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People living with type 1 Diabetes (T1D) and their families have poor perception of health related quality of life. Therapies for T1D are
becoming better with time, but they still involve a lot of effort. Prevention of T1D, if successful, has potential to change lives of millions of
families across the globe. Type 1 diabetes is an autoimmune disease with underlying genetic predisposition for autoimmunity against beta cell
antigens upon exposure to an environmental trigger. Identifying underlying primary antigen responsible for initiating autoimmune cascade,
avoiding environmental trigger and modifying immunity has all been used as strategies for preventing or delaying onset of type 1 diabetes.
Primary prevention for type 1 diabetes is hindered by difficulty in identifying at-risk population and also due to lack of effective preventive
strategy. Secondary prevention, in children with presence of autoimmunity, has recently received a boost with approval of Teplizumab, an
immunity modifying drug by its Anti-CD3 action. Application of preventive strategies would also change based on country specific incidence,
prevalence and availability of health resources. In current review, an update on preventive strategies for type 1 diabetes is being discussed as
well as their applicability in Indian context.
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lifelong intense treatment and monitoring. People living with
T1D in India have a significantly shorter span of life than
the general population.# People living with TID and their
families have a poor quality of life and an increased incidence
of depression.?5* Glycemic control in people living with
T1D remains suboptimal even in developed countries with
mean HbA1c staying >8% and less than 30% affected people
achieving HbAlc <7%.! Therapies of T1D are becoming
better and more efficacious with time, it still involves a lot of
effort and expenditure (out of pocket in the case of India).!'”!
These arguments make T1D an apt condition to be considered
for the implementation of preventive strategies. Delaying
the onset of TIDM by even a few years would be expected
to decrease not only the disease burden but also the risk of
long-term complications. In this narrative review, we discuss
the current status of preventive strategies in the field of TID
and their applicability in the Indian context.

INTRODUCTION

Healthcare focus in India is gradually shifting from acute

infectious communicable diseases to chronic non-communicable

diseases.!'! Management of chronic diseases entails long-term

follow-up and control of disease rather than a complete cure. Thus,

prevention strategies are an integral part of managing chronic

noncommunicable diseases. For successful implementation of

a preventive strategy for a chronic disease at the public health

level requires the fulfillment of the following criteria:

1. Disease should be of sufficient health concern to an
individual and public

2. At-risk populations should be identifiable easily by
available diagnostic measures

3. Prevention strategy should be effective enough to delay
the onset or prevent the disease altogether.

4. Prevention strategy should be cost-effective to be
implemented at the larger population level

India has the highest number of people, <20 years of age, living
with Type 1 diabetes (T1D) among countries worldwide.?
This is despite the relatively low incidence of T1D in India
as compared to Scandinavian countries.’! Type 1 diabetes
incidence peaks at 5-9 years of age and then it requires
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DeriniTion oF PRevenTion LEveLs IN Type 1

DiABETES

In general, prevention strategies are defined as primordial,
primary, secondary, and tertiary prevention. At-risk people
for T1D in the general population are difficult to identify as
known risk factors for T1D are not well defined currently.
Therefore, primordial prevention is not relevant to T1D as
it involves modifying risk factors in the general population.
The pathophysiology of T1D has been divided into 3 stages
to facilitate the implementation of prevention strategies
appropriately [Table 1].['"

Known risk factors, at present, include family history,
number of first-degree relatives affected, age of onset in a
family member (age of onset <7 years confers greater risk),
genetic predisposition with the presence of predisposing
HLA type and also non-HLA gene loci like INS, PTPN22,
IL2RA among others.!' More than 50 non-HLA genetic
loci have been identified to confer risk for T1D.!3!4
Beta-cell immunity is identified by the presence of various
autoantibodies against islet called antigens and includes
anti-insulin antibodies, anti-insulinoma associated-2
antibodies (IA-2), anti-GAD 65 antibodies, and anti-ZnT8&
antibodies. Dysglycemia in stage 2 is defined as glycemic
levels in the pre-diabetes range on an oral glucose tolerance
test. Based on these stages prevention levels in T1D can be
defined in Table 2.

For the purpose of implementing prevention strategies,
clarity should be sought on at-risk identifiable populations
and proposed prevention strategies at that level of prevention.

PRIMARY PREVENTION

The population at risk for T1D practically includes the
entire childhood population as risk factors for T1D are not
completely elucidated. Among new onset T1D, 10-15% of
cases are familial in nature.l"" In other words, if all first-degree
relatives (FDRs) of T1D cases are followed, 10-15% of new

cases of T1D can potentially be identified.!'] Relative risk
varies according to association with the index case. In data
from the United States of America, the risk of T1D in a
newborn without any affected FDR is 0.4-1% and in a newborn
with one affected FDR risk is ~5%.!!1 Risk can be as high as
20-25% in people with multiple affected FDRs and 30-70% in
monozygotic twins.'!! As identifying these people is relatively
simple, most of the preventive strategies are tested and proven
in this group.

Genetic risk scores have been devised based on the HLA
genotype and non-HLA gene loci. Elucidating this risk can
identify up to 50% of new cases of T1D. Major HLA alleles,
from Western countries, predisposing for T1D include
HLA B8 (OR 3.20), HLA B15 (OR 3.69), HLA-DR3 (OR
3.54), and HLA-DR4 (OR 6.81).l'1 Protective alleles
include HLA-DR2 (OR 0.21), HLA-DRS (OR 0.30), and
HLA-DR7 (OR 0.24).0)37 In a study from North India,
HLA-DRB1*03, DQA1*05, and DQB1*02 showed significant
positive associations with T1D, whereas HLA-DRB1*15,
DQA1*01, and DQB1*06 were negatively associated
with T1D.!'® There was also an increased frequency of
HLA-DRB1*04 among people living with TID in a north
Indian population.l'® However, this association of DR4 and
T1D is not independent of DR3 as most of the patients carrying
DRB1*04 also carried DRB1*03.1' From HLA Class 1 gene,
a positive association was reported between HLA-A*02, A*26,
B*08, and B*50, and T1D in subjects from north India.!®
However, testing for these alleles is costly at present and may
not be implementable at the public health level, especially in
countries like India with low incidence rates. Almost a quarter
of the general population would have a high or moderate risk
HLA allele.['”) So, to predict one case of T1D more than 2000
children need to be followed up. This should also take into
account the psychological stress and anxiety in children who
are eventually not going to be suffering from T1D [Figure 1].

Another factor that needs to be considered at the primary
prevention level is that T1D develops in a genetically

Table 1: Stages of type 1 diabetes

Pre-stage 1 Stage 1 Stage 2 Stage 3
Risk Factors Present + +
Beta-cell autoimmunity Present Present Present
Glycemic Status Dysglycemia Hyperglycemia
Symptoms - Present

Table 2: Definition of prevention levels in terms of type 1 diabetes

Level Definition in general Definition in terms of T1D

Primary A disorder is actually prevented from Individuals at high risk of developing T1D and aimed at preventing the
developing autoimmunity against islet autoantigens

Secondary Disease is detected and treated early, often Individuals with multiple islet autoantibodies with the aim of halting
before symptoms are present autoimmunity processes and possibly avoid the clinical onset of diabetes

Tertiary An existing, usually chronic disease is managed Stage 3 clinical type 1 diabetes (i.e., classic symptomatic type 1 diabetes

to prevent complications or further damage

requiring insulin therapy), mostly recent onset, but some in established disease
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Type 1 Diabetes

A
I 1

10% are Familial Case

90% are Sporadic Cases

l l

Risk can be further stratified based on:
1. Number of FDRs 1. 1.6-2.8% would have high risk HLA
2. Age of onset among cases 2. 10-24% would have Moderate risk
3. Genetic risk scoring HLA

Can potentially identify 50% of sporadic
new onset T1D

In general population:

Figure 1: Identifying population-at-risk for primary prevention of type 1
diabetes

predisposed child only when a second hit from some
environmental factor induces autoimmunity against beta
cells.['l So, while genetically predisposed persons may still
be identified based on genetic testing, the occurrence of T1D
in this population may still be random and non-linear.

Primary prevention strategies for T1D need to be essentially
interventions that have a very low potential of inducing
harm as the base population is very high and a large majority
of them are not going to develop the disease at all. These
strategies essentially include avoidance of exposure to
suspected environmental factors in genetically predisposed
populations.l'?l However, elucidation and defining these
environmental factors is still a work in progress. Attempts have
also been made to devise therapies that modulate immunity in
general or in relation to antigens specific to pancreatic islets
by the principle of bystander suppression.!®!

Environmental factors worth mentioning include exposure
to cow’s milk and gluten. In a meta-analysis involving
13 case-control studies, diagnosis of type 1 diabetes was
associated with early weaning at <3 months of age (overall
OR 1.43;95% CI 1.15-1.77) and early exposure to cow’s milk
at <4 months of age (overall OR 1.63; 95% CI 1.22-2.17).1*)
Subsequent prospective studies have found some association
between exposure to cow’s milk and the development
of autoimmunity.?” But this association is limited to the
development of one type 1 diabetes-specific autoantibody.
After 7 years of follow-up, when the development of 2 or more
antibodies has been considered as an end point, no difference
has been noted.?”! Using bovine insulin-free formulas have
also resulted in lower development of one or more type 1
diabetes specific autoantibody.?!! As the development of
one autoantibody does not predict the development of type
diabetes robustly, avoiding cow’s milk or using bovine
insulin-free formulas in the large population does not make a

sound scientific argument. Similarly, late exposure to gluten
(at 12 months of age vs 6 months of age) revealed no difference
in the development of T1D-specific autoimmunity.??!

Therapies involving anti-inflammatory action or immunity-
modulating action in general, like the use of docosahexaenoic
acid, vitamin D, and high-dose nicotinamide, have been tried
with unsuccessful results.['>?3) However, antigenic-specific
therapies to induce immune desensitization using the principle
of bystander suppression continue to pique the interest of
scientists.

Bystander suppression involves exposure to an antigen similar
to a target antigen (against which autoimmunity is to be
avoided). This exposure is believed to induce the development
of helper T cells which induce immune tolerance to target
antigens by immune spillover. This strategy has not only
been tested as a primary prevention strategy but also at the
secondary prevention level. Type 1 diabetes is hypothesized
to develop by epitope spreading, where autoimmunity to
one particular antigen leads to beta cell damage with the
release of further beta cell antigens. This leads to a cascade
of autoimmunity to a number of beta-cell antigens. However,
the primary antigen responsible for the start of this cascade
is still elusive. Proinsulin has been proposed to be initiating
antigen but the final word is still to be spelled.?* But this
has led to a number of trials involving the administration
of insulin to at-risk children via oral, parenteral, or nasal
route.l'” In a dose-finding study, an immune response to
insulin was measured as serum IgG and saliva IgA binding
to insulin, and CD4+ T-cell proliferative responses to insulin
after administration of oral insulin.?! Oral administration of
67.5 mg on a daily basis resulted in the development of an
immune response.” However, most of the clinical studies
are being done at the secondary prevention level and would
be discussed in subsequent sections.

To summarize the current status of primary prevention:

1. Only a small fraction of new-onset TID cases can be
identified by clinical history. Further at-risk cases can
be identified using genetic screening, but a large number
of children would need to be tested. Psychological stress
placed on children and their families who would be
screened positive but would not develop T1D also needs
to be considered.

2. There has been very limited success, if at all, in
identifying therapies that can be implemented at the
population level to primarily prevent T1D.

3. There is no clinical guidance by any scientific group to
implement primary prevention strategies currently.

SECONDARY PREVENTION

Secondary prevention for T1D involves preventing or delaying
the onset of clinical disease in people who are in stage 1 and
stage 2 of T1D development. This spectrum includes people
who already have 2 or more T1D-specific autoantibodies to
people who not only have autoantibodies but also have raised
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blood glucose values not fulfilling the criteria for diagnosis
of diabetes.["" It is to be noted here that the development of
one autoantibody has not been considered enough to qualify
for stage 1 of T1D development. In a landmark study with
15 years follow-up, the development of multiple antibodies (2
or more) was associated with the development of T1D in 69.7%
of people, while 14.5% and 0.4% of children developed T1D
with one or no antibodies, respectively.?¢

Autoantibodies usually develop after 6 months of age and
peak at 9-24 months.?”! The development of one antibody
at less than 5 years of age and the presence of genetic
predisposition enhances the chances of developing a second
antibody. However, seroconversion from the first antibody
to the second antibody is rare after 4 years of follow-up.!'
After the development of 2 or more autoantibodies, there may
not be any metabolic decline for years. Dysglycemia may be
detected almost 1.5 years prior to clinical onset (stage 3) of
T1D.[" Beta cell function/C peptide levels decline accelerates
6 months prior to clinical onset with a rapid decline in the last
3 months.["!

The presence of autoantibodies and dysglycemia objectively
defines the population eligible for secondary prevention.
This population would also contribute to the majority of new
cases of T1D in any community. However, as children are
still asymptomatic at this stage, the question regarding whom
to screen for autoantibodies and dysglycemia still remains
unanswered. Countries with high prevalence, low absolute
children population, and sufficient public health expenditure
are trying to devise strategies to implement these screenings
at the whole population level.*®

Strategies used for secondary prevention essentially involve
immunomodulation either by bystander suppression,
anti-inflammatory action at the beta cell level, or by modifying
the action of either T cell or B cell. An overview of these
therapies is shown in Figure 2.

Proinsulin, insulin (oral, parenteral, and nasal route), and
GAD 65 have all been used to induce bystander suppression of

autoimmunity towards islet cells. As a part of the effort towards
secondary prevention, these agents have been administered to
FDRs of T1D cases, who the have presence of autoantibodies
with or without further risk stratification by either genetic
testing or the presence of dysglycemia. Diabetes prevention
trial (DPT) - 1 with parenteral insulin (subcutaneous daily
and IV infusion for 4 days in a year) did not delay/prevent
the onset of T1D.?! In the oral DPT, there was a decrease in
the incidence of T1D in a subset of people with a high titer
of insulin autoantibody when 7.5 mg insulin per day was
given as an intervention over 4.3 years. 10.4% of people in
the placebo group developed T1D as compared to 6.2% in the
oral insulin group (HR =0.566, P=0.015).5% In TrialNet Oral
Insulin Study, follow-up of over 8 years revealed the benefit
of oral insulin in a subset of the study group. In a subset of
children (n = 55) with 2 or more autoantibodies and with
declining beta cell function (measured by first-phase insulin
response and C-peptide levels), oral insulin 7.5 mg/day delayed
onset of T1D by 31 months.?"? However, oral insulin was not
effective in a larger subset an entire cohort.*"? Other studies
with oral insulins, nasal insulin, or GAD 65 have also not
shown promising outcomes.

The pre-point study, where investigators tried to find a dose of
oral insulin to trigger immune responses initiated introspection
on the adequacy of intervention in oral insulin trials.?! In the
Pre-point study, oral insulin doses from 2.5 mg to 67.5 mg were
given to 9 children, and their immune responses were measured.
Children participating in this study were relatives of people
with T1D and had susceptible genotypes but had no islet cell
autoimmunity. Immune response to insulin was measured as
serum IgG and saliva IgA binding to insulin, and CD4+ T-cell
proliferative responses to insulin after administration of oral
insulin. Children given up to 7.5 mg/day of oral insulin had
an immune response similar to the placebo group (16.7%
vs 20% respectively). Children given 22.5 mg/day had a
response (33.3%) marginally higher than placebo but the
difference was not statistically significant. On the other hand,
83.3% of children receiving 67.5 mg showed an immune
response. Thus, less than expected results from antigen-specific

Targeted

Immunotherapy

{ {

Targeting T Cells

| |

Otelixizumab: Anti CD3
Teplizumab: Anti CD 3
Low Dose ATG: T cell
Alefacept: Anti CD2
Abatacept: CTLA 4

Antigen Specific
Therapy
(Bystander
suppression))

Targeting B cells

Rituximab

1 1

Targeting
Inflammation
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| |

Anakinra
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Figure 2: Overview of immunity modifying therapies for prevention of type 1 diabetes
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therapies involving insulin therapy can be due to lower doses of
insulin used. The trialnet orat insulin study group has already
initiated studies with higher doses of oral insulin.

Another factor that may be responsible for the suboptimal
outcomes in these studies may be the age of the participant
at the time of intervention. The mean age participants in
DPT 1 oral (10.25 years), DIPP Nasal insulin (2.7 years in
birth cohort and 7 years in sibling cohort), and Trialnet oral
insulin study (8.2 years) is much higher than the usual onset
of autoimmunity in these children (6 -24 months).?32 As
these interventions are applied for secondary prevention, by
definition, at the time of intervention autoimmunity has already
set in. It may be, hypothetically, more difficult to modify an
already pre-existing immune response. So, antigen-specific
therapy may be more useful if applied at younger ages and
may be more effective at the primary prevention level.

Promising results have been reported with therapies modifying
T-cell immune responses. The underlying hypothesis involves
a down-regulation of either effector T cells or up-regulation of
T helper cells. T cell antigens that have been targeted for this
purpose include CD3, CD2, and CTLA4. As immunotherapies
are targeted towards suppression or modifying disordered
immune responses, these are apt for application for secondary
prevention or very early stage 3 T1D. A summary of
immunotherapies targeted at modifying immune response for
T1D is delineated in Table 3.0

Other therapies that have been found to be either ineffective
or are under further study include therapies targeted toward
Interleukin 1, Interleukin 2, anti-thymocyte globulin, mMTOR
pathway, and alpha 1 antitrypsin among others.?**! Teplizumab
needs a special mention as this is the only FDA-approved
therapy for the secondary prevention of T1D.

TePLIZUMAB

The history of Teplizumab development can be traced
back to the mid-1970 which saw the advent of B-cell
hybridoma technology. This pushed the approach of

therapeutics development towards monoclonal antibody (mAb)
immunotherapy. The most successful clinical immunotherapy
for T1D has been anti-CD3mAb.*!

OKT?3 is a murine monoclonal antibody of the immunoglobulin
IgG2a isotype. It was developed in 1979 and received FDA
approval as the first human mAb immunotherapy for the
prevention of transplant rejection in 1986.11 OKT3 worked
by blocking the generation and function of cytotoxic T cells
with the selective removal of CD3. However, its clinical
implementation was restricted due to the “flu-like” side effects.
The side effects were found to be the result of increased
cytokine release from T-cells brought by the TCR (T cell
receptor)/CD3 complex, induced by OKT3. Further, OKT3,
being a mouse monoclonal antibody, results in the development
of a human anti-mouse antibody (HAMA).[*”I To help eliminate
its fallibility, OK'T3 was then humanized by inducing punctual
mutations of the Fc thereby preventing binding to FcRs. This
genetic engineering stripped off the mitogenic properties of
OKT?3 and resulted in the genesis of huCD3e-directed mAb
hOKT3yl Ala-Ala, also known as Teplizumab.

Teplizumab works by binding to CD3 of the autoreactive T
cells (mediating the death of B-cells). Unlike OKT3 which
causes the depletion of the autoreactive T cells, Teplizumab
causes these cells to migrate to the gut wall and become
exhausted.?!

Interestingly, initial studies involving Teplizumab were done
in new-onset T1D. In 2002, a U.S.-based phase I/II clinical
trial was conducted with Teplizumab in patients with anti-islet
autoantibodies positivity and recent (within the first 6 weeks
of diagnosis) onset of T1D. It was noted that the insulin
production was the same or better 1 year post-treatment in 9
out of 12 teplizumab recipients versus only 2 of the 12 placebo
recipients.* Further, the glycosylated hemoglobin levels were
found to be lower in the patients who had received teplizumab.
The Autoimmunity-Blocking Antibody for Tolerance (AbATE)
trial was set up to evaluate Teplizumab in individuals with
new-onset T1D having an average follow-up duration of
8 years. Key messages coming from the AbATE trial were that 2

Table 3: Summary of immunotherapies for type 1 diabetes

Targeted Antigen  Agent Proposed Mechanism Current Status

CD3, T cell Teplizumabl*! Reduced T cell activation and up Showed delay in onset of T1D by 24 months.
regulation of regulatory T cells in long run  Approved by FDA for secondary prevention

CD3, T cell Otelixizumab®!  Reduced T cell activation and up Also delayed onset of T1D but effective dose seem to have
regulation of regulatory T cells in long run  significant incidence of EBV activation. Dose finding studies are

on-going.

CD2, T cell Alefacept®®! Increased ratio of T regulatory cells to T Immunological response and delayed decrease in C-peptide in
effector cells clinical studies. Lower dose of insulin in alefacept group but no

difference in HbAlc. Needs further studies.

CTLA 4, T cell Abatacept’®”! Preventing T cell activation by blocking Maintained higher C peptide during ongoing therapy. After
CD80 and CD86 on antigen-presenting discontinuation, decline in C peptide delayed by 9.6 months but
cells. parallel to placebo group. Further studies on-going.

CD 20, B cell Rituximab*! Disruption of B cell function Not effective alone. Ongoing studies in combination with abatacept.

TNF alpha Golimumabl*#*!  Targets inflammation Phase 2 study showed less need of insulin. Further results are

awaited.
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courses of teplizumab reduced the decline in C-peptide 2 years
after the onset of the disease.!*! After 7 years of follow-up, the
C-peptide responses to a mixed-meal tolerance test were found
to be similar overall in the drug vs. control group of participants.
However, they were significantly improved with less loss of
C-peptide in drug-treated responders identified at 1 year.[*

Finally, Teplizumab was shown to delay the onset of T1D
in 76 patients with stage 2 type 1 diabetes by 24 months.
The annualized rates of diagnosis of diabetes were 14.9%
per year in the teplizumab group and 35.9% per year in
the placebo group.* Based on this information, FDA
USA approved Teplizumab for children who are 8 years or
older and have stage 2 type 1 diabetes (with two or more
diabetes-related autoantibodies and dysglycemia on OGTT
but no symptoms).*”! A table summarizing basic information
for the use of Teplizumab has been provided in Table 4.4

The use of Teplizumab in combination with other forms of cell
replacement therapies is advocated for the possible prevention
of T1D.

Herold et al.** observed that those individuals who had lower
than median C peptide responses had favorable response to
Teplizumab. Indirectly indicating that those individuals who

have active autoimmunity have a favorable response to it. The
same group also observed that those individuals who were
HLA-DR3 negative, DR4 positive, and anti-ZnT8 antibody
negative were more likely to respond to Teplizumab. It should
be noted that Indians have different HLA phenotypes in T1DM
and teplizumab needs to be tested considering this scenario.

It should be noted that just one infusion was studied by
Herold KC ef al.®¥ Whether further infusions cause an
impact to last longer needs to be examined. A phase 3 study
called PROTECT, which involves patients with recently
diagnosed clinical TIDM receiving two infusions spaced
six months apart, is underway.*”! It investigated relatives
of TIDM patients; it has to be determined if the results
apply to those with a greater genetic risk of TIDM but no
family history.

Teplizumab has provided the right kind of morale booster to
the field of T1D prevention which had seen dismal results so
far. Teplizumab delays the onset of T1DM by months-years and
does not fully prevent it. Although this by itself is a significant
milestone with the potential to reduce the burden of patients
and caregivers, the future, we hope, should hold a promise for
the total prevention of TIDM.

Table 4: Prescribing information for Teplizumab49

Indication: Teplizumab is a CD3-directed antibody indicated to delay the onset of Stage 3 type 1 diabetes (T1D) in adults and pediatric patients aged

8 years and older with Stage 2 T1D.

Investigation before use: It is advisable to obtain a complete blood count and liver enzymes tests, prior to the initiation of teplizumab.

Premedicate with:
1) Nonsteroidal anti-inflammatory drug (NSAID) or acetaminophen,
2) An antihistamine, and/or

3) An antiemetic before each teplizumab dose for at least the first 5 days of the 14-day treatment course.

Warnings And Precautions:

Use of teplizumab is not recommended in patients with

1) Lymphocyte count less than 1,000 lymphocytes/mcL

2) Hemoglobin less than 10 g/dL

3) Platelet count less than 150,000 platelets/mcL

4) Absolute neutrophil count less than 1,500 neutrophils/mcL

5) Elevated ALT or AST more than 2 times the upper limit of normal (ULN) or bilirubin more than 1.5 times ULN
6) Laboratory or clinical evidence of acute infection with Epstein-Barr virus (EBV) or cytomegalovirus (CMV)

7) Any active serious infection or chronic active infection (other than localized skin infections)

Administer all age-appropriate vaccinations prior to starting teplizamab

1) Administer live-attenuated (live) vaccines at least 8 weeks prior to treatment.

2) Administer inactivated (killed) vaccines or mRNA vaccines at least 2 weeks prior to treatment.

Recommended Dosage and Administration

Intravenous infusion administration of teplizumab (over a minimum of 30 minutes), using a body surface area-based dosing, once daily for 14 consecutive

days as follows:

* Day 1: 65 mcg/m?

+ Day 2: 125 meg/m?

* Day 3: 250 mcg/m?

* Day 4: 500 mcg/m?

* Days 5 through 14: 1,030 mcg/m?
Do not administer two doses on the same day.
Recommendations Regarding Missed Dose (s):

Resume dosing by administering all remaining doses on consecutive days to complete the 14-day treatment course if a planned teplizumab infusion is

missed.

Adverse Reactions: Most common adverse reactions (>10%) were lymphopenia, rash, leukopenia and headache, cytokine release syndrome and serious

infections.
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To summarize the current status of secondary prevention:

1. Population suitable for secondary prevention can be
clearly defined by the presence of autoantibodies with
or without dysglycemia. However, the question of how
to identify this population without subjecting the entire
children population to screening for these antibodies still
needs to be answered.

2. Success and approval of Teplizumab have rekindled the
hope of better therapies for secondary prevention of T1D.

TeRTIARY PREVENTION

Immunotherapies being used for secondary prevention are also
tried in early-onset T1D with the aim to induce remission. As
in secondary prevention, these therapies have shown some
preservation of beta cell function but have failed to induce any
meaningful remission. A brief mention of BCG vaccination
needs to be made in tertiary prevention. BCG vaccine has
been proposed to shift glucose metabolism from overactive
oxidative phosphorylation to aerobic glycolysis.P” Observation
retrospective data seem to suggest that childhood BCG
vaccine may be beneficial for preventing/delaying the onset
of T1D.B" There are no intervention studies evaluating the
BCG vaccine as primary preventive therapy. But, intervention
studies have consistently shown no benefit of using BCG as a
tertiary preventive therapy.’>4 Immunosuppressive therapies
with cyclosporine and anti-thymocyte globulin have been
shown to induce transient remission but the continued need
for administration and significant side effects preclude their
widespread use.[5>3¢!

Although there were initial studies that showed favorable
response* to Teplizumab for tertiary prevention, larger studies
done in the same scenario found a not so favorable response.©”)
Further studies are needed in this area.

Efforts for islet cell transplantation are also underway to
improve the ease of therapy and quality of life of people with
T1D. However, the de novo generation of beta cells at the
commercial level is still a little ahead in the future. A recent
breakthrough in the de novo development of glucose-sensing
beta cells has raised hopes of a successful and viable islet cell
transplantation.®!

Further advancements in T1D therapies include artificial
pancreas, machine learning algorithms for insulin dose
determination, carbohydrate counting applications, and better
basal and prandial insulins among others.’>% However, a

detailed discussion of these modalities is beyond the scope
of this review.

INDIAN PERSPECTIVE

India has the largest number of people living with T1D in the
entire world. This is despite the relatively low incidence of
T1D in India. However, care for T1D in India has not been
able to match with Western standards. A comparison of T1D
numbers and care parameters of India with a few developed
countries is portrayed in Table 5.

The life expectancy of people living with T1D is markedly
lower than the general population and also lower than
people living with T1D in other countries. Given the large
population of children in India, the ability to screen them for
genetic susceptibility or the presence of autoantibodies would
require massive resources. However, given low public health
resources that does not seem a feasible approach currently.
The cost of Teplizumab is prohibitive even in developed
countries. A cost-benefit analysis done by Mital et al.,'®
suggested that the current cost of 1,93,900 US dollars can only
be justified when used in people with the highest likelihood of
response viz. individuals without HLA-DR3, with HLA-DR4
alleles and negative ZnT8 antibody status. On conversion
to INR, the amount translates into 315869987.88 as of the
date (15" April 2023). This implies it would be out of reach
of many Indians even if they have the indications for the
teplizumab. Therefore, in India, we need to dedicate current
resources to improving the quality and longevity of life of
people with T1D.

There is a lack of dedicated education resources geared towards
T1D and access to insulin also seems to be an issue for a large
population. We also need to work on solutions that would work
for Indian conditions in a cost-effective manner. For example,
while insulin pump technology is improving each day, cost
constraints in India may limit its use. Enhancing access
to care essentials like insulin, glucometer, and glucometer
strips, and technology-based solutions for delivering diabetes
education, allowing easy carbohydrate counting, and insulin
dose determination for subcutaneous insulin administration
may be priority areas for TID care policies in India.”!

ConcLusioN

Recent success in preventive therapies for type 1 diabetes
has rekindled the hope of diabetes-free life in susceptible

Table 5: A comparison of T1D numbers and care parameters across countries

Germany Finland USA India
Prevalent cases of TID (0-19 years) 35.1K 5.4K 157.9K 229.4K
New cases of Type 1 Diabetes (0-19 years) 3600 (3 in 10000) 600 (7 in 10000) 18,200 (2.6 in 10000) 24000 (0.8 in 10000)
Population for Primary prevention 1.07 cr (<15 year) 8.6 lakh (<15 year) 7 cr (<18 year) 30 Cr (<15 year)
Life expectancy for a 10 year old child with T1D >70 years >70 years 55-69 years 25-39 years
Total health spending per capita in PPP international dollars 7032 4897 11702 191

Data taken from IDF diabetes atlas and T1D report.[*!
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individuals. Teplizumab has initiated the cascade (hopefully)
of successful immunotherapies for secondary and tertiary
prevention; identifying eligible people is still a problem to
be solved though. However, there is still a long way to go
in designing ideal prevention therapies for T1D. Ongoing
primary and secondary prevention therapies may be useful in
countries with high incidence rates with low populations and
adequate health resources like Finland and Germany. Although
improving the quality and longevity of life of people living
with T1D is a priority in India, there is a need to explore novel
ways to prevent T1D.
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