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Abstract
Use of immunomodulating agents to prevent the progression of autoimmune β-
cell damage leading to type 1 diabetes mellitus (T1DM) is an interesting area for 
research. These include non-specific anti-inflammatory agents, immunologic 
vaccination and anti-inflammatory agents targeting specific immune cells or 
cytokines. Teplizumab is an anti-CD3-molecule that binds to and leads to the 
disappearance of the CD3/TCR complex and rendering the T cell anergic to its 
target antigen. Preclinical and clinical trials have demonstrated its efficacy in 
reducing the decline in serum C-peptide levels and the need for insulin therapy if 
used early in the disease process of T1DM. The benefits have been apparent as 
early as six months to as long as seven years after therapy. It has recently been 
approved by the Food and Drug Administration to delay the onset of clinical 
(stage 3) type 1 diabetes in children above 8 years of age. In their recent meta-
analysis published in the World Journal of Diabetes, Ma et al found that those in the 
teplizumab treatment group have a greater likelihood of reduction in insulin use, 
change in C-peptide response, and better glycemic control compared to the 
control group with a good safety profile. However, all the included randomized 
control trials have been conducted in high-income countries. High cost of therapy 
and unknown utility of the molecule in stage 3 disease limit its widespread use.
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Core Tip: Teplizumab is an anti-CD3 immunomodulator that can render the T cell anergic to its target antigen and thus 
protect against autoimmune beta cell destruction. It is approved for use in individuals aged above 8 years in early pre-clinical 
stages of type 1 diabetes mellitus to prevent progression to clinical stage (stage 3). C-peptide decline is halted and the need 
for insulin therapy can be delayed even after discontinuation of this therapeutic molecule. Adverse effects are mostly mild. 
The high cost and lack of availability limit its applicability in low- and middle-income countries.
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INTRODUCTION
Type 1 diabetes mellitus (T1DM) is a crippling chronic disease without an option for pharmacological cure currently. The 
disease results from the autoimmune destruction of pancreatic β-cells causing absolute insulin deficiency that disrupts the 
human glucose metabolism. Although pancreatic transplantation is the only curative treatment option available at 
present for T1DM, various pharmacotherapeutic and immunomodulating agents were tested in experimental models and 
clinical settings over the past few decades with variable success rates as disease modifying approaches[1,2]. It is 
important to understand the pathobiology and the potential therapeutic targets for cure of T1DM to have an up-to-date 
knowledge in managing the disease in our clinical practice. While several agents have been tried, the older immunosup-
pressive therapies were found to exhibit only temporary effects and had high toxicity on the liver, kidney or haemato-
logical system along with the risks of long-term immune suppression like infections. Teplizumab is an anti-CD3 
monoclonal antibody which has the ability to reduce the number and activity of activated autoreactive T-cells that can 
destroy pancreatic β cells. Following the positive results of many preclinical and clinical studies, teplizumab has received 
approval from the Food and Drug Administration (FDA) in 2022 to postpone the onset of clinically overt or stage 3 type 1 
diabetes[3]. However, the different randomized control trials (RCTs) with teplizumab have used different duration, doses 
and regimen of teplizumab with heterogeneity in results and lack of clarity regarding adverse effects. Also, some RCTs 
with teplizumab have been published very recently. This made it necessary for a meta-analysis including the results of 
more recent RCTs. A meta-analysis by Ma et al[4] in the recent issue of World Journal of Diabetes is such an attempt 
examining the role of teplizumab as a disease modifying agent in patients with T1DM. We elaborate the disease 
modifying approaches against T1DM in this article.

PATHOBIOLOGY OF TYPE 1 DIABETES
T1DM accounts for up to 90% of childhood-onset diabetes and its incidence is increasing by 3 to 5 fold per year globally, 
and almost doubling the disease prevalence every 10-15 years in some Western countries[5]. The annual incidence is 0.3% 
among children, with a higher risk observed among siblings, with as high as 50% risk for monozygotic twins. Both 
genetic and environmental factors contribute to increased susceptibility to T1DM. Genetic factors like high-risk human 
leukocyte antigen (HLA) alleles and other gene loci that increase susceptibility to T1DM have been identified. Environ-
mental risk factors that have been implicated including different viral infections like rubella, enterovirus, Coxsackie, 
rotavirus or even coronavirus disease 2019, as also different vaccines, immunotherapeutic agents and some dietary factors 
like bovine milk or low vitamin D intake, but the extent to which these factors contribute to the pathogenesis is yet 
unknown. T1DM progresses in several stages. In stage 1, the patients are euglycemic but bear multiple anti-islet cell 
autoantibodies. Stage 2 is characterised by progression to dysglycemia (impaired glucose tolerance) in the presence of 
two or more anti-islet autoantibodies. Progression to stage 3 occurs when the glycemic parameters get deranged and fulfil 
the criteria for the diagnosis of diabetes[6,7]. Even after patients enter stage 4, for a few months to years, few remaining 
functional beta cells may maintain adequate insulin secretion and some patients might show an improvement in glycemic 
status with reduced insulin requirements, termed the “honeymoon” phase of T1DM[8]. However, by the end of three to 
five years, there is almost total failure of beta cells leading to the lifelong need for exogenous insulin for glycemic control 
and prevention of acute complications like diabetic ketoacidosis and of macrovascular and microvascular complications 
and mortality.

The pathogenesis of T1DM involves the gradual immune mediated destruction of the insulin secretory β-cells within 
the islets of Langerhans. The autoimmune T-cells are the chief players behind this. The nature of β-cell destruction is 
chronic rather than acute, with a more rapid rate in children than in adults[9].
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The first step to the destructive process is initiated by the antigen-presenting cells like the macrophages and dendritic 
cells which presents the β-cell-derived peptides, which are autoantigens. These then migrate to peri-pancreatic lymph 
nodes and activate the CD4+ helper T cells (Th)[6], enabling their differentiation into pro-inflammatory Th1 cells. 
Activated Th1 and Th17 cells produce cytokines like interferon γ (IFN-γ), tumor-necrosis-factor-α (TNF-α), interleukin 
(IL)-1 and IL-2, which then inhibit Th2 cell polarisation. The Th2 cells are responsible for the protection of islet cells. 
Additionally, the Th1 cells lead to the recruitment and activation of autoreactive cells like the CD8+ cytotoxic T-
lymphocytes (CTL). The activated CTLs lead to destruction of β cells due to release of perforin, granzyme in the granules 
as well as the effect of the cytokines and caspase-dependent apoptosis. The Th1 cells also stimulate the B cells which 
produce autoantibodies against β cells. These antibodies include islet cell antibodies, glutamic-acid-decarboxylase 
antibodies (GADA), insulin autoantibodies (IAA), zinc transporter 8 antibodies and islet tyrosine phosphatase 2 
antibodies which are all considered biomarkers of T1DM. The Th1 cells also participate in enhancement of the antigen 
presenting, co-stimulatory and effector functioning mechanisms of the antigen presenting cells (APCs). The natural killer 
cells contribute to β-cell destruction by an antibody-dependent cellular cytotoxicity mechanism. There is also downregu-
lation of regulatory T cells (Treg) that inhibit the autoreactive lymphocytes, leading to increased rate of progression of 
T1DM[10]. These immune cells together infiltrate the islets (insulitis) leading to the progressive loss of the β cells[6].

IMMUNE-THERAPIES IN T1DM
The mainstay of therapy in T1DM remain insulin, either in the form of multiple daily subcutaneous injections or 
continuous subcutaneous infusion. However, despite adequate compliance to insulin, a high proportion of individuals 
with T1DM struggle to reach the recommended glycaemic targets leading to an elevated risk of complications and 
mortality. From the early days since the discovery of pathogenesis of T1DM, there has been a lot of interest in the 
development of immunotherapy targeting beta-cell destruction. Immunotherapeutic agents administered during the 
initial pre-symptomatic stages of T1DM can suppress or prevent the immunity-mediated β-cell destruction and, by 
reducing the pro-inflammatory cytokines, can improve the ability of residual β-cells to secrete insulin[10]. Thus, the aims 
of these agents have been either to prevent T1DM (i.e. to avoid overt symptomatic onset of the disease) or once diagnosed, 
to reverse it (commonly termed intervention).

While many of these agents did reduce the rate of decline in C-peptide levels within the first few years after disease 
onset, most of the older agents did not have prolonged effects after discontinuing the drug, implying the requirement of 
continuous treatment to prevent progressive β-cell loss. This led to increased risk for adverse effects on the liver, kidney 
or haematological system, and prolonged immuno-suppression. Thus, the aim was to have newer agents which do not 
require continuous immune suppression[11]. Till date, no proven safe and effective immunotherapy that prevents T1DM 
or reverses the disease is available for routine use. In research settings, however, several potentially promising candidates 
do exist that can delay the onset of disease. Based on their mechanism, the immunotherapeutic agents used in T1DM may 
be classified as follows.

Agents causing generalised immunosuppression
Cyclosporine was the earliest agent to be tried with encouraging results and was found to prevent further loss of C-
peptide secretion and improve metabolic function in new-onset T1DM[12]. However, cyclosporine did not maintain an 
euglycemic state if initiated after the onset of overt diabetes, and patients rapidly lost C-peptide reserve with discon-
tinuation of the drug. The prolonged use would be associated with an increased risk for toxicity, particularly nephro-
toxicity and concern about malignancies. Subsequent studies used agents such as prednisone and azathioprine, both of 
which however demonstrated relatively minimal effect in disease progression.

Agents targeting specific cytokines
IL-1 blockers: Anakinra and Canakinumab failed to show significant C-peptide preservation in phase 2 studies in stage 3 
T1DM[13].

TNF-α blockers: Etanercept improved C-peptide and glycated hemoglobin A1c (HbA1c) in a small, pilot study in child-
ren with stage 3 disease while golimumab is currently being tried in stage 2 and stage 3 T1DM[14].

IL-12/23 antagonist: A pilot trial of Ustekinumab in Patients with New-onset Type 1DM (USTID) is currently undergoing 
in Canada[15].

IL-6 blockers: IL-6 promotes the pathogenic Th17 cells in T1DM. Tocilizumab reduced T cell IL-6 receptor signaling, but 
failed to show delay in the loss of residual β cell functioning in newly diagnosed type 1 diabetes[16].

Agents targeting specific immune cells
Targeting the T cells: Several agents can interfere with T-cell signaling or activation and reduce the number of patho-
genic T effector (Teff) cells and/or increase the number or functioning of T regulatory (Treg) cells[17].

T cell signaling: Abatacept, a CTL-associated-antigen 4 immunoglobulin binds to CD80/86, which is a costimulatory 
signal necessary for activation of naïve T lymphocytes but not for effector memory T cells. Monthly infusions of 10 mg/
kg intravenous abatacept for 2 years has demonstrated efficacy in delaying C-peptide decline by 9.6 months. Further 
studies on using it earlier, in stage 1 T1DM are underway[18].
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Anti CD3 therapy: A humanized monoclonal antibody binding to the ε chain of the CD3 molecule on T cells is tepli-
zumab. A lot of pre-clinical followed by clinical trials have demonstrated the benefit of teplizumab in delaying C-peptide 
decline and preserving β-cell function, allowing insulin independence till several months after discontinuation.

Anti CD2 therapy: An anti-CD2 fusion protein is alefaceft which can block T-cell activation and induce the apoptosis of 
memory Teff lymphocytes. In the T1DAL study on children and adults with stage 3 T1DM, despite inadequate enrolment, 
after one year, there was a non-significant trend towards C-peptide preservation, lesser insulin requirement and reduced 
hypoglycemia. Notably, the benefits were sustained at 15 months after drug discontinuation[19].

Anti-thymocyte globulin: Low-dose anti-thymocyte globulin (ATG) (2.5 mg/kg total dose, given as 0.5 mg/kg on day 1 
and 2 mg/kg on day 2) has been used in combination with granulocyte colony-stimulating-factor and can help in the 
recovery of Tregs. It has showed a trend toward C-peptide preservation[20,21]. The higher dose of 6.5 mg/kg ATG given 
as monotherapy however was not seen to preserve β-cell function, though C-peptide was preserved in the older 
participants only.

Low dose IL-2: IL-2, in higher doses promotes Teff activity, but its lower dose promotes Treg activity. A pilot study 
conducted in 2012 did show the combination of IL-2 with rapamycin to enhance the activity and survival of Tregs[22]. 
However, there were significant adverse effects, including a transient decrease in C-peptide for which the study was 
terminated early.

Treg infusion: A direct method to increase Tregs, safety of this approach was demonstrated in a small phase 1 dose-
finding study in 2015. However, combination of polyclonal Treg Adoptive Immunotherapy with IL-2 in the TILT study 
led to transient impairment in C-peptide[23].

APCs
Although T1DM is chiefly a T cell-mediated autoimmune disease, antigen-presenting B lymphocytes also play important 
pathogenic roles.

Targeting B cells: Rituximab is an anti-CD20 monoclonal antibody which leads to B-cell depletion and delays C-peptide 
loss in stage 3 disease. A study with the B cell-depleting agent Rituximab, showed that 4 weekly infusions of rituximab, 
could preserve C-peptide for 8.2 months[24]. However, none of the participant could be rendered insulin free. On longer-
term follow-up, there persisted a constant decline in C-peptide. Rituximab has been found to suppress IAAs, but no 
effects could be seen on GAD-antibody, islet tyrosine phosphatase 2 antibody and zinc transporter 8 antibodies[25]. The 
combination of rituximab with T regulatory cells or therapy targeting CD4+ T cells might lead to better response[26]. A 
notable side effect of rituximab was the reactivation of asymptomatic polyomavirus infections.

Block major histocompatibility complex function: Methyldopa has been found to interfere with antigen presentation via 
the DQ8 major histocompatibility complex class II alleles, which is a high-risk HLA allele seen in up to 50%-60% of people 
with T1DM and is being planned for trials in relatives at risk of TIDM[27].

Immunologic vaccination/antigen therapy
Insulin and GAD65 antibodies are markers of immune response directed against these self-proteins. Insulin as an antigen 
has been tried in stage 1 T1DM while GAD65 has been tested in both stage 1 and stage 3 disease[28,29]. Although well 
tolerated, these approaches have not been very effective. Trials using oral insulin in primary prevention of T1DM, prior to 
the development of islet autoimmunity, are currently underway. The protective immune response depends on multiple 
factors like the route of administration and the use of an altered antigen like insulin B-chain and an immunodominant B
[9,23] peptide instead of the intact insulin molecule. The diabetes prevention trial-type 1 diabetes found a significant 
delay in progression to diabetes in a subgroup of participants having high IAA levels only with oral but not parenteral 
insulin[30]. However, results were not similar in the type 1 diabetes Trial Net study and the potential value of oral insulin 
remains uncertain. Intra-lymphatic treatment with GAD-alum along with oral vitamin D supplementation demonstrated 
good metabolic and immunologic outcomes in recent onset T1DM[31].

Beta cell support: Agents like metformin, the glucagon-like peptide 1 agonists such as liraglutide, hydroxychloroquine 
and even proton-pump-inhibitors such as omeprazole have been tried as adjunctive therapies in T1DM to offer beta cell 
support but have yielded inconclusive or negative results[32].

Combination agents
Since multiple mechanisms are involved in the pathogenesis of T1DM, combination therapies to prevent or reverse the 
disease seem to be an interesting option. Examples include an induction component using drugs targeting pro-inflam-
matory cytokines and T- and B-lymphocytes, and a maintenance component involving antigens to induce immune 
tolerance to the pancreatic β-cells. Also, combination therapy with drugs that can both stabilize and maintain β-cell 
survival and function should be considered, an example being verapamil, which demonstrated partial preservation of C-
peptide in a phase 2 trial in adults with T1DM. A drug combination that can stop or delay the progressive autoimmune 
process as well as improve the residual β-cell function is liraglutide along with anti-IL-21[33]. IL-21 activates and recruits 
the CD8+ T lymphocytes from lymph nodes to the pancreatic islets leading to β-cell destruction. In a recently conducted 
phase II trial, combined use of liraglutide and IL-21 inhibitor in recently diagnosed T1DM patients with residual β-cell 
function highlighted that the combination could preserve both fasting and postprandial endogenous insulin, with a non-
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significant decrease in the hypoglycemic episodes[33].

Other promising therapeutic options in T1DM
Parallel to immunotherapy, regenerative therapy using mesenchymal stem cells is also being developed with promising 
results due to their immunomodulatory properties[34]. However, clinical trials are limited, with small number of patients 
and short follow-up times. Additionally, there is lack of consensus regarding standardized stem cell processing, 
transplantation protocols and dosage. Figure 1 shows the therapeutic targets and experimental agents for patients with 
T1DM.

THE ROLE OF TEPLIZUMAB IN T1DM
Teplizumab is a humanized monoclonal antibody belonging to the immunoglobulin G1 subclass, which binds to the ε 
chain of the CD3 molecule on T cells. Two Leu à Ala substitutions in the Fc region minimized its Fc-receptor binding and 
rendered it non-activating, resulting in up to 1000-fold reduction in the degree of T-cell activation, T-cell proliferation, 
and cytokine release compared with OKT3[35]. It attenuates activated autoreactive T-cells that destroy β cells. There is 
also evidence to suggest that teplizumab induces Tregs activity further augmenting immune tolerance[36].

Several preclinical studies have shown that treatment with anti-CD3 mAb could induce autoimmune tolerance in 
diabetic mice, and this response persisted long after the discontinuation of antibody treatment[37]. One of the first human 
trials with hOKT3 gamma1 had reported significantly improved C-peptide response. A series of human clinical trials 
demonstrated that teplizumab could delay C-peptide decline and preserve β-cell function and up to 5% of the patients 
became insulin independent[35,38-41]. A phase 3 follow-up trial of at-risk participants having impaired glucose tolerance 
and two or more T1DM autoantibodies also showed that teplizumab could delay the onset of T1DM by 48.4 months and 
C-peptide levels were improved even after a follow-up period of 7 years[38]. This has been followed by multiple RCTs 
comparing teplizumab to placebo in new onset T1DM, showing delay in the decline of C-peptide, improvement in the C-
peptide response and reduced need for insulin initiation starting from few months after initiation and lasting up to five to 
seven years as seen in the long-term follow-up studies. Adverse reactions were mostly well tolerated and included mostly 
mild ones like vomiting, rash, chills with few episodes of more severe reaction like cytokine release syndrome and 
Epstein-Barr virus reactivation, lymphopenia, neutropenia, thrombocytopenia, elevated liver enzymes and reduced 
platelet counts. Following the promising results, in November 2022, teplizumab received FDA approval as the first 
medication to delay onset of stage 3 T1DM in individuals aged above eight years[42].

A summary of the currently available immunotherapies T1DM, their putative mechanisms of actions and the 
significant clinical trial findings are depicted in Table 1[43-51].

Ma et al[4] in the recent issue of World Journal of Diabetes has conducted a meta-analysis and systematic review to 
determine the efficacy and safety of teplizumab in T1DM based on eight RCTs. The outcomes they assessed included 
reduction in insulin use, improvement in C-peptide response and HbA1c level along with the side-effect profile. After 
applying inclusion-exclusion criteria, results from 1361 participants with T1DM and 547 controls were included. Those in 
the teplizumab group had a greater reduction in insulin use (OR: 4.13, 95%CI: 1.72-9.90), change in the C-peptide 
response, (OR: 2.49, 95%CI: 1.62-3.81) as well as change in HbA1c level, (OR: 1.75, 95%CI: 1.03-2.98). Glycemic control was 
also more favourable in the teplizumab group, evidenced by more optimal serum glucose concentrations, thus having the 
potential to reduce the longstanding complications of diabetes mellitus. Notably, the control group exhibited a greater 
susceptibility to experiencing unfavourable outcomes (RR: 0.71, 95%CI: 0.53-0.95)[4].

The authors have mentioned their findings to be in line with that of other meta-analyses, citing a positive correlation 
between teplizumab use and reduction in insulin requirement, improvement in C-peptide response and HbA1c levels, 
while exhibiting minimal adverse effects. In addition, teplizumab has been shown to offer improved glycaemic 
management.

Several meta-analyses have been conducted on the role of teplizumab in T1DM (Supplementary Table 1)[52-54]. While 
Ma et al[4] has discussed their results in comparison to other prior meta-analyses, they have not included the findings of a 
more recent meta-analysis by Kamrul-Hasan et al[54]. The authors in this have included seven reports from six RCTs 
involving 834 subjects, but excluded studies that were sub-analysis and follow-up reports of the included studies. 
Differences in C-peptide responses were seen as early as six months and changes in insulin dose were seen at 24 months, 
though the latter were not significantly different. However, contrary to other meta-analyses, they reported teplizumab 
use to increase the risk for higher risks of grade 3 or higher adverse events most of which were modest and resolved after 
discontinuation of therapy. Ma et al[4] have acknowledged their limitations including the possibility of selection bias due 
to selection of just eight studies with heterogeneity in patient selection, confounding factors like gender, age, or ethnicity, 
limited sample size of the trials used in the current meta-analysis.

AREAS OF UNCERTAINTY ABOUT THE ROLE OF TEPLIZUMAB IN T1DM
There remain some unanswered questions like factors that determine responsiveness to teplizumab, particularly the role 
of factors that affect escape from the effects of immune therapy, like levels of pro-inflammatory cytokines or of glucose 
toxicity. Also, the duration of response varies in different individuals. Overall, the response to teplizumab seems to be 
better in the younger and those with higher levels of insulin production, although the rate of beta cell decline in younger 

https://f6publishing.blob.core.windows.net/fa640d28-4a6c-4baf-8c54-5bcae7406171/99496-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/fa640d28-4a6c-4baf-8c54-5bcae7406171/99496-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/fa640d28-4a6c-4baf-8c54-5bcae7406171/99496-supplementary-material.pdf
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Table 1 List of immunotherapies that have been tried in type 1 diabetes with their mechanisms and significant trial findings

Mechanism Agents Significant findings from landmark trials

Agents causing generalised 
immunosuppression

Cyclosporine; Azathioprine; 
Prednisolone

Studies showed preservation of beta cells with cyclosporin; No differences in 
glycemic control, freedom from insulin or insulin dosage. High risk of organ 
toxicity

Anakinra No significant improvement in AUC C-peptide at 9 months; Some improvement in 
insulin sensitivity in type 1 diabetes with insulin resistance; High number of 
injection site reactions[13]

Interleukin-1 
blockers

Canakinumab No significant improvement in AUC C-peptide at 9 months; Safe, well tolerated 

TNF-α blockers Etanercept Slower C-peptide decline and lower insulin requirement; Small study[14]

Interleukin-
12/23 antagonist

Ustekinumab Marwaha et al[15]: 90 mg maintenance dose reduced proinsulin-specific IFN-γ and 
IL-17A-producing T cells

Agents targeting specific 
cytokines

Interleukin-6 
blockers

Tocilizumab EXTEND trial[16]: Reduced T cell IL-6R signaling but did not modulate CD4+ T cell 
phenotypes or slow loss of residual β cell function in newly diagnosed type 1 
diabetes

Targeting the T cells

Teplizumab Delay in the decline of C-peptide, improvement in the C-peptide response and 
reduced need for insulin initiation starting from few months after initiation lasting 
up to seven years[38]; Approved for use in children above 8 years to postpone the 
onset of stage 3 T1DM[42]

Anti CD3

Otelixizumab DEFEND-1,2[43,44]: No difference in 2 hours MMTT AUC C-peptide at 12 months; 
Reactivation of EBV

Anti thymocyte 
globulin (ATG)

ATG + G-CSF TriialNet: Slowed decline of C-peptide and reduced HbA1c in new-onset T1D[21]

Anti CD2 Alefacept TIDAL[45]: Significantly higher stimulated AUC C-peptide and lower insulin use in 
treated group 

Co-stimulation 
blocker

Abatacept TrialNet[46,47]: Significantly higher stimulated C-peptide 2 hour AUC in treated 
group at the end of treatment and 1-year post treatment

IL-2 Aldesleukin +/- 
rapamycin

Hartemann et al[48]: Dose dependent increase in the proportion of Tregs in the 
treatment group

Treg infusion Bluestone et al[49]: Subset (25% peak) of adoptively transferred T-regs still in 
circulation at 1 year; C-peptide preservation in those receiving lower dose

Target antigen presenting B cells

Agents targeting specific 
immune cells

Anti-CD20 Rituximab TrialNet: Higher AUC-C peptide, lower HbA1c and insulin need at 1 year; No 
differences in decline of C-peptide at 30 months[25]

Insulin Oral Insulin Pre-POINT[50]: Increased Tregs in those who received a higher dose of oral insulin 
(62.5 mg)

Immunologic 
vaccination/antigen 
therapy

GAD-65 Ab Alum-GAD 65+/- 
oral vitamin D

DiAPREV-IT1, DiAPREV-IT2[28,51]: Decline in total and cytotoxic T cells; No 
change in AUC C-peptide, oral glucose tolerance tests and HbA1c

AUC: Area under the curve; MMTT: Mixed meal tolerance test; HbA1c: Glycated hemoglobin A1c; Tregs: Regulatory T cells; TNF-α: Tumor necrosis factor-
α.

participants is more rapid than in adults. It is yet unknown whether repeated doses of same medication would prolong 
its therapeutic effects or offer any additional advantages over single dose administration.

CONCLUSION
Immunotherapy in type 1 diabetes is an emerging area and offers promise for a cure. Teplizumab is a disease modifying 
therapy for newly diagnosed T1DM and can lead to improvement in C-peptide levels and reduction in insulin 
requirements with a good safety profile. It has been approved for use in children with stage 3 type 1 diabetes to postpone 
the onset of overt disease and need for life-long insulin. Several RCTs have confirmed that teplizumab can delay the 
decline or improve C-peptide response and reduce the need for insulin initiation, lasting up to several years after discon-
tinuation. A recent meta-analysis showed that teplizumab could lead to reduction in insulin use and better C-peptide 
with better glycemic control[4]. Overall, although a large number of agents targeting specific cytokine and immunologic 
vaccination have been tried in T1DM, the results have been conflicting with few trials showing promising results with 
regards to improvement in C-peptide, HbA1c% and/or insulin independency[43-51]. Adverse effects were minimal and 
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Figure 1 Immune-targets and immunotherapy in type 1 diabetes. Solid lines indicate stimulatory effect, red and dashed lines indicate inhibitory effect. 
Boxes contain names of medicines grouped according to their mechanisms of action and sites of action[1,2,5,9]. APC: Antigen presenting cells; G-CSF: Granulocyte 
colony stimulating factor; IL: Interleukin; TNF: Tumour necrosis factor; Treg(s): Regulatory T cell(s); CD: Cluster differentiating.

mild. However, almost all the studies with teplizumab have been conducted in high-income countries. Future studies 
should include cost-effectiveness analysis and studies conducted in low-middle income countries, which have a high 
prevalence of T1DM. Also, evaluation of the role of therapy in more advanced stages of T1DM are the need of the hour
[55].
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