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Abstract

BACKGROUND

Islets of Langerhans beta cells diminish in autoimmune type 1 diabetes mellitus
(T1DM). Teplizumab, a humanized anti-CD3 monoclonal antibody, may help
T1DM. Its long-term implications on clinical TIDM development, safety, and
efficacy are unknown.

AIM
To assess the effectiveness and safety of teplizumab as a therapeutic intervention
for individuals with TIDM.

METHODS

A systematic search was conducted using four electronic databases (PubMed,
Embase, Scopus, and Cochrane Library) to select publications published in peer-
reviewed journals written in English. The odds ratio (OR) and risk ratio (RR) were
calculated, along with their 95%CI. We assessed heterogeneity using Cochrane Q
and P statistics and the appropriate P value.

RESULTS

There were 8 randomized controlled trials (RCTs) in the current meta-analysis
with a total of 1908 T1IDM patients from diverse age cohorts, with 1361 patients
receiving Teplizumab and 547 patients receiving a placebo. Teplizumab was
found to have a substantial link with a decrease in insulin consumption, with an
OR of 4.13 (95%CI: 1.72 to 9.90). Teplizumab is associated with an improved C-
peptide response (OR 2.49; 95%CI: 1.62 to 3.81) and a significant change in Gly-
cated haemoglobin Alc (HbAlc) levels in people with type 1 diabetes [OR 1.75
(95%CI: 1.03 to 2.98)], and it has a RR of 0.71 (95%CI: 0.53 to 0.95).

CONCLUSION

In type 1 diabetics, teplizumab decreased insulin consumption, improved C-pep-
tide response, and significantly changed HbAlc levels with negligible side effects.
Teplizumab appears to improve glycaemic control and diabetes management with
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good safety and efficacy.
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Core Tip: Type 1 diabetes mellitus (T1DM) may benefit from teplizumab. However, there is limited data on its long-term
effects on clinical T1DM development, safety, and efficacy. Given its perceived use, this research evaluated the effective-
ness and safety of teplizumab for TIDM patients through a systematic review and meta-analysis of 8 randomized controlled
trials, including 1908 patients from various age groups. It was found that teplizumab treatment results in reduced insulin use,
improved C-peptide response, significant glycated haemoglobin Alc changes in TIDM patients with minimal side effects
and improved glycaemic management.
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INTRODUCTION

Type 1 diabetes mellitus (T1IDM) is a pathological condition of an autoimmune type wherein there is a progressive de-
generation of beta cells located inside the islets of Langerhans[1]. Despite advancements in healthcare, the majority of
individuals with type 1 diabetes struggle to reach the ideal glycaemic targets, resulting in a continued elevated risk of
complications and mortality[2,3]. The development of immunotherapy targeting beta-cell destruction represents an
unresolved requirement in the management of autoimmune type 1 diabetes, with potential future applicability in
prediabetes[4]. The initiation of treatment during the clinical onset presents a favorable circumstance wherein individuals
can be readily diagnosed and there is still a preserved functional beta-cell mass. The maintenance of residual beta-cell
function, as indicated by elevated levels of C-peptide, contributes to improved glycaemic control, hence reducing the risk
of retinopathy, nephropathy, hypoglycemia, and ketoacidosis. The use of immunotherapy at the time of diagnosis seeks
to extend and enhance this impact by inhibiting additional B-cell mortality and potentially facilitating the restoration of
functional capacity in surviving B-cells following the resolution of inflammation[5-7]. Various clinical trials evaluating
different therapeutic drugs have demonstrated limited success in this context; nonetheless, treatment responses have
frequently exhibited a decline within a span of two years[8,9]. Teplizumab is a monoclonal antibody that has been eng-
ineered to have a non-activating Fc region. It is believed to inhibit the activity of autoreactive T lymphocytes, which are
responsible for inducing the death of beta-cells. It targets the CD3 protein specifically and is considered to be effective in
this function.

The T cells undergo a transient depletion from the peripheral circulation throughout the course of immunotherapy,
followed by their reconstitution within a few weeks upon discontinuation of the treatment[10,11]. Based on preclinical
and clinical investigations, it has been observed that teplizumab medication has the potential to stimulate regulatory T-
cell function, hence indicating an enhancement in immunological tolerance[12-14]. According to recent research, the
administration of teplizumab has been found to effectively mitigate beta-cell apoptosis after one year of treatment,
modulate CD8+ T lymphocytes as well as enhance C-peptide reactions in clinical trials involving individuals with type 1
diabetes[15,16]. However, additional study is necessary to examine the long-term effects on b-cell activity and survival, as
well as to ascertain the safety and efficacy of teplizumab therapy in modifying the progression towards clinical type 1
diabetes. Therefore, in this systematic review and meta-analysis, we assessed the effectiveness and safety of teplizumab
as a therapeutic intervention for TIDM via analysis of 8 randomized controlled trials (RCTs)[17-24] selected as per the
predetermined inclusion and exclusion criteria.

This meta-analysis and systematic review was conducted with the purpose of determining whether or not teplizumab
is an effective and safe treatment intervention for people who have TIDM.

MATERIALS AND METHODS
Search strategy

The present meta-analysis was conducted following a comprehensive search across various databases, including
PubMed, Embase, Scopus, and Cochrane library. The search covered from the year 2000 to 2023 and utilized specific
keywords such as “Type-1 Diabetes mellitus”, “T1DM”, “Teplizumab”, “anti-CD3 monoclonal antibody”, “Insulin”,
“Glycated haemoglobin Alc”, “HbA1C”, “C-peptide”, “Adverse events”, “Randomized controlled trials”, “RCT”,
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“Systematic review” and “meta-analysis”. Based on the PICOs framework[25], the keywords were identified and found
to be consistent in both the Medline and Embase databases, as indicated in Table 1. In the context of searching Scopus, the
Title (ti)-Abstract (abs)-keyword (key) field was utilized with the aforementioned keywords. The key phrase “Te-
plizumab” and “Type-1 diabetes mellitus" was utilized in the Cochrane database. The PICO format was utilized to
construct precise selection criteria. In this context, "P" denoted T1DM patients, "I" referred to Teplizumab drug, "C"
denoted control drug, and "O" encompassed clinical outcomes, reduction in insulin use, change in C-peptide response,
change in glycated haemoglobin Alc (HbA1C) level and adverse events. The design methodology employed in this study
was confined to the utilization of RCTs. The inclusion criteria specified that only papers published in the English
language were considered. The inclusion of articles was conducted in accordance with the principles outlined by the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses[26]. Two researchers, identified as Xiao-Lan Ma
and Dan Ge, independently conducted a comprehensive review of the pertinent literature to identify relevant studies.

Criteria for inclusion and exclusion

The current analysis comprised studies that showed data on the efficacy and safety of Teplizumab for the treatment of
T1DM. Those studies that satisfied the subsequent inclusion criteria were incorporated: (1) Including patients with TIDM;
(2) Adolescents and adult patients ranging in age from 7 to 40 years; (3) Evaluating the comparative efficacy and safety of
teplizumab for the treatment of TIDM; and (4) Implementation of RCT as the chosen study design. From the year 2000 all
the way up until the year 2023, the selection of studies covered the entire time span. We chose papers that were available
in full text and offered sufficient information for a table that was two by two. Several clinical outcomes were used as
primary measures in this meta-analysis. These outcomes included a decrease in insulin utilization, a change in response
to C-peptide, a change in the level of HbA1C, and adverse events that occurred in participants who were treated with
teplizumab and those who were in the control group. Additionally, the comparative glycemic control experienced by the
teplizumab group in comparison to the control group was also assessed. We did not include references that were either
out of date, anecdotal, or based on the opinions of experts. Additionally, we did not include studies that were not cross-
sectional, studies that contained experimental data from animal studies or trials, and studies for which we were unable to
receive primary data and key information from the authors. Studies that included patients with diabetes in addition to
those with HIV, cancer, and other systemic problems were also removed from consideration. Additionally, articles that
were not research papers, qualitative studies, and papers published in languages other than English were also removed.
Separately, the researchers (Xiao-Lan Ma and Dan Ge) acquired demographic profiles of the patients as well as event data
with important components from the studies that were included.

Risk of bias evaluation of studies incorporated

The potential for bias in the papers that were examined was evaluated using a pre-established and standardized qu-
estionnaire. For the purpose of determining the potential for bias, a tool developed by the Cochrane Collaboration[27]
and included in the Cochrane Handbook (version 5.3) was utilized. The instrument consisted of five components: Bias
resulting from the randomization process, bias resulting from deviations from the interventions that were intended, bias
resulting from the absence of outcome data, bias resulting from the assessment of the outcome, and bias resulting from
the selection of the outcomes that were presented. Two different reviewers, Xiao-Lan Ma and Dan Ge, each carried out
their own research in order to determine the potential for bias. An additional reviewer, who will be referred to as Xue-
Jian Hu, acted as an arbitrator to settle any disagreements that were still outstanding. At the end of the day, the potential
bias was evaluated and classified as either "high risk," "low risk," or "unclear risk." Through the utilization of a funnel plot
[28], the presence of publication bias was evaluated, and Begg's test[29] was carried out with the assistance of the
MedCalc program[30] in order to ascertain the statistical significance of the findings.

Statistical analysis

For the purpose of evaluating and analyzing the influence of a number of dichotomous and continuous outcomes, the
software package Review Manager (RevMan) 5.3[31] was applied. Through the employment of reference management
software, the categorization, extraction, and elimination of duplicate references were made easier. The development of
forest plots[32] was attempted with the purpose of evaluating the influence of outcome determinants across all of the
investigations. A 2 x 2 table[33] that was generated with event data was utilized in order to compute the odds ratio (OR).
This was done by employing the DerSimonian Lair method. The examination of dichotomous outcomes included the
utilization of OR[34] and risk ratios (RR)[35] in addition to a CI covering 95% of the possible outcomes. The assessment of
heterogeneity was examined through the utilization of statistical techniques, such as the ¥ test with a matching P value
and the I test[36]. A random-effects model was utilized in the event that there was heterogeneity between the studies,
which was demonstrated by an I* value that was greater than fifty percent or a P value that was less than five percent. A
fixed-effect model was utilized for the pooled analysis[37], which was otherwise not the case. It was determined that a P
value that was lower than 0.05 to be statistically significant[38]. In addition to this, a box and whisker plot[39] was also
created in order to assess the glycaemic control[40] in the Teplizumab administration group with the control group.

RESULTS

Literature search results
A thorough search of a number of databases was carried out with the use of electronic scanning tools, which led to the
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Table 1 Database search strategy

Database  Search strategy

Scopus '1 “Type-1 Diabetes mellitus” OR “T1DM” OR “Teplizumab” OR “anti-CD3 monoclonal antibody”

'2 “Insulin” OR “Glycated hemoglobin Alc” OR “HbA1C” OR “C-peptide” OR “Adverse events” OR “Randomized controlled trials” OR
“RCT” OR “Systematic review” OR “meta-analysis”

'3'1AND 2
PubMed '1 “Type-1 Diabetes mellitus” OR “T1DM” (MeSH Terms)' OR “Teplizumab” (all fields) OR “anti-CD3 monoclonal antibody” (all fields)

'2 “Insulin”(MeSH Terms) OR “Glycated hemoglobin Alc” (all fields) OR “HbA1C” (all fields) OR “C-peptide” (all fields) OR “Adverse
events” OR “Randomized controlled trials”(all fields) OR “RCT” (all fields) OR “systematic review” OR “meta-analysis”

'3'1 AND 2
Embase “Type-1 Diabetes mellitus”/ exp” OR “TIDM”/ exp OR “Teplizumab” /exp OR “anti-CD3 monoclonal antibody” /exp

'2 “Insulin” / exp OR “Glycated hemoglobin Alc” / exp OR “HbA1C” /exp OR “C-peptide” /exp OR “Adverse events” /exp OR
“Randomized controlled trials” /exp OR “RCT”/exp OR “systematic review”/ exp OR “meta-analysis”

'311 AND 2
Cochrane il (Type-1 Diabetes mellitus): Ti, ab, kw’ OR (T1DM): Ti, ab, kw OR (Teplizumab): Ti, ab, kw OR (anti-CD3 monoclonal antibody): Ti, ab,
library kw OR (Cortisol): Ti, ab, kw (Word variations have been searched)

'2 (Insulin): Ti, ab, kw OR (Glycated hemoglobin Alc): Ti, ab, kw OR (HbA1C): Ti, ab, kw or (C-peptide): Ti, ab, kw or (Adverse events): Ti,
ab, kw or (Randomized controlled trials): Ti, ab, kw or (systematic review): Ti, ab, kw or (meta-analysis): Ti, ab, kw (Word variations have
been searched)

311 AND 2

IMeSH terms: Medical subject headings.
Zexp: Explosion in emtree- searching of selected subject terms and related subjects.
3ti, ab, kw: Either title or abstract or keyword fields.

discovery of a total of 356 studies that fulfilled the inclusion criteria that were stated by the PICOS framework. We were
able to exclude a total of 245 papers after conducting an exhaustive review of their titles and identifying instances of
duplication. This left us with 111 records that were taken through additional screening. After applying the inclusion-
exclusion criteria, however, a total of 103 studies were determined to be ineligible and were consequently removed from
consideration. The absence of inclusion criteria, which included a comparison of the safety and effectiveness of
teplizumab with a control drug in patients with T1DM, insufficient data to construct 2 x 2 tables, and the absence of
necessary outcome measures, were the primary factors that contributed to the cancellation of studies. As can be seen in
Figure 1, this meta-analysis made use of a total of eight RCT that satisfied the inclusion criteria that were stated and that
covered the years 2000 to 2023. A total of 1908 type 1 diabetes patients from a variety of age groups were included in the
papers that were analyzed for this particular research. The selection of patients for this trial was carried out through the
use of a random sampling technique. The group that received Teplizumab consisted of 1361 individuals, whereas the
group that served as the control consisted of exactly 547 people. The demographic features of the studies that were
utilized in this meta-analysis are presented in Table 2. It is stated in the text that the author identification number, the
year of publication, the journal of publication, the country of publication, the study setting, the study design, the total
number of participants, the diagnosis, the age of participants, the number of participants in the teplizumab group and the
control group, the duration of the study, the gender (male/female ratio), and the primary outcomes that were measured
are all included. After that, the data from the events that were described earlier were utilized for the purpose of carrying
out the meta-analysis later on.

Assessment of risk of bias

Table 3 presents the results of the risk of bias assessment for the studies that were included, which were derived from the
questionnaire that was designed beforehand. As can be seen from the graph depicting the risk of bias (Figure 2A) and the
summary depicting the risk of bias (Figure 2B), the current meta-analysis appears to have a low probability of being
biased. Out of the eight studies that were considered for inclusion in the analysis, six of them had a low risk of bias, while
one of them had a substantial risk of bias. It was determined that the bias that occurred as a result of the randomization
technique was caused by the moderate risk. In spite of this, there was a specific study that displayed a substantial high
risk because of the bias in the selection of the data that were published. The symmetrical form of the funnel plot that is
represented in Figure 3 and the statistically insignificant P value of Begg's test (0.249) that is higher than the preset
significance level of 0.05 both indicate that there is a minimal risk of publishing bias. In addition, the symmetrical form of
the funnel plot is used to illustrate the little risk of publication bias.

Statistical analysis findings
The current meta-analysis was comprised of a sample of eight RCTs, which included a total of seventeen thousand eight
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Year of Journal of Country Study  Study  Total numberof . . Ageof  Teplizumab  Control  Duration  Sex .
Ref. o - . . . Diagnosis . Primary outcomes
publication  publication of study setting design participants (n) patients  group (n) group (n) of study  (M/F)

Herold etal 2002 The New England ~ United HIC RCT 24 Type-1 7-30 years 12 12 1 year 18/6 Positive outcomes: Lower insulin uses

[17] Journal of Medicine States diabetes and decrease in value of HbAlc, Adverse
events

Hagopian 2013 Diabetes Sweden HIC RCT 410 Type-1 8-35years 311 99 2 years 295/115 Positive outcomes: Change in area under

et al[18] diabetes the curve for C-peptide, lower insulin
uses and decrease in value of HbAlc,
Adverse events

Herold etal 2013 Diabetologia United HIC RCT 58 Type-1 12-15 years 31 27 1 year 30/28 Positive outcomes: Change in area under

[19] States diabetes the curve for C-peptide, and decrease in
value of HbAlc, Adverse events

Herold etal 2019 New England United HIC RCT 76 Type-1 12-22 years 44 32 2 years 36/40 Positive outcomes: Decrease in value of

[20] Journal of medicine ~ States diabetes HbA1lc, Adverse events

Herold etal 2023 Diabetes care United HIC RCT 609 Type-1 8-35years 375 234 1 year 370/239 Positive outcomes: Change in area under

[21] States diabetes the curve for C-peptide, and decrease in
value of HbAlc, Adverse events

Perdigoto 2019 Diabetologia United HIC RCT 43 Type-1 8-30 years 31 12 2 years 26/17 Positive outcomes: Change in area under

et al[22] States diabetes the curve for C-peptide, and decrease in
value of HbAlc, Adverse events

Sherry etal 2011 Lancet United HIC RCT 763 Type-1 8-35years 513 99 2 years 325/438 Positive outcomes: Lower insulin uses

[23] States diabetes and decrease in value of HbAlc, Adverse
events

Sims et al 2021 Science Translation United HIC RCT 76 Type-1 8-39 years 44 32 2 years 40/36 Positive outcomes: Change in area under

[24] medicine States diabetes the curve for C-peptide and decrease in

value of HbAlc, Adverse events

HbAlc: Glycated haemoglobin Alc; RCT: Randomized controlled trial; M: Male; F: Female; HIC: High income countries.

hundred eight individuals with TIDM. Among the whole population, Teplizumab was delivered to 1361 patients, while
547 patients were given a control medication for the treatment of type 1 diabetes. On the basis of the statistical analysis
that was carried out on the most important results of the study, the following conclusions were reached:

Reduction of insulin use in teplizumab vs control group: To investigate the reduction in insulin-use in patients treated
with either Teplizumab or a control drug, an OR was calculated using the event data extracted from the included studies,
as depicted in Figure 4A. From the calculated results, it was found that the patients in the teplizumab group have a
higher likelihood of reduction in insulin use, with an OR of 4.13 (95%CI: 1.72 to 9.90) and a tau’ value of 0.41, ¥* = 9.64,
degree of freedom(df) =2, Z =3.18, I*=79% and P = 0.001.

Boisnidenge  VVID | https://www.wjgnet.com

1619

July 15,2024 | Volume15 | Issue7 |



Ma XL et al. Teplizumab and TIDM

Table 3 Risk of bias assessment of included studies

Herold et Hagopian et Herold et Herold et Herold et Perdigoto et Sherry et Sims et

al[17] al[18] al[19] al[20] al[21] al[2?] al[23] al[24]
Did the study avoid inappropriate Y Y Y Y Y Y Y Y
exclusions
Did all patients receive the same Y Y Y Y Y Y Y Y
reference standard
Were all patients included in the N N N N N N N N
analysis
Was the sample frame appropriate to Y Y Y Y Y Y Y Y
address the target population
Were study participants sampled inan Y Y Y Y Y Y Y Y
appropriate way
Were the study subjects and the setting Y Y Y Y Y Y Y Y
described in detail
Were valid methods used for the identi- Y Y Y Y Y Y Y Y
fication of the condition
Was the condition measured in a Y Y Y Y Y Y Y Y

standard, reliable way for all
participants

Y: Yes; N: No.

[ Identification of studies v/a database ]

l

‘ n = 356 studies identified from database search ‘

n = 245 studies excluded
(Duplicate studies or irrelevant titles)

n = 111 relevant studies identified
from the title and abstract review

n = 103 studies were excluded:
56: Didn't accord with the inclusion criteria
24: Didn't report the outcome of interest
20: Incomplete information for 2 x 2 table

n = 8 studies included in this
systematic review and meta-analysis

Figure 1 Flow of selection of studies.

Change in C-peptide response in teplizumab vs control group: To examine the change in C-peptide response in patients
treated with either Teplizumab or a control drug, an OR was calculated using the event data extracted from the included
studies. From the calculated results shown in Figure 4B, it was found that the patients in the teplizumab group have a
higher likelihood of change in C-peptide response, with an OR of 2.49 (95%CI: 1.62 to 3.81) and a tau? value of 0.08, x> =
6.12,df =4,7 =419, =75% and P < 0.0001.

Change in HbA1C level in teplizumab vs control group: To assess the change in HbA1C level in Teplizumab vs control
group, a comparative analysis of glycated haemoglobin value in the patients treated with either teplizumab or control
drug was carried out, as depicted in Figure 4C. From the calculations, it was found that the patients in the teplizumab
group have a higher likelihood of change in HbA1C level, with an OR of 1.75 (95%CI: 1.03 to 2.98) and a tau? value of 0.32,
x*=23.06,df =7, Z=2.05,1>=70% and P = 0.04.

Comparison of adverse events in patients of teplizumab vs control group: In order to assess the comparative risk of
adverse events between the Teplizumab and control groups, a RR analysis was conducted. This analysis specifically
examined the occurrence of adverse events, such as systemic inflammations and allergic responses, in patients who
received either teplizumab or the control medicine. The results of this analysis are presented in Figure 5. Based on the
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Figure 2 Assessment of risk of bias. A: Traffic light plot for assessment of risk of bias of included studies; B: Summary plot for assessment of risk of bias of
included studies.

computed data, it was determined that the individuals in the control group exhibit a greater susceptibility to experiencing
unfavorable outcomes, as shown by a RR of 0.71 (95%ClI: 0.53 to 0.95). Additionally, the tau® value turned out to be 0.14,
the y* value was 44.64 with df 7, the Z score was 2.26, the I? value was 84%, and the P value was 0.02.

Comparison of glycaemic control in patients of teplizumab vs control group: Box and whisker plot was generated using
the event data obtained from the studies included in the analysis to evaluate the relative effectiveness of teplizumab vs
the control medication in managing glycaemic control in patients. This figure is depicted in Figure 6. The plot exhibited a
symmetrical distribution of data points with a median positioned at the centre of the box, and the whiskers extending to
almost equal ranges on both sides of the box. The group receiving teplizumab has favorable glycaemic control, charac-
terized by optimal serum glucose concentrations, in comparison to the control group. This effect contributes to the
prevention of diabetes complications.

DISCUSSION

T1DM is an autoimmune disorder resulting from the destruction of pancreatic p-cells responsible for insulin production,
either with or without any remaining functional tissue[41]. Type 1 diabetes can be attributed to various factors, such as
viral infections, drug-induced effects, and autoimmune mechanisms. These variables contribute to the death of B-cells and
result in a complete absence of insulin in the bloodstream, leading to elevated levels of blood glucose[42,43]. Individuals
diagnosed with TIDM necessitate the continuous administration of insulin throughout their whole lifespan. The majority
of individuals necessitate a minimum of two injections of insulin each day, wherein the dosage is modified in accordance
with self-monitoring of blood glucose levels[44]. Teplizumab, also known as teplizumab-mzwyv, is a monoclonal antibody
of the IgG1 kappa class that has been humanized. It is primarily utilized for the purpose of delaying the onset of type 1
diabetes and as a therapy option for those with TIDM[45]. In November 2022, teplizumab was granted approval as the
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Figure 3 Funnel plot for assessment of publication bias of included studies.

inaugural medication for the purpose of postponing the initiation of stage 3 type 1 diabetes in individuals aged eight
years and older, encompassing both adults and children[46].

Multiple investigations have revealed that Teplizumab demonstrates disease-modifying characteristics through the pr-
eservation of B-cell functioning. In a recent systematic review and meta-analysis conducted by Nourelden et al[47], the
authors examined the effects of teplizumab on insulin use, C-peptide response, and adverse effects in patients with type 1
diabetes. The study included eight randomized clinical trials with a total of 866 participants. The findings of the analysis
revealed that Teplizumab was associated with a significant reduction in insulin use [mean difference (MD) = -0.17, 95%CI
(-0.24, -0.09)]. Additionally, the administration of Teplizumab resulted in a higher C-peptide response [MD = 0.08, 95%CI
(0.01, 0.15)] and a lower incidence of adverse effects. In a systematic review and meta-analysis conducted by Ashraf et al
[48] in 2023, the authors examined 11 RCTs with a total of 1397 participants. Their findings indicated that treatment with
teplizumab resulted in a significant increase in the C-peptide response, as evidenced by a MD of 0.114 (95%ClI: 0.069 to
0.159). Additionally, teplizumab treatment was found to significantly reduce patients' insulin intake across all tim-
eframes, with a MD of -0.123 (95%CI: -0.151 to -0.094). Similarly, Liu et al[49] and Evans-Molina and Oram[50] have
documented in their respective research investigations that Teplizumab, an anti-CD3 monoclonal antibody, exhibits
promise as a therapeutic intervention for enhancing the area under the curve of C-peptide and insulin utilization in
individuals with type 1 diabetes.

Our findings align with the aforementioned results, indicating positive correlation between teplizumab and a decrease
in insulin usage, with an OR of 4.13 (95%CI: 1.72 to 9.90). Additionally, teplizumab is associated with an improved C-pe-
ptide response (OR 2.49; 95%Cl: 1.62 to 3.81) and a significant change in HbAlc levels among individuals diagnosed with
type 1 diabetes [OR 1.75 (95%CI: 1.03 to 2.98)], while exhibiting minimal adverse effects, as indicated by a RR of 0.71
(95%CI: 0.53 to 0.95). In addition, teplizumab has been shown to offer improved glycaemic management. Nevertheless,
our analysis solely encompasses studies conducted exclusively in high-income nations. This highlights the need of
conducting such studies in low- and middle-income countries (LMICs), where the prevalence of TIDM is higher among
adults and adolescents.

Limitations
One of the most important aspects of this research is the utilization of all-encompassing search phrases that encompass
the investigation of "type-1 diabetes mellitus" and "teplizumab" across a number of different databases.

However, it is necessary to illustrate certain limitations. Firstly, studies done in languages other than English were not
included in this analysis. Given that a sizable number of the publications included in our meta-analysis were eliminated,
it is also imperative to recognize the possibility of selection bias in our research. Furthermore, it was not possible to
determine a correlation between the results and factors like gender, age, or ethnicity, and it is unclear whether these
conclusions will apply to people who do not appear to be at risk for type 1 diabetes but do not have first-degree relatives
who have the disease. Thirdly, the limited sample size used in the current meta-analysis —just eight studies —showed
notable variability and heterogeneity. It is impossible to determine whether repeated doses will prolong therapeutic
effects or offer additional advantages in comparison to the drug administered for a single course. Finally, one more
limitation of our analysis is that it only includes studies from high-income nations. This emphasizes the importance of
doing this kind of research in LMICs, where T1DM is more common in adults and adolescents.
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Figure 4 Forest plot for positive outcomes. A: Reduction in insulin use; B: Change in C-peptide response; C: Change in glycated haemoglobin A1c level in
Teplizumab versus control group. HbA1c: Glycated haemoglobin A1c; df: Degree of freedom; M-H: Mantel-Haenszel.

Teplizumab Control Risk ratio Risk ratio

Study or subgroup Events Total Events Total Weight M-H, Random, 95%CI M-H, Random, 95%CI

Hagopian et al [18) 6 12 1 12 99% 0.55 [0.30, 0.96] —

Herold and Bundy et al [20] 64 3N 24 99 124% 0.85[0.56, 1.26] —r

Herold and Gitelman et al [21) 30 N 25 27 157% 1.05(0.92,1.18] *

Herold and Hagopian et al [17) 19 44 23 32 125% 0.60[0.40, 0.90] T

Herold et al [19)] B2 375 64 234 141% 0.80[0.60, 1.06] =

Perdigoto et al [22] 12 ]| 9 12 104% 0.52[0.30,0.89] e

Sherry et al [23] 97 513 38 99 138% 0.49[0.36, 0.67] -5

Sims et al [24] 19 44 15 32 111% 0.92(0.56,1.52] -

Total (95% CI) 1361 547 100.0% 0.71 [0.53, 0.95]) ’

Total events 329 209

Heterogeneity: Tau™= 0.14; Ch” = 44.64, df= 7 (P < 0.00001); P= 84% k + + i
0.01 0.1 1 10 100

Test for overall effect Z= 2.26 (P= 0.02)

Favours [Control]

Favours [Teplizumab]

Figure 5 Forest plot for risk of adverse events in teplizumab vs control group. df: Degree of freedom; M-H: Mantel-Haenszel.

CONCLUSION

Based on the results of the present meta-analysis, it can be concluded that the utilization of teplizumab is linked to a
reduction in insulin use, an enhanced C-peptide response, and a significant alteration in HbAlc levels among individuals
diagnosed with type 1 diabetes, while exhibiting minimal adverse effects. The findings indicate that teplizumab exhibits
favorable safety and efficacy profiles in promoting improved glycaemic control and managing diabetes mellitus.
However, additional study is necessary to investigate the potential synergistic effects of combining immune and
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metabolic therapy. This research is crucial in order to maintain the immunological responses that are related with the
preservation of C-peptide responses and the attainment of good outcomes that have a significant therapeutic impact.
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Figure 6 Box and Whisker plot for comparative Glycaemic control in Teplizumab vs control group.
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