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Abstract

Background: Type 1 Diabetes Mellitus (TIDM)
is an autoimmune disorder characterized by
the destruction of pancreatic B-cells, leading
to insulin deficiency. While exogenous insulin
therapy manages hyperglycemia, it does not
address the underlying autoimmune pathology
or halt disease progression.

Objective: To evaluate the efficacy and safety of
immunotherapeutic agents in modifying disease
progression in T1DM, focusing on glycemic
control, B-cell preservation, and adverse events.

Methods: A systematic review and meta-
analysis were conducted by the PRISMA

guidelines. Randomized Controlled Trials
(RCTs) involving immunotherapies such
as anti-CD3 monoclonal antibodies (e.g.,

teplizumab), interleukin-2 modulators, antigen-
specific vaccines, and mesenchymal stromal
cell therapies were included. Primary outcomes
assessed were changes in glycated hemoglobin
(HbAlc) and C-peptide levels. Secondary
outcomes included insulin dosage requirements
and incidence of hypoglycemic episodes. Data
were synthesized using a random-effects model,
and heterogeneity was evaluated using the
[?statistic.

Results: Twenty-eight Randomized
Controlled Trials (RCTs) encompassing
diverse immunotherapeutic interventions were
analyzed. Immunotherapies demonstrated a
modest but statistically significant reduction
in HbAlc levels (mean difference: —0.48%;
95% CI: —0.61 to —0.35; p<0.001; I*= 72%).
Additionally, there was a significant preservation
of C-peptide levels (mean difference: +0.18 ng/
mL; 95% CI: +0.05 to +0.31; p = 0.007; I =
58%), indicating maintained B-cell function.
Subgroup analyses revealed greater efficacy
in pediatric populations and studies utilizing
continuous glucose monitoring. Sensitivity
analyses confirmed the robustness of these
findings. Adverse events were generally mild
to moderate, with no significant increase in
hypoglycemic episodes reported.

Conclusion: Immunotherapeutic interventions
in TIDM are associated with improved glycemic
control and preservation of endogenous insulin
secretion, particularly in younger patients
and when combined with advanced glucose
monitoring technologies. Future large-scale,
long-term RCTs are warranted to confirm these
findings and to facilitate the integration of
immunotherapies into standard clinical practice
for T1DM management.
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Introduction

In Type 1 Diabetes Mellitus (T1DM), the
immune system causes insulin-producing
B-cells in the Langerhans islets to be damaged
and destroyed. As a result of immune-induced
loss of pancreatic B-cells, diabetes causes low
or no insulin, so patients are required to use
insulin daily to prevent very low blood sugar,
ketoacidosis, and future damage to blood
vessels [1].

Thoughinsulintherapy helps control blood sugar,
it does not treat the underlying autoimmune
causes of the disease. Yet, with all these new
advancements in insulin and its delivery, lots
of patients are still dealing with fluctuating
blood sugars, too many hypoglycemic events,
and lasting complications. In addition, extra
insulin cannot bring back endogenous insulin
production or save any residual cells in patients
who have only just developed the disease [2].

To address the root cause, it is essential to
understand the natural history of TIDM,
which progresses in three key stages: Stage 1
(autoimmunity without dysglycemia), Stage 2
(dysglycemia without clinical symptoms), and
Stage 3 (symptomatic diabetes) [3,4]. These
stages offer unique intervention windows
for Disease-Modifying Therapies (DMTs),
which aim to delay or prevent progression to
clinical disease. In 2022, the US FDA approved
teplizumab, a CD3 monoclonal antibody, as the
first therapy to delay the onset of Stage 3 T1D
in at-risk individuals, marking a paradigm shift
in T1D treatment [5].

Over the past two decades, immunotherapy
approaches have emerged as promising
strategies to preserve residual B-cell function
and modulate the autoimmune process. These
include monoclonal antibodies such as anti-
CD3 (teplizumab, otelixizumab), anti-CD20
(rituximab), anti-IL-1 (canakinumab), and
fusion proteins like abatacept, each with distinct
mechanisms such as T-cell modulation, B-cell
depletion, or inhibition of co-stimulatory signals
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[6-8]. Additionally, low-dose interleukin-2 aims
to expand regulatory T cells, while GAD/alum
and oral insulin serve as antigen-specific therapies
[9]. Although many DMTs have demonstrated
modest efficacy in preserving C-peptide and
reducing exogenous insulin requirements, their
safety profiles vary, with some associated with
transient lymphopenia, mild cytokine-release
symptoms, or infections, necessitating a careful
risk-benefit assessment [10].

While small-scale trials suggest these
interventions are promising, researchers have
found that they do not work as expected and are
rarely used in clinical practice. Different ways of
picking patients, deciding on when to intervene,
setting trial goals, and measuring success make
things uncertain. RCTs have individually reported
improved HbAlc, maintained higher C-peptide
levels, lower insulin doses, and fewer episodes
of hypoglycemia. These results have not yet been

fully combined and analyzed yet [11,12].

Given these gaps, a systematic review and meta-
analysis are warranted to critically evaluate the
efficacy of immunotherapies in TIDM. This
review aims to consolidate evidence from RCTs
examining immunomodulatory strategies, with
a focus on glycemic outcomes (e.g., HbAlc),
B-cell preservation (e.g., C-peptide levels),
insulin dose changes, and adverse events such
as hypoglycemia. By quantitatively pooling
data from well-conducted clinical trials [7,13-
38]. This study seeks to provide clarity on the
therapeutic potential of immune interventions
and guide future clinical decision-making and
research directions.

Methodology
Study design

This systematic review and meta-analysis were
conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The aim was
to evaluate the efficacy of immunotherapeutic
interventions in individuals with Type 1
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Diabetes (T1D), focusing on glycemic control
and beta-cell function. We included studies
enrolling participants diagnosed with T1D based
on standard diagnostic criteria, which include
the presence of hyperglycemia (fasting plasma
glucose > 126 mg/dL, 2-h postprandial glucose
> 200 mg/dL during an oral glucose tolerance
test, or random plasma glucose > 200 mg/dL with
symptoms of hyperglycemia) and the presence of
autoimmune markers (e.g., GAD65, TA-2, ZnT8
autoantibodies) as recommended by the American
Diabetes Association and WHO [11,12].

PICOS framework and eligibility criteria

Population: We included studies involving
individuals of any age with Type 1 Diabetes,
whether newly diagnosed or with established
disease.

Intervention: Eligible interventions included
various forms of immunotherapy, such as anti-
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CD3 monoclonal antibodies (e.g., teplizumab),
interleukin-2  (IL-2) modulators, antigen-
specific vaccines, and Mesenchymal Stromal
Cell (MSC) therapies.

Comparison: Comparators included placebo or
standard care.

Outcomes

e Primary Outcome: Change in glycated
hemoglobin (HbAlc), reported as mean =+
Standard Deviation (SD) or 95% Confidence
Interval (CI).

e Secondary Outcomes: C-peptide levels (as
a marker of beta-cell function), daily insulin
dosage, and incidence of hypoglycemic
episodes.

Study selection: We included Randomized
Controlled Trials (RCTs) and controlled clinical
trials (Phase I-III). Only human studies were
considered (Figure 1).

-

Identification of studies via databases and registers ]

Records identified from:
Databases(n=3)
Total:1140

Records removed before
screening:
442 review articles

Records screened (titles and

Records excluded: 512

Not RCTs or contralled clinical
trials: 210

abstracts): 698

Full-text articles assessed

Not in English: 85
Duplicates: 57

Case reports/ series/
editorials/letters: 160

,[ Full-text articles excluded: 158

for eligibility: 186

Free full-text assessed for

§

Not human studies: 22

No relevant outcomes
reported (HbAlc or C-peptide):
65

Insufficient data (e.g., no mean

eligibility (n=186)

-

£ SD or 95% Cl): 41

In vitro/animal studies: 18
Not peer-reviewed or
conference abstracts only: 12

rsr.udires: included in
,| quantitative synthesis (meta-

Studies included in
qualitative synthesis: 28

Figure 1) PRISMA flowchart of study selection.

[ Included ] [ Eligibility ] [Screening] [ Identification ]
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Inclusion criteria

e Studies reporting quantifiable outcomes
related to HbAlc or C-peptide (mean = SD
or 95% CI).

e Full-text, peer-reviewed publications in
English.

Exclusion criteria
e Animal or in vitro studies.

e C(Case reports, case series, editorials, and
reviews.

e Studies lacking relevant outcome data.
Literature search strategy

A comprehensive search was conducted in
the following databases: PubMed, Cochrane
Library, Embase, Scopus, and Google Scholar.
The search covered studies published from
January 1, 2000, to May 1, 2025. Search
terms included: “Type 1 Diabetes” OR “T1D”,
“Immunotherapy” OR “Immune intervention”,
“HbAlc” OR  “Glycated hemoglobin”,
“Randomized Controlled Trial” OR “RCT”.

Data extraction

Data were independently extracted by two
reviewers using a standardized data extraction
template. The following variables were
recorded:

e Study Details: Author(s),
publication, country.

year of

e Participant Characteristics: Sample size,
age range, duration of T1D.

e Intervention Characteristics: Type of

immunotherapy, dose, treatment duration.

e Outcomes: Baseline and follow-up

HbAlc levels, C-peptide levels, insulin
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requirements, and hypoglycemia incidence.
e Study Design: RCT or clinical trial phase.

Risk of bias assessment: The Cochrane risk
of bias tool was used to assess the quality of
included RCTs. Domains evaluated included
random

sequence allocation

concealment,

generation,
blinding of participants and
outcome assessors, completeness of outcome
data, and selective reporting.

Statistical analysis: Meta-analysis was
performed using a random-effects model to
account for between-study variability.

e For continuous outcomes (e.g., HbAlc and
C-peptide), Mean Differences (MD) with
95% Cls were calculated.

e For dichotomous outcomes (e.g., incidence
of hypoglycemia), Risk Ratios (RR) or
Odds Ratios (OR) were used.

Heterogeneity was assessed using the I? statistic
and Chi-square test, with I? values >50%
indicating moderate to substantial heterogeneity.
Potential publication bias was evaluated using
funnel plots and Egger’s test.

Results
Primary meta-analysis results

Primary outcome: change in HbAlc: A
total of 28 studies were included in the meta-
analysis. The pooled mean difference in HbAlc
using a random-effects model was —0.48%
(95% CI: —0.61 to —0.35; p<0.001), indicating a
statistically significant reduction. Heterogeneity
was moderate-to-high (I = 72%), justifying the
use of a random-effects model (Table 1).

The forest plot demonstrates a consistent trend
favoring
across studies (Figure 2).

immunomodulatory  interventions
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TABLE 1
Summary of included studies assessing immunomodulatory interventions in type 1 diabetes.
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Primary out-

Author Stu.d y Population Intervention Control come (HbAlc Follov‘v-up End note
design . duration
or C-peptide)
1 Heroldet RCT Typel Anti-CD3 Placebo  HbAlc: -0.7% 12 months  Significant
al. [13] Diabetes, monoclonal +0.3% at 12 HbAlc im-
n=120 antibody months provement
2 Vanetal. RCT New-onset  Peptide-based Placebo  C-peptide AUC: 6 months C-peptide
[14] T1D,n=90  immunother- 0.25£0.10 vs preservation
apy 0.05 = 0.07 nmo-
/L
3 Dong et Phase  TID adults, Tregcellther- Standard HbAlc:7.2%+ 9 months Immune
al. [15] IIRCT n=75 apy care 0.6 vs 8.0% =+ regulation
0.8 at 9 months improved
4 Whereto  RCT Pediat- GAD-alum Placebo ~ C-peptide AUC: 12 months  C-peptide
etal. [16] ric T1D, vaccine 0.412 nmo- preservation
n=145small /L (95% CI
0.349-0.478) at
12 months
5 Moranet  Con- Adult TID,  Anti-IL-1 Placebo  C-peptide: +0.2 12 months  C-peptide
al. [17] trolled n=80 Trial-  antibody +0.08 nmol/L preservation
Trial Net TN-14
6 Moranet RCT Adult T1ID, IL-1receptor Placebo  C-peptide: +0.19 9 months Beta cell
al. [17] n=80, Trial-  antagonist +0.07 nmol/L preservation
Net TN-10
7 Gonzalez RCT TID adults, Immune Placebo  HbAlc: 7.8% 6 months HbAlc
etal. [18] n=65 checkpoint +0.7 vs 8.5% improved
inhibitor +0.9
8 Jamshid  RCT New-onset ~ BCG vaccina- Placebo  HbAlc: 7.1% 18 months  Significant
etal. [19] T1D,n=70  tion +0.5vs 8.2% HbAlc
+0.6 reduction
9 Tatovic et Phase  Pediatric CTLA-41g Placebo  C-peptide: +0.15 9 months Beta cell
al. [20] IIRCT TID,n=90 therapy + 0.05 nmol/L preservation
10 Pescovitz RCT T1D adults, Rituximab Placebo  HbAlc: 6.76% 12 months  Significant
etal. [21] n=85 +1.24 vs. 7.00% HbAlc
+1.30at12 decrease
months
11 Rosenz- RCT Pediatric IL-2 immuno- Placebo  C-peptide AUC: 6 months Beta cell
weig et T1D,n=24  therapy 0.3+0.1vs0.1 function
al. [22] + 0.08 nmol/L improved
12 Pescovitz RCT Pediatric Rituximab Placebo  C-peptide AUC: 12 months  Beta cell
etal. [7] T1D, n=87 0.56 vs 0.47 function
nmol/L improved
13 Gianna- RCT Adult T1ID, Tolerogenic Placebo  C-peptide: +0.22 6 months Significant
kakos et n=10 dendritic cells + 0.09 nmol/L C-peptide
al. [24] preservation
14  Lud- Con- New-onset ~ GAD Antigen Placebo ~ C-peptide AUC: 12 months  Significant
wigsenet trolled TI1D,n=334 therapy 1.180 (0.955 to C-peptide
al. [25] Trial 1.458) preservation
Vs 1.164 (0.969
to 1.399)
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15

16

17

18

19

20

21

22

23

24

25

26

27

28

Susanne
et al. [25]

Marcov-
ecchio et
al. [26]

Hagopian
et al. [27]

Van et al.
[28]

Haller et
al. [29]

Enblad et
al. [30]

Enose-Aka-
hatactal.
(31]

Ten et al.
[32]

Ramos et
al. [33]

Wau et al.
[34]

Ludvigs-
son et al.
[35]

Har-
temann et
al. [36]

Thrower
et al. [37]

Kevan et
al. [38]

RCT T1D adults,
n=70

RCT Pediatric
T1D, n=90

RCT Adult TI1D,
n=516

RCT Pediatric
T1D, n=85

RCT New-onset
T1D, n=75

RCT Adult T1D,
n=60

RCT Pediatric
T1D, n=70

RCT Adult T1D,
n=9

RCT Pediatric
T1D, n=328

RCT New-onset
T1D, n=90

RCT Pediatric
T1D, n=75

RCT Adult T1D,
n=85

Con- Adult T1D,

trolled n=60

Trial

RCT Pediatric
T1D, n=52

IL-1 antago-
nism

Low-dose
IL-2 therapy

Anti-CD3
antibody

Peptide im-
munotherapy

Treg therapy

Anti-CD52
therapy

IL-2 receptor
antibody ther-

apy

BCG vaccina-
tion

Anti-CD3
therapy

Anti-CD3
antibody

GAD vaccine

IL-2 immuno-
therapy

Peptide im-
munotherapy

Anti-CD20
antibody

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Inverse relation-
ship between
measured
inflammation
and stimulated
C-peptide

HbAlc: 7.3% =+
0.4 vs 8.0% =
0.7 at 12 months

C-peptide AUC:
0.51 vs 0.36
nmol/L

C-peptide: +0.20
+0.07 nmol/L

HbAlc: 7.1% +
0.5vs 7.9% +
0.6 at 12 months

HbAlc: 7.4%
+0.6 vs 8.1%
+0.7

C-peptide: +0.17
+ 0.05 nmol/L

HbAlc: 7.2%
+0.5 vs 8.0%
+0.7

C-peptide least-
squares mean

difference: 0.13
nmol/mL; 95%
CI-0.09 t0 0.17

HbAlc: 7.3%
+0.5vs 8.1%
+0.6

C-peptide> 0.2
nmol/L (p <
0.05)

HbAlc: 7.4%
+0.5 vs 8.0%
+0.6

C-peptide: +0.14
+ 0.04 nmol/L

C-peptide AUC
mean change:
—0.104 +0.037
vs —0.274 £
0.056 nmol/L
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9 months

12 months

24 months

9 months

12 months

6 months

12 months

18 months

12 months

12 months

15 months

12 months

6 months

12 months

Immuno-
modulation

Significant
HbAlc im-
provement

Significant
C-peptide
preservation

Beta cell
preservation

Improved
immune
regulation

HbAlc im-
provement

Beta cell
preservation

HbAlc
reduction

Beta cell
preservation

HbAlc im-
provement

Beta cell
preservation

Moderate
HbAlc
reduction

Beta cell
preservation

Beta cell
preservation
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Forest Plot of Immunotherapy Impact on HbAlc Reduction (Sorted by
Study Number)

- Poced Effect. 0.48% HbALC

Herold et al. Effect Size (39% CI)
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Figure 2) Forest plot.

Interpretation of forest plot

e Centerline (red dashed line at —0.48%):
indicates the pooled effect size, showing a
mean reduction of HbA1lc by 0.48% across
all studies.

e Dots: represent the point estimate (mean
difference in HbAlc) for each study.

e Horizontallines: indicatethe 99% confidence

intervals for each study’s estimate.
If a line crosses the vertical zero line (mean
difference = 0), it means the result is not

statistically significant at the 1% level.

e Most studies
difference, indicating that immunotherapy
is associated with reduced HbAlc levels.

show a negative mean

e The pooled estimate (—0.48%) suggests a
clinically relevant reduction in HbAlc.

Int J Diabetes Manag Vol 4 No I June 2025
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e A few studies have wide CIs (e.g., kevan,
thrower), possibly due to small sample
sizes or heterogeneity.

Few studies cross the zero line, suggesting some
results may not be statistically significant, but
the overall trend is consistent.

Secondary outcome - C-peptide levels:
Analysis of 14 studies reporting on C-peptide
levels revealed a pooled mean difference of
+0.18 ng/mL (95% CI: +0.05 to +0.31; p =
0.007), indicating a modest but statistically
significant preservation of beta-cell function
across immunotherapeutic interventions. The
heterogeneity among studies was moderate (I
= 58%), suggesting some variability in effect
estimates but not enough to undermine the
overall findings.

Subgroup analysis of findings: In subgroup
analyses, participants younger than 18 years
showed a greater reduction in HbAlec, with
a mean difference of —0.52%, indicating that
immunotherapy may be more effective in
pediatric populations. Studies with a follow-up
duration of 12 months or longer demonstrated a
mean HbAlc difference of —0.41%, suggesting
that the beneficial effects of immunotherapy
are durable but slightly attenuated over time.
When considering only randomized controlled
trials from the Cochrane database, the HbAlc
reduction remained consistent at —0.45%,
supporting the robustness of the overall findings.
Additionally, studies utilizing Continuous
Glucose Monitoring (CGM) reported an even
greater mean HbAlc reduction of —0.56%,
reflecting improved glycemic control with
enhanced monitoring techniques.

Sensitivity analysis

e Excluding highest-risk bias studies (n=4)
— HbAlc pooled MD = —0.44%.

e The effect remains statistically significant
and robust (Figure 3).
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Funnel Plot of HbAlc/C-peptide Outcomes
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Figure 3) Funnel plot.

Funnel plot and publication bias: The funnel
plot displayed slight asymmetry, indicating
the possibility of minor publication bias. This
observation was supported by Egger’s test,
which yielded a p-value of 0.08, reflecting
borderline statistical significance. In the plot,
each dot corresponds to an individual study,
with the effect size plotted along the x-axis
and the standard error along the y-axis, where
smaller studies appear higher. The green dashed
line represents the overall mean effect size,
while the red dashed lines indicate the 95%
confidence intervals. The observed asymmetry
suggests the presence of publication bias or
potential heterogeneity among the included
studies.

GRADE certainty assessment for each
outcome:

Explanation of certainty ratings:

e High: Further research is unlikely to change
our confidence.

e Moderate: Further research may impact
the estimate.

o Low: Further research is likely to change
the estimate.

Immunomodulatory therapies in type 1 diabetes
are associated with modest but statistically
significant in HbAlc and
preservation of C-peptide levels, particularly in
pediatric populations and when CGM is utilized.

improvements

Int J Diabetes Manag Vol 4 No I June 2025
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While heterogeneity was noted, the robustness
of results across sensitivity analyses strengthens
the validity of these findings.

Discussion

This systematic review and meta-analysis
evaluated the efficacy of immunotherapeutic
interventions in Type 1 Diabetes Mellitus
(T1IDM), focusing on glycemic control and
preservation of B-cell function. By synthesizing
data from 28 randomized controlled trials,
we found that immunotherapies significantly
reduced HbAlc by an average of 0.48% and
preserved endogenous insulin production,
reflected in a mean increase of 0.18 ng/mL in
stimulated C-peptide levels. These findings align
with previous meta-analyses, which similarly
reported modest but significant preservation of
C-peptide with therapies such as teplizumab,
rituximab, and mesenchymal stromal cells
[39,40].

The pooled results support the therapeutic
rationale of using immune modulation to
alter the autoimmune progression of T1DM,
which typically results in near-complete B-cell
destruction. Our findings build upon those of
Grinberg-Bleyer et al. [41] who highlighted that
partial B-cell preservation can meaningfully
reduce glycemic variability, hypoglycemic
burden, and daily insulin requirements [41].
Trials such as the PROTECT study further
emphasize that immunotherapy’s effects are
amplified when initiated early in the disease
course [42]. Suggesting that a “therapeutic
window” exists shortly after diagnosis, during
which intervention may yield optimal benefit.

Subgroup analysis indicated that pediatric
participants had a greater average HbAIc
reduction compared to adults. This reinforces
the hypothesis that younger patients retain more
functional B-cells at diagnosis and are therefore
more responsive to immunomodulation. These
results are consistent with earlier studies that
propose a stronger immune and regenerative
capacity in pediatric populations [43]. This
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also aligns with mechanistic studies showing
reduced T-cell autoreactivity and preserved
regulatory T-cell function in early T1DM [44].

While the absolute change in C-peptide was
moderate, even small preservation of insulin
secretory capacity is clinically meaningful.
Prior studies have that retained
endogenous insulin secretion, even at low
levels, can reduce microvascular complications,
and hypoglycemia risk, and improve patient-
reported  outcomes  [45,46].  Therefore,
therapies that stabilize or slow B-cell decline
are highly relevant from a patient-centered
care perspective. The observed heterogeneity
in C-peptide outcomes may reflect variations
in trial design, immunotherapy mechanisms,
timing of initiation post-diagnosis, and baseline
immunogenetic differences among participants.
For instance, studies using antigen-specific
therapies (e.g., GAD-alum) demonstrated
lower efficacy compared to broad-spectrum
immunosuppressants (e.g., anti-CD3 or anti-

shown

TABLE 2
Grade summary of findings.

ISSN 2564-324X

CD20), which is consistent with findings from
Keymeulen et al. [47]. Furthermore, genetic
predispositions such as HLA-DR3/DR4 status
and immune signatures like islet autoantibody
profiles may impact treatment response [48].

To contextualize our findings, we performed a
GRADE certainty assessment for each primary
and subgroup outcome. While the reduction in
HbAlc demonstrated moderate certainty, the
C-peptide preservation effect had low certainty,
largely due to heterogeneity and signs of minor
publication bias. These ratings align with prior
meta-analyses such as Dong et al. [49] which
reported similar heterogeneity in glycemic
outcomes across immunotherapy trials in T1IDM
[49]. Notably, subgroup analyses showed
greater efficacy in pediatric cohorts and studies
employing continuous glucose monitoring
(CGM), suggesting that age at intervention and
precision monitoring may influence outcomes;
findings echoed by Bundy et al [50] (Table 2).

Number of Certainty of
Outcome un{ ero Effect (95% CI) e.r amty o Comments

studies evidence

| 0 : 2 — 0/

HbAl(.: 23 MD -0.48% Moderate Downgraded for heteroge'cr?el‘ty (12 = 72%);
reduction [-0.61 to —0.35] strong effect, robust sensitivity.
C-peptide MD +0.18 ng/mL Downgraded for heterogeneity (I = 58%)

16 Low . . .
levels [+0.05 to +0.31] and potential publication bias.
Subgroup 6 MD —0.52% Moderate G?eater' effect in younger patients; consistent
(Age <18) with primary outcome.
Subgroup 7 MD —0.56% Moderate Impr.oved control Wit.h CGM,; effect
(CGM used) consistent across designs.
Sensm.Vlty 2?1 (ex?ludmg MD —0.44% Moderate Shows r.obustness; nf) significant deviation
analysis high-bias) from primary analysis.
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Looking forward, future trials should aim
for harmonization in outcome measures,
particularly standardized reporting of stimulated
C-peptide and HbA 1¢ over uniform time frames.
Additionally, incorporating biomarker-based
patient stratification may enhance efficacy by
targeting immunotherapy to subgroups most
likely to benefit.

immunophenotyping,

Strategies could include
autoantibody staging,
and genomic risk scores to enable precision
immunotherapy. Moreover, future designs
should prioritize longer follow-up durations
to capture sustained B-cell preservation and
integrate real-world endpoints, such as time-in-

range, quality of life, and insulin-free remission.
Limitations

While these results are very encouraging, there
are still some difficulties left to overcome.
Direct different
immunotherapeutic agents which include anti-

comparisons  between
CD3 antibodies, low-dose interleukin-2, antigen-
specific vaccines, cell-based therapies, and so on
are made difficult by the variety of these agents.
Every form of treatment uses its way to impact
the immune system which may differently affect
keeping B-cells and glycemia in check. Second,
it is unknown if the benefits from therapy last
a long time; even though some research shows
gains at 12 months or more, there is not enough
data to be sure. Maintaining a healthy immune
response could need constant or combined
drugs, his theory suggests. Taking account of
safety and tolerability is essential. Even though
major problems develop infrequently, there is
still a danger of infections or adverse immune
effects linked to these treatments. It will be very
important to keep an eye on and handle these
types of risks as these therapies are used more
in medical practice. Differences in how trials
are ended and the outcomes measured suggest
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that better-defined protocols should be created
for further research. A standard way to define
endpoints in clinical and immunology studies,
regular continuous glucose monitoring, and
adding patient-focused outcomes would support
the way studies are compared.

Conclusion

T1DM patients
immunotherapies to insulin treatment, as it

can benefit from adding

improves control of blood sugar and may save
their insulin-producing cells. Early help for
young children seems to give the best results.
Nonetheless, to strengthen these outcomes,
we still need bigger and longer studies. In the
end, immunotherapy could help people with
diabetes by managing the disease proactively
and improving daily life as well as long-term
results.
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