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ABSTRACT

Despite significant progress, type 1 diabetes 
(T1D) still results in premature death, signifi-
cant complications, and a substantial daily bur-
den for those affected. T1D remains a lifelong 
condition that demands constant vigilance and 
resilience and has a significant social and eco-
nomic impact. Individuals with T1D must walk a 
tightrope to minimize disease-related complica-
tions that result from insufficient insulin while 
also avoiding adverse effects from too much 
insulin. Achieving this balance is challenging, 
as diet, activity, medications, physiology, the 
environment, stress, and many other aspects of 
daily living all affect glucose levels, often dif-
ferently from day to day. Persistent challenges 
of T1D go beyond maintaining glycemic con-
trol and include managing long-term complica-
tions and preventing potentially life-threating 
adverse reactions from insulin therapy, and the 

emotional and cognitive burdens that often 
lead to diabetes distress and burnout. The T1D 
community—researchers, sponsors, clinicians, 
those living with T1D, and advocates—must 
look beyond managing symptoms of T1D and 
aim for better treatments and to bring cures. 
Emerging therapies need clear and efficient regu-
latory pathways, and new solutions are needed 
to address ongoing regulatory challenges. The 
perspectives of people with T1D must be front 
and center in research and regulatory decision-
making. Through the collective efforts of the 
T1D community, the urgent needs of those with 
T1D can be met, and T1D can be made a thing 
of the past.
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Key Summary Points 

Although progress has been made in manag-
ing type 1 diabetes (T1D), the disease still 
results in premature death, significant com-
plications, and a substantial daily burden for 
those affected.

Patients diagnosed with T1D face the persis-
tent challenge of relying on subcutaneous 
insulin to attempt to maintain glycemic 
levels as close to normal as possible while 
preventing potentially life-threating adverse 
events from too much or too little insulin 
and navigating the emotional, social, and 
economic burdens of the disease.

Novel therapies, including cures, that greatly 
reduce or eliminate the burden of T1D are 
within reach.

The entire T1D community, including 
researchers, sponsors, clinicians, advocates, 
those living with T1D, and regulators, must 
work together to overcome existing scientific, 
drug development, and regulatory challenges 
and make these therapies a reality.

TYPE 1 DIABETES: YESTERDAY, 
TODAY, AND TOMORROW

Breakthrough innovations have dramatically 
transformed type 1 diabetes (T1D). Over a cen-
tury of advances in research, therapy, and med-
ical technology have turned T1D from a fatal 
childhood diagnosis to a challenging chronic 
condition. Before these advances, children fre-
quently died within days to weeks after diagno-
sis, and those that did not were subject to severe 
dietary restrictions, extended bed rest, and often 
hospitalized for weeks or months at a time. Star-
vation treatments were commonly employed, 
combining low-calorie, highly restricted diets 
with periods of fasting [1]. On average, a 10-year-
old diagnosed with “acute-onset diabetes” could 
expect to live for only 2–3 more years, typically 
dying from diabetic ketoacidosis (DKA) [2].

Today, more than 100 years after insulin’s dis-
covery, steady improvements have been made in 
available insulins, insulin delivery systems, gly-
cemic monitoring, and overall care. That same 
10-year-old child, now diagnosed with type 1 
diabetes (T1D), will, on average, live for 61 more 
years (in a high-income country) [2]. Although 
it was once thought to primarily afflict children, 
we now know T1D is not just a childhood-onset 
disease, with approximately half of US diagnoses 
occurring after age 30 [3]. The advent of insulin 
pumps, continuous glucose monitors (CGMs), 
and automated insulin delivery systems has 
vastly improved glycemic control and reduced 
short- and long-term complications [4]. People 
with T1D are living longer, healthier lives with 
improved quality of life.

However, the story does not end there. Peo-
ple diagnosed with T1D have an 11-year shorter 
life expectancy than those without the diag-
nosis. In upper-middle, lower-middle, or low-
income countries, this gap expands to 25, 26, 
or 46 fewer years of life, respectively, with an 
overall global average of 24 years of life lost [2]. 
Mortality rates are 3–18 times higher among 
individuals with T1D than the general popu-
lation, attributable largely to diabetes-related 
cardiovascular and renal disease [5]. Encourag-
ing data show age-standardized mortality rates 
in T1D have decreased globally by about 21% 
from 1990–2019. However, the rate of decline 
was lowest in populations with a lower sociode-
mographic index, meaning the improvements 
seen over the last few decades are not equally 
realized across all T1D populations [6]. Despite 
these improvements, people with T1D still have 
shorter life expectancies. This is something that 
needs to be urgently addressed and in an equi-
table and global manner.

Decades of research and innovation have 
made T1D increasingly manageable for the 2 
million Americans and more than 9 million peo-
ple globally who are living with T1D [7, 8]. How-
ever, T1D continues to impose a relentless physi-
cal and emotional burden. As the incidence of 
T1D increases worldwide, we cannot stop our 
march toward overcoming it [2]. While we cel-
ebrate yesterday’s progress, we must strive for 
more. A longer life, on its own, is not the final 



1065Diabetes Ther (2025) 16:1063–1076	

destination on the road to breaking through 
T1D.

We envision a world without T1D, where the 
disease progression is permanently disrupted, 
insulin independence is restored, and those with 
the disease lead lives indistinguishable from 
those without. Achieving this requires re-exam-
ining and evolving our current paradigms as 
well as continuing collaborations across the T1D 
community. Researchers, clinicians, patients, 
advocates, sponsors, and policymakers must all 
work together to accelerate breakthrough pro-
gress toward cures.

The information presented in this article is 
based on previously conducted studies and does 
not contain any new studies with human par-
ticipants or animals performed by any of the 
authors.

WHAT IS TYPE 1 DIABETES

T1D is an autoimmune disease in which an 
individual’s immune system destroys insulin-
producing beta cells in the pancreas. As the 
autoimmune attack on beta cells progresses 
over time, the body is increasingly unable to 

produce insulin until a critical threshold is 
crossed and overt clinical symptoms of glucose 
dysregulation manifest. The resulting compli-
cations from the disease and its management 
can include potentially fatal diabetic ketoacido-
sis (DKA) and hypoglycemia in the short term 
and retinopathy (eye), nephropathy (kidney), 
neuropathy (nerve), and cardiovascular (heart) 
disease in the long term. The pathophysiology 
of T1D progresses at variable rates through sev-
eral distinct stages, ultimately resulting in the 
requirement for insulin replacement therapy to 
survive (Fig. 1) [9].

Stage 1 T1D represents the activation of the 
autoimmune attack against pancreatic beta cells 
and is marked by the presence of two or more 
islet autoantibodies. In stage 2, the effects of beta 
cell destruction are visible as dysglycemia on 
clinical tests, such as the oral glucose tolerance 
test. Stage 3 T1D occurs when beta cell destruc-
tion has progressed so far that the remaining 
insulin production capabilities can no longer 
support normal functions. While some ability to 
produce insulin typically remains at the onset of 
stage 3 T1D, exogenously administered insulin 
is required to survive. Stage 3 T1D is marked by 
the presence of islet autoantibodies, dysglyce-
mia on clinical tests, and clinical symptoms of 

Fig. 1   Decline of beta cell function across stages of T1D. Pro-
gression of type 1 diabetes (T1D) resulting from autoimmune 
attack on pancreatic beta cells. Stage 1 is the presence of two 
or more islet autoantibodies with normoglycemia; stage 2 is 
the presence of two or more autoantibodies with dysglycemia; 
stage 3 involves the presence of two or more autoantibodies, 

dysglycemia, and the onset of symptomatic disease. Exogenous 
insulin is required after the onset of stage 3 T1D when remain-
ing beta cell function is no longer able to meet the body’s insu-
lin requirements. Established T1D, often with complete insulin 
deficiency, is commonly called stage 4 T1D [9]
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diabetes, including increased urination (polyu-
ria), increased thirst (polydipsia), weight loss, 
fatigue, DKA, and others. Beta cell destruction 
continues after onset of stage 3 disease and ini-
tiation of insulin therapy, often progressing to 
complete insulin deficiency, referred to by some 
as stage 4 T1D [10, 11].

Historically, management of T1D has centered 
around insulin replacement after the onset of 
stage 3 T1D. In stages 3 and 4, the goal of insu-
lin replacement therapy is to maintain normal 
or near-normal blood glucose levels while mini-
mizing the risk of short- and long-term compli-
cations due to hypoglycemia (from too much 
insulin) or hyperglycemia (from lack of insu-
lin). However, the continuous nature of T1D’s 
pathophysiology is evident, and each disease 
stage reflects progression along the disease con-
tinuum. When viewed in this light, therapies 
that modify the underlying autoimmune dis-
ease and/or preserve, restore, or replace beta cell 
function offer tremendous benefit.

Disease-modifying therapies, like the recently 
approved teplizumab, and beta cell replacement 
therapies can prevent, reduce, or eliminate reli-
ance on insulin replacement while supporting 
improved glycemic outcomes. Blood-glucose 

management via insulin therapy and glyce-
mic monitoring is demanding and intensive. 
Individuals must monitor blood glucose levels, 
administer insulin, and balance how diet, activ-
ity, medications, physiology, the environment, 
stress, and much more affect glucose levels.

Even when considering the availability of 
modern technologies, managing glucose levels 
with insulin is an endless task, and the adverse 
impacts of this disease or its treatment are an 
inevitability felt by everyone with T1D (Fig. 2).

LIVING WITH TYPE 1 DIABETES

Life with T1D entails significant, persistent, 
and lifelong challenges. Once diagnosed, man-
agement of T1D is physically, mentally, and 
emotionally demanding and often overwhelm-
ing. Care decisions require extreme diligence 
with little margin for error, as too much or too 
little insulin, a moving target depending on 
daily activities and food intake, has dire con-
sequences. Mentally, changes in glucose can 
affect concentration, memory, overall cognitive 
function, and more—making everyday life much 

Fig. 2   Important clinical outcomes and effects of type 1 diabetes
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more difficult. Emotionally, T1D is associated 
with fear of hypoglycemia, complications, anxi-
ety, and depression, among others. Socially, T1D 
directly and indirectly impacts relationships 
with family, friends, and colleagues. Altogether, 
life with T1D entails the persistent and lifelong 
challenges discussed below.

Diagnosis and Diabetic Ketoacidosis (DKA)

While the pathological processes that underlie 
T1D begin well before the disease is clinically 
apparent, the lack of widely available screening 
and early detection programs means the dis-
ease is often not recognized until the onset of 
DKA, an acute uncontrolled hyperglycemic crisis 
resulting from a lack of insulin. DKA at the time 
of diagnosis occurs well over 50% of the time 
and can be a traumatic and even deadly experi-
ence [12, 13]. Diagnosis of T1D at the time of 
a DKA event is associated with higher insulin 
requirements, adverse neurocognitive outcomes, 
and worse long-term outcomes [14, 15].

Glycemic Control and Long‑Term 
Complications

Maintaining blood glucose levels as close to 
normal as possible is critical to minimizing 
the risk of long-term diabetes-related compli-
cations. Diabetic nephropathy is estimated to 
affect approximately half of individuals with 
T1D, and the 25-year cumulative incidence of 
diabetic retinopathy is as high as 97% in some 
T1D populations [16–18]. Analysis of the Scot-
tish Care Information-Diabetes Collaboration 
database has shown that men and women < 40 
years of age have a 5- and 10-fold relative risk 
of a cardiovascular disease-related event [19]. 
Furthermore, by the age of 45, 70% of men and 
50% of women with T1D have already devel-
oped evidence of atherosclerosis, a predecessor 
of cardiovascular disease and cardiovascular 
events [5]. Individuals with T1D also have worse 
cardiovascular disease outcomes than those with 
type 2 diabetes [20].

A hemoglobin A1c (HbA1c) of < 7% (53 
mmol/mol) is widely recognized to reduce, but 

not eliminate, the risk of microvascular compli-
cations [21]. A 2014 Swedish study found that 
people with T1D and an HbA1c level of ≤ 6.9% 
(52 mmol/mol) still had nearly three times the 
risk of all-cause cardiovascular mortality com-
pared with non-T1D matched controls [22]. 
From 2021 to 2022, only 26% of individuals 
with T1D had an HbA1c level < 7% (53 mmol/
mol), the clinically recommended target for 
most adults with diabetes [21]. This inability to 
achieve glycemic control targets does not reflect 
a lack of effort for those with T1D. Instead, it 
directly corresponds to the extremely difficult 
nature of managing T1D.

Hypoglycemia

Hypoglycemia is one of the most common 
acute side effects of disease management and 
is purely iatrogenic, resulting from a too high 
insulin dose. It is accompanied by a myriad of 
short-term, intermittent, and persistent effects. 
Acutely, as blood glucose levels fall, the brain 
begins to lack adequate glucose (i.e., neurogly-
copenia). Hypoglycemia can lead to sweating, 
shakiness, dizziness, blurred vision, lethargy, 
weakness, confusion, and, in severe cases, sei-
zures, coma, or death. In children and adoles-
cents, who are at increased risk for hypogly-
cemic events, long-lasting effects of recurrent 
hypoglycemia include mild impairments in 
general intelligence, attention, and visuospa-
tial abilities [23].

Recurrent hypoglycemia can lead to hypo-
glycemia unawareness, a condition where low 
blood sugar is not accompanied by physical 
symptoms. Hypoglycemia unawareness inhib-
its an individual’s ability to recognize the situ-
ation and intervene, potentially leading to seri-
ous secondary harm depending on when the 
event occurs, for example, while driving. Hypo-
glycemia unawareness is reported to occur in 
approximately 25–40% of individuals with T1D 
[24].

Managing the constant concern for hypogly-
cemia is a major focus of care for many with 
T1D. Patient preference studies have estab-
lished that avoiding one to five hypoglycemia 
events per week is five times more important 
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than having an HbA1c 0.5% (6 mmol/mol) 
above their target for adults with T1D and 
seven times more important for caregivers of 
someone with T1D [25].

Fear of hypoglycemia (FOH), defined as an 
extreme fear associated with the risk and/or 
occurrence of hypoglycemia, is reported in as 
high as 30% of adults with T1D [26]. FOH is 
associated with lower quality of life, impaired 
emotional well-being, higher psychological 
distress, and worse glycemic control [26]. FOH 
also greatly impacts families and caregivers of 
individuals living with T1D.

Many people who experience FOH adopt 
negative hypoglycemia avoidance behaviors 
that sacrifice long-term health to avoid short-
term complications. This includes intention-
ally keeping glucose levels higher than optimal, 
reducing or skipping insulin doses, continually 
snacking, restricting activities, avoiding spon-
taneity, and often avoiding being alone [27].

It is important to note the increasing avail-
ability and capabilities of modern diabetes tech-
nologies, including CGMs, insulin pumps, and 
automated insulin delivery systems. Recent data 
from the T1D Exchange show an increased utili-
zation of diabetes technologies from 2016–2022 
[4]. Further data also demonstrate improvements 
in HbA1c and hypoglycemia in those using dia-
betes technologies [28]. While these trends are 
encouraging, currently available technologies 
are unable to result in normal glycemic profiles 
or eliminate hypoglycemia. While devices help 
reduce the day-to-day burden of care of T1D, 
improvements in these systems remain an ongo-
ing need.

Diabetes Distress and Burnout

The limitations of today’s therapies mean those 
with T1D continue to have little respite from 
the demands of this disease. There are no days 
off from T1D. In one survey, most people with 
T1D reported that diabetes negatively impacts 
their ability to plan for the future, manage life 
challenges, succeed in their schooling or work, 
and build self-confidence [27].

Given the multitude of factors that can 
affect blood glucose levels, it is no surprise that 

managing one’s glucose levels is a complex and 
time-consuming endeavor. In an online survey 
of over 5000 people with T1D or their caregiv-
ers, the overall difficulty of managing blood 
glucose and the time required to manage blood 
glucose were the two most cited factors that 
impact day-to-day life with T1D [27]. Similarly, 
a recent semi-structured qualitative interview 
study found many people with T1D struggle 
with the unceasing nature of the disease. There 
is simply no aspect of life that is not severely 
impacted by T1D (Fig. 3).

The American Diabetes Association (ADA) 
defines diabetes distress as “the emotional dis-
tress that results from living with diabetes and 
the burden of relentless daily self-management” 
[27]. Diabetes distress has been reported in as 
high as 61% of adolescents and 42% of adults 
with T1D and is directly linked to poor glyce-
mic control and higher risks for depression [29]. 
Notably, diabetes has been shown to more than 
double the risk of depression, a condition that is 
itself associated with poor outcomes [30].

Similar to diabetes distress, diabetes burnout 
is “a state of physical or emotional exhaustion 
caused by the continuous distress of diabetes 
(and efforts to self-manage it)” [27]. Diabetes 
burnout includes understanding the importance 
of diabetes management but nonetheless being 
overwhelmed by feelings of mental and physi-
cal fatigue, powerlessness, and detachment from 
self- and diabetes care. It is difficult to measure 
the rates of diabetes burnout, but some literature 
suggests that it is a primary barrier to self-care in 
over one-third of individuals with diabetes [31].

THE PATH TO BREAKING THROUGH 
T1D

Despite the clear and pressing needs faced by 
those with T1D, some nonetheless claim that 
insulin replacement and diabetes technologies 
are so good that little risk should be tolerated 
when developing new T1D therapies [32]. We 
believe the data show otherwise. It is therefore 
imperative that we continue to bring innovative 
therapies to address the significant and serious 
unmet needs of those living with T1D.
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Insulin replacement can no longer be seen 
as the only therapeutic option for T1D. We 
must aim to modify the overall course of T1D, 
employing targeted therapeutic strategies for 
each stage of the disease (Table 1). Ideally, mul-
tiple therapeutic options and modalities would 
be available at each stage, allowing people with 
T1D more choice in the most appropriate care 
for them. Some progress has been made in bring-
ing novel types of therapies to market, for exam-
ple, teplizumab and donislecel.

Teplizumab is an anti-CD3 monoclonal anti-
body and is the first disease-modifying therapy 
approved for use in T1D. Teplizumab is indi-
cated to delay the onset of stage 3 T1D in chil-
dren and adults aged ≥ 8 years with stage 2 T1D 
[33]. Donislecel is an allogeneic pancreatic cellu-
lar therapy indicated for the treatment of adults 
with T1D who are unable to approach their tar-
get HbA1c because of repeated episodes of severe 
hypoglycemia despite intensive diabetes man-
agement and education [34]. Donislecel is the 
first approved cell therapy available in type 1 
diabetes but must be used in conjunction with 

concomitant immunosuppression. These thera-
pies represent important first steps at moving 
beyond the insulin-centric paradigm of the last 
hundred years; however, more is needed to fully 
meet the needs of people with T1D.

Bringing novel treatments and cures to frui-
tion requires new solutions to long-existing 
challenges. Researchers and regulators must 
move beyond the insulin-centric paradigm of 
the previous 100 years, and the regulatory envi-
ronment must protect public health without 
suppressing innovation. Insulin-based treat-
ments cannot remain the status quo—the T1D 
community can and should do better. We must 
also foster a health system that allows break-
through therapies to be available and accessible 
to all who need them.

Regulatory Opportunities to Advance T1D 
Cures

Clear and reasonable regulatory pathways are 
essential components of a healthy, viable, and 

Fig. 3   How type 1 diabetes impacts patients. Semi-struc-
tured qualitative interviews identified six domains of life 
commonly reported to be highly impacted by type 1 dia-
betes (T1D): well-being (e.g., stress), eating (e.g., carbohy-

drate counting), productivity (e.g., decreased concentra-
tion at work), sleeping (e.g., frequent overnight alarms), 
activity (e.g., feeling weak), and relationships (e.g., sense of 
stigma)
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inviting product development ecosystem. This 
has not always existed in T1D, evidenced by the 
recent history of several sponsors halting or sig-
nificantly diminishing their T1D programs in 
response to perceptions of an unfavorable regu-
latory landscape, in some cases even after posi-
tive clinical trial results.

Other autoimmune diseases have well-estab-
lished regulatory pathways to move beyond 
treating disease symptoms to modifying the 
underlying disease itself. In rheumatology, for 
example, more than a dozen Disease-Modifying 
Antirheumatic Drugs, or DMARDs, are available. 
People with rheumatoid arthritis no longer rely 
solely on painkillers, as was the case in the first 
half of the twentieth century. Solutions to regu-
latory challenges in T1D have been identified, 
and we must work together urgently to imple-
ment these solutions.

Assessing Benefits and Risks Through the Eyes 
of Those with T1D

Decisions to approve any new therapy funda-
mentally center on whether the benefits of a 
therapy justify the associated risks. Benefits 
must be clinically meaningful to people living 
with the disease, and risks must be tolerable 
in the short- and long-term when measured 
against the risks and burden of living with the 
disease. A product can only be approved when 
the totality of available evidence, along with the 
uncertainties in that evidence and risk manage-
ment strategies, supports a favorable benefit-risk 
assessment [35].

The benefit/risk paradigms employed by regu-
lators often fail to account for the lived experi-
ences and outcomes of those living with T1D. A 
product’s risks and benefits cannot be weighed 
against the view that T1D is adequately man-
aged with insulin and technology. This does 
not reflect the reality for most with T1D and 
prevents innovation toward new therapeutic 
regimens. The magnitude of benefits required to 
outweigh a product’s risks should be determined 
by people living with T1D and no one else.

Incorporating patient perspectives into regu-
latory decision-making, often called “patient-
focused drug development,” helps facilitate 
patient enrollment, reduces patient burden in T
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clinical trials, and informs the acceptability of 
tradeoffs between treatment benefits and risks, 
among other stated benefits [36]. For example, 
an investigational product may demonstrate 
equivalent HbA1c effects as standard-of-care 
therapy but decrease diabetes-related distress or 
fear of hypoglycemia. It would, therefore, ben-
efit patients and improve the standard of care, 
assuming all else was equal. Unfortunately, there 
is currently an absence of validated measures 
accepted by regulators to inform approvals that 
capture patient perspectives to inform these 
decisions.

Providing robust patient preference data on 
risk tolerance also ensures important regula-
tory decisions align with the views of patients. 
A salient example is seen in cell replacement 
therapies, which often result in complete insu-
lin independence or reliance on little insulin 
while providing more day-to-day predictability 
and protection from hypoglycemia. The only 
available form of this kind of therapy requires 
using long-term immunosuppression, which 
is associated with significant adverse events 
and included as part of the overall risk of cell 
replacement therapy. However, it is impera-
tive that regulators do not overweigh the risk 
of immunosuppression in the context of the 
risks of living with T1D without adequately 
determining the preferences of those living 
with T1D.

Another example involves the selection of 
a clinical trial population. In most cases, the 
current regulatory perceptions of the risks 
associated with cell therapies for T1D only 
allow for participation by those with the most 
severe cases of T1D—with frequent severe 
hypoglycemia or hypoglycemia unawareness. 
However, given the daily lived experience of 
those in the T1D community, it is reasonable 
to expect many would welcome the opportu-
nity to join a clinical trial that offered respite 
from the burdens of insulin, despite the pos-
sibility of trading old risks for those associated 
with novel therapies. Limiting clinical trials 
to select and small populations lengthens the 
development pathway, discourages additional 
innovation and investment, and slows the 
pace of cures becoming available.

Validation of New Endpoints

HbA1c and hypoglycemic events are the primary 
measures accepted by regulators to assess thera-
pies targeting glycemic control. These outcomes 
are well suited for this purpose, but they are not 
ideal endpoints for trials of novel curative treat-
ment approaches.

For example, disease-modifying therapies aim 
to preserve existing beta cell function, which 
is well established to improve T1D outcomes, 
including lowered hypoglycemia, improved 
HbA1c, and reduced long-term complications 
[37]. In trials of disease-modifying therapies, 
especially in the early period after insulin is 
required (i.e., new-onset stage 3 T1D), HbA1c 
and hypoglycemia are not practical or ideal end-
points. With the increasing utilization of dia-
betes technologies, the heterogeneity of stage 3 
T1D, and the variability in insulin requirements 
across a population, trials using these endpoints 
must be large and/or lengthy, decreasing feasibil-
ity and strongly disincentivizing product devel-
opment. The established surrogate endpoints are 
impractical and introduce unnecessary barriers 
for product developers.

The T1D research community and experts 
have widely accepted that measuring beta cell 
function and insulin production, typically via 
C-peptide levels, is a more appropriate trial end-
point [38, 39]. C-peptide is a direct byproduct 
of insulin production, produced and secreted in 
equimolar concentrations to insulin, and is not 
a component of exogenous insulin formulations. 
Changes in C-peptide are also easier to assess in 
the timeframe of a clinical trial. Evidence sup-
porting the validation of C-peptide continues 
to be published [37], including a recent meta-
analysis of participant-level data from 21 rand-
omized control trials [39].

However, the US Food and Drug Adminis-
tration (FDA) has stated that C-peptide is only 
acceptable as a “reasonably likely surrogate 
endpoint,” capable of supporting accelerated 
approval. This requires post-marketing phase 4 
studies and limits the viability of some drug pro-
grams [40]. Similarly, the European Medicines 
Agency (EMA) considers C-peptide an unvali-
dated surrogate endpoint that cannot support 
marketing authorization. As such, trials must 
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continue to be designed with endpoints that 
complicate and lengthen development.

The advent of CGMs has also allowed for 
more direct and timely measurement of glucose 
levels than HbA1c can provide. Data collected by 
CGMs provide significant information regard-
ing glycemic status, standardized CGM-derived 
metrics are used by patients and clinicians to 
guide day-to-day management, and CGM data 
are acknowledged and accepted by patients and 
healthcare providers as informative for manag-
ing T1D [41]. CGM-derived metrics could pro-
vide valuable and efficient means to assess the 
effects of novel therapies, and international 
consensus has been published on their role in 
clinical trials [42]. However, most CGM metrics, 
including those recommended by international 
consensus, are not currently accepted as primary 
endpoints by most regulators.

Additionally, patient-reported outcomes 
(PROs), clinically important aspects of care 
reported directly by the patient without inter-
pretation or amendment from any others [43], 
can be used as primary or secondary outcomes 
in clinical trials to support product approvals 
if appropriately validated. Of the over 200 T1D 
PRO measures reported in scientific literature, 
only the Insulin Dosing Systems Perceptions, 
Ideas, Reflections, and Expectations (INSPIRE) 
tool [44] is accepted by regulators as part of 
medical device development. None of the exist-
ing PROs have been validated for use in drug or 
biologic trials.

Access to Expedited Programs

Finally, the pace of progress is directly related 
to the number of companies researching T1D 
and the magnitude of their commitment to the 
disease. To meet the pressing needs of those with 
T1D, regulatory pathways intended for products 
that treat serious and life-threatening diseases 
must be clearly available. Clearly defined T1D 
drug development tracks will help entice spon-
sors and attract increased investment.

The examples discussed here provide a 
glimpse into a few approaches to improving 
drug development in T1D, how we measure ben-
efit, and how we benchmark risk. Many other 

opportunities have been identified that can 
further streamline the development pipeline, 
including better screening and early detection, 
trial enrichment strategies, advancing the role 
of relevant biomarkers, and increasing clarity on 
regulatory thinking on these and other topics.

THE FUTURE FOR T1D

In the years before the discovery of insulin, a 
diabetes diagnosis during childhood was essen-
tially a death sentence. Today, individuals with 
T1D, especially in high-income countries, can 
expect to live longer, healthier lives than ever 
before. However, despite significant progress, 
T1D still results in premature death, reduced life 
expectancy, and a substantial daily burden for 
those affected. T1D remains a challenging, life-
long condition that demands constant vigilance 
and emotional and mental resilience and has a 
significant social and economic impact.

The reality of living with T1D is far from 
"good enough." People with T1D still face the 
relentless nature of relying on insulin to manage 
blood glucose as well as constant risks of com-
plications and the social, emotional, and psy-
chological burdens of the disease. For the T1D 
community, the ultimate goal is no longer just 
survival but a life free from the daily challenges 
posed by the disease.

As we look to the future, there is a strong call 
for more aggressive global action towards curing 
T1D. This includes exploring disease-modifying 
therapies and accelerating research into poten-
tial cures that go beyond managing symptoms. 
Regulatory pathways must evolve to support 
innovation, and widespread screening and early 
detection are needed to enable prevention or 
delayed disease onset. A focus on patient-cen-
tered approaches, incorporating the experiences 
and needs of those living with T1D, is essential 
for driving meaningful change.

The vision of a future without T1D can be 
achieved but is only possible when we enable 
innovation and orient regulatory pathways to 
foster and accelerate development. Through 
collaboration across the global T1D commu-
nity, including researchers, sponsors, clinicians, 
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people living with T1D and their advocates, and 
policymakers, T1D has the potential to stand out 
as a shining example of success.

Today, we see a cresting wave of technological 
advances and innovation that gives us hope for 
the future. We must accelerate this work. As we 
look toward the future, we see cures are in reach, 
and we will not stop until we break through.
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