the Munich Family Study showed that
proactive follow up of screened children with positive islet autoantibodies reduced DKA rates from 29% to 3%
[51]. The need for a monitoring program that reduces DKA at diagnosis is high, and development risk is relatively
low.
Potential Adoption and Key Drivers
The concept of a monitoring program to prevent DKA at diagnosis resonates strongly with both physicians and
payers. A reduction in DKA at diagnosis from 30-40% to 10% is viewed as highly achievable without complex
technology or therapies; a simple monitoring program involving multiple blood draws throughout childhood to
monitor antibody titers would be effective. Based on the endocrinologist survey, reported physician adoption
for such a test is estimated at ~40% of all pediatric T1D patients.
Economic Value of Disease Impact
The value of a DKA monitoring test is directly linked to the number of events that can be avoided and the
potential long-term benefits. A program that reduces the rate of DKA to 20% of patients at diagnosis would incur
direct medical cost savings of ~$3,310 per patient. If DKA rates fell to 10%, direct medical cost savings would be
~$4,970 per patient. The model hypothesizes broader childhood screening rates in the future, given ongoing
pilots and JDRF investment, expanding the population of patients eligible for the monitoring program.
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Figure 10 shows the total US annual economic impact of preventing DKA at diagnosis, by therapy generation.
These estimates represent the cost impact of a childhood monitoring program alone, and do not account for any
potential synergies with a therapy that could prevent early-stage progression.

3. Preserve Beta Cell Function at Stage 3
Studies have shown that loss of beta cell function occurs early in the disease process [53], and that a disease
modifying therapy that delays disease progression at onset of Stage 3 can reduce insulin requirements and
reduce risk of long-term complications [54, 55].
Figure 11 defines potential generations for a therapy that preserves beta cell function by reducing the increase
in insulin requirements post diagnosis, relative to being untreated.
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Development Environment
There are multiple ongoing T1D trials with immunotherapies and beta cell survival agents to delay loss of beta
cell function, with several trials expected to report results in 2020 and 2021. These studies build off previous
work in immunotherapy and survival agents, leveraging prior results to inform dosing regimens and target study
populations [56, 57]. For example, previous studies identified pediatric patients, patients with higher
inflammation index, and subjects with a baseline B-cell signature as subgroups who respond to select beta cell
preserving therapies [58]. Preliminary data show potential reduction in the incidence of hypoglycemia and daily
insulin burden, as well as improvements in TIR [59-61].
The development environment for immunotherapies and beta cell survival agents is also supported by
regulatory and health policy stakeholders. For instance, FDA and EMA published clear guidances, defining
C-peptide measurement at 1 year compared to control as the primary efficacy endpoint for Phase 3 trials for
products intended to preserve endogenous beta-cell function in newly diagnosed T1D patients. [62, 63]. In order
for this endpoint to provide convincing evidence of endogenous preservation, clinically meaningful effects need
to be assessed, such as mean daily insulin requirements and glycemic control compared to the control arm. A
favorable effect on these endpoints should be balanced against the risks of the particular intervention being
tested. Subjects should continue to be monitored for an extended period (2 to 4 years or longer) to investigate
both the durability of the effect and rates of hypoglycemia, diabetic ketoacidosis, and long-term complications.
Other biomarkers, including composite markers of different clinical and/or immune parameters, are being
actively explored as surrogate end points, to further shorten trial duration and reduce study costs.
Potential Adoption and Key Drivers
The adoption of a therapy that preserves beta cell function will be driven by the level of reduction in insulin
requirements. The endocrinologist survey indicates that reducing insulin requirements in patients by at least
50% will support the greatest adoption, but even slowing the need for increases in insulin will generate clinical
interest. The safety profile for this concept cannot be life-threatening or require hospitalization; if safety issues
are significant, restrictions to high severity patients and adult onset patients would be required. Modeled
concepts assume a safety profile with <1% risk of SAEs. For most physicians, IV therapy is acceptable.
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Economic Value of Disease Impact (US)
In an early concept generation, in which increased insulin requirements are less than 20% per year, the model
projects that an IV therapy would achieve $830 in total annual cost savings per pediatric patient and $2,810 per
adult patient. These cost savings are driven by a 10% reduction in annual insulin requirements and a
commensurate 10% reduction in other cost categories.
In a second generation of the therapy, where insulin increases are reduced to <10% per year, the value of
disease impact per patient would double. An IV therapy generates annual per-patient cost savings of $1,650 and
$5,630 for pediatric and adult patients respectively. A third generation, in which the therapy achieves a
reduction in insulin requirements of 50-70% per year, generates annual per-patient cost savings of $4,950 and
$16,870 for pediatric and adult patients in the US, regardless of the formulation.
Figure 12 shows the total annual economic impact of preserving beta cell function for the combined US pediatric
and adult population, by therapy generation.
Figure 12: Total Annual Economic Impact – Preserve Beta Cell Function

Total Annual Value of Disease Impact (USD MM)
US, 2029 Shown for Comparative Purposes
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4. Beta Cell Replacement
Islet cell transplantation using cadaveric human islets has demonstrated durable glycemic control and reversal of
hypoglycemia unawareness in patients who undergo the procedure, achieving 50-100% reduction in insulin
requirements and durable impact on hypoglycemia unawareness. However, due to limitations in cell source and
risks of broad immunosuppressive side effects, only high-risk patients receive islet transplantation, in particular
adults with severe hypoglycemia unawareness [64-66]. Given the established efficacy and limited use of islet cell
transplantation today, there is significant opportunity for a therapy with a more favorable safety profile and/or
unlimited cell source. [67, 68].
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Figure 13 defines potential generations for a therapy that replaces beta cell function and reduces insulin
requirements. This therapy would apply to people with established stage 3 T1D.

Development Environment
Promising advances in cell sources, beta cell protection, and more targeted immunosuppression contribute to a
more favorable development environment for beta cell replacement. The generation of alternative beta cell
sources that can be replenished would address limitations that have previously restricted access to this therapy.
Both allogenic human stem cells (hSC) and induced pluripotent stem cells (iPSC) are being studied as surrogate
beta cells [69, 70]. Similarly, xenotransplantation using porcine islets is gaining acceptance as a potential cell
source [71].
There are also new mechanisms to enable protection of beta cells, with the development of delivery systems to
protect cell sources and optimize implantation sites. Advances in biomaterial research, 3D medical printing,
immunomodulation, and drug delivery strategies are all enabling better protection of beta cells [72]. These new
technologies could also allow for development of both device and device-less approaches to protect beta cells
after implantation [73].
More targeted immunosuppression will enable more patients to have access to beta cell replacement therapies.
Scaffold devices that provide a permeable barrier are being evaluated to implant cells without a full
encapsulation device [74]. Such devices could offer localized protection from the immune system or could be
used to release immunosuppressive agents [75].
Potential Adoption and Key Drivers
Immunosuppression is one of the greatest challenges in beta cell replacement therapies for T1D, particularly in
pediatric patients. The need of broad immunosuppression would limit adoption to ~15% of adult patients based
on the endocrinologist survey. While elimination of immunosuppression would increase adoption to 80%, a
more targeted approach could still achieve ~50% adoption. Efficacy is also a key adoption driver. Of note, novel
therapies that reduce insulin requirements by 50% are considered highly valuable, for which an annual
minimally invasive procedure (1 year durability) would be acceptable.
Economic Value of Disease Impact (US)
In an early-generation of a beta cell replacement therapy, in which insulin requirements are reduced by 50-100%
and broad immunosuppression is still required, a therapy would achieve direct medical cost savings of $5,630
for an adult patient in the US. The total annual economic impact, factoring in direct non-medical and
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productivity costs, would reach $14,060 in an adult patient in the US. Given regulatory feedback that broad
immunosuppression for pediatric patients would not be acceptable, these savings are excluded from our
analysis for the early generation of therapies.
In a second generation of the therapy, in which insulin needs are reduced by 70-100% and no broad
immunosuppression is required, total annual economic impact could reach $5,770 in a pediatric patient and
$19,690 in an adult patient in the US. In a third generation, in which patients achieve insulin independence on
the therapy with no immunosuppression and duration of efficacy is >24 months, the therapy could generate
annual total cost impact of $8,250 in a pediatric patient and $28,120 in an adult patient in the US.
Figure 14 shows the total annual economic impact of beta cell replacement for T1D for the combined US
pediatric and adult population, by therapy generation.
Figure 14: Total Annual Economic Impact – Beta Cell Replacement

Total Annual Value of Disease Impact (USD MM)
US, 2029 Shown for Comparative Purposes
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5. Restore Beta Cell Function
There are currently no therapies available that address the underlying pathology of T1D. Therapies that directly
modify beta cell biology can stop and even reverse the loss of function that occurs in T1D. The implementation
of such disease modifying therapies could return patients to a disease-free, healthy state, which would unlock
full economic value and completely eliminate the burden of illness.
Figure 15 below defines potential generations for a combination therapy that halts or reverses progression of
T1D.
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Development Environment
While there are no approved disease-modifying treatments for T1D, research efforts are exploring pathways
that may increase beta cell function, control autoimmune destruction, and ultimately reduce or eliminate insulin
need. Mechanisms across multiple autoimmune diseases are being studied to provide insight into the
pathogenesis of T1D, including the influence of kinase inhibitors and modifiers of cellular stress pathways [76,
77].
Innovative trial designs will accelerate research into curative therapy options. Identification of novel biomarkers
that reflect beta-cell function and/or effective modulation of the autoimmune response can be used to develop
trials in targeted patient populations [78]. Advances in targeted drug delivery will be important. Cell or tissue
directed drug delivery, such as those used in oncology, may be used to improve targeted drug delivery to beta
cells or to sites of immune activity [79-81].
Potential Adoption and Key Drivers
Restoring beta cell function should provide broad benefits across HbA1c, TIR, and insulin requirements.
Therapies that show incremental benefits across these key measures see strong clinical interest. Physicians
would prescribe an early generation of a regenerative therapy that improves TIR to 50-70%, HbA1c <7.5% and
halts loss in insulin production to 50% of patients.
Based on the safety profile, manufacturers may need to focus on patients for whom potential benefits outweigh
risks, such as adult patients with uncontrolled disease and frequent severe hypoglycemia events. Therapy dosing
would be acceptable as a monthly IV treatment; daily or weekly IV treatments would be considered too
demanding for patients.
Economic Value of Disease Impact
In an early generation of a combination therapy that results in HbA1c <7.5%, TIR in the range of 50-70% and a
halt in the loss of insulin production, the therapy could have direct medical cost impact of $1,310 for both
pediatric and adult patients in the US in 2029. The total annual economic impact of T1D factoring in direct nonmedical and productivity costs could reach $1,860 in a pediatric patient and $5,680 in an adult patient in the US.
This value impact is driven by a 0.7% improvement in A1c compared to the baseline value of 8.2%, as reported in
the literature, and a 26% reduction in other annual costs based on the ratio of HbA1c improvement to normal
HbA1c levels.
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In a second generation of the therapy, in which HbA1c levels are <6.5%, TIR is in the range of 70-90%, and
modest increases in insulin production are achieved, a therapy would have total annual economic impact of
$6,050 in a pediatric patient and $16,620 in an adult patient in the US. This value impact is driven by a 1.7%
improvement in A1c over the first generation therapy and 25% reduction in annual insulin requirements, as well
as 63% reduction in other annual costs, based on the ratio of HbA1c improvement to normal HbA1c levels.
In a third generation, in which HbA1c levels reach 4-5.6% and TIR reaches 100%, with restored durable insulin
independence, a therapy would reach total annual economic impact of $8,250 in a pediatric patient and $28,120
in an adult patient in the US. This value is driven by the achievement of 100% reduced insulin requirements,
ultimately curing disease and eliminating all annual costs.
Figure 16 shows the total annual economic impact of restoring beta cell function for the combined US pediatric
and adult population, by therapy generation.
Figure 16: Total Annual Economic Impact – Restore Beta Cell Function

Total Annual Value of Disease Impact (USD MM)
US, 2029 Shown for Comparative Purposes
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6. Improve Metabolic Control
Despite the standard of care of insulin therapy, only 17% of pediatric patients and 21% of adult patients achieve
their respective targets of HbA1c < 7.5% and HbA1c < 7.0% [82]. Recent studies also indicate that average HbA1c
levels have been rising across patient populations over the past few years [83]. Novel insulin formulations with
enhanced functionality and therapies that can augment insulin’s efficacy and/or simplify its dosing regimen are
needed.
The benefits of achieving improved metabolic control can be realized in both the short-term and long-term.
Unit reductions in HbA1c levels have been linked to long-term cost savings from avoiding complications related
to depression, cardiovascular disease, nephropathy, neuropathy, and retinopathy [84-86].
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Figure 17 below defines potential generations for a therapy that improves metabolic control through novel
insulins or adjunctive therapies.

Development Environment
Inconsistency in patient response to insulin is under study. Poor outcomes in select populations are suspected to
be driven by patient T1D heterogeneity and delay of efficacy onset from injection [87]. Ongoing efforts to
understand changes in pathophysiology, related biomarkers, and effects on metabolic control will enable better
patient selection and treatment optimization.
The recent approval of SGLT inhibitors for T1D in Japan and Europe has generated a surge in development
efforts for additional adjunctive therapies [88]. Some of these adjunctive therapies are being repurposed from
other disease states, while others are being developed specifically for T1D [89].
With the commercial success of existing insulin products, next generation or “smart” insulins with different
action profiles are being actively pursued. Key examples include glucose responsive insulins (GRIs), liver-targeted
insulins (LTI), ultra-rapid insulins, and ultra-concentrated insulins [90, 91].
Potential Adoption and Key Drivers
Given the existing data from SGLT inhibitors, adoption of a novel metabolic-control therapy will largely depend
on the safety profile and incremental efficacy benefits. If a novel therapy can reduce HbA1c by 0.5%, but
increases DKA risk, its use will be likely limited to high-need patients such as adults with frequent severe
hypoglycemia, which is estimated to be ~20% of the adult T1D patient population. With a more robust safety
profile and reduction of HbA1c of 1.5%, adoption is anticipated to reach ~50%.
Economic Value of Disease Impact
The value of different generations of metabolic therapies is driven by increases in efficacy and reductions in side
effects. In an early generation of the therapy, in which HbA1c is reduced by 0.5% and TIR improves to 55%, but
there is increased risk of DKA, a therapy would generate per-patient direct medical cost impact of $940 for both
pediatric and adult patients annually in the US in 2029. If direct non-medical and productivity costs are also
included, the annual per-patient economic impact of T1D could reach $1,330 in a pediatric patient and $4,060 in
an adult patient in the US. This impact is driven by a 19% reduction in annual costs based on the ratio of HbA1c
improvement to normal HbA1c level.
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In a second generation of the therapy, in which HbA1c levels are reduced by 1.0% and TIR improves to 65%, and
there is no additional risk of DKA, the total annual economic impact on T1D could reach $2,660 per pediatric
patient and $8,120 per adult patient in the US. This improvement is driven by a 37% reduction in annual costs
based on the ratio of HbA1c improvement to normal HbA1c level.
In a third generation, in which HbA1c levels are reduced by 1.5% and TIR increases to 75%, with no significant
side effects, the total annual economic impact on T1D could reach $3,990 in a pediatric patient and $12,180 in
an adult patient in the US. This increase is driven by a 74% reduction in annual costs based on the ratio of HbA1c
improvement to normal HbA1c levels.
Figure 16 below shows the total annual economic impact of improving metabolic control for the combined US
pediatric and adult populations, by therapy generation.

7. Artificial Pancreas
Demand is high for next generation artificial pancreas devices that reduce patient user burden and achieve
higher TIR. Today, insulin dosing requires frequent adjustments based largely on physical activity and meals.
Even patients who use CGM devices today struggle with self-management, as adequate training is often not
provided and dosing algorithms are not optimal [92, 93]. Frequent user intervention is required to make
treatment decisions and to calibrate and confirm CGM readings [94]. “Smarter” devices that streamline and
automate these processes will improve TIR and relieve the mental burden of self-management.
Figure 19 defines varying levels of automated insulin delivery system improvements.
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Development Environment
Growing acceptance of TIR and advances in technology will support development of artificial pancreas systems.
In the past few years, there has been an increase in TIR awareness and acceptance among physicians,
recognizing that TIR provides a more holistic view into the patient experience than HbA1c [95, 96]. Advances in
data access and advanced analytics are also enabling development of more accurate and predictive dosing
calculations, creating better end-user experience for patients, and improved clinical outcomes [97-99] [100].
Potential Adoption and Key Drivers
Reduced patient burden and improved safety will be the main drivers of adoption of artificial pancreas systems.
Hybrid closed loop systems are available today, however adoption is relatively low, largely due to the associated
user burden and costs, and TIR has only reached 70%. In the future, if hybrid closed loop systems can provide
further automation and TIR improvements, the adoption potential could reach ~40% for pediatric and adult
patients, based on endocrinologist survey data. If devices evolve to full automation of drug delivery, adoption
could reach 50% in pediatric and adult populations. Adoption rates for implantable systems were nearly
identical to the rates for external systems, suggesting that there are mixed preferences for these devices. Some
patients may favor devices worn externally, while others may prefer implanted devices.
A more robust safety profile demonstrating reduced dosing errors will also be required for broad adoption. In
addition, manufacturers will need to show that devices minimize CGM inaccuracy and catheter occlusions, which
could lead to hyperglycemia or DKA.
Economic Value of Disease Impact
The impact of different generations of an artificial pancreas system are driven by improving the level of
automation, reducing patient burden, and improving TIR. In a hybrid closed-loop system with improved
automation and TIR beyond what is available today, a device would achieve annual direct medical cost impact of
$4,300 per patient for both pediatric and adult patient populations in the US. The total per-patient annual
economic impact on T1D factoring in direct non-medical and productivity costs would reach $5,450 per pediatric
patient and $13,500 in an adult patient in the US.
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In a fully closed-loop system, the total per-patient annual economic impact on T1D would reach $8,240 in a
pediatric patient and $20,420 in an adult patient in the US. This improvement is driven by achieving 95% TIR,
and assuming that for every 10% absolute increase in TIR there is an 0.8% improvement in HbA1c. With a fully
implantable closed-loop system with no user interaction, the total per-patient annual economic impact would
reach $9,180 in a pediatric patient and $22,730 in an adult patient in the US.
Figure 20 shows the total annual economic impact of varying levels of automated insulin delivery system
improvements for the combined US pediatric and adult population.
Figure 20: Total Annual Economic Impact – Artificial Pancreas

Total Annual Value of Disease Impact (USD MM)
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Appendix: Detailed Methodology
Total Economic Burden of T1D
Definitions of Economic Costs
The global burden of T1D presented here draws on relevant published literature to define the economic costs
that contribute to patient, caregiver, employers, healthcare system, and societal burden [33, 34]. Economic
Burden of Illness (BOI) or Cost of Illness (COI) studies, for any disease, usually include direct costs. These are the
costs directly attributed to treating and managing a health condition or disease, such as costs associated with
physician, inpatient, outpatient, and Emergency Department (ED) visits and medications. Economic studies of
disease burden should also consider indirect costs, which include “expenses from the cessation or reduction of
work productivity as the result of morbidity and mortality associated with a given disease. Indirect costs consist
of work loss, worker replacement, and reduced productivity from illness” [101].
We further segmented these costs into direct medical, direct non-medical, productivity, and intangible costs.
Consistent with the health economic literature, direct medical costs included all costs due to resource use that
are attributable to the delivery of a health care intervention or illness [33, 34]. For this analysis, direct medical
costs included the cost of a defined treatment for T1D, e.g., insulin, and all follow-up costs for other medications
and/or health care interventions and complications in ambulatory, inpatient, and nursing care. Specialist and
physician care, including in the ED, was also included.
Direct non-medical costs included transportation costs to access care, trained caregiver time, and specialized
and/or frequent daycare. Direct non-medical costs were estimated based on the frequency of care visits for a
T1D patient annually, and the average distance traveled to the site of care [102, 103]. Since the average age of
T1D diagnosis is 12 years, and patients are typically able to administer their own medications with the assistance
of an adult, specialized care was not considered in this analysis [104]. Instead, we assumed that travel costs
associated with outpatient and ED visits for T1D patients were the key component of direct non-medical costs.
We identified both direct medical and direct non-medical costs from a comprehensive review of the most recent
10 years of published literature in T1D. Additionally, our analysis focused on the net change in these costs
associated with the introduction of a novel T1D therapeutic concept or intervention compared to the cost of
care for an otherwise healthy individual.
Economists define indirect costs as those generally resulting from the loss of productivity due to illness or
mortality. These costs can result from both presenteeism (presence of a worker who experiences reduced
productivity due to illness) and absenteeism (the physical absence of a worker, in which case the employer must
also absorb the cost and time of worker replacement) [35]. In addition, costs to support disability payments for
absent workers, and life insurance costs for workers that die are included in the productivity cost calculus [3638]. Productivity costs also often include the loss in gross income to the patient [35].
Our analysis accounted for these indirect, or productivity, costs due to disease felt by patients, caregivers,
employers and society, and as such, included costs related to income loss, absenteeism, presenteeism, disability
payments, and life insurance payments for T1D patients and caregivers. For lost income, we derived the average
income of T1D patients compared to otherwise healthy individuals from the published literature and adjusted it
for inflation to 2018 estimates [105, 106]. There is a dearth of available data for income loss for T1D caregivers,
so we used caregiver surveys to derive the average number of caregiver-missed workdays, estimated average
yearly income loss, and then attributed these costs to the pediatric T1D population [107, 108]. Absenteeism
costs were based on the unemployment rate of T1D patients and the average time required by employers to
replace a lost worker [38, 109]. Presenteeism costs were based on the percent of T1D patients that remained
employed but who reported severe difficulty at work leading to reduced productivity [38]. Disability insurance
January 2020

32

T1D Concept Value

costs were derived from patient surveys that reported the number of T1D patients eligible for disability and an
average T1Dmonthly disability payment [36, 37]. Life insurance costs were taken from T1D mortality rates and
average life insurance benefits in the US [110, 111].
Intangible costs are defined in the literature as non-financial costs associated with pain and suffering and
reduced health-related quality of life (HRQoL) due to a disease and/or its treatment [112]. The absence of any
resource or budgetary impact characterizes intangible costs, where those resources are not released for
alternative uses when intangible costs are reduced. Because of this, intangibles are rarely quantified, and our
evaluation found that intangible pain and suffering associated with T1D is not accounted for or measured in the
health economic literature. Due to these challenges, we excluded intangibles from our quantitative BOI analysis,
and instead qualitatively addressed pain, suffering, and reduced QoL associated with T1D.
Analysis of T1D Burden of Illness
After defining and estimating all relevant costs for both the pediatric and adult populations, by country and
region, based on the available literature (Table 1), we calculated per-patient annual (2018) and lifetime burden
for pediatric and adult patients, respectively, as the sum of the cost categories to arrive at the total economic
burden of T1D. We estimated direct medical, direct non-medical, and productivity costs for the US. In Europe,
where economic data on T1D are lacking, we estimated direct medical costs only, based on country-specific
published literature for the UK [113]. For all countries in Europe, direct non-medical and productivity costs were
scaled based on per capita GDP from the UK estimates to each country in Europe [114]. Costs for all other
regions, including Latin America, Asia, and ROW, were scaled from the US estimates based on per capita GDP in
the US to each region [114]. Per-patient costs were multiplied by the T1D prevalence in each region to
determine the total global cost burden. All costs used in the final BOI calculation were adjusted for inflation
based on growth in healthcare expenditure in each region. We used per-capita health expenditure growth in
each region based on data from the World Bank to calculate 2018 estimates [105].
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We calculated the lifetime per-patient burden for newly diagnosed patients by multiplying the annual patient
burden by the pediatric and adult lifetimes.

Therapeutic Concept Economic Impact
Addressable Patient Populations and Concept Adoption
Epidemiology data for pediatric and adult populations in the US and globally were derived from the published
literature, including 2017 estimates from the International Diabetes Federation (IDF), SEARCH 2014, and the CDC
[5, 115, 116]. Patient segmentation considered the populations for which each concept is applicable across
pediatric and adult populations, and across Stage 1, Stage 2, and Stage 3 T1D disease. For example, preventionbased concepts are only applicable to patients in Stage 1 and 2 disease, with some prevention concepts
targeting solely pediatric populations. Curative- and treatment-based concepts are applicable only to patients
with Stage 3 disease. The addressable patient population then considers those patients who are eligible and
likely to be treated by each concept across different age groups as well as those in different stages of diagnosed
disease.
To estimate future adoption rates for each therapeutic concept, expert interviews and a quantitative survey of
72 US endocrinologists were conducted. Survey respondent selection included a diverse group of physicians,
varying by practice setting, US region, years in practice, primary patient population, and total number of T1D
patients seen per month (shown in graph below). These respondents reviewed each therapeutic concept and
generation in detail and then estimated the percent of patients to whom they would prescribe the concept.
Figure 21: Quantitative Survey Research Overview

Endocrinologist Survey Respondent Characteristics
US, n=72
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Source: Health Advances Endocrinologist Survey (n=72) and analysis.

In order to adjust for sample bias of estimates reported by physicians, a market research adjustment was
applied to all raw survey adoption data. This market research adjustment was determined by comparing average
respondent answers to literature estimates for several T1D metrics that have been well-studied, including DKA
at diagnosis, average HbA1c, and percent of patients on insulin pumps today. On average, respondents reported
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answers that were 21% higher than the literature reports; therefore, a 21% cut was applied to all adoption data
estimates.
The adoption rates for each concept are shown in detail in table 3a and 3b below.
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Table 3b: Therapeutic Concept Description and Adoption Model Inputs
Category

Therapeutic
Concept

Burden to Patient

•
Hybrid closed loop
with partial
automation of •
insulin delivery
•
•
Treat

Fully closed-loop
with full
•
automation of
drugs
•
•
“Artificial
pancreas”,
•
physiologic system
with full
automation

Potential Safety

Efficacy

• Catheter occlusions could lead to
User initiated
hyperglycemia and/or DKA
dosing/interaction for meals
• Subcutaneous insulin
and other situations
• TIR 80%
administration leading to
3 day infusion set
hypertrophy
replacements and insulin
• Intermittent CGM inaccuracy
reservoir replacements
leading to algorithm dosing errors
Delivery for all situations
Infrequent/rare user-initiated
dosing, interaction for
• Catheter occlusions could lead to
extraneous circumstances
hyperglycemia and/or DKA
Miniaturized devices 7-to-10
• Subcutaneous insulin
• TIR 95%
day infusion set replacements
administration leading to
and insulin reservoir
hypertrophy
replacements
Integrated infusion/sensing
port
Delivery via physiologic route
• Surgical procedure required for
for all situations
• Time in tight
implantation of
glucose range
No user interaction required,
device/components as well as
(80-120
infrequent (4x per year) visits
associated complication and
to doctor’s office for insulin
mg/dL) 95%
recovery time
refills and/or sensor changes

Therapy Adoption
Model Inputs
Pediatric
Adult

41%

43%

52%

54%

52%

54%

Estimating the Economic Value of the Therapeutic Concept Efficacy Outcomes
The value of each therapeutic concept was determined by applying economic estimates to improvements in the
following four specific efficacy outcomes: 1) reduction in HbA1c and/or TIR; 2) reduction in DKA events; 3)
reduction in severe hypoglycemic events; and, 4) achieving insulin independence.6 For each efficacy measure,
we attributed savings in direct medical costs relative to the T1D baseline outcome today. Final direct medical
costs for these outcome measures in the US and globally are depicted in Table 4 below.

6

For all such economic outcomes, we applied a 3% growth rate to all future years to account for increasing per-capita health expenditure in the US, as
averaged between 2007-2016
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1. Reduction in HbA1c and/or TIR
From the published literature, we derived a corresponding economic value of $1,354 per-patient peryear in the US for each 1% reduction in HbA1c [117, 118]. As no robust estimates quantifying HbA1c
costs outside of the US were identified, we used costs from the US to scale to all other geographies
based on per capita GDP in the US to other regions, including Europe, Latin America, Asia, and ROW
countries [114].
The economic value of TIR is less studied in the literature, but we estimated the impact of TIR based on
its correlation with HbA1c. Vigersky et al. has shown that for every absolute 10% change in % TIR, there
is a 0.8% change in HbA1c [119]. We converted TIR improvements to HbA1c decreases, and estimated
the economic value using this method.
2. Reduction in DKA Events
A literature review identified direct medical savings in the US of $18,482 and $7,837 per DKA event
avoided at diagnosis and in Stage 3, respectively [120-122]. The economic value of avoiding one DKA
event in Europe was derived from Dhatariya et al who reported direct medical costs of $2,312
associated with a DKA event in established T1D patients in the UK [123]. Cost estimates of DKA events
were not generally reported across countries or regions. Therefore, we used costs from Dhatariya et al.
to scale to the rest of Europe based on per capita GDP. For all other geographies including Latin
America, Asia, and ROW countries, estimates for both DKA at diagnosis and DKA in Stage 3 were scaled
from the US estimate based on per capita GDP [114].
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3. Reduction in Severe Hypoglycemic Event
From the published literature, we estimated direct medical costs of $16,278 per event in the US, for
both hospitalized and non-hospitalized patients [121, 124]. Cost savings for an avoided hypoglycemic
event in Europe were estimated based on the literature for direct medical costs of an event in adults in
Germany [125]. These costs were scaled to all of Europe based on per capita GDP for Germany versus all
other European countries. For all other geographies including Latin America, Asia, and ROW countries,
estimates for one avoided hypoglycemic event were scaled from the US based on per capita GDP in the
US to other regions [114].
4. Insulin Independence
To ascribe an economic value to the outcome of living insulin-free, we identified all direct medical costs
associated with T1D. Sussmann, et al., reported the average yearly direct medical expenditure related to
T1D as $4,429 and $8,136 for pediatric and adult patients, respectively [106]. We used the direct
medical costs of adult T1D patients in France, as reported by Chevreul et al, to estimate the economic
value of living one year insulin-free in Europe [126]. These costs were scaled from France to the rest of
Europe based on per capita GDP for France and all other European countries. For all other geographies
including Latin America, Asia, and ROW countries, estimates for one year of insulin independence were
scaled from the US for both pediatric and adult patients based on per capita GDP in the US to other
regions [114].
In addition to using direct medical costs to translate clinical benefit from the therapeutic concepts to economic
value, we also applied the economic value from savings in direct non-medical and indirect (productivity) costs.
Specifically, we allocated a proportion of the sum of these other economic costs to each therapeutic concept
based on the average improvements seen across the key efficacy outcomes compared to healthy baselines.
Finally, emerging evidence has shown that there can be lifelong disease impact on glycemic control and longterm complications from poor clinical outcomes that are experienced throughout a T1D patient’s lifetime [127].
To address this lifelong impact, we accounted for therapeutic concepts that prevent or delay certain outcome
measures by incorporating estimates of the long-term benefit of the delay. We estimated the lifetime economic
benefit of delayed onset of Stage 3 T1D from the results of the BOI analysis described above, and modeled the
delayed cost intervals of T1D based on patient age of onset [106]. We applied this lifetime cost to the relevant
therapeutic concepts for both pediatric and adult populations. For pediatrics, we assumed a percentage of the
total lifetime cost based on age of diagnosis and average life expectancy, and applied that across the duration
for which the therapeutic concept was effective [26]. However, we did apply an eligibility cut to account for low
residual beta cell function when patients are diagnosed as children. Conversely, for patients diagnosed as adults,
while there is more residual beta cell function, there are fewer years of lifetime benefit.
DKA events are also known to lead to detrimental neurocognitive outcomes and affect long-term care [49].
While the degree of this impact long-term is not known, we conservatively assumed no additional efficacy
impact for therapeutic concepts that result in averted DKA events. We assumed this is achieved over a patient’s
lifetime, and applied this to the estimates from the BOI analysis of cost savings based on patient age of disease
onset.
Collectively, these estimates represent the total economic impact of novel T1D therapeutic concepts, across
innovations.

January 2020

38

T1D Concept Value

Estimating Regional and Global Values for Therapeutic Concepts
This evaluation focused most rigorously on the US for the BOI analysis and concept valuation, given the higher
amount of supporting health economic literature. To estimate the value of concepts globally and by region, the
analysis extrapolates calculations to other regions at a high level based on relative GDP. Regional and total
global values of each concept and generation are summarized in the table below.
Table 5: Total Annual Economic Impact of Product Concepts by Geography

Category

Therapeutic Concept

Delay Onset of Stage 3

Prevent

Prevent DKA at Diagnosis
(Stage 3)

Preserve Beta Cell Function at
Stage 3

Beta Cell Replacement
Cure
Cure Disease – Restore Beta
Cell Function

Improve Metabolic Control
Treat
Artificial Pancreas

January 2020

Generation

Total Annual Economic Impact (USD MM)
US

EU

LA

Asia

ROW

Gen 1

$384

$215

Gen 2

$1,182

$660

Gen 3

$2,879

Gen 4

$2,960

Low
Med

Total

$29

$82

$15

$726

$90

$252

$46

$2,231

$1,599

$221

$626

$114

$5,439

$1,644

$226

$640

$117

$5,588

$50

$25

$3

$10

$2

$91

$63

$32

$4

$12

$2

$113

High

$76

$38

$5

$14

$3

$136

Gen 1

$655

$464

$132

$501

$25

$1,777

Gen 2

$1,458

$1,033

$294

$1,118

$57

$3,959

Gen 3

$6,311

$4,474

$1,271

$4,839

$246

$17,141

Gen 4

$7,137

$5,061

$1,438

$5,475

$278

$19,389

Gen 1

$3,514

$2,553

$724

$2,809

$135

$9,736

Gen 2

$13,438

$9,627

$2,733

$10,490

$520

$36,809

Gen 3

$28,806

$20,634

$5,859

$22,482

$1,116

$78,896

Gen 1

$4,562

$3,275

$930

$3,564

$177

$12,507

Gen 2

$15,569

$11,122

$11,122

$12,009

$604

$42,542

Gen 3

$30,181

$21,619

$6,138

$23,554

$1,169

$82,660

Gen 1

$1,130

$812

$230

$883

$44

$3,099

Gen 2

$5,295

$3,808

$4,148

$1,081

$206

$14,537

Gen 3

$10,146

$7,291

$2,069

$7,939

$394

$27,840

Gen 1

$9,584

$6,843

$1,942

$7,433

$372

$26,174

Gen 2

$18,218

$13,005

$3,692

$14,124

$707

$49,745

Gen 3

$20,277

$14,475

$4,109

$15,720

$787

$55,367
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