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The 2019 report of a randomized, placebo-controlled
clinical trial demonstrating that immune therapy can de-
lay the onset of clinical type 1 diabetes (T1D) in anti-
body-positive relatives by a median of 2 years stands
out as a landmark in the decades-long effort to prevent
T1D. With this important step achieved, it is now time to
consider what is needed to bring disease-modifying
therapy for prevention or delay of T1D to clinical use
from this point. Long considered a chicken and egg
problem (why screen for T1D risk when we have no ther-
apy, and how can we develop therapies without more
screening), we now have the opportunity to break this
impasse. The purpose of this article is to place this clin-
ical trial result in context, highlighting key foundational
studies leading to this accomplishment, addressing the
current gaps, and suggesting that a key next step for
prevention of T1D is to screen and monitor relatives for
T1D risk in the context of clinical care.

The 2019 report of a randomized, placebo-controlled clin-
ical trial demonstrating that immune therapy can delay
the onset of clinical type 1 diabetes (T1D) in antibody-
positive relatives by a median of 2 years stands out as a
landmark in the decades-long effort to prevent T1D (1).
The purpose of this article is to place this clinical trial re-
sult in context as seen from the perspective of one indi-
vidual and to suggest a next step in T1D prevention. The
first section briefly highlights foundational studies and
current status of identification of individuals at risk and
then emphasizes the essential role of the immune system
and therefore immune therapies in impacting disease
course. The second section weaves together future consid-
erations both for identifying those at risk and for provid-
ing therapeutic options and suggests that a key next step
to preventing T1D is to screen and monitor relatives for
risk in the context of clinical care (Fig. 1).

We Can Identify Individuals at Risk for T1D
Almost 50 years have passed since the association of T1D
with class II HLA DR3/4, the recognition of increased risk
within families, and the first reports of autoantibodies
(AAb) notably found prior to clinical diagnosis. Discovery
and validation of AAb, in different populations from mul-
tiple studies (2–7), continue to refine risk prediction and
have led to the conceptual breakthrough that once mul-
tiple antibodies are present, T1D almost inevitably fol-
lows. Further, when monitored with serial oral glucose
tolerance tests, progression proceeds from normal to ab-
normal (but asymptomatic) glucose tolerance prior to
meeting established criteria for T1D diagnosis. This con-
cept has recently been codified as stages of T1D: multiple
AAb1 and normal glucose tolerance as stage 1, multiple
AAb1 and abnormal glucose tolerance (AGT) as stage 2,
and T1D diagnosis as stage 3 (8). The predictability of
T1D was initially demonstrated by longitudinal studies in
family members and offered the possibility that interven-
tion could prevent disease. While the primary outcome re-
sults of the early large, multicenter, prevention trials were
negative (2–7), the rate of development of T1D was re-
markably similar in multiple settings (Fig. 1, box A).

In parallel to studies in family members, genetic testing
of those without family members with disease also proved
to be a way to identify individuals who would develop
AAb and thus T1D. To make an impact on incidence of
disease, such studies are essential; while family members
have �15� increased relative risk of disease, �80% of
those with T1D have no affected relatives (9,10). Another
advance in identifying at-risk individuals stemmed from
the observation from Finland and elsewhere that 95% of
children destined to develop T1D by puberty had AAb by
age 5 years (11). Ziegler capitalized on this information
and initiated a study in Bavaria, Germany, in which chil-
dren, regardless of familial relationship or HLA type, are
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tested for AAb at routine pediatric well-child visits (12).
As recently reported, 280 multiple AAb1 children have
been identified and 43 have developed T1D (13). Since
T1D also occurs in older children and through adulthood,
additional testing will be needed over time to capture all
individuals who will develop disease; yet, this limited
study is a beautiful demonstration of the possibilities of
this approach.

We Have Demonstrated That Multiple Immune
Therapies Can Alter Disease Progression
Given that we can identify individuals destined to develop
T1D, which interventions will be effective in slowing or
stopping disease progression? Current evidence indicates
that immune therapies are essential. The arguments that
T1D is an immune-mediated disease are solid: 1) the gen-
etics, where the class II HLA type responsible for antigen
recognition is strongly associated with disease (14); 2) the
presence of islet antigen–directed AAb, a fundamental
component of the autoimmune response, preceding and

defining disease (15); and 3) the pathology, whereby im-
mune cell islet infiltrates have been observed in many ca-
daver specimens of individuals with T1D (16). Collectively,
these findings indicate that the immune system plays an
essential role in T1D disease progression. Note the phras-
ing here. The fact that the immune system plays a role in
T1D disease progression does not mean that immune sys-
tem dysfunction is the primary cause of the disease. In-
deed, with the exception of rare syndromes of immune
system failure such as immunodysregulation polyendocrin-
opathy enteropathy X-linked (IPEX) syndrome, which
results in multiorgan autoimmunity due to a lack of regula-
tory T cells, it is unknown for T1D and all immune-medi-
ated diseases whether tissue damage is a result of the
immune system responding appropriately to cellular injury
or foreign insults or occurs in response to the immune sys-
tem de novo attacking “self.” The important message is
that we can alter disease course with immune therapy even
without a full understanding of the primary cause(s) of dis-
ease; altering disease course is an important and clinically

Figure 1—Key role of screening and monitoring relatives as standard of care to achieve the goal of T1D prevention. Prevention of T1D
(green) will ultimately require both implementation of screening programs for the general population and that multiple options for disease-
modifying therapy be available as part of standard of clinical care. This will be achieved by building on current accomplishments and in-
terim steps. Current accomplishments (aqua): we currently identify those at risk through research studies (A) and have demonstrated that
multiple therapies alter disease course after diagnosis (B), which has led to the demonstration that one therapy can delay T1D by >1 year
(C). This conceptual goal has actually been exceeded, as the TrialNet teplizumab trial reported a delay in T1D by a median of 2 years (1).
Interim future steps (dark blue): sustainable approaches to screening the general population, demonstrating that multiple therapies can
delay T1D, and extending the duration of therapies delaying T1D are interim steps informed by current accomplishments (dotted lines).
Key step (orange): screening and monitoring relatives as standard of care is a key step, as it will accelerate (1) development and eventual
implementation of general population screening and (2) trial enrollment, and therefore approval for multiple therapies, which will provide
the essential justification for screening the general population.
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relevant step on the road to prevention. Immune therapy
has not yet cured any immune-mediated disease; yet, im-
mune therapy is clinically useful in many disease settings,
with significant impact on people’s lives.

Immune Therapy Can Delay Progression to Clinical
T1D
In the last dozen years, seven immune therapies have
shown effectiveness in preserving b-cell function in phase
2 trials in individuals recently diagnosed with clinical T1D
(Table 1). Four, (anti-TNFa, anti-thymocyte globulin, aba-
tacept, and rituximab) are clinically available and widely
used in treatment of other immune-mediated diseases
(Fig. 1, box B).

It is in this context that the results of the recent Type
1 Diabetes TrialNet study testing teplizumab for preven-
tion of T1D should be considered (1). TrialNet is a Na-
tional Institutes of Health–funded international clinical
trial network aiming to bring disease-modifying therapy
into clinical use. This landmark trial showed that treating
autoimmunity early can delay the clinical appearance of
disease. With a median 2-year delay in disease progression
and 25 of 44 treated individuals still without clinical dis-
ease at study end (and median delay in disease progres-
sion now extended to 3 years in posttrial follow-up), this
is a tremendous advance both for T1D and other im-
mune-mediated diseases with a long preclinical period.
This delay is clinically important. Despite new technolo-
gies, anyone with T1D would agree that any time without
clinical T1D, and the 24-7 emotional and fiscal burdens
that it entails, is meaningful. Epidemiology data highlight
reduced life expectancy with younger age of diagnosis
(17), and complications are strongly related to duration
of disease (18); thus, a delay in clinical diagnosis also

offers the promise of long-term future benefit. In addition
to at least 2 years without the direct health care costs of
having T1D (estimated in 2020 as $6,288/year [19]),
these potential long-term benefits on complications of
disease are likely also to reduce the financial burden of
the disease. With only a single 2-week course of treat-
ment, this finding is indeed a scientific and clinical break-
through—fulfilling the promise of decades of research
(Fig. 1, box C).

Screening Relatives as Part of Standard of Care: A Key
to Prevention

Goal of Screening
The primary goal of screening is to identify those at risk
in order to intervene to slow or stop disease progression,
as this has the greatest potential for broad benefit. Others
have emphasized screening for the purpose of reducing
incidence of diabetic ketoacidosis (DKA) at time of diag-
nosis. In the context of research studies, screening for
AAb accompanied by regular oral glucose tolerance test
monitoring is dramatically effective and clinically impact-
ful; DKA incidence is reduced from �30% to <5% (20,21).
These data highlight that in the absence of a screening and
monitoring program, �70% of people with new-onset T1D
will not have DKA at clinical presentation (20,22) and thus
will not have this benefit from and monitoring for disease
progression. However, all at-risk individuals could poten-
tially benefit from delayed onset of clinical disease with
disease-modifying therapy.

There is a compelling case to be made now for screen-
ing and monitoring of relatives in the context of clinical
care to prevent DKA. Based on the experience from Trial-
Net in which first-degree relatives to age 45 years and

Table 1—Successful fully powered trials of disease-modifying therapy in last 12 years
Date Drug Mechanism of action Administration Population (references)

2009/2019 Teplizumab T-cell modulation 14-day i.v. course N = 76 AAb1 relatives ages 8–50
years (1,38)

N = 83 ages 8–30 years, new
onset (30)

2009 Rituximab B-cell depletion i.v. course (1/week ×
4 weeks)

N = 87 ages 8–40 years, new
onset (39)

2011 Abatacept Cosimulation blockade Monthly i.v. infusion N = 112 ages 6–45 years, new
onset (31)

2013 Alefacept Target CD2 memory
cells

Two 12-week courses of
weekly intramuscular
injections

N = 49 ages 12–35 years, new
onset (40)

2018 Low-dose anti-thymocyte
globulin

T-cell depletion 2 days i.v. infusion N = 89 ages 12–45 years, new
onset (41)

2020 Anti–IL-21 (1/– liraglutide) Anti-cytokine (±GLP1
agonist)

Anti-cytokine therapy i.v.
every 6 weeks; GLP-1
s.c. daily

N = 299 ages >20 years, new
onset (42)

2020 Golimumab Anti-cytokine (anti-TNFa) s.c. injection every
2 weeks

N = 84 ages 6–21 years, new
onset (43)
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second- and third-degree relatives to age 20 years are tested,
screening 100 relatives will identify �3 individuals with
multiple antibodies who will eventually progress to clinical
T1D. Combined with regular monitoring for disease progres-
sion, at least one of these three will not develop DKA—a
significant clinical benefit. Further, hypothetically, at cost of
$50 per screen (100 � $50) and $500 per year for monitor-
ing for 3 years ($500 � 3 � 3 years), the direct costs of
screening and monitoring for 100 relatives will be
<$10,000 to prevent at least one individual from presenting
with DKA, which is much less than the cost of hospitaliza-
tion due to DKA at diagnosis (23). Thus, the clinical and fis-
cal case for screening and monitoring relatives as part of
clinical care now for the purpose of preventing DKA is clear
and should be compelling for clinicians, families, and payors.

Screening and monitoring relatives now as part of clin-
ical care for the purpose of preventing DKA have add-
itional benefits in moving toward prevention of T1D.
These include cost-effective paths for clinical trials, as
well as an opportunity to test and implement best practi-
ces for screening and monitoring.

Cost-effective Paths for Clinical Trials
An interim step to delaying disease progression is to have
multiple therapeutic options for patients and clinicians to
select the most appropriate therapy for the individual.
Bringing new therapies to market requires the involve-
ment of industry. A major challenge for industry is un-
certainty about how and when population screening
approaches will be part of standard of care. Clarity is
needed as to when industry will have access to an at-risk
population both to conduct trials and to be assured of a
market for future therapies. Screening relatives as part of
clinical care for the purpose of preventing DKA is also an
efficient approach to increasing the pool of individuals eli-
gible for trials and should therefore meet industry’s needs

without excessive cost (Table 2). Thus, there is no need to
incur the costs and challenges of screening the general
population for the purpose of rapidly enrolling trials at
early stages of disease.

Screening relatives is the shortest and most cost-effect-
ive path to enrolling trials. However, this approach does
leave uncertainty for industry. If the studies are con-
ducted primarily in at-risk relatives, will the regulatory
drug “label” be limited to use in relatives? There is a clear
rationale that therapies applied to relatives are equally ap-
plicable to those from the general population at similar
risk. The literature suggests that the risk for disease pro-
gression in multiple antibody-positive individuals is not
different among those with and without a family history
(24). This evidence supports the decision in TrialNet to en-
roll both relatives and nonrelatives in prevention trials. In
the Fr1da Insulin Intervention study (25), a proportion of
children identified in general population screening will be
relatives of those with T1D. Collectively, these data could
help determine whether response to therapy differs among
multiple AAb1 individuals from the general population and
those with relatives. Supportive evidence about effectiveness
of therapy in at-risk general population and relatives could
also come from studies of the same therapy in “new-onset”
disease. Since most individuals in new onset trials do not
have a relative with disease, demonstration of effectiveness
in preserving b-cell function after diagnosis could indicate
that the drug is effective in the general population. Com-
bined with recent work illustrating that the rate of fall in in-
sulin secretion in relatives is the same before and after
clinical diagnosis (26), results primarily in multiple AAb1

relatives are therefore likely applicable to those from the
general population at similar risk. As population screening
becomes available, a commitment by industry to do add-
itional trials in the at-risk general population could also be
part of the conversation with regulators.

Table 2—Strategies to identify individuals for clinical trials in the U.S.

Population
Estimated N of
population

Estimated
average number

of relatives

Estimated
number to be
screened
annually

Estimated number
with multiple

AAb1

Estimated
number willing

to enroll*

Theoretical
number of trials
with N = 300

Relatives:
incidence
cases

40,000 per year 3 relatives, each
age <50 years

120,000 3,000 (120,000 �
2.5%)

If 20% of those
eligible enroll,
600
individuals
annually

2 per year

Relatives:
prevalence
cases

1,500,000
unique
families

2 relatives, each
age <50 years

3,000,000 >75,000
(3,000,000 �
2.5%)

If 20% of those
eligible enroll,
15,000
individuals

50

General
population

350,000,000
U.S.

N/A 200,000,000 age
<50 years

800,000
(200,000,000 �
0.4%)

If 10% of those
eligible enroll,
80,000
individuals

>260

Theoretical number of trials requiring 300 people that could be conducted with different approaches to screening. *Assumes that
fewer individuals without knowledge of T1D will enroll in a prevention trial in comparison with those with family members.
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Developing Best Practices for Incorporating Screening
Into Clinical Care
Research efforts for screening relatives largely occur
through designated centers with expertise in explaining
the purpose and results of testing. In the U.S. and Can-
ada, these include (among others) clinical sites participat-
ing in TrialNet. TrialNet has recently developed online
consent systems along with home or local laboratory test-
ing. In 2020, 65% of individuals screened used this online
process. Individuals found to have antibodies are notified
by research teams, who explain screening results and out-
line next steps for monitoring for disease progression and
participation in clinical trials. To move screening to rou-
tine care, we must address a significant knowledge gap of
health care providers. Knowledge about risk among family
members and the facts of disease progression are not
widely known by both endocrinologists and primary care
clinicians, reflecting a profound failure to translate infor-
mation known for decades to clinical practice. Focusing
first on screening relatives, and thus including clinicians
caring for people with T1D, provides a platform to aggres-
sively address this gap while evaluating the most effective
approaches to education and translation of evidence into
clinical practice. Physicians must be comfortable explain-
ing test results (or referring to others for this expertise)
before they will incorporate routine screening, psychosocial
support, and the essential piece of monitoring into clinical
practice. At the same time, the case for insurers and health
care systems for screening relatives is stronger, as there is
greater potential benefit to the individual; screening rela-
tives is more efficient than screening the general popula-
tion, leading to less overall screening costs to the system.
Once insurers and health systems agree to screen, support,
and monitor relatives, the foundation is set for screening
the general population.

Expanding Screening to General Population as Part of
Clinical Care
Since most people who develop T1D do not have a rela-
tive with disease and many do not have known high risk
genes, reaching the ultimate goal of preventing or delay-
ing the onset of T1D will eventually require identification

of those at risk from the general population (that is,
those without genetic risk or family members with T1D).
However, moving screening to standard of care in the
general population is potentially a more challenging prob-
lem at the current time, since 1) the relative risk is 15-
fold less than among relatives and thus the individual’s
potential benefit is low, 2) the aggregate costs to health
systems for screening is high, and 3) many individuals
and their physicians may lack existing knowledge about
T1D and disease progression. Since the incidence of T1D
among those without relatives is 0.3%, the positive pre-
dictive value (PPV) of a positive antibody test even with a
highly sensitive assay is low. This low PPV could poten-
tially be mitigated by a two-stage screening approach
(13), yet the stress for those with a false positive test as
well as the additional effort and costs needs to be fully
considered (27). Further, the PPV for antibody testing
among older individuals in the general population is un-
known. Screening the general population first for genetic
risk (28), followed by testing for autoantibodies, improves
the PPV of a positive antibody test, but like for screening
relatives, this approach will miss a considerable number
of individuals destined to develop T1D. Work remains to
be done to determine what combination and frequency of
AAb and genetic screening would be optimal to increase
the PPV and negative predictive value and identify those
who will and will not develop T1D into adulthood. The
considerations above, in addition to the markedly in-
creased direct costs for the large number of people need-
ing to be screened and monitored to identify the few that
would benefit, highlight that the case for screening the
general population for the purpose of preventing DKA is
not compelling at this time.

While getting individuals, physicians, payors, and those
setting clinical practice guidelines to incorporate screen-
ing relatives as part of routine care will require addressing
many of the same hurdles, these challenges are more eas-
ily surmountable for this population (Table 3). Important-
ly, successfully overcoming challenges for implementing
routine screening of relatives can accelerate subsequent
implementation of routine screening in the general popu-
lation (29). This includes evaluation of strategies for

Table 3—Gaps in transitioning research to clinical care
Science alone is insufficient. Gaps to be addressed in transitioning research to clinical care for T1D prevention

Challenges applicable to screening and monitoring both relatives and the general population. Efforts in relatives can inform work
in the general population
� Routine clinical laboratory processes for assays validated to predict risk
� Linking screening with follow-up monitoring and social/emotional support within clinical practice
� Education about risk: clinicians, insurers, health systems, families, screened individuals
� Determine the “optimal” ages, frequency, and methods for screening and monitoring for disease progression for children and
adults

� Address costs

Challenges applicable to any immune therapy approved for T1D prevention
� Endocrinologists trained in use of immune therapy or use of expert centers, referrals to nonendocrinology colleagues
� Education about risks/benefits of therapy: individuals at risk, primary care clinicians, insurers
� Address costs
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when (which ages), how often, and what methods for
screening and monitoring are “optimal” for identification
of both children and adults destined to develop T1D.
Moreover, incorporating screening of relatives in clinical
practice will accelerate availability of more therapies, as
the pool of at-risk individuals would easily be sufficient
for conducting multiple clinical trials (Table 2). Thus, con-
tinued development of sustainable approaches for screen-
ing the general population should continue in parallel
with efforts to screen relatives as part of standard of care.

Interim Steps to Prevention: Therapies
With capitalizing on our ability to identify those at risk
for disease and the identification of multiple immune
agents that impact disease course after diagnosis, add-
itional steps are readily apparent on the path to clinical
use of therapy to slow or stop T1D. As illustrated (Fig. 1),
these include demonstrating that multiple therapies can
delay clinical T1D and, separately, that therapy can in-
crease the duration of disease delay. Notably absent from
this illustration is an explicit step for a short-term ther-
apy that indefinitely stops disease progression—this ul-
timate aim of achieving immune tolerance will trump
existing therapy. However, it is likely to come after other
approaches are clinically available.

Next Steps for Teplizumab
The demonstration that teplizumab can delay progression
to clinical onset raises scientific and clinically relevant
questions. What is the duration of the therapeutic effect?
Will repeat treatment keep clinical disease safely at bay
indefinitely? What accounts for the degree of effect in an
individual? Can an individual’s response to therapy be
predicted?

In a broader sense, these trial results raise the question
of whether delay of the disease depends on when in dis-
ease course the drug is given. Previous studies with tepli-
zumab have demonstrated that it can preserve b-cell
function when administered shortly after diagnosis (30).
In the recent trial, the drug was given at stage 2 disease
to participants with multiple antibodies and AGT (1).
Within 2 years, 50% of the placebo group progressed to
clinical T1D; thus, the TrialNet prevention trial demon-
strated efficacy in altering disease course during a time of
rapid progression. Whether teplizumab would be effective
at earlier stages of disease is unknown, but answering
this question will provide essential information for design
of future studies.

Moving Other Disease-Modifying Therapies to Prevention
Demonstrating that any or all of these other agents are
effective in delaying progression to clinical disease opens
a broader path for future clinical options for patients. In-
deed, abatacept (CTLA4-Ig) may be the first agent tested
in all three stages of disease. The new onset trial demon-
strated efficacy in preserving b-cell function (31), recruit-
ment is complete on the abatacept prevention trial in

those with stage 1 T1D (multiple AAb1 and normal glu-
cose tolerance) with outcome data expected in 2021 (32),
and a trial of abatacept in combination with rituximab in
stage 2 T1D (multiple AAb1 and AGT) had been launched
but is currently on hold due to the uncertain impact of
the coronavirus disease 2019 (COVID-19) pandemic on
risk of study participation (33). Comparing clinical results
and immune response from the same drug at different
stages of disease is likely to provide important insights as
to when to treat.

The framework described above is, first, to demon-
strate effectiveness in disease modification in new-onset
disease and then test for prevention at earlier disease
stages. This is a product of the time in which such studies
were designed. The first immune therapy trials were con-
ducted before the inevitability of disease progression in
multiple AAb1 individuals was fully known, and there
was understandable reluctance to test therapies in an at-
risk population including otherwise “healthy” children
without strong evidence supporting “prospect of benefit”
and understanding of potential harm. However, newer
immunotherapeutics with better safety profiles are rou-
tinely used in children with other autoimmune diseases
and it is now clear that multiple AAb1 individuals have
the initial stages of a disease leading to clinical T1D.
Therefore, it is not unreasonable to propose that standard
dosing regimens of immune therapies in clinical use in
other immune-mediated diseases could be tested directly
in earlier stages of T1D without doing studies in new on-
set populations. This approach could both shorten the
time to evaluate the spectrum of therapies in early disease
and guard against a more significant problem, namely,
that therapies may be effective only if given earlier. Plac-
ing the hurdle of a “positive” new onset trial before test-
ing in prevention may lead to discarding otherwise
promising “standard” approaches. For example, the anti-
IL1 therapies anakinra and canakinumab were ineffective
in new-onset disease (34). The hurdle of now testing
these therapies, which have a reasonable safety profile, in
earlier disease is significant despite emerging data sug-
gesting a role for the innate immune system long before
clinical diagnosis. This approach is not without prece-
dent; given reasonable scientific rationale and reasonable
safety profiles, nicotinamide (3), parenteral insulin (2),
oral and nasal insulin (4–6), and hydroxychloroquine
(35) were all brought to trial in prevention without posi-
tive fully powered trials in new-onset disease.

Keeping Success From Creating a Roadblock for Choice
The impressive results from the TrialNet teplizumab pre-
vention study take us to a new era. Yet, teplizumab does
not cure T1D. The TrialNet prevention study was small,
involving only 76 individuals. As with all therapies, not
everyone responds to the drug; while 16 of 32 placebo-
treated individuals developed T1D within 2 years of ran-
domization, 11 of the 44 treated with teplizumab also
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progressed to clinical T1D during this time period. More-
over, even when it is clinically available, not everyone will
want to take this drug, which carries the burden of 12–14
sequential days of i.v. infusion.

Key is to assure that other drugs will eventually be
available for clinicians and individuals to choose from,
and this will require additional clinical trials. How
might clinical approval of teplizumab in prevention im-
pact the ability of other therapies to be studied or ap-
proved? If teplizumab is approved, it is possible that
individuals would be less willing to enroll in a trial at
all—and instead would opt for treatment as part of
clinical care. They may also be less willing to receive a
placebo. Future trials may wish (or be required) to in-
volve teplizumab as an active comparator. These stud-
ies would likely be designed as noninferiority studies
(36), aimed to demonstrate that the new drug is not
substantially worse than teplizumab, and will require
larger numbers of participants than placebo-controlled
studies. For example, with a noninferiority margin of
1.5 (indicating that the new therapy would be consid-
ered noninferior if the outcome is 1.5 times worse
than teplizumab), a trial with 80% power and a of
0.050 would require >350 participants. Such chal-
lenges are not new to medicine, but the success of the
teplizumab prevention trial makes these challenges
new to T1D prevention—a challenge that could be ad-
dressed through rapidly bringing screening and moni-
toring of relatives to clinical care and thus increasing
the pool of potentially eligible individuals for trials.
Cooperative approaches across industry and academia

and consideration of innovative study designs with
shared placebo groups will be needed until identifying
those at risk becomes standard of care.

On a Slower Road to Clinical Application
The above discussion focuses on therapies with a poten-
tially straightforward road to clinical use: single broad im-
munosuppression drugs demonstrated to slow disease
progression in a population of individuals at risk for
T1D. Pursuing this path can accelerate progress on more
difficult, likely slower routes to clinical translation; these
include combination in lieu of single agents, cellular
therapy, antigen and nonimmune therapies as compared
with broad immune suppression, b-cell directed thera-
pies, and personalized approaches.

Conclusion
The field is poised to deliver on the promise of delaying
or preventing T1D and incorporating population-wide
screening and early treatment into standard of care hav-
ing met many, but not all, of the Wilson-Jungner criteria
for screening proposed in 1968 (37). Screening and moni-
toring relatives as standard of care for the purpose of pre-
venting DKA constitute a key next step, and using
existing immune therapies can accelerate clinical trials
and lead to shorter paths for prevention (Table 4). At
these early stages of transitioning from research to clinic-
al care, public/private cooperation is essential to earn and
sustain the trust of clinicians and those living with and at
risk for T1D. Together, we can transparently describe the

Table 4—Key messages

� The premise underlying this article is that to prevent or delay the onset of T1D we will eventually need to incorporate screening
for T1D risk in those with and without family members who have T1D and we will need to have effective therapies with a
reasonable safety profile to use in clinical care.

� The rationale for incorporating screening programs in those without family members as part of clinical care at this time is weak.
Without therapies, the only clinical benefit that is possible from screening and monitoring is reduction of DKA at time of
diagnosis. The low prevalence of T1D in the general population means that even a very highly sensitive screening test will have
a low PPV. The costs of screening will be high in aggregate and the benefit to an individual low. The potential “harm” of this
approach is both the significant costs of screening and monitoring and the psychological stress on the individual/family,
particularly if there is a lack of knowledge among clinicians for how to provide interpretation and support.

� In contrast, reducing DKA through screening and monitoring programs among those with a relative with T1D is a reasonable and
achievable goal at this time. Since there are fewer relatives to screen, the aggregate costs to the health care system are less.
With a 1 in 20 risk for T1D, the predictive value of a positive test is much higher and thus the potential benefit to the individual
is higher. Screening and monitoring of relatives as standard of care would reduce DKA at diagnosis dramatically in relatives at
risk for disease.

� At the same time, additional benefits will accrue through this effort to bring screening and monitoring relatives to clinical care.
These include creating a competitive marketplace to develop and implement better (easier and cheaper) screening and
monitoring approaches and providing “real-world” evidence of the processes, costs, benefits, and harms of screening that will
be needed to expand from testing relatives to testing the general population as part of clinical care.

� Critically, screening relatives as part of clinical care will address the concern of industry about the feasibility of developing
therapies to prevent or delay T1D. The number of individuals who will be identified through widespread screening of relatives
will be sufficient for conducting multiple clinical trials. Positive results in such trials will eventually lead to a clinical indication of
such therapies in prevention and thus provide the essential piece to someday justify screening the population without relatives
with T1D as part of clinical care.
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path to prevention recognizing the tremendous progress
made as well as the distance yet to travel.
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