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1.0 INTRODUCTION 

The purpose of this report is to review efficacy and safety information for the intravenous (IV) 

monoclonal antibody, teplizumab-mzwv (Tzield), that was recently approved by the US Food and Drug 

Administration (FDA) for delaying the onset of type 1 diabetes (T1D) in individuals 8 years or older at risk 

for T1D.1 Teplizumab is the first FDA-approved disease-modifying therapy for people at risk for clinical 

T1D.1,2 This report updates a previous report from 2021 on the same topic.  

T1D is thought to occur due to a combination of dysfunctional insulin-producing pancreatic beta cells 

and T-cell mediated destruction of those beta cells, ensuing dependency on exogenous insulin for 

survival.3 Peak incidence occurs during childhood (10-14 years old),4,5 but onset may occur at any age.6 

T1D is usually diagnosed once symptomatic hyperglycemia occurs, which coincides with the loss of a 

significant number of functional beta cells.7 FDA-approved therapies for T1D include insulin and 

pramlintide.8 These medications manage metabolic complications of T1D, but do not modify the cause 

of T1D.  

In 2015, the American Diabetes Association (ADA), Endocrine Society, and Juvenile Diabetes Research 

Foundation (JDRF) published a classification system for the course of T1D.7 This classification system 

identifies 2 pre-clinical stages before patients meet criteria for clinical T1D: Stage 1 (positive for 2+ 

autoantibodies associated with T1D) and Stage 2 (positive for 2+ autoantibodies and dysglycemia that 

does not yet meet criteria for hyperglycemia and overt T1D). Clinical T1D is considered Stage 3 of the 

disease. Prior to clinical T1D (Stage 3), patients are usually asymptomatic.7 Nearly all patients with Stage 

1 or 2 T1D will eventually progress to Stage 3 or clinical T1D.7,9,10 Teplizumab is specifically indicated for 

Stage 2 T1D.1 There are no FDA-approved therapies for Stage 1 T1D.  

Teplizumab has been in clinical development since the late 1990s. Initial studies were conducted among 

newly diagnosed Stage 3 T1D patients, with the goal of preserving functional pancreatic beta cells.11 

Although benefits on biomarkers indicating continued insulin production (C-peptide) were observed, 

development for Stage 3 T1D was halted after a phase 3 clinical trial failed to meet its primary clinical 

endpoint.11 Later, the T1D TrialNet group completed a phase 2 study of teplizumab in close relatives of 

persons with established T1D. Most of these at-risk individuals met criteria for Stage 2 T1D, having 

evidence of immune-mediated destruction of beta cells and dysglycemia not yet meeting clinical criteria 

for T1D. Results showed that a single 14-day course of teplizumab could delay the onset of overt Stage 3 

T1D in these at-risk individuals.12 On November 17, 2022, after the sponsor provided the FDA with 

updated safety information and pharmacokinetic data,13 teplizumab was approved for the delay of T1D 

(Stage 3) among people ages 8 years or older with Stage 2 T1D.14 Teplizumab is also under study for 

patients with recent-onset Stage 3 T1D15; however, the FDA has not yet reviewed it for this indication.14  

Teplizumab is an anti-CD3 humanized monoclonal antibody that is administered as an IV infusion. Table 

1 summarizes prescribing information for teplizumab. It is given as a single 14-day course, dose-adjusted 

according to body surface area,1 and is up-titrated over the first 4 infusions to minimize the risk of 

adverse reactions, including cytokine release syndrome (CRS).2 The mechanism of action is not fully 

understood, but teplizumab is thought to play a role in correction of overactive T cells contributing to 

pancreatic islet cell autoimmunity.1  
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Table 1. Overview of Teplizumab-mzwv Prescribing Information1  

 Prescribing Information  

Indication To delay onset of clinical T1D among people 8 years of older with Stage 2 T1Da 

• Laboratory confirmation of diagnosis and safety parameters, and administration of age-

appropriate vaccinations are recommended before use 

Dosage 

Informationb 

One-time 14-day course; cumulative dose of about 11,240 µg/m² given as follows: 

• Days 1-4: 65, 125, 250 and 500 µg/m² on days 1-4, respectively (up-titration to avoid side 

effects) 

• Days 5-14: 1,030 µg/m² once daily  

May pause administration for 1-2 days for severe CRS; as appropriate, resume consecutive 

remaining doses to complete 14-days.  

Missed doses: In the event of a missed dose, resume dosing where it was left off and administer 

remaining infusions on sequential days until completion of the 14-day regimen. Do not deliver 2 

doses on the same day.  

Dosage forms 

and 
administration 

• 2 mg/2 mL single-dose vial 

• Dilute 2 mL of vial contents with 18 mL of 0.9% sodium chloride to prepare a solution of 100 

mcg/mL teplizumab; prepare an infusion bag with the appropriate daily dose by using a 

syringe to add the necessary amount of diluted 100 mcg/mL teplizumab solution to 25 mL of 

a 0.9% sodium chloride polyvinylchloride infusion bag. Unused teplizumab solution should be 

discarded.  

• Premedication with an NSAID or APAP, an antihistamine, and/or antiemetic is 

recommended during the first 5 days of the 14-day course, and on additional days as 

needed. 

• Administer each dose as a 30-minute or longer IV infusion  

o Start infusion within 2 hours of preparation, and complete infusion within 4 hours of 

preparation  

Description and 
mechanism of 

action 

• Recombinant humanized anti-CD3 monoclonal antibody  

• Binds to the epsilon chain of CD3, a co-receptor present on T cells that is part of the signaling 

component of T cells and thought to be an immune system modulator 

a  Patients should have Stage 2 T1D with evidence of seropositivity for ≥ 2 diabetes-related autoantibodies (eg, 
anti-GAD, insulin, IA-2, ZnT8A, islet cell) and dysglycemia (eg, 2-hr plasma glucose of 140-199 mg/dL16). OGTT is 

the recommended test for dysglycemia, though other glycemic tests can be considered if OGTT is inaccessible. 
Patients should NOT have Stage 3 T1D (ie, overt hyperglycemia) or have a history suggestive of type 2 diabetes 

mellitus.  

b In the updated protocol of the pivotal study of teplizumab (TN-10), the dose was determined based on body 

surface area (in m²) using the Mosteller formula.12,17  

Abbreviations: APAP, acetaminophen; CD3, cluster of differentiation 3; CRS, cytokine release syndrome; IV, 
intravenous; NSAID, nonsteroidal anti-inflammatory drug; m, meters; OGTT, oral glucose tolerance test; T1D, type 

1 diabetes. 

As specified in the product labeling, prescribers should  document that a patient intended for 

teplizumab treatment meets the following criteria for Stage 2 T1D: at least two positive pancreatic islet 

cell autoantibodies, and dysglycemia without overt hyperglycemia. Additionally, prescribers should 

order a complete blood count with differential and liver enzyme tests to confirm that patients do not 
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have serious cytopenia or liver abnormalities. During the single 14-day course of teplizumab, the 

manufacturer recommends laboratory monitoring, including white blood cell counts and liver enzymes. 

Patients should receive age-appropriate vaccinations prior to teplizumab therapy owing to the potential 

for a reduced vaccine response after receiving teplizumab, and the lack of data for use of teplizumab in 

proximity to vaccinations.1  

Table 2 summarizes recommendations for laboratory monitoring prior to and during teplizumab use, 

according to prescribing information. 

 

Table 2. Recommended Laboratory Screening and Monitoring Before and During Teplizumab Therapy1  

Laboratory Test/ 

Parameter(s) 

Pre-treatment Screening Monitor during Treatmenta 

Screen 
Use is recommended against for 

patients with any of the following: 
Monitor 

STOP treatment for any of 

the following: 

Hemoglobin ✓ Hemoglobin ≤ 10 g/dL   

Lymphocyte 

count 
✓ Lymphocytes <1000 cells/µL ✓  Lymphocytes <500 cells/µL  

for ≥ 1 week 

Platelet count ✓ Platelets <150,000 cells/µL   

Neutrophil count ✓ ANC <1,500 cells/µL   

AST, ALT, and 

bilirubin 
✓ AST or ALT >2x ULN, or bilirubin 

>1.5x ULN 
✓  

AST or ALT >5x ULN, or 

bilirubin >3x ULN 

Other ✓ Serious or chronic active non-localized 

skin infection, including acute CMV 

and EBV, or others 

 

a Based on warnings and precautions from the prescribing information.  

Abbreviations: ALT, alanine aminotransferase ; ANC, absolute neutrophil count; AST, aspartate 

aminotransferase; CMV, cytomegalovirus; EBV, Epstein-Barr virus; GAD, glutamic acid decarboxylase 65; IA-2, 
insulinoma-associated antigen 2; OGTT, oral glucose tolerance test; T1D, Type 1 diabetes mellitus; ULN, upper 

limit of normal; x, times; ZnT8, zinc transporter 8. 
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2.0 METHODS 

This report includes evidence from randomized controlled trials (RCTs) or systematic reviews (SRs) of 

RCTs regarding use of teplizumab. Some observational studies that reported longitudinal follow-up data 

from patients that received teplizumab as part of an RCT were included also. Additional evidence, 

including prior clinical trials of teplizumab for use among patients with recent-onset T1D, were reviewed 

for supportive efficacy and safety information.  

Information pertaining to teplizumab was obtained from an Embase search (see Appendix A). The 

Agency for Healthcare Research and Quality website for evidence-based reports 

(https://www.ahrq.gov/research/findings/evidence-based-reports/search.html) and Institute for Clinical 

and Economic Review (ICER) website (https://icer.org/)were additionally searched for relevant 

information about teplizumab or screening for T1D. Prescribing information for teplizumab and 

information from the FDA advisory committee’s review of teplizumab were on Provention Bio, Inc.’s 

website (https uneventionbio.com/). Registered clinical trials for teplizumab were searched on 

ClinicalTrials.gov. Additional references were located based on scanning the reference list of identified 

studies and clinical practice guidelines. We searched for information pertaining to the prevalence or 

incidence of stages of T1D on the Center for Disease Control (CDC) website and PubMed.  

A search for relevant practice guidelines with information about screening and treatment of pre-

symptomatic T1D (ie, Stage 1 and 2 T1D) was performed, focusing on US-based or international 

consensus guidelines. The websites of the following organizations were searched: American Diabetes 

Association (ADA), American Association of Clinical Endocrinology (AACE)/American College of 

Endocrinology (ACE), International Society for Pediatric and Adolescent Diabetes (ISPAD), American 

Academy of Pediatrics (AAP), Endocrine society (ES), and US Preventative Services Task Force (USPSTF). 

3.0 DISEASE OVERVIEW 

3.1 Pre-symptomatic Type 1 Diabetes Mellitus (T1D) 

Advances in the understanding of the pathogenesis and natural history of T1D have led to describing 

T1D on a disease continuum. Prior to symptomatic T1D, which is when T1D is usually diagnosed, most 

patients have evidence of autoimmunity and eventually, metabolic disturbances.7 In 2015 the ADA, 

Endocrine Society, and JDRF published a classification system for the stages of T1D.7 This system, and 

characteristics of each stage are summarized in Table 3. In the T1D continuum, patients progress from 

having pancreatic islet-cells autoimmunity markers, to considerable loss of pancreatic beta-cell function 

and manifestation of overt T1D clinical symptoms that spurs a diagnosis of T1D at Stage 3. 7 Of note, a 

small proportion of patients that develop T1D do not have evidence of autoimmunity; these cases are 

often referred to as idiopathic T1D.18  

The pre-Stage 1 phase describes individuals with genetic risk factors for developing T1D. Specific human 

leukocyte antigen (HLA) genotypes account for about 30-50% of the genetic risk of T1D; remaining 

genetic risk is attributed to non-HLA genes.7 Individuals with a family history of T1D account for 

approximately 15% of new T1D diagnoses.7 A first-degree relative with T1D increases individual risk for 

developing T1D approximately 15-fold.19 Environmental factors (eg, maternal/intrauterine factors, 

https://www.ahrq.gov/research/findings/evidence-based-reports/search.html
https://icer.org/
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viruses, diet) may also contribute to the development of T1D; however, their role is not well understood 

so these factors are not yet incorporated into T1D staging.7  

Stage 1 T1D is characterized by evidence of autoimmunity without any evidence of glucose intolerance 

(ie, normoglycemia). Autoimmunity is defined as 2 or more antibodies to T1D-related antigens (eg, 

insulin/proinsulin, glutamic acid decarboxylase [GAD], insulinoma antigen 2[IA-2], and/or zinc 

transporter 8 [ZnT8]).7 During this stage, there is pancreatic beta-cell stress and there may be a slight 

decline in functional beta cells; however, there is not yet evidence of dysglycemia due to compensatory 

insulin production.7,9 Among children with genetic risk factors and stage 1 T1D, the 10-year risk of 

developing T1D is about 70%, and lifetime risk approaches 100%.9,10 As beta-cell destruction continues, 

Stage 2 T1D develops.  

In Stage 2 T1D, there is evidence of 2 or more islet autoantibodies and impaired glucose tolerance 

without overt hyperglycemia. Various methods for identifying dysglycemia have been proposed 

including impaired fasting plasma glucose (FPG), impaired plasma glucose (PG) after an oral glucose 

tolerance test (OGTT), elevations in hemoglobin A1c (A1c), and impaired first-phase insulin response 

(FPIR) after an IV glucose tolerance test.9 Reference ranges are listed below. Common criteria for 

dysglycemia were developed from cohorts of adult patients with type 2 diabetes (T2D), so applicability 

to T1D and children is sometimes debated.7 At Stage 2 T1D, the 5-year risk of developing T1D is about 

75%, and lifetime risk approaches 100%.9,10  

Proposed definitions of dysglycemia (present in Stage 2 T1D):  

• ADA criteria for adults and children16,20: FPG of 100-125 mg/dL; 2-hr plasma glucose of 140-199 

mg/dL; or an A1c of 5.7-6.4% or ≥ 10% increase in A1c  

• 2015 ADA/JDRF/ES scientific statement (identifies criteria that have been used in some clinical 

studies): FPG ≥ 100 mg/dL or ≥ 110 mg/dL; after an OGTT, 2-hr plasma glucose ≥ 140 mg/dL, or ≥ 200 

mg/dL after 30, 60, or 90 minutes; or A1c ≥ 5.7%7 

Note that teplizumab prescribing information recommends confirming dysglycemia with an OGTT unless 

that testing method is not available.1  

Stage 3 T1D (ie, clinical or symptomatic T1D) occurs once a patient is symptomatic and/or meets 

criteria for hyperglycemia as defined by clinical practice guidelines7,9 Patients at this stage usually 

require treatment with insulin.9 Refer to section 3.4 for details on the diagnosis of Stage 3 T1D.  

A general consensus is that nearly 100% of individuals meeting criteria for Stage 1 T1D will eventually be 

diagnosed with Stage 3 T1D.7,10 However, the time of progression through these stages is variable and 

may occur over months or decades.7 Among patients with two or more islet autoantibodies (ie, Stage 1 

or 2), the rate of progression to T1D is about 11% per year.19 Age, the specific autoantibodies present, 

the number of different autoantibodies, and metabolic status are examples of factors that influence the 

risk of progression.21 Among children, progression is particularly fast when autoantibodies are detected 

prior to age 3, and for specific high-risk HLA genotypes (HLA DR3/DR4-DQ8).19 Adults 18 years or older 

with multiple islet autoantibodies may progress more slowly, with a 5-year risk of Stage 3 T1D of 

approximately 15%.21 

Table 3 outlines the T1D staging system and characteristics of each T1D stage.   
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Table 3. Description of Type 1 Diabetes Stages based on the 2015 ADA, JDRF, and Endocrine Society 
Scientific Statement7 and Additional Supportive Information 

Increasing loss of functional β cellsa 

Stages Stage 1  Stage 2  Stage 3 (T1D)b 

≥ 2 autoantibodiesc X X X (may be present; includes 

idiopathic T1D) 

Dysglycemiad  X X 

Hyperglycemia 

Symptoms Pre-symptomatic Pre-symptomatic Usually symptomatic 

5-year risk for reaching 

stage 3e,9 

44% 75% -- 

10-year risk for reaching 

stage 3e,9 

70% -- -- 

Lifetime risk for 

reaching stage 3e,9 

Approaches 100% Approaches 100% -- 

Clinical development of 

teplizumab 

Not studied in this subset FDA-approved among 

people ≥ 8 years old 

In phase 3 clinical trial for 

patients with autoantibodies 

(results anticipated in mid-

2023)14  

aDisease progression is a non-linear process. The most precipitous decline occurs during the later phases of Stage 2 
(approximately 6 months before overt hyperglycemia and diagnosis of Stage 3 T1D).10,22 Some residual beta-cell 

function remains at T1D diagnosis.22  

b“Stage 4” is recognized by some organizations. The International Society of Pediatric and Adolescent Diabetes 

(ISPAD) defines Stage 4 as “long standing type 1 diabetes.” (page 20)19  

cIslet autoantibodies, including glutamic acid decarboxylase 65 (GAD65) or just glutamic acid decarboxylase 
(GAD), tyrosine phosphatase-like insulinoma antigen 2 or islet antigen 2 (IA-2), (pro)insulin, and zinc transporter 

8 autoantibodies7,19 

dThe ADA identifies dysglycemia for Stage 2 as either IFG or IGT. Listed examples that meet this criterion include 

FPG of 100-125 mg/dL, 2-h plasma glucose of 140-199 mg/dL after OGTT, or an A1c of 5.7-6.4% or > 10% increase 

in A1c.18,20 

eSupported by cohort studies of children (often from birth) with genetic risk factors. Risk for developing T1D is 

heterogeneous and known to differ according to various factors (eg, age and the specific antibodies present).21 

Abbreviations: A1c, glycated hemoglobin; ADA, American Diabetes Association; FDA, US Food and Drug 

Administration; FPG, fasting plasma glucose; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; JDRF, 

juvenile diabetes research foundation; OGTT, oral glucose tolerance test; T1D, type 1 diabetes.  

Overall, this staging system may be useful for clinical trials and for potential precision medicine to match 

treatments to the appropriate stage of disease.9 During the pre-clinical T1D stages (ie, Stage 1 and Stage 

2) when a patient does not yet require insulin, the variable rate of progression to Stage 3 T1D could pose 

a therapeutic dilemma regarding the risks versus benefits of an early disease-modifying treatment. 

Goals of targeting these earlier stages are to prevent or delay progression to clinical T1D.9 Teplizumab 

has been studied in patients with Stage 2 T1D who have a relative with T1D.12 A phase 3 trial for patients 

with Stage 3 is in progress,15 but a prior phase 3 trial failed to meet its primary endpoint.23,24  
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3.1.1 Autoantibodies  

Over 90% of people newly diagnosed with T1D have antibodies to various proteins from or on pancreatic 

islet cells.6 These antibodies, including those against insulin, islet cell, glutamic acid decarboxylase (GAD 

or GAD65), insulinoma-associated protein 2 (IA-2) [also called tyrosine phosphatase IA-2], and zinc 

transporter 8 (ZnT8), are referred to as islet or diabetes-related autoantibodies, or simply 

autoantibodies.10,25 In most patients who develop T1D, autoantibodies develop sequentially.26 Usually 

insulin autoantibodies develop first,7 but sometimes GAD65 develops first.26 Other antibodies (eg, IA-2 

or ZnT8) do not usually develop first.7 The order in which autoantibodies appear may depend on genetic 

risk factors10 and/or age of disease onset.27 Among children, quantifying the autoantibody level may 

improve prediction of T1D progression compared to autoantibody seropositivity alone28; autoantibody 

titer level may also be indicative of the rate of progression to clinical T1D.27 Evidence suggests that the 

presence of 2 or more different autoantibodies, regardless of family history of T1D, indicates that the 

individual will eventually develop T1D.10 However, a small proportion of patients who are initially 

positive for multiple autoantibodies may experience a reversion of positivity. In one study, among 3,284 

multiple-antibody positive individuals who were relatives of someone with T1D, autoantibody reversion 

occurred in 134 (4.1%) of cases. Factors associated with reversion include older age, lower antibody 

titers, and fewer positive autoantibodies (ie, 2 versus 3).29 The presence of a single autoantibody does 

not necessarily mean that an individual will develop T1D. Based on a cohort of children tracked from 

birth, the probability of developing T1D within 20 years among individuals with 1 positive autoantibody 

is approximately 10%.6  

Standard tests for GAD, insulin, ZnT8, and IA-2 antibodies have been FDA-approved.30-34 See Appendix B 

for the sensitivity and specificity of these tests according to the manufacturer. Current procedural 

terminology (CPT) codes corresponding to tests for various diabetes-related autoantibodies are also 

available; see Appendix C for information about Utah Medicaid clinician orders for these tests.  

3.1.2 C-peptide Biomarker 

The C-peptide biomarker was used as supportive evidence to investigate the effect of teplizumab on 

pancreatic beta-cell function. When proinsulin is cleaved and released from pancreatic beta cells, 

equimolar parts of C-peptide (a 31- amino-acid) and endogenous insulin are secreted. Unlike insulin that 

degrades rapidly, C-peptide has a longer half-life and is useful for assessment of pancreatic beta-cell 

function.  

The normal plasma concentration of C-peptide in a healthy individual is approximately 0.3-0.6 nmol/L in 

a fasted state, and 1-3 nmol/L higher after eating. Measurement of C-peptide requires a sensitive assay; 

it may be less accurate in the presence of anti-insulin antibodies (appears higher) and among individuals 

with chronic kidney disease due to some renal elimination. C-peptide can be measured in the serum 

following glucagon stimulation, a mixed meal, or oral glucose; or upon urinary collection.35 Some experts 

have advocated for the mixed meal tolerance test (MMTT) as the gold-standard.35 In 2001, an ADA 

workshop group recommended either the MMTT or glucagon simulation test (GST).36 For both the 

MMTT and GST the cutoff for an abnormal C-peptide reading is usually less than 0.2 nmol/L.35 

Longitudinal follow-up of C-peptide levels among individuals at-risk for T1D that later develop clinical 
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T1D suggest that C-peptide levels are usually stable between 24 to 6 months prior to diagnosis, decline 

rapidly in the 6 months prior to diagnosis, and decline further in the 12-month period after diagnosis.22  

Residual, persistent detection of stimulated C-peptide levels may be clinically significant among patients 

with T1D.37 In patients with T1D, higher C-peptide levels have been associated with a lower risk for 

retinopathy, microalbuminuria, and hypoglycemia.38 Despite evidence from clinical studies supporting 

use of C-peptide to define diagnoses (eg, to help differentiate between T1D and type 2 diabetes [T2D]), 

and for prognostic value or therapeutic response,35 its use is not readily defined in clinical practice 

guidelines. Neither the 2022 ADA guideline nor the 2022 American Association of Clinical 

Endocrinologists (AACE)/American College of Endocrinology (ACE) guideline provides a formal 

recommendation for measuring C-peptide for the diagnosis of specific types of diabetes mellitus.16,25  

Advisory committee documents from the FDA regarding teplizumab state that C-peptide can be used as 

supportive evidence of effectiveness and may predict clinical benefit; however, is not sufficient on its 

own to prove efficacy for delaying T1D. The FDA highlighted that “…C-peptide is not a validated 

surrogate biomarker for clinical benefit, as the quantitative relationship between improvement in C-

peptide and delay of T1D is not well defined.” (page 12)2  

3.2 Estimates of the Incidence of T1D and Prevalence of Pre-

symptomatic T1D 

It is difficult to estimate the incidence or prevalence of Stage 2 T1D, in part because generalized 

screening for diabetes autoantibodies in asymptomatic individuals is not part of the current standard of 

care.16 One research foundation estimates that there are approximately 300,000 people with pre-

symptomatic T1D (Stage 1 or Stage 2) in the US, based on the incidence of T1D, the size of the US 

population, and a 5-year conversion rate of approximately 44% to Stage 3 T1D.39 Provention Bio, Inc., 

the sponsor of teplizumab, estimates the prevalence of Stage 2 T1D in the US to be 200,0000, of whom 

30,000 (15%) are direct relatives of people with clinical T1D.14  

Table 4 provides information about the incidence of T1D among children in Utah and adults in the US. In 

addition, the table includes an estimate of the prevalence of Stage 2 T1D based on the Fr1DA study, a 

German public health screening of 90,632 children between 2 and 5 years old with and without a family 

history of T1D (ie, general population).40  

As illustrated in this table, T1D is a uncommon condition, with mean incidence of about 25.7 persons per 

100,000 among Utah youth.5 Compared to youth, T1D occurs less frequently in US adults, although there 

is a paucity of data about the incidence in this older population.4 The prevalence of pre-symptomatic 

T1D (ie, Stage 1 or Stage 2) is poorly characterized; one study of German children estimated that 0.02% 

of screened children met criteria for Stage 2 T1D.40  
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Table 4. Estimate of the Incidence of T1D or Prevalence of Patients At-risk for T1D  

Demographic category Mean incidence 

Incidence (per 100,000 person-years) of T1D in Utah youth (95% CI)a,5 

Age 0-4 years 18.68 

Age 5-9 years 31.59 

Age 10-14 years 39.06 

Age 15-19 years 14.70 

All ages 0-19 years 25.67 (24.57 – 26.75) 

Incidence (per 100,000 person-years) of T1D among US adults ages 18-44 years (95% CI)b,4 

Men 17.5 (16.4 – 18.8) 

Women 13.6 (12.4 – 14.9) 

Estimates of children 2-5 years old at risk for T1D in the Fr1DA studyc,40 

Pre-symptomatic T1D, n (%; 95% CI) 280 (0.31%; 0.27 – 0.35) 

Stage 1 T1D 196 (0.22%) 

Stage 2 T1D 17 (0.02%) 

aBased on Utah youth (≤ 19 years old) who received care at Intermountain or University of Utah Healthcare 
between 1998 and 2015. 

bA study of active duty US military members between 1990 and 2005. There is a paucity of data about the 

incidence of T1D in US adults.  

cBased on screening 90,632 children ages 2-5 years old between 2015 and 2019 in Bavaria, Germany. Children 

were considered to have pre-symptomatic T1D if they had 2 or more different islet autoantibodies (IAA, GADA, 

IA-2A, ZnT8A). Stage 2 T1D patients had abnormal glucose tolerance in addition to positive autoantibodies. The 

total number of individuals with Stage 1 or Stage 2 T1D does not add up to the total because 41 children were 

not staged, and 26 children were diagnosed with Stage 3 T1D.  

Abbreviations: CI, confidence interval; GADA, glutamic acid decarboxylase; IAA, insulin antibodies; IA-2A, islet 

antigen-2; T1D, type 1 diabetes mellitus; ZnT8A, zinc transporter 8. 

3.3 Summary of Guideline Recommendations about Pre-symptomatic 

Type 1 Diabetes 

A summary of US-based or international consensus guidelines that relate to screening for pre-

symptomatic T1D or treatment of pre-symptomatic T1D are included in Table 5. The ADA mentions that 

screening for various islet cell autoantibodies may be considered to identify people with pre-

symptomatic T1D, either in the setting of clinical research or as an option for individuals with a first-

degree family member (ie, parents or sibling) with T1D based on moderate quality of evidence.16 

Generally, this translates to a lack of screening for pre-symptomatic T1D in routine clinical practice, since 

the recommendation is optional and not strongly worded. The 2022 ADA guideline acknowledges that 

the presence islet autoantibodies can identify those who may develop clinical T1D and could expedite 

diagnosis of T1D before the patient is symptomatic (eg, before a presentation with diabetic 

ketoacidosis). However, the lack of treatment options for pre-symptomatic T1DM at the time of 

guideline publication precluded recommending screening in the general population of people without a 
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first-degree relative with T1D.16 The 2018 International Society for Pediatric or Adolescent Diabetes 

(ISPAD) guideline about stages of T1D lacks a recommendation regarding screening or interventions for 

pre-symptomatic T1D other than in clinical research settings.19 The 2022 AACE/ACE guideline does not 

provide any information or recommendations about screening for T1D before the onset of symptoms.25  

Table 5. Selected Guideline Recommendations about Screening for Type 1 Diabetes or Treatment of 
Pre-symptomatic Type 1 Diabetes 

Professional Organization 
and Guideline 

Recommendations (Evidence Grade) 

American Diabetes 

Association (ADA) 

 

Classification and Diagnosis of 

Diabetes: Standards of 

Medical Care in Diabetes; 

2022a16  

• Screening for pre-symptomatic type 1 diabetes (T1D): 

o Assessing risk of non-symptomatic T1D with autoantibody tests (for 

antibodies to insulin, GAD, islet antigen 2, or ZnT8 autoantibody is 

recommended for a clinical trial, or “…can be considered an option in first-

degree family members of a proband with type 1 diabetes” (page S21) (B).b 

• Pre-symptomatic T1D (ie, Stage 1 or Stage 2 T1D): 

o Counsel individuals positive for islet autoantibodies regarding their risk for 

developing T1D, and symptoms of diabetes including DKA. (Not Graded) 

International Society for 

Pediatric and Adolescent 

Diabetes (ISPAD) 

 

Clinical Practice Consensus 

Guidelines 2018: Stages of 

type 1 diabetes in children 

and adolescents; 2018a19 

Screening and Intervention for pre-symptomatic T1D (ie, Stage 1 or Stage 2): 

• Conduct screening and intervention in the setting of clinical research (E). 

• Provide appropriate counseling and information about clinical research 

regarding prevention of T1D to individuals who test positive for genetic or 

immunological markers for T1D (E). 

• Screen at-risk individuals (ie, family member of patient with T1D) with an 

initially negative autoantibody profile “…in research studies” (page 21) 19 

annually until adulthood. (Not Graded) 

aEvidence rating from ADA 2022 and ISPAD 2018 guidelines: 

• A (highest level of evidence): based on well-designed randomized clinical trials, well-conducted meta-

analysis of randomized controlled trials, or very strong nonexperimental evidence  

• B (moderate level of evidence): based on well-conducted observational studies (cohort or case-control), or 

meta-analysis of observational studies  

• C (low level of evidence): based on poorly controlled or uncontrolled studies, or conflicting evidence where 

the majority supports the recommendation 

• E (No clinical evidence): based on expert consensus or clinical experience  

bProband is not defined in the guideline. According to the TN-10 trial protocol, a proband referred to someone 

“…diagnosed with diabetes before age 40 and started on insulin therapy within one year of diagnosis.” (page 18) 
17  

Abbreviations: ADA, American Diabetes Association; DKA, diabetic ketoacidosis; GDM, gestational diabetes 
mellitus; T1D, type 1 diabetes; T2D, type 2 diabetes; ZnT8, zinc transporter 8.  

For those testing positive for diabetes-related autoantibodies, the ADA recommends providing 

counseling about their risk for developing T1D and symptoms of diabetes.16 The focus of the counseling 

among antibody-positive individuals is on preventing complications associated with the onset of T1D 

such as diabetic ketoacidosis.41 ISPAD also recommends providing affected individuals with information 

about clinical trials for the prevention of T1D.19  
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Clinical practice guidelines do not yet include any recommendations for therapeutic interventions for 

patients with pre-symptomatic T1D (ie, prior to Stage 3 clinical T1D).16,19,25 Upon FDA approval of 

teplizumab, the ADA Chief Scientific and Medical Officer released a short, positive press statement on 

how teplizumab advances opportunities for patients and families affected by T1D; however, the 

statement did not include formal recommendations or a position regarding prescribing of teplizumab.42  

3.4 Diagnosis and Management of Stage 3 Type 1 Diabetes Mellitus 

T1D is a heterogeneous condition and is the most common form of diabetes diagnosed among 

children,43 although onset can occur at any age.6,16 Children usually present with symptoms of 

hyperglycemia (eg, polyuria, polydipsia, weight loss) while the presentation in adults is more variable.6,16 

Complications of T1D include acute conditions that can be life-threatening (eg, ketoacidosis or severe 

hypoglycemia) and long-term complications such as microvascular or macrovascular disease.6 

Approximately one third of children present with diabetic ketoacidosis.6  

There are not yet any FDA-approved disease-modifying therapies for the treatment of T1D. Treatment 

of overt or symptomatic T1D currently depends on replacing the lack of insulin production with 

exogenous insulin to prevent death.20 The ADA and AACE/ACE recommend either multiple daily 

injections including both prandial and basal insulin, or a continuous insulin infusion for most patients 

with T1D, including adults, children, and adolescents.8,20,25 Pramlintide (Symlin) is the only non-insulin 

therapy approved for T1D, indicated for T1D patients on mealtime insulin who do not reach glycemic 

goals despite optimal insulin use.44 There is insufficient evidence for the use of pramlintide in children 

with T1D.20 Exercise and dietary management are adjunctive treatments for T1D.43 Islet cell 

transplantation can be considered for patients with severe complications (eg, recurrent ketoacidosis or 

severe hypoglycemia) or those undergoing a renal transplant.8  

3.4.1 Diagnosis of Type 1 Diabetes (ie, Stage 3) 

The general diagnosis of diabetes mellitus is based on symptoms coupled with laboratory criteria 

demonstrating overt hyperglycemia. T1D can be clinically differentiated from other types (eg, T2D, 

monogenic diabetes) based on patient history and characteristics combined with laboratory tests such 

as an islet autoantibody panel,25 and possibly a C-peptide plasma or urinary test.20 The AACE/ACE 2022 

guideline gives a very strong recommendation to screen for autoantibodies (GAD65, IA-2, ZnT8 and/or 

insulin) to support a diagnosis of T1D.25 Approximately 85 to 95% of patients with T1D have diabetes-

related autoantibodies at diagnosis.20 Insulin secretion, based on the marker C-peptide, is usually 

decreased or absent.16,20 C-peptide levels can also be variable or decreased in other presentations of 

diabetes.20  

Laboratory criteria for diagnosis of clinical T1D Stage 3)16,20,25:  

• Fasting plasma glucose (FPG) ≥126 mg/dL 

• 2-hr plasma glucose ≥200 mg/dL after a 1.75 g/kg up to 75 g20 oral glucose tolerance test 

• Hemoglobin A1c ≥ 6.5% using a standardized and certified assay  

• Random plasma glucose ≥ 200 mg/dL if symptomatic  
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When symptomatic (eg, polyuria, polydipsia, polyphagia, fatigue) or in a hyperglycemic crisis, a random 

plasma glucose ≥200 mg/dL, or blood glucose meeting the criteria above is diagnostic for diabetes.16,20,25 

In asymptomatic individuals, laboratory results should be confirmed with repeat testing.16,20,25   

4.0 MECHANISM OF ACTION OF TEPLIZUMAB 

The exact mechanism of action of teplizumab among patients at-risk for T1D is not fully understood. 

Teplizumab is thought to play a role in the temporary correction of overactive T cells contributing to 

pancreatic islet cell autoimmunity. Under normal conditions, the regulatory immune system (including 

regulatory T cells among other cell types) would help prevent development of self-reactive T cells.45 

Thus, an imbalance between activation and regulation of the immune system may contribute to the 

development of T1D.46  

Teplizumab binds to the cluster of differentiation 3 (CD3) protein on T cells, a component of the T-cell 

receptor complex (TCR). This is thought to result in partial agonist activity leading to a rebalancing 

between activation and regulation of the immune system,46 perhaps through changes to the 

composition of T-cell subsets.47 Observed effects include decreases in effector self-reactive T cells, and 

increases in the number/function of regulatory T cells.46 Responders to teplizumab exhibit increased 

partially exhausted” KLRG1+TIGIT+CD8+ T cells,12,48 a subset of effector CD8+ T cells after teplizumab 

therapy.46 Exhausted T cells may have reduced effector functionality (eg, less secretion of chemokines) 

yet retain some functions.49  

Provention Bio, Inc., the drug’s sponsor, proposes that teplizumab induces conversion of inappropriately 

self-reactive T cells, that contribute to development of T1D, into the less responsive, exhausted CD8+ T 

cells. Further, they posit that this occurs somewhat selectively to spare other types of T cells (eg, 

regulatory and memory T cells). This could be clinically important because “…the preservation of beta 

cells is achieved without long-term impact on immune competence.” (page 32) 46  

The effect of teplizumab treatment includes at least short-term lymphopenia in most patients. 

Teplizumab occupies CD3 receptors, leading to removal of CD3 receptors from the surface of T cells.46 

This is associated with transient lymphopenia, with the nadir expected around the 5th day of the 14-day 

regimen, and a return to baseline by day 28 for most patients.2 The mean terminal elimination half-life 

of teplizumab is about 4.5 days in a 60 kg patient.1 

5.0 SUMMARY OF TEPLIZUMAB CLINICAL TRIALS 

A single pivotal randomized controlled trial (RCT), referred to as TN-10, evaluated teplizumab in 

patients with Stage 2 T1D at-risk for clinical T1D.12 Six additional phase 2-3 RCTs previously evaluated 

use of teplizumab in a different population, those with recent-onset T1D, which remains an off-label 

use. Overall, these studies included participants ranging from approximately 7 to 49 years of age with 

most studies reporting a planned follow-up of 1-2 years.23,24,50-54 One RCT of patients with recent-onset 

T1D reported a median follow-up of 7.3 years for a subset of patients.55 Follow-up of participants of the 

pivotal TN-10 trial is still ongoing; a recent publication reports a median of 923 days of follow-up.56 The 

TN-10 trial supports the efficacy of teplizumab to extend the time to diagnosis of T1D by a median of 

at least 2 years.12,56 Information from previous clinical trials in the T1D population suggests that 

teplizumab may be effective at preserving the function of pancreatic beta cells.23,24,50-54 Adverse events 
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frequently occur during the time of administration of teplizumab and seem relatively consistent across 

these trials. Whether there are long-term safety risks is not known. Details about these clinical trials are 

summarized in the following sections.  

5.1 Pivotal Phase 2 Trial (TN-10) in Patients with Stage 2 T1D 

TN-10 was a randomized, double-blind, placebo-controlled trial12 designed to determine if a single 14-

day course of IV teplizumab could delay the onset of T1D compared to placebo. The primary efficacy 

outcome was time to clinical diagnosis of T1D (ie, Stage 3 T1D).12 Refer to Table 6 for a summary of the 

TN-10 trial results, and extended follow-up of the TN-10 trial by Sims et al.  

The TN-10 trial targeted patients with Stage 2 T1D (most patients had 2 or more diabetes-related 

autoantibodies and dysglycemia) who were 8 to 45 years of age and relatives of persons with T1D. 

Patients meeting criteria for a diagnosis of T1D diabetes were excluded. Additionally, patients with an 

active infection, or chronic infection including with hepatitis B or C, human immunodeficiency virus, or 

tuberculosis were excluded. Patients with cytopenia, or liver function abnormalities, or those receiving 

immunosuppressive therapies were additionally excluded.12 See Appendix D for full inclusion and 

exclusion criteria. In total, 76 patients (44 that received teplizumab) were enrolled in the trial. The 

median age for participants treated with teplizumab was 14 years (range 8 – 49 years); the majority, 

72% (55/76), were under 18 years of age. All participants had at least 2 different diabetes 

autoantibodies (either anti- GAD65 [glutamic acid decarboxylase 65], micro insulin, anti-IA-2 [islet 

antigen 2], ICA [islet-cell autoantibody], or anti-ZnT8 [zinc transporter 8]) that were confirmed within 6 

months of study drug administration. The majority (71%) of participants were positive for 3 or more 

autoantibodies.12 Most patients had dysglycemia supported by a confirmed oral glucose tolerance test 

(OGTT); however, among the patients under 18 years old that required a single OGTT test to determine 

study eligibility per the trial protocol, 6 patients had a normal OGTT result and 2 had an overt 

hyperglycemic result on the day of randomization.12 Key limitations of the TN-10 trial include the small 

number of patients, and generalizability concerns related to the eligibility criteria. One noted concern is 

whether the results could be extended to all Stage 2 T1D patients regardless of family history.  

After a median follow-up of 745 days, treatment with teplizumab significantly delayed progression to 

clinical T1D by about 24 months (48.4 months with teplizumab vs 24.4 with placebo (PBO); HR 0.41; 95% 

CI, 0.22 to 0.78) in the intention-to-treat analysis. Overall, a T1D diagnosis occurred in 43% of the 

teplizumab group compared to 72% in the PBO group. Results were robust to multiple sensitivity 

analyses.12 Pre-specified analyses suggest most patient subgroups (ie, age, sex, body mass index and 

glucose levels) similarly benefited from treatment with teplizumab. There may be differences based on 

stratification by anti-ZnT8 autoantibody status and human leukocyte antigen DR3 or DR4 status;12 

however, these subgroup results are likely underpowered and should be considered exploratory. Using 

advanced modeling methods of glucose and C-peptide changes from a subset of the TN-10 trial 

population with sufficient OGTT data (92% at 3 months and 89% at 6 months), Sims et al showed that 

teplizumab helped prevent pancreatic β-cell decline within 3 months compared to placebo, and the 

protective effect lasted for at least 6 months after the single teplizumab course.57 The Sims et al 

modeling study appears to be a secondary analysis of TN-10 trial data that may have been designed 

after-the-fact, so findings should be interpreted as exploratory.57  
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After extended follow-up with a median of 923 days (range 74 to 3119), there was a significant delay in 

progression to diagnosis of T1D by approximately 32 months (59.6 months with teplizumab vs 27.1 

months with PBO; HR, 0.457; P = 0.01) and diagnosis of T1D occurred in 50% (22/44) of teplizumab-

treated patients compared to 78% (25/32) of participants in the PBO group.56 There were 13 participants 

who had extended follow-up data for over 5 years. Of these participants, 8 teplizumab-treated patients 

vs 2 PBO-treated patients remained T1D free.56  

In the safety analysis of all 76 participants, significantly more adverse events related to dermatologic, 

blood, or bone marrow occurred among patients that received teplizumab compared to placebo. A 

spontaneously resolving rash was observed in 36% of teplizumab-treated patients compared to 3% in 

the placebo group (P<0.001).12 As expected post-teplizumab treatment, transient lymphopenia was 

observed, reaching a nadir at day 5 and resolving by day 45 in nearly all patients.12 Blood or bone 

marrow events occurred in significantly more patients treated with teplizumab than with placebo (75% 

vs 6%, P<0.001), and lymphopenia accounted for 75% of grade 3 adverse effects within the first 30 

days.12 Infection is a potential risk with teplizumab treatment; however, the reported rates of infection 

during the study overall were similar between groups (11% with teplizumab vs 9% with placebo).12  

Along with infection, reactivation of certain viruses has been reported with anti-CD3 monoclonal 

antibodies.58 Some cases of Epstein Barr virus (EBV) and cytomegalovirus (CMV) reactivation occurred in 

the TN-10 trial. Several weeks after teplizumab administration, 8 participants had quantifiable EBV DNA 

and 1 participant had CMV DNA present compared to no events with placebo. Reactivation seemed 

transient, and only one patient with detectable EBV levels was symptomatic.12 Cytokine release 

syndrome has been previously reported with teplizumab59: 2 teplizumab-treated patients (5%) reported 

constitutional symptoms compared to 0 placebo-treated patients.12 Additionally, 2 teplizumab-treated 

patients (5%) compared to no placebo-treated patients reported allergic or immunologic adverse 

events.12 Some risk of these events may have been mitigated by the use of prophylactics (eg, ibuprofen 

and an antihistamine) prior to the teplizumab infusion as well as for symptomatic treatment per the 

study protocol. The potential for long-term adverse effects, including theoretical concerns related to 

infections or malignancies are unknown. Additionally, authors did not report information about the 

development of antibodies against teplizumab. 



Abbreviations: AE, adverse events; BMI-Z, body mass index for age; BSA, body surface area; CI, confidence interval; CMV, cytomegalovirus; DB, double-blind; DNA, deoxyribonucleic acid; EBV, Epstein-Barr virus; HR, hazard ratio; IQR, interquartile range; IV, 

intravenous; L, liter; mAB, monoclonal antibody; mo, months; n, number of participants; nmol, nanomoles; No., number; OGTT, oral glucose-tolerance tests; PBO, placebo; pmol, picomoles; R, randomized; TEP, teplizumab; T1D, type 1 diabetes; TTE, time to event; 
vs, versus; ZnT8, anti–zinc transporter 8. 
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Table 6. Details of the Teplizumab Phase 2 Pivotal Trial, TN-10  

Population Interventions, # participants (n) Summary of selected efficacy and safety results 

TN-10 trial Herold, KC et al.; 201912: a phase 2, R, DB, PBO-controlled trial  

Children and adults aged 8 to 45 

years with stage 2 pre-T1D (with 

≥ 2 diabetes-related 

autoantibodies within prior 6 

months and dysglycemia) who 

are relatives of patients with T1D.  

 

(See Appendix D for list of full 

inclusion and exclusion criteria.) 

Intervention (n=44): TEP as an outpatient 30-

minute minimum IV infusion for 14 

consecutive days. Patients were pre-

medicated with ibuprofen and an 

antihistamine on days 1–5, then as-needed 

for fever, headache, arthralgia, rash, or 

malaise. 

Dose (per BSA): 

Day 1: 51 µg/m² of BSA 

Day 2: 103 µg/m²  

Day 3: 207 µg/m²  

Day 4: 413 µg/m²  

Days 5 – 14: 826 µg/m²  

 

Comparator (n=32): PBO (saline) as an 

outpatient 30-minute minimum IV infusion 

for 14 consecutive days as outpatients. 

• 93% of TEP patients and 88% of PBO patients completed the trial; incompletion was due to laboratory abnormalities (n=4), rash (n=1), or IV access issues (n=2). 

• Follow-up: median 745 days (range 74 to 2683); >3 years for 75% of patients. 

• Efficacy Results: 

o Median time from randomization to diagnosis of T1D (primary endpoint, TEP vs PBO): 48.4 mo vs 24.4 mo [HR, 0.41; 95% CI, 0.22 to 0.78; two-sided P=0.006]. 

▪ Results from 3 pre-planned sensitivity analyses were consistent with the primary analysis. 

o T1D diagnosis: TEP 19/44 (43%) vs PBO 23/32 (72%). 

▪ Most profound TEP effects during first year; number of participants diagnosed during first year: TEP 3/44 (7%) vs PBO 14/32 (44%) [unadjusted HR, 0.13; 95% CI, 0.05 to 

0.34]. 

o Annualized Rate of T1D Diagnosis: TEP 14.9% per year vs PBO 35.9% per year. 

• Safety Results: 

o Spontaneously resolving rash: TEP 16/44 (36%) vs PBO 1/32 (3%); P<0.001. 

o Blood/bone marrow AE: TEP 33/44 (75%) vs PBO 2/32 (6%); P<0.001. 

▪ Lymphopenia: Lymphocyte counts decreased to a nadir on day 5 [total decrease, 72.3%; IQR, 82.1 to 68.4; P<0.001]. Lymphopenia resolved by day 45 in all patients except 

for 1 patient whose counts returned to normal on day 105. Lymphopenia accounted for 75% (15/20) of grade 3 AE in first 30 days.  

o Infection: TEP 5/44 (11%) vs PBO 3/32 (9%); TEP 8 events vs PBO 5 events. 

o EBV reactivation:  

▪ No. of EBV-seropositive participants at trial entry: TEP 16 vs PBO 14. 

▪ No. of participants with EBV reactivation after treatment: TEP 8 vs PBO 0; one TEP patient was symptomatic on day 38. 

▪ EBV DNA levels decreased below quantification between 43 to 134 days (mean 77 days). 

o CMV reactivation:  

▪ No. of CMV-seropositive participants at trial entry: TEP 10 vs PBO 7. 

▪ No. of participants with CMV reactivation after treatment: TEP 1 vs PBO 0. 

▪ CMV DNA was undetectable by day 42. 

o AE occurring in >5% of participants [TEP %, PBO %]: 

▪ Pain [11%, 9%]; gastrointestinal [9%, 9%]; metabolic or laboratory [9%, 6%]; pulmonary or upper respiratory [9%, 0%]; constitutional symptoms [5%, 0%]; allergy or 

immunologic [5%, 0%]; endocrine [0%, 6%]. 

• Prespecified Efficacy Subgroup Analysis: 

o Autoantibodies: Absence of anti-ZnT8 antibodies was associated with a greater response to TEP [HR, 0.07; 95% CI, 0.02 to 0.26] compared to those with anti-ZnT8. 

o HLA type: Presence of HLA-DR4 [HR, 0.20; 95% CI, 0.09 to 0.45] and absence of HLA-DR3 [HR, 0.18; 95% CI, 0.07 to 0.45] were associated with a greater response to TEP. 

o Pre-treatment C-peptide: Although not necessarily statistically significantly different, patients with below-median C-peptide values (<1.75 nmol/L) may have a more robust 

response to teplizumab than those with above median C-peptide. 

o Age/gender/BMI-Z/glucose levels: Results were relatively consistent regardless of age, gender, BMI-Z scores, or glucose levels. 



Abbreviations: AE, adverse events; BMI-Z, body mass index for age; BSA, body surface area; CI, confidence interval; CMV, cytomegalovirus; DB, double-blind; DNA, deoxyribonucleic acid; EBV, Epstein-Barr virus; HR, hazard ratio; IQR, interquartile range; IV, 

intravenous; L, liter; mAB, monoclonal antibody; mo, months; n, number of participants; nmol, nanomoles; No., number; OGTT, oral glucose-tolerance tests; PBO, placebo; pmol, picomoles; R, randomized; TEP, teplizumab; T1D, type 1 diabetes; TTE, time to event; 
vs, versus; ZnT8, anti–zinc transporter 8. 
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Table 6. Details of the Teplizumab Phase 2 Pivotal Trial, TN-10  

Population Interventions, # participants (n) Summary of selected efficacy and safety results 

Sims, EK et al.; 202156: Extended follow-up data from TN-10 trial (above) 

See Herold et al. TN-10 trial.  

 

Study reported extended follow-

up data, and performed post-hoc 

analyses to assess beta-cell 

function and glycemic 

parameters by pooling data from 

other studies. 

See Herold et al. TN-10 trial. • Efficacy Results: 

o Extended median follow-up duration: 923 days (range, 74 – 3119). 

o Median time from randomization to diagnosis of T1D (primary endpoint): TEP 59.6 months vs PBO 27.1 months [HR, 0.457; P = 0.01]. 

o T1D diagnosis: TEP 22/44 (50%) vs PBO 25/32 (78%): 

▪ 10/13 participants who had 5+ years of follow-up data were not diagnosed with Stage 3 T1D: TEP n=8 vs PBO n= 2. 

o C-peptide response (not a prespecified analysis): Use of TEP resulted in a greater mean C-peptide AUC when compared to PBO [1.96 (IQR 1.48, 2.61) pmol/ml vs 1.68 (IQR 1.32, 

2.11) pmol/ml; p=0.006 after adjustment for age and baseline C-peptide AUC. 

• Safety Results:  

o Additional safety results were not reported. 
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5.2 Clinical Trials among Patients with New-onset Stage 3 T1D  

Prior “failed” clinical development of teplizumab included studies among patients with a new clinical 

T1D diagnosis. Evidence about this study population, potential efficacy of teplizumab to preserve 

pancreatic beta-cell function (as measured by C-peptide), and safety are included in Appendix E. Six 

prior randomized controlled trials [RCT] (phases 2-3) evaluated teplizumab versus control or placebo to 

treat patients with a new diagnosis of T1D.23,24,50-54 One additional study (Perdigoto et al. 2019) that is 

longitudinal follow-up of a proportion of patients from a prior RCT (thus an observational study) is 

additionally included.55 Three of these trials were double-blinded and used a placebo control (Delay, 

Protégé, Protégé Encore)23,24,50,54 while the other studies (Study 1, Herold et al. 2009, and AbATE) were 

open-label controlled trials (eg, usual care without placebo administration) which may introduce bias.51-

53 Three of the studies were stopped prematurely which may additionally introduce bias: one trial due to 

accidental higher exposure to teplizumab due to improper administration that was associated a greater 

incidence of adverse effects than previously observed,52 the second (Protégé) due to lack of significance 

on its primary endpoint,23,24 and the third trial (Protégé Encore) was stopped due to the failure of 

Protégé.50 In total, approximately 957 patients participated in the trials with about 719 exposed to 

teplizumab. The general patient population included individuals between age 7 to 35 years who were 

recently diagnosed with TD within the prior 1 to 12 months.23,24,50-54 The planned duration of the trials 

was 1 to 2 years.23,24,50-54 Extended follow-up of a median of 7.3 years for a proportion of patients from 

one phase 2 trial (AbATE) has been published.55 It is important to note the dosing strategy for 

teplizumab differs across these studies, and many differ in comparison to the TN-10 trial. The phase 2 

trials, AbATE and Delay, are like TN-10, which used one course of teplizumab as a 14-day regimen of a 

similar dose.53,54 The phase 1/2 trial (study 1) differed due to use of a 12-day regimen and weight-based 

dosing instead of body surface area51 while the phase 2b trial52 and phase 3 trials planned to administer 

more than 1 course of teplizumab.23,50  

In Appendix E, we included C-peptide level presentation-related efficacy information from these trials 

because the FDA considered it as supportive evidence for the approved indication of teplizumab. 

However, C-peptide-related outcomes were not the primary outcome for all studies, and multiple 

studies may either not be powered to detect changes in this outcome. In all the trials, stimulation of C-

peptide was assessed by using a mixed-meal tolerance test23,24,51-54; however, analytical methods to 

quantify changes in C-peptide varied, complicating comparison across the studies. While not all C-

peptide-related results were statistically significant, overall the trials suggest that use of teplizumab may 

preserve C-peptide levels within 1 to 2 years after administration compared to control. 23,24,50-54 The 

administered dose of teplizumab may affect outcomes nonetheless. In the phase 3 Protégé trial, in 

exploratory analyses, benefits on adjusted change in C-peptide area under the curve (AUC) from 

baseline, compared to placebo, was observed for the highest dose (2 courses of teplizumab for 14-days 

at ~9034 μg/m²), but not with the shorter course (6 days) or lower cumulative dose (~2985 μg/m² per 

course).23,24 Longer follow-up of a subset of patients for a median of 7.3 years after a single course of 

teplizumab suggests that some initial teplizumab “responders” (ie, minor C-peptide change from 

baseline) may experience durable effects for a duration beyond 1-2 years.55 This suggests a signal of 

benefit of teplizumab in terms of preserving pancreatic beta-cell function; however, there are significant 

limitations on these results including use of post-hoc analyses, lack of power, generalizability to patients 

with earlier stages of T1D, and questions about the validity of C-peptide as a surrogate measure. 
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The prior clinical trials among patients with established T1D suggest similar potential adverse events as 

those observed during the TN-10 (see adverse events listed in Appendix E). An exception is events of 

diabetic ketoacidosis and hypoglycemia which could also be related to management of patients with 

T1D with insulin.23,53 Similar to in the TN-10 trial, in general, adverse effects occurring during treatment 

with teplizumab (eg, rash, lymphopenia, viral reactivations) were transient.23,51,53 Little information is 

known about potential long-term risks such as malignancy and infection. The reported information from 

these studies is somewhat reassuring about the risks for infection within 2 years,23,24,51,53,54 and limited 

information of up to 7 years also does not suggest longer-term risk.55 A few cases of neoplasm were 

reported in one study that may or may not be related to teplizumab.53 Development of anti-teplizumab 

antibodies after a single course of teplizumab was reported in 2 of these trials.23,51 This immunogenicity 

was associated with increased clearance of teplizumab in one trial; however, whether this correlates 

with decreased efficacy of teplizumab is unclear.23  

6.0 PLACE IN THERAPY  

6.1 Standard of Care and Proposed Benefits of Disease-modifying 

Therapy  

T1D is associated with significant psychosocial distress.39 Individuals living with T1D face life-threatening 

complications such as diabetic ketoacidosis (DKA) and severe hypoglycemia.6 In children diagnosed with 

T1D at a young age, T1D is associated with longitudinal declines in cognitive function potentially related 

to hyperglycemia.60 DKA occurs commonly at diagnosis of clinical T1D, and a single episode of moderate 

to severe DKA has been associated with worse cognitive function in young children.61 Further, patients 

living with T1D are at risk for other long-term microvascular and macrovascular complications such as 

nephropathy, retinopathy, and atherosclerosis.6 The hazard for cardiovascular disease events, including 

the hazard of death due to coronary artery disease, cerebrovascular disease, or peripheral vascular 

disease, is increased approximately 3- to 7-fold among T1D patients compared to the general 

population.62  

Teplizumab is indicated to delay the onset of clinical (Stage 3) T1D in individuals with Stage 2 T1D.1 

Potential advantages of delaying the onset of Stage 3 T1D includes increasing the number of years 

without T1D, and the possibility of delaying complications, which may improve lifespan.39  

The 2022 ADA guideline, which predates FDA approval of teplizumab, does not provide any 

recommendations for pharmacotherapies for treatment of pre-symptomatic T1D.8,16,43 Based on 

moderate quality of evidence, the ADA recommends screening asymptomatic individuals for T1D with 

autoantibodies (anti-insulin, GAD, islet antigen 2, or ZnT8) either in the setting of a clinical trial, or 

optionally, if they have a first-degree family member with T1D.16 If at-risk patients are identified, the 

standard of care is to continue to monitor and provide education.16 Monitoring may enable earlier 

diagnosis of Stage 3 T1D prior to acute complications such as diabetic ketoacidosis.16 Thus, an 

alternative to teplizumab is closer monitoring (ie, more frequent blood-glucose testing) of at-risk 

patients.  

A recent survey study suggests that most parents with children at elevated risk of T1D would choose to 

receive a treatment that could delay time to dependence on insulin. In this study, 98% of the 
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approximately 1500 parents surveyed chose to treat under some hypothetical circumstance, and 58% 

always selected a treatment irrespective of potential treatment risks (eg, infection).63 This suggests that 

there may be patient interest in receiving teplizumab.  

The approval of teplizumab, a medication that delays T1D disease progression, may impact future 

guideline recommendations for screening the general population for T1D autoantibodies. However, 

given the low incidence of T1D in the general population and the lack of guidance on how to respond to 

a positive autoantibody result, experts anticipate various barriers needing to be addressed before 

clinical practice adopts routine screening of the general population.10 Access to autoantibody testing, 

the balance of sensitivity and specificity of current autoantibody tests, and ease of interpretation of 

these tests are additional barriers to widespread testing.64 TrialNet, a major group of T1D researchers, 

points to engagement of primary care providers as an important step for screening the general 

population; they consider children and adolescents to be the population with the greatest unmet 

need.65  

6.2 Targeting a T1D Stage and Alternative Disease-modifying Therapies  

6.2.1 Proposed Target for Value of a Disease-modifying Therapy for T1D 

A 2020 white paper from the JDRF T1D Fund aimed to describe “the full economic value of novel 

therapies for T1D” (page 5); this paper highlighted several desirable characteristics for a novel T1D 

medication aimed at delaying onset of Stage 3 T1D39: 

• Safety > disease burden; particularly for treatment of patients that are not yet symptomatic  

• Response rate >50% 

o Definition of response rate is not provided (inferred meaning is the proportion of patients with 

prevention or delay of clinical T1D at some timepoint) 

• Response duration; a delay of at least 5 years is preferred, but according to the expert survey, “…2 

years of efficacy duration is highly valuable” (page 19)39 

Teplizumab trends toward meeting some of these efficacy markers in the pivotal TN-10 trial, with a 

delay in median time to T1D diagnosis of approximately 32 months in extended follow-up.12,56  

6.2.2 Targeting Particular Stages of T1D  

Teplizumab is FDA-approved for people with Stage 2 T1D.1 Prior clinical trials of disease-modifying 

therapy for T1D have typically enrolled patients with a particular stage of T1D. Goals of therapy, the 

acceptability of certain side effects, and the appropriateness of trial endpoints likely vary by stage of 

T1D.39 According to an expert opinion review, preclinical studies suggest that monoclonal antibodies 

aimed at modifying the T1D disease progression may only be effective at a particular stage of pre-T1D.66 

Regarding teplizumab, teplizumab investigators have suggested that it may be less effective during 

earlier stages in the disease process (eg, Stage 1 T1D),12,56 as “…an active autoimmune response is 

needed for the actions of an anti-CD3 monoclonal antibody....” (page 8)12 based on pre-clinical data. In 

the TN-10 trial, the greatest response occurred among patients with lower C-peptide levels at baseline12; 

this is characteristic of further progression toward clinical T1D.66 A similar effect was observed in 
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preclinical animal studies that showed an anti-CD3 therapy was most effective in mice with a recent 

onset of T1D, but not earlier.67  

6.2.3 Alternative Disease-modifying Therapies for T1D 

Teplizumab is the only FDA-approved, disease-modifying therapy for any stage of T1D. However, other 

therapies, some of which are FDA-approved for other indications, have been studied in clinical trials 

with varying degrees of benefit. A full review of these therapies is beyond this report's scope. Like 

teplizumab, most other products aim to modify autoimmunity by systemically targeting either T-effector 

cells, B cells, or cytokine responses.3,6 Some studies tried to induce tolerance to a specific antigen such 

as oral insulin or GAD65 in patients at risk for T1D.3  

Golimumab (Simponi), is under study in clinical trials of patients with Stage 2 T1D.68 Golimumab is a 

subcutaneous human monoclonal antibody that blocks the actions of tumor necrosis factor alpha and is 

already FDA-approved as a chronic treatment for other autoimmune disorders.69 Abatacept and 

hydroxychloroquine, both FDA-approved therapies for other autoimmune disorders,70,71 are under study 

for the delay or prevention of T1D (Stage 3) among people with Stage 1 T1D.72,73  

In more recent trials of patients with newly diagnosed T1D, in addition to teplizumab, the following are 

examples of therapies that have demonstrated efficacy in preserving C-peptide levels: rituximab,74 

otelixizumab (another anti-CD3 monoclonal antibody),58 abatacept,75 alefacept,76 low-dose anti-

thymocyte globulin (ATG),77 and golimumab.78 Recently in a phase 2 trial, the combination of anti-

interleukin-21 and liraglutide also showed benefit in preserved C-peptide levels among patients with 

recent onset T1D.79 According to expert opinion by Greenbaum et al published in 2019, while short-term 

benefits have been observed for patients with recent-onset T1D, “…positive effects have not been 

sustained and are not yet sufficient to warrant routine use of immunotherapy in clinical practice.” (page 

26)10  

The teplizumab sponsor, Provention Bio, Inc., is also pursuing teplizumab for use in patients with 

newly diagnosed (Stage 3) T1D. This ongoing phase 3, randomized, placebo-controlled trial (called the 

PROTECT trial, NCT03875729) enrolled 300 patients ages 8-17 years old with a T1D diabetes diagnosis 

within the previous 6 weeks and a peak C-peptide value ≥0.2 pmol/mL at baseline, in conjunction with 

diabetes-related autoantibodies.14,15 Patients randomized to teplizumab will receive it as daily infusions 

for 12 days per course, for 2 courses 6 months apart. The primary efficacy endpoint is difference in C-

peptide area under the curve values 18 months after baseline.15 The sponsor anticipates results from 

this trial by mid-2023.14  

Preliminary observational data showed teplizumab induction with or without other immunotherapies 

was associated with a longer time to requiring insulin after a beta-cell transplant among people with 

T1D.80 Provention Bio, Inc. may also pursue teplizumab for use among beta-transplant recipients.14  
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7.0 SAFETY  

Information in the following sections summarizes teplizumab prescribing information (eg, warnings and 

precautions) with additional details from teplizumab review documents from the 2021 FDA advisory 

committee meeting. In the briefing for the advisory committee, the FDA reviewed safety information 

from the pivotal TN-10 trial as well as from 4 prior trials among patients with a recent diagnosis of T1D 

(ie, AbATE, Delay, Protégé, and Protégé Encore). Administration of a second course of teplizumab to 

participants occurred in some of these prior trials, but the FDA focused only on safety information from 

administration of the first course, which would be most like the approved use of teplizumab. Together, 

this comprises 729 people exposed to teplizumab and 213 exposed to control across all trials. The 

median follow-up time of teplizumab-treated patients was 888 days (interquartile range [IQR], 656 to 

1519) from the TN-10 trial, and 189 days (IQR 182 to 536) from the other trials.2 

7.1 Common Adverse Effects (AEs)  

In the pivotal TN-10 trial, the most common AEs (reported in at least 2 individuals at a rate of >0.5% 

among teplizumab-treated patients during and up to 28 days after completion of teplizumab therapy) 

were as follows (reported as the percent of patients in teplizumab arm vs the placebo arm)1:  

• Lymphopenia (73% vs 6%) 

• Rash (36% vs 0%; eg, rash erythematous, rash macular, rash papular, rash maculo-papular, rash 

pruritic) 

• Leukopenia (21% vs 0%) 

• Headache (11% vs 6%) 

• Neutropenia (5% or 7%* vs 3%)  

• Increased alanine aminotransferase (5% vs 3%) 

• Nausea (5% vs 3%) 

• Diarrhea (5% vs 0%%) 

• Nasopharyngitis (5% vs 0%)  

7.2 Warnings and Precautions per Prescribing Information  

7.2.1 Cytokine Release Syndrome (CRS) 

CRS is a potential AE associated with immunotherapies caused by release of inflammatory cytokines. 

Some symptoms of CRS include fever, malaise, rash, and in worse cases, hypotension and hypoxia.2 The 

combined incidence of CRS in clinical trials (ie, among people with pre-T1D or T1D) up to 28 days after 

the last dose of teplizumab was greater among teplizumab-treated patients (5%) versus control (0.8%); 

13% of these cases were rated as severe.1 According to the FDA advisory committee review, no cases 

resulted in death or required an intensive care unit admission.2  

 

 
* There is conflicting information about the incidence of neutropenia among teplizumab-treated patients in the TN-
10 trial according to prescribing information (one section reports 5% whereas another reports 7%).  
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To mitigate the risk for CRS, teplizumab prescribing information recommends:  

• Administer premedication (antipyretic plus antihistamine and/or antiemetic) before treatment.  

• During treatment, monitor liver function tests (LFTs). Stopping treatment is recommended in the 

case of serious LFT abnormalities during treatment (ie, AST [aspartate aminotransferase] or ALT 

[alanine transaminase] > 5x the upper limit of normal [ULN], or bilirubin > 3x the ULN).  

• Treat emergent CRS symptoms.  

• Temporarily pausing teplizumab (for 1-2 days) or discontinuing treatment may be considered for 

severe CRS cases.  

7.2.2 Serious Infections 

Owing to the immunomodulatory effects of teplizumab, infections are a potential AE. In the pivotal TN-

10 trial, the incidence of serious infections at any time was greater during or after receipt of teplizumab 

(9%) compared to placebo (0%). Prescribing information recommends avoiding use of teplizumab among 

people with active serious infections or chronic infections in places other than localized skin before use. 

This includes active cases (per laboratory or other evidence) of acute Epstein-Barr virus (EBV) or 

cytomegalovirus (CMV).1  

Teplizumab should be discontinued if a serious infection emerges during its use.1  

7.2.3 Lymphopenia  

Lymphopenia is an expected AE owing to the impact of teplizumab on T cells; its occurrence was 

common among teplizumab clinical trials (ie, among pre-T1D and T1D populations), occurring in about 

78% of teplizumab-treated versus 11% of control recipients. Serious lymphopenic events were less 

common in clinical trials; 0.9% of patients treated with teplizumab had severe (lymphocytes <500 

cells/µL) and prolonged (>1 week) lymphopenia. In rare cases, lymphopenia led to teplizumab 

discontinuation. 1  

Current clinical evidence suggests most patients will experience a lymphocyte nadir on day 5 and return 

to baseline values by week 6 (ie, while still completing the teplizumab treatment course). 1 According to 

information for the FDA advisory committee review, 2 serious adverse events related to lymphopenia 

had been reported; one case of a very low nadir and the other due to hospitalization for acute gastritis 

after a familial exposure to infection.2  

Leukocytes should be monitored during teplizumab therapy. Teplizumab should be discontinued for 

emergent, prolonged, severe lymphopenia.1  

7.2.4 Hypersensitivity Reactions 

Hypersensitivity reactions (eg, serum sickness, angioedema, urticaria, rash) have occurred in association 

with teplizumab therapy.1 According to information for the FDA advisory committee review, serious 

allergy or hypersensitivity AEs were reported among 0.3% of teplizumab-treated vs 0% of control 

patients 2  
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Rashes have been commonly associated with teplizumab, occurring in approximately 47% of teplizumab-

treated patients compared to 14.7% of control patients.2 Most were described as “macular, papular, or 

maculo-papular subtypes” (page 50) that were non-serious and did not require treatment for 

resolution.2 Serious rash AE occurred in 0.3% of teplizumab-treated patients compared with 0% of 

control patients. Numerically, more patients that received teplizumab developed urticaria compared to 

control (1.9% vs 1.2%). Overall, one urticarial rash secondary to CRS was rated as serious, and required 

hospitalization and treatment.2 

Teplizumab should be discontinued in the case of an emergent, serious hypersensitivity reaction.1 

7.2.5 Vaccinations 

Since there is a lack of information about the theoretical risk that teplizumab could affect adjacent 

immune responses, it is recommended for patients to receive age-appropriate vaccinations before 

receiving teplizumab. Furthermore, the safety of administering live vaccines among people who 

received teplizumab is unknown.1  

Vaccinations should not be administered during the 14-day teplizumab treatment course. Furthermore, 

prescribing information recommends administering any inactive or mRNA vaccines > 2 weeks before and 

live vaccines > 8 weeks before starting teplizumab treatment. Once teplizumab therapy is complete, 

inactive or mRNA vaccines may be considered after 6 weeks, and live vaccines may be considered after 

52 weeks.1  

7.3 Additional Safety Information  

The following summarizes additional safety information from teplizumab prescribing information, or 

from teplizumab summary documents prepared by the teplizumab manufacturer or FDA for the FDA 

advisory committee meeting in 2021. Although some of the information may be related to labeled 

warnings////precautions in prescribing information, most of the details from the FDA advisory 

committee documents mentioned below were not included in the prescribing information. We include 

these additional details to supplement the official warnings/precautions found in the prescribing 

information (see Section 7.2).  

7.3.1 Immunogenicity  

According to teplizumab prescribing information, during the pivotal TN-10 trial, anti-drug antibodies 

were observed in about 57% of patients, of whom 46% developed neutralizing antibodies after a single 

treatment course. Anti-teplizumab antibodies were associated with rashes in the trial; however, the 

impact on treatment effectiveness is unknown.1 

7.3.2 Liver Function Test Abnormalities  

Liver function test elevations, including aspartate aminotransferase (AST), alanine transaminase (ALT) 

and bilirubin, have been observed during treatment with teplizumab. The sponsor posits that these 

effects could be related to the effects of cytokines on the liver.46  
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According to the FDA, only 2 cases in clinical trials met criteria for possible drug-induced liver injury 

(bilirubin >2x the upper limit of normal [ULN] and ALT >3x ULN); both cases were considered likely 

unrelated to teplizumab due to alternative explanations. However, serious hepatic injury AE was 

reported among 0.5% of teplizumab patients versus 0% of control patients.2  

7.3.3 Viral Illness Including Reactivation of Latent Virus  

Modulation of T cells has been associated with reactivation of some viruses. For example, Epstein-Barr 

virus (EBV) reactivation is associated with another experimental anti-CD3 therapy.58 Of note, patients 

with active infections, certain chronic infections (eg, hepatis B or C, human immunodeficiency virus), or 

a positive tuberculosis purified protein derivative (ppd) test were excluded from the TN-10 trial.12  

Some types of infections occurring in clinical trials included:  

• EBV-related illness: More EBV-related events (including mononucleosis-like illness) emerged among 

patients treated with teplizumab compared to control (8.8% vs 4.5%; risk difference [RD] 4.3%, 95% 

confidence interval [CI] 1.0–7.6%). Analysis by the FDA suggests that teplizumab treatment was not 

associated with an increase in EBV-related primary infections; however, EBV viremia occurred 

significantly more with teplizumab than control (3.1% vs 0.4%; RD 2.7%, 95% CI 1.2 – 4.2%). In the 

TN-10 study, follow-up of 9 patients that developed EBV viremia suggests that it is transient, as each 

of these patients had a reduced viral load within 3 to 12 months after receipt of teplizumab.2  

• Herpes infections (including ‘oral herpes’ and ‘herpes simplex’): Few events occurred, but 

numerically more patients receiving teplizumab reported these events than controls (7, 0.9% vs 1, 

0.4%).2  

• Varicella zoster virus infections: Few events occurred, but numerically more patients receiving 

teplizumab reported these events than controls (9, 1.2% vs 1, 0.4%).2 

• CMV infections (including “CMV infection” or “CMV positive test”): Few events occurred, but 

numerically, more patients receiving teplizumab reported these events than controls (9, 1.2% vs 2, 

0.8%).2 

7.3.4 Malignancies  

Since teplizumab modulates the immune system, there is a theoretical risk for malignancies. Whether a 

one-time, short-term treatment with teplizumab increases the risk is unknown. One malignancy 

(melanoma) was reported in a patient who received teplizumab; however, this patient also had a history 

of pre-malignant lesions, and the overall contribution of teplizumab was unclear.2 In the 2021 FDA 

advisory meeting documents, the FDA pointed out that “It is important to note that the clinical safety 

data submitted in the BLA [biologics license application] are not sufficient to evaluate the potential risk 

of malignancy because of the short duration of follow-up as well as the relatively young age of the safety 

population.” (page 56)2 

7.3.5 Other Adverse Events (AE)2 
• Death: Three deaths occurred in the prior studies, and none occurred in TN-10. The deaths (one due 

to DKA, one from myocardial infarction, and one unknown) all occurred 9-26 months after the last 

teplizumab infusion. The FDA considered these unlikely to be related to teplizumab.  



22 

• Other AE rated as serious that may or may not have been related to teplizumab (reported in at 

least 2 individuals at a rate of >0.1% in treatment group; teplizumab vs placebo): diabetic 

ketoacidosis [DKA] (2.3% vs 0%), hypoglycemic seizure (0.8% vs 0%), CRS (0.6% vs 0%), hypoglycemia 

(1.7% vs 1.2%), splenic rupture (0.3% vs 0%), thrombosis (0.3% vs 0%), suicidal ideation/suicide 

(0.3% vs 0%), dizziness/balance issues/falls (0.3% vs 0%), abdominal pain (0.3% vs 0%), fracture 

(0.5% vs 0.4%), and leukopenia (0.5% vs 0.4%) 

• DKA and hypoglycemic serious events were observed in prior trials of patients with T1D but not 

in the TN-10 trial of patients with pre-T1D. However, according to the drug sponsor, patients 

were not followed in the study after development of clinical T1D.46  

• AE leading to withdrawal from the pivotal trial: In the TN-10 trial, 3 patients withdrew (1 who 

received teplizumab and 2 who received placebo) due to laboratory abnormalities; the participant 

receiving teplizumab experienced ALT elevation and a pruritic rash. The events resolved after 

discontinuation of treatment. Events leading to withdrawal in the prior T1D studies included 

decreased white blood cell counts (1.5%), decreases in hemoglobin (1.8%), transaminase elevations 

(5.6%), CRS (1%), and thrombocytopenia (1%). Some of these cases required hospitalization.  

8.0 PHARMACOKINETICS AND USE IN SPECIAL POPULATIONS  

The terminal half-life of teplizumab is about 4 days. It is not anticipated that steady-state teplizumab 

concentrations will occur during the single, 14-day course of therapy. Metabolism is dependent on 

catabolism of teplizumab into smaller peptides. Available clinical data suggest that teplizumab 

pharmacokinetics will be similar regardless of age (up to 35 years), sex, or race.1  

Pharmacokinetic drug interactions are not expected. Teplizumab does cause an expected transient 

lymphopenia in most patients.2 Most patients recover quickly (within approximately 28 days of starting 

teplizumab)2; however, interactions owing to additive effects with other immunosuppressive 

medications that could also predispose the patient to infections are theoretically possible. While not 

advised against in the prescribing information (the issue is not mentioned), It may be prudent to avoid 

concurrent use with other immunosuppressants if possible. Administration of vaccines directly prior to, 

during, or directly after teplizumab therapy is not recommended (see Section 7.2.5).1  

Regarding special populations, subgroup analyses of combined teplizumab data (TN-10 trial and T1D 

supportive trials) by the FDA do not suggest differences in adverse effects based on sex.2 The teplizumab 

sponsor indicated the possibility of slight differences in some adverse effects (rash and vomiting) among 

children younger than 18 years old compared to adults46; however, teplizumab prescribing information 

concluded that the safety profile is similar between children and adults in the indicated population (ie, 

people 8 years or older with Stage 2 T1D).1 In the TN-10 trial, significant differences in efficacy were not 

observed based on age, sex, or body mass index, but the study was underpowered to detect any 

differences in subgroups.2 There is a lack of information about use of teplizumab in patients younger 

than approximately 8 years old, and older than about 49 years old.12 Additionally, it is recommended to 

avoid teplizumab during pregnancy and lactation (for up to 20 days after teplizumab therapy 

completion). Teplizumab is not recommended for use in patients with liver dysfunction at baseline.1  
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Table 7 summarizes and recommendations for teplizumab use in special populations from prescribing 

information.  

 

Table 7. Recommendations for Teplizumab-mzwv Use in  Special Populationsa,1 

Renal impairment No information reported. 

Hepatic 

impairment 

Not recommended for patients with baseline LFT abnormalities: AST or ALT >2x ULN, or 

bilirubin >1.5x ULN.  

Pediatric patients • Studied in pediatric patients 8 years or older (children 8 to 17 years old were 72% of 

patients in the TN-10 trial).2  

• Safety profile in children ages 8 or older considered comparable to adults. 

Older adults The maximum enrollment age allowed in the TN-10 clinical trial was 45 years old; the max age 

of a patient was 49.5 years old.12 No significant differences based on age subgroups (including 

19.4 to 49.5 years old as the max age group) were observed in the TN-10 clinical trial.2 There is 

not a maximum indicated age for use of teplizumab.  

Pregnancy and 

breastfeeding 
• Pregnancy: There is limited human data. However, as a monoclonal antibody, teplizumab 

may be transferred through the placenta and may theoretically cause immunosuppression 

in the neonate (this effect was observed in mouse pups). Use during pregnancy is not 

recommended.  

o The TN-10 trial excluded pregnant patients.12  

• Breastfeeding: There is a lack of human data about the transfer of teplizumab into breast 

milk and effects on the infant. As a monoclonal antibody, it is expected that teplizumab 

could be secreted into milk.  

• The manufacturer advises weighing the risks versus benefits of administration; 

temporarily discarding pumped breast milk for 30 days after completion of teplizumab 

therapy may be considered.  

o The TN-10 trial excluded lactating patients.12 

aInformation is primarily from the prescribing information (package insert); supplemental details are from the 

2021 FDA or sponsor advisory meeting documents, or the pivotal clinical trial.  

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; CD3, cluster of differentiation 

3; CYPs, cytochrome P450 enzymes; FDA, US Federal Drug Administration; LFTs, liver function tests; PD, 
pharmacodynamic; PK, pharmacokinetic; SS, steady state; ULN, upper limit of normal. 
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9.0 CONSIDERATIONS FOR PRIOR AUTHORIZATION (PA) CRITERIA 

The DUR board may consider implementing PA criteria for teplizumab-mzwv (Tzield) to ensure that 

prescribing is according to the current FDA-approved indication.  

Some criteria that may be considered include the following: 

• Patient should be 8 years of age or older. 

o Teplizumab is FDA-indicated for ages 8 and older.1 This is congruent with the youngest age 

enrolled in the pivotal phase 2 trial, TN-10.  

• The patient should have a diagnosis of Stage 2 type 1 diabetes mellitus (T1D) as evidenced by 

seropositivity for at least 2 different diabetes-related autoantibodies, and elevated blood glucose 

(dysglycemia) without overt hyperglycemia. May also consider an attestation field that the patient 

does not meet criteria for a diagnosis of clinical T1D (Stage 3 T1D).  

Criteria for Stage 2 T1D7 is as follows:  

o Presence of ≥2 different islet autoantibodies 

▪ Teplizumab prescribing information does not specify which diabetes-related autoantibodies 

should be tested, nor does it specify the proximity of the positive autoantibody 

seropositivity relative to teplizumab administration.  

▪ May consider requiring a positive result within reasonable proximity before starting 

teplizumab. In the TN-10 trial, two positive tests for 2 or more autoantibodies from 2 

samples were required, with one positive test within the prior 6 months.12 

▪ Autoantibodies tested in the TN-10 trial12: anti-insulin (mIAA); anti-GAD65 (glutamic acid 

decarboxylase 65); anti-ICA512 (islet cell antigen), also commonly referred to as islet 

antigen-2 or insulinoma-associated protein (IA-2)81; anti-ZnT8 (zinc transporter 8); and 

ICA (islet cell antibodies).  

o Evidence of dysglycemia without meeting criteria for hyperglycemia (ie, for diagnosis of clinical, 

Stage 3 T1D): 

▪ Teplizumab prescribing information recommends confirming dysglycemia with an oral 

glucose tolerance test (OGTT), unless that glycemic test is unavailable.1  

▪ There is not universal agreement on dysglycemic criteria. The 2022 ADA guideline 

recommends the following: fasting plasma glucose (FPG) of 100-125 mg/dL; 2-hr plasma 

glucose of 140-199 mg/dL; or a hemoglobin A1c of 5.7-6.4% or > 10% increase in 

hemoglobin A1c.16,20 

▪ In the TN-10 pivotal trial, an abnormal oral glucose tolerance test (OGTT) was required. 

Accepted evidence of dysglycemia included a FPG of 110-125 mg/dL, a 2-hr plasma glucose 

of 140-199 mg/dL, or a 30-, 60-, or 90-minute post-OGTT plasma glucose level ≥200mg/dL.12 

Sufficient evidence for patients <18 years old included a single dysglycemic result, while 

those 18 or older had to have 2 consecutive positive results, with one occurring within 7 

weeks before the start of the trial.12  
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• Consider restricting patients to a single course of teplizumab (14 infusions total) 

o To delay onset of Stage 3 T1D, teplizumab has been approved as a single 14-day course of 

therapy (plus allowances for slight delays for resolving adverse effects during administration). 

The total recommended dose, given over 14 days and dosed based on body surface area, is 

approximately 11,240 µg/m².1 

o The efficacy and safety of additional courses of therapy have not been established. Moreover, a 

considerable number of patients in the pivotal trial developed neutralizing antibodies to 

teplizumab after a 1st course1; studies must be conducted to prove that there are significant 

clinical benefits to additional courses of therapy. Notably, teplizumab is under study for 2 

courses of therapy among people with Stage 3 T1D (a different potential population),15 with top-

line results from a phase 3 trial expected by mid-2023.14  

• Consider requiring provider attestation to the completion of recommended laboratory screening 

(eg, for significant hematologic or hepatic abnormalities) before therapy (as shown in Table 2).  

Additional considerations for discussion:  

• Regarding use among patients already diagnosed with clinical (Stage 3) T1D, teplizumab is in phase 

3 trials for the use in patients with recent onset T1D.15 While there have been previous trials in that 

population that suggest benefits of teplizumab in retaining pancreatic beta-cell function,23,24,51 the 

prior phase 3 trial failed to meet its primary efficacy endpoint.23,24   

• May consider requiring that teplizumab be prescribed by or consultation with an endocrinologist.  

• May consider mentioning educational information for prescribers intended to mitigate adverse 

effects based on prescribing information. For example:  

o According to teplizumab prescribing information, teplizumab is NOT recommended for patients 

with one of the following characteristics at baseline1:  

▪ Cytopenia, including: lymphopenia (<1000 lymphocytes/µL), anemia (hemoglobin <10 g/dL) 

thrombocytopenia (<150,000 platelets/µL), or neutropenia (ANC <1,500 neutrophils/µL) 

▪ Liver function abnormalities (ie, AST/ALT > 2x the upper limit of normal [ULN], or bilirubin 

>1.5x ULN) 

▪ Laboratory or clinical evidence of acute Epstein-Barr virus (EBV) or cytomegalovirus (CMV) 

▪ Active serious infection, or chronic infection (except for localized skin infections) 

o Administer urgently needed vaccinations before teplizumab therapy: give live vaccines ≥ 8 

weeks before starting teplizumab, and give inactivated or mRNA vaccines ≥ 2 weeks before 

teplizumab initiation. After teplizumab therapy completion, inactive/mRNA vaccines may be 

considered after 6 weeks, and live vaccines may be considered after 52 weeks.1  

o Premedicate with an antipyretic, antihistamine, and/or antinausea medication before each 

teplizumab dose during at least the first 5 days of the treatment regimen.1 

o Monitor for and treat emergent cytokine release syndrome (CRS); for severe symptoms, 

consider pausing treatment for 1-2 days or discontinuing teplizumab.  

▪ Examples of CRS symptoms: “…fever, nausea, fatigue, headache, myalgia, arthralgia, 

increased alanine aminotransferase (ALT), increased aspartate aminotransferase (AST), and 

increased total bilirubin.” (page 4)1
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10.0 SUMMARY 

Teplizumab-mzwv (Tzield) is an intravenous (IV), humanized anti-CD3 monoclonal antibody thought to 

work as an immunomodulator to temporarily suppress inappropriate T lymphocyte auto-immunity 

against pancreatic beta cells.2,46 A 2015 multi-organization statement classified predictable, pre-clinical 

type 1 diabetes (T1D) stages (Stage 1 and Stage 2). Both Stage 1 and 2 T1D are characterized by the 

presence of 2 or more diabetes-related autoantibodies, with Stage 2 T1D patients also requiring 

evidence of dysglycemia.7 It is expected that nearly all patients who develop 2 or more autoantibodies, 

regardless of a family history of T1D, will eventually develop overt (Stage 3) T1D that requires treatment 

with insulin, but the natural time to conversion to Stage 3 is highly variable.10 Teplizumab is the first 

therapy indicated as a one-time 14-day regimen to delay the onset of clinical (Stage 3) T1D among 

individuals 8 years or older with Stage 2 T1D.1 There are no other FDA-approved disease-modifying 

therapies for any T1D stage.  

A single phase 2 randomized controlled trial (TN-10) of 76 patients with Stage 2 T1D and family history 

of T1D, ages 8 to 49.5 years old, supports the efficacy of teplizumab for its FDA-approved indication.12 In 

the TN-10 trial, administration of a single, 14-day course of teplizumab significantly delayed onset of 

Stage 3 T1D by a median of about 24 months (HR 0.42, 95% CI 0.22–0.78) compared to placebo after a 

median follow-up of 745 days.12 This delay approached 32 months after a median follow-up of 923 

days.56 According to some experts, delaying onset of T1D by at least 2 years may be clinically meaningful 

as it delays the time to requiring insulin, and may theoretically delay or lower the risk for diabetes-

related complications.39  

In the TN-10 trial, common adverse effects included transient lymphopenia, leukopenia, rash, hepatic 

enzyme increases, and headache.12 Labeled warnings and precautions for the use of teplizumab include 

the risk of cytokine release syndrome (CRS), serious infections, lymphopenia, hypersensitivity reactions, 

and the recommendation that patients receive age-appropriate vaccinations before receiving 

teplizumab.1 White blood cell counts and liver function tests should be monitored during treatment. To 

mitigate the risk for CRS, patients should receive premedication with appropriate antipyretic and 

antihistamine and/or antiemetic before teplizumab administration by IV infusion.1 Owing to its 

immunosuppressive effect on T lymphocytes, there is a plausible elevated risk for infection. The rate of 

infection was similar to placebo during overall TN-10 trial follow-up; though, a few cases of transient 

viral reactivation (eg, EBV and CMV) did occur.12 Patients with active infections or a history of certain 

infections (eg, hepatitis B or C) were excluded from the TN-10 trial.12 Patients with serious or chronic 

non-localized skin infections should not receive teplizumab.1  

Efficacy and safety of teplizumab among patients meeting criteria for T1D diagnosis is not yet 

established. Early studies in this population suggest that teplizumab may help preserve or prevent 

declines in C-peptide,23,24,51,53,54 a biomarker that indicates insulin secretion35; however, the major phase 

3 trial failed to meet its primary efficacy endpoint.23 A phase 3 trial in patients with recent-onset T1D by 

the current teplizumab sponsor is ongoing, with results expected by mid-2023.15  

Clinical practice guidelines, which predated FDA approval of teplizumab, do not yet include 

recommendations for use of any disease-modifying therapies for initial stages of T1D. To potentially 

initiate treatment with teplizumab, individuals with Stage 2 T1D must be identified. The 2022 American 
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Diabetes Association (ADA) guideline and 2018 International Society for Pediatric and Adolescent 

Diabetes (ISPAD) guideline do not yet strongly recommend screening the general asymptomatic 

population for diabetes-related autoantibodies, outside of the setting of a clinical trial.16,19 However, the 

ADA guideline recommends, as optional, screening first-degree relatives of T1D-diagnosed persons for 

diabetes-related autoantibodies (anti- insulin, GAD, islet antigen 2 and ZnT8).16 Only about 15% of 

patients diagnosed with T1D have a family history of T1D.7  

Currently, when an individual with pre-clinical T1D (ie, Stage 1 or Stage 2) is identified, guidelines 

recommend providing education about monitoring for T1D symptoms.16,19 Identification of patients at-

risk for T1D and subsequent education about T1D has been associated with a lower rate of DKA at T1D 

diagnosis.82 This (and/or referral for participation in clinical trials) is the current standard-of-care for 

patients with pre-clinical T1D. The present lack of routine screening in clinical practice may be an initial 

barrier to routine use of teplizumab; however, with the availability of teplizumab, guideline 

recommendations may change. 

Implementation of prior authorization (PA) to ensure the use of teplizumab for populations with an 

established acceptable safety and efficacy profile may be considered. Although teplizumab is being 

studied among people with recent-onset (Stage 3) T1D, it is not yet indicated or under FDA review for 

use in this population. Some PA considerations are included on page 24.  
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APPENDIX A: LITERATURE SEARCH 

The following initial search was performed in Embase on June 8, 2021:  

'teplizumab'/exp OR (teplizumab:ti,ab,kw OR 'prv-031':ti,ab,kw OR 'prv 031':ti,ab,kw OR 

'mga031':ti,ab,kw OR 'mga 031':ti,ab,kw OR 'mab hokt3gamma1':ti,ab,kw) 

This search returned 291 results. 

The same search string was queried in Embase on November 28, 2022, with the search years restricted 

to 2021 and 2022 to check for updates to the original report. This updated search returned 44 results.  
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APPENDIX B: SENSITIVITY AND SPECIFICITY OF FDA-APPROVED ISLET AUTOANTIBODY TESTS 

Table B1 lists sensitivity and specificity information for 4 islet autoantibody tests (all from the manufacturer, KRONUS) that are reported as FDA-

approved.30-34 The manufacturer states that each of these tests may be useful to help with a T1D diagnosis83-86; however, the IA-2 and ZnT8 tests 

are not to be used alone to establish diagnosis.83,84  

 

Table B1. Manufacturer-reported Sensitivity and Specificity of FDA-approved30-32,34,81 Islet Cell Autoantibody Tests 

Test Name Sensitivitya Specificitya 

Glutamic acid decarboxylase autoantibodyb 83% 99% 

Insulin autoantibodyc  50% 99% 

IA-2 autoantibodyd  58.2% 97.0% 

Zinc transporter 8 autoantibodye  68% 98% 

aReported as “Clinical Sensitivity & Specificity.”83 

bSemi-quantitative assay (by ELISA) of human serum. “Useful as an aid in the diagnosis of Type 1 diabetes mellitus (autoimmune-medicated diabetes).”85 

cSemi-quantitative assay (by radioimmunoassay) of human serum. “Useful as an aid in the diagnosis of Type 1 diabetes mellitus (autoimmune-medicated 

diabetes) in patients who have not received insulin therapy.” (The test cannot distinguish between antibodies to endogenous and exogenously administered 

insulin).86  

dQuantitative assay (by ELISA) of human serum. “Useful as an aid in the diagnosis of Type 1 diabetes mellitus (autoimmune-medicated diabetes)” when used 

with other clinical and laboratory data (NOT indicated as a solitary test).83  

eSemi-quantitative assay (by ELISA) of human serum. “Useful as an aid in the diagnosis of Type 1 diabetes mellitus (autoimmune-medicated diabetes)” when 

used with other clinical and laboratory data (NOT indicated as a solitary test).84 

Abbreviations: ELISA, enzyme-linked immunoassay; FDA, United States Food and Drug Administration; IA-2, islet antigen-2; T1D, type 1 diabetes mellitus; 
ZnT8, zinc transporter 8. 
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APPENDIX C: FREQUENCY OF ORDERS FOR DIABETES-RELATED AUTOANTIBODIES BASED ON CPT 

CODE BY UTAH MEDICAID CLINICIANS  

To visualize whether Utah Medicaid clinicians have previously ordered tests for diabetes-related autoantibodies, we pulled corresponding 

procedural codes (CPT) among fee for service Utah Medicaid members between January 1, 2018 and June 30, 2021. Table C1 shows the number 

of orders for a diabetic autoantibody test, and the number of unique patients with at least one order that year. In this timeframe, an estimated 

396 orders were placed for a corresponding 228 unique patients. Note that there are multiple reasons why clinicians might order these tests, 

including as part of establishing a diagnosis of T1D.  

 

Table C1. Orders for Diabetes-related Autoantibodies among Unique Utah Medicaid FFS Patients between January 1, 2018 and June 30, 2021 

Year:  

CPT: 

2018 2019 2020 2021 TOTAL 

Orders Patients Orders Patients Orders Patients Orders Patients Orders Patients 

86337a 23 11 18 16 18 12 4 4 63 43 

86341b 58 28 76 62 88 55 21 17 243 160 

TOTAL 81 32 94 64 106 57 25 19 306 170 

aOrder for anti-insulin autoantibody testing.41 

bOrder for at least one of multiple possible other diabetes-related autoantibody testing; thought to include antibodies against pancreatic islet cell 

cytoplasm, zinc transporter 8, IA-2, and GAD-65.87 

Abbreviations: CPT, current procedural terminology code; FFS, fee-for-service; IA-2, islet antigen-2; GAD, glutamic acid decarboxylase; T1D, type 1 diabetes 

mellitus. 
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APPENDIX D: ELIGIBILITY CRITERIA FOR PIVOTAL TEPLIZUMAB PHASE 2 CLINICAL TRIAL (TN-10)  

Table D1. Inclusion and Exclusion Criteria for Teplizumab Phase 2 TN-10 Trial12,17  

Inclusion Criteria Exclusion Criteria 

• Related to a probanda T1D patient and:  

o Between ages 8 to 45 yearsb if proband is a first-degree relative (parent, child, or 

sibling), OR  

o Between the ages of 8 to 20 yearsb if the proband is a second- or third-degree 

relative (uncle, aunt, niece, nephew, grandchild, or cousin). 

• Confirmed presence of ≥2 diabetes-related autoantibodiesc (anti-GAD65, anti-ICA512, 

anti-insulin [mIAA], ZnT8d and/or ICA) on 2 occasions (second occasion must occur 

within 6 months prior to administration of drug). 

• Confirmed (second) abnormal OGTT within 7 weeks of baseline visite: 

o FBGf of 110 – 125 mg/dL, OR  

o 2-hour post-OGTT plasma glucose level of 140 – 199 mg/dL, OR  

o 30-, 60-, or 90-minute post-OGTT plasma glucose level ≥200mg/dL. 

• Weight >26 kg (at randomization). 

• Able/willing to provide informed consent (including parent/legal guardian for 

participants <18 years old. 

• Both male and female participants must be willing to avoid pregnancy for at least 1 

year after randomization; female participants with reproductive potential must have 

a negative pregnancy test on day 0. 

• Study participants must be willing/able to postpone live vaccine immunizations for at 

least one year after treatment. 

• Participants must be willing to not enroll in other experimental treatments during 

study. 

• Adults (>18 years) with diagnosed diabetes, OR with an OGTT of FBG ≥126 mg/dL, OR with a 2-hour plasma glucose ≥200 mg/dL at screening.  

• Children (<18 years) with diagnosed diabetes, OR have a random glucose ≥200 mg/dL at screening. 

• Abnormal blood counts including lymphopenia (<1000 lymphocytes/µL), neutropenia (< 1500 PMN/µL), thrombocytopenia (< 150,000 platelets/µL), or anemia (Hgb < 10 

g/dL). 

• Abnormalities in liver enzymes (AST or ALT >1.5 x ULN). 

• Total bilirubin >1.5 x ULN (except in those with diagnosed Gilbert’s syndrome, who may be eligible if there are no other causes for hyperbilirubinemia). 

• INR > 0.1 above the ULN. 

• Current infection or infection history meeting the following criteria:  

o Chronic active infection aside from localized skin infections. 

o Mononucleosis within the 3 months before enrollment. 

o Evidence (laboratory or clinical) of EBV or CMV acute infection. 

o Evidence (current or past) of HIV, HBV, or HCV infection based on serological tests. 

o A positive PPD test. 

• Have a history of asthma or atopic disease that requires chronic treatment. 

• Immunized with a live vaccine within 8 weeks of randomization, OR with an inactive vaccine within 4 weeks of randomization. 

• Participation in vaccine or drug clinical trials within the 12 weeks before randomization. 

• Those who are currently pregnant or lactating, or who anticipate pregnancy. 

• Chronic use of immunosuppressive agents (eg, steroids), current use of non-insulin medications that affect glycemic control, OR prior use of OKT®3 or other anti-CD3 

treatment. 

• Have had monoclonal antibody administration within the year before randomization. 

• Those with active Grave’s disease or untreated hypothyroidism at randomization. 

• A condition that may interfere with the study or patient’s safety based on investigator’s opinion. 

a “A proband is an individual diagnosed with diabetes before age 40 and started on insulin therapy within one year of diagnosis.” (page 18)17 In cases where the proband did not meet this criterion but were considered to have T1D by their physician, the TrialNet 

Eligibility Committee could consider them for eligibility.  

b Patients had to be between 1 to 45 years old at time of enrollment of in the precursor natural history study (TN-01). Patients were allowed to enter the TN-10 study if they were <45 at the time of starting TN-01. The original study protocol lists that age 

requirements differ according to the degree of relation to the relative with established T1D (ie, older participant ages were allowed if a fist-degree relative versus second- or third-degree relative. 

c Investigators first evaluated for the presence of autoantibodies to mIAA, GAD and IA-2/ICA512. If at least one of these was positive, they additionally tested for both ICA and ZnT8. Radioimmunobinding assays (at one University) were used to measure 

antibodies to GAD-65, micro insulin, ICA-512 and ZnT8 while ICA was measured using indirect immunofluorescence at another University.  

d ZnT8 autoantibody was added as an amendment (in 2012) to the initial study protocol (from 2010).  

e “Fasting glucose levels of 110-126 qualify subjects as having abnormal glucose tolerance in this protocol as it reflects the criteria used for entry into the DPT-1 and the DPT-1 data was used for the calculation of diabetes risk for this trial.” (page 18) 17  

f After 2014, the protocol was amended to allow patients <18 years old with a single abnormal OGTT result that meets other criteria to be included. This decision was “…because the rates of type 1 diabetes progression were similar with or without a 
confirmatory oral glucose-tolerance test in this age group.” (page 4)12 For those ≥ 18 years at time of randomization, 2 consecutive abnormal OGTTs were required with one completed within the prior 7 weeks.  

Abbreviations: µL, microliter; CMV, cytomegalovirus; dL, deciliter; EBV, Epstein-Barr virus; FBG, fasting blood glucose; g, gram; GAD65, glutamic acid decarboxylase 65; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IA-2, islet 

antigen 2; ICA, islet-cell autoantibody; INR, international normalized ratio; kg, kilogram; mg, milligram; MIAA, micro insulin autoantibodies; OGTT, oral glucose tolerance test; PMN, polymorphonuclear leukocyte; PPD, purified protein derivative; T1D, type 1 
diabetes; ULN, upper limit of normal; ZnT8, zinc transporter 8. 



a Details of AE reporting varied across the studies (for example, some did not report AE rates in the control group).  

* Indicates a statistically significant difference from control (p<0.05). 

Abbreviations: ∆, change; Ab, antibodies; AE, adverse event; A1c, glycated hemoglobin; ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; AUC, area under the curve; CD4, cluster of differentiation 4 T cells; CI, confidence 

interval; CMV, cytomegalovirus; CRS, cytokine release syndrome; DB, double-blind; d/c, discontinued; dx, diagnosis; EBV, Epstein-Barr virus; IV, intravenous; ITT, intention to treat; h, hour; MMTT mixed-meal tolerance test; mo, months; mod, moderate; n, 
number; OL, open-label; OGTT, oral glucose tolerance test; PBO, placebo; Pts, patients; R, randomized; SAEs, serious adverse events; T1D, type 1 diabetes; y, year; TEP, teplizumab; U, units; WBC, white blood cell count. 
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APPENDIX E: OVERVIEW OF PRIOR TEPLIZUMAB CLINICAL TRIALS AMONG PATIENTS WITH NEW-ONSET T1D 

Table E1. Overview of Prior Phase 2/3 Trials of Teplizumab vs Control for the Treatment of New-onset T1D 

First author; year 

(Trial name) 

Study design 

Study comparison and 

study population 
Teplizumab regimen 

Primary endpoint and 

length of follow-up 
C-peptide efficacy results Adverse eventsa 

Herold et al.; 200551 

(Study 1) 

R, OL, controlled, phase 

1/2 multicenter trial 

TEP (n=21) vs control 

(n=21); control patients 

were monitored and 

received usual care 

without an additional 

intervention. 

• Ages 7.5-30 years. 

• New onset T1D (within 

6 weeks of dx). 

• Single course 

• 14-day regimen (first 

12 patients); total 

dose ~536 μg/kg 

• 12-day regimen (last 9 

patients); total dose 

~19,500 /m²/course 

C-peptide AUC (response) 

after 4-h MMTT; 

lymphocytes; and change 

in insulin secretion 

• 2-y 

• Preservation (% of baseline) of average C-peptide 

response at -y: TEP (97± 9.6%) vs control (53 ± 7.6%), 

P=0.001. 

• Mean AUC of stimulated C-peptide: TEP > control at 

12, 18 and 24 months (P<0.02). 

• Stimulated C-peptide response of ≥ 0.2 pmol/ml at 2-y 

(% meeting threshold, TEP vs control): 67% vs 26%, P = 

0.014. 

• TEP AE incidence > 10%: 

o Fever (36.4%), myalgia (22.7%), arthralgia (13.6%), and headache(72.7%); likely CRS 

related. 

o Rash (urticarial) (90.9%). 

• Less common mild AE (TEP): 

o Nausea, diarrhea, vomiting, rigors, fatigue. 

• SAE: 

o Grade 3 thrombocytopenia (TEP, n = 1). 

• Other events: 

o Anti-idiotype antibodies (50% at 6 mo.; 43% at 1-y; not detectable at >1:1000). 

• No evidence of long-term AE at 2-y. 



a Details of AE reporting varied across the studies (for example, some did not report AE rates in the control group).  

* Indicates a statistically significant difference from control (p<0.05). 

Abbreviations: ∆, change; Ab, antibodies; AE, adverse event; A1c, glycated hemoglobin; ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; AUC, area under the curve; CD4, cluster of differentiation 4 T cells; CI, confidence 

interval; CMV, cytomegalovirus; CRS, cytokine release syndrome; DB, double-blind; d/c, discontinued; dx, diagnosis; EBV, Epstein-Barr virus; IV, intravenous; ITT, intention to treat; h, hour; MMTT mixed-meal tolerance test; mo, months; mod, moderate; n, 
number; OL, open-label; OGTT, oral glucose tolerance test; PBO, placebo; Pts, patients; R, randomized; SAEs, serious adverse events; T1D, type 1 diabetes; y, year; TEP, teplizumab; U, units; WBC, white blood cell count. 
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Table E1. Overview of Prior Phase 2/3 Trials of Teplizumab vs Control for the Treatment of New-onset T1D 

First author; year 

(Trial name) 

Study design 

Study comparison and 

study population 
Teplizumab regimen 

Primary endpoint and 

length of follow-up 
C-peptide efficacy results Adverse eventsa 

Herold et al.; 200952 

(n/a) 

R, OL, controlled, phase 2b 

trial  

TEP (n =6) vs control (n = 

4); details of control group 

not reported. 

• Ad-hoc analysis 

matched control (n = 

12). 

• Ages 7-30 years. 

• New onset T1D (within 

6 weeks of dx). 

• 3 courses planned but 

stopped after 1 course 

• 12-day regimen; total 

dose ~19,500 

μg/m²/course 

Change in C-peptide AUC 

in response to 4-hr MMTT;  

Insulin use and A1c 

• 2-y 

• Study stopped 

prematurely, in part 

due to accidental 

higher exposure to 

TEP and higher 

incidence of mild-mod 

CRS and higher grade 

AE 

• Difference in change in C-peptide AUC from baseline 

at 1-y: Numerical increase in C-peptide response with 

TEP vs decrease with control, but difference was not 

statistically significant between TEP vs control (P = 

0.2). 

• Change in C-peptide AUC at 2-y in ad-hoc analysis: 

Lower decline with TEP > control (P = 0.008). 

• Overall AE (n, TEP vs control): 202 vs 50: 

o Mild AE (grade 1) (72%) 

o Moderate AE (grade 2) (24%) 

o Severe AE (grade 3) (4%) 

• SAE:  

o 7 events; TEP n = 2, control n = 1 

• TEP AE incidence >10%: 

o GI disorder, fever, nausea, infections, infections, pharyngitis or URI (100% each)  

o Rigors or rash (83% each) 

o Vomiting or headache (67% each) 

o Myalgia, pharyngitis, or thrombocytopenia (33% each) 

o Chest pain or lymphadenopathy (17%) 

o Mild to mod CRS (100%) 

o Grade 2 or grade 3 lymphopenia (100%) 

• Other TEP AE: 

o Grade 3 CD4 cytopenia (n = 1, 17%) 

 

 

 

 

 



a Details of AE reporting varied across the studies (for example, some did not report AE rates in the control group).  

* Indicates a statistically significant difference from control (p<0.05). 

Abbreviations: ∆, change; Ab, antibodies; AE, adverse event; A1c, glycated hemoglobin; ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; AUC, area under the curve; CD4, cluster of differentiation 4 T cells; CI, confidence 

interval; CMV, cytomegalovirus; CRS, cytokine release syndrome; DB, double-blind; d/c, discontinued; dx, diagnosis; EBV, Epstein-Barr virus; IV, intravenous; ITT, intention to treat; h, hour; MMTT mixed-meal tolerance test; mo, months; mod, moderate; n, 
number; OL, open-label; OGTT, oral glucose tolerance test; PBO, placebo; Pts, patients; R, randomized; SAEs, serious adverse events; T1D, type 1 diabetes; y, year; TEP, teplizumab; U, units; WBC, white blood cell count. 
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Table E1. Overview of Prior Phase 2/3 Trials of Teplizumab vs Control for the Treatment of New-onset T1D 

First author; year 

(Trial name) 

Study design 

Study comparison and 

study population 
Teplizumab regimen 

Primary endpoint and 

length of follow-up 
C-peptide efficacy results Adverse eventsa 

Sherry et al.; 201123 and 

Hagopian et al.; 201324 

(Protégé) 

R, DB, DD, PBO controlled, 

multicenter, multinational, 

4-arm, phase 2/3 trial  

TEP 14-day full dose 

(n=209) vs TEP 14-day low-

dose (n=102) vs TEP 6-day 

full-dose (n=106) vs PBO 

[matching intravenous] 

(n=99). 

• Ages 8-35 years  

• New onset T1D (within 

12 weeks of dx). 

2 identical courses 26 

weeks apart: 

• Arm 1: TEP 14-day full 

dose; total dose ~9034 

μg/m²/course 

• Arm 2: TEP 14-day low 

dose; total dose ~2985 

μg/m²/course 

• Arm 3: TEP 6-day full 

dose + 8 days PBO; 

total dose ~2426 

μg/m²/course 

Composite of A1c <6·5% 

and insulin dose <0·5 U/kg 

per day; mean A1c change 

from baseline 

• Secondary endpoint: 

Mean change from 

baseline in AUC of 

stimulated C-peptide 

after 4-h MMTT 

• 2-y (initial 1-y analysis 

was pre-planned) 

• Follow-up: 90% 

completed 2-y, but 

only 64% with 2-y C-

peptide AUC data 

• Sherry et al. (1-y): 

o Change from baseline in AUC of C-peptide: TEP 14-

day full dose vs PBO: (-0.06 vs -0.09 nmol/L/min, P 

= 0.382). 

o Median change from baseline in AUC of C-peptide 

(exploratory analysis): TEP 14-day full dose vs PBO: 

(-0.06 vs -0.14 nmol/L/min, P = 0.046). 

• Hagopian et al. (2-y): 

o Adjusted mean change from baseline in mean AUC 

of C-peptide: TEP 14-day full dose vs PBO: less 

decrease with TEP (-0.136 vs -0.191P = 0.027; in US 

only, P = 0.010). 

o Significant differences vs PBO not observed with 

other (lower dose) TEP regimens. 

• SAE at 1-y (14-day full-dose TEP vs PBO): 9% in each; DKA observed in TEP groups (1-3%) 

vs 0% PBO. 

• AE >10% at 1-y (14-day full-dose TEP vs PBO). 

o Blood disorders (87% vs 52%): Lymphopenia* (73% vs 19%), leukopenia* (47% vs 

23%), neutropenia* (36% vs 20%), anemia (14% vs 13%) 

o GI disorders: nausea (20% vs 11%), vomiting* (14% vs 5%) 

o General: pyrexia (21% vs 20%), fatigue (11 vs 5%), chills (10% vs 2%) 

o CRS (6% vs 0%) 

o Hepatobiliary disorders (12% vs 9%) 

o Infections: URI (12% vs 15%), mono-like syndrome (7% vs 8%) 

o Skin disorders: rash* (52% vs 20%), pruritus* (15% vs 4%) 

o Headache* (25% vs 15%) 

o MSK disorders (14% vs 8%) 

o Proteinuria (12% vs 9%) 

o Respiratory/thoracic disorders (21% vs 20%) 

• Laboratory AE >10% and statistically significantly higher with any TEP vs PBO at 1-y: 

o Blood carbonate decrease, WBC decrease, ALT increase, lymphocyte count decrease 

• Other AE at 1-y (any TEP vs PBO): 

o Anti-EBV IgG or IGM (5% vs 7%); transient increase in EBV viral load, TEP (n =1) 

o Anti-TEP Ab with titer >1:100 at day 28 or 56 (77% vs 13%) 

• AE at 2-y (14-day full-dose TEP vs PBO):  

o Grade 3 SAE: 65.2% vs 28.6%, primarily due to lymphopenia  

o SAE (11.1% vs 12.2%): 

o All infections (48.3% vs 58.2%); Herpes zoster: 3.4% vs 0%, acute mono-like illness 

(7.7% vs 8.2%), mono (1.4 vs 1%), TB (0% vs 1%), URTI (16.3% vs 15.5%) 

o Deaths (any TEP vs PBO): 2 (1.5%) vs 0 (0%) 

• Pt withdrawal due to AE:  

o At 1-y, any TEP vs PBO: 39 (9%) vs 2 (2%)  

o At 2-y, any TEP vs PBO: 64 (34.7%) vs 5 (5.1%)  

• Anti-TEP Ab (with titer >1:100) was observed; 14-day full-dose course: more after cycle 2 

(60%) than cycle 1 (56%). For some patients, the anti-TEP Ab was associated with faster 

clearance of teplizumab, but did not seem to affect efficacy 



a Details of AE reporting varied across the studies (for example, some did not report AE rates in the control group).  

* Indicates a statistically significant difference from control (p<0.05). 

Abbreviations: ∆, change; Ab, antibodies; AE, adverse event; A1c, glycated hemoglobin; ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; AUC, area under the curve; CD4, cluster of differentiation 4 T cells; CI, confidence 

interval; CMV, cytomegalovirus; CRS, cytokine release syndrome; DB, double-blind; d/c, discontinued; dx, diagnosis; EBV, Epstein-Barr virus; IV, intravenous; ITT, intention to treat; h, hour; MMTT mixed-meal tolerance test; mo, months; mod, moderate; n, 
number; OL, open-label; OGTT, oral glucose tolerance test; PBO, placebo; Pts, patients; R, randomized; SAEs, serious adverse events; T1D, type 1 diabetes; y, year; TEP, teplizumab; U, units; WBC, white blood cell count. 

 

42 

Table E1. Overview of Prior Phase 2/3 Trials of Teplizumab vs Control for the Treatment of New-onset T1D 

First author; year 

(Trial name) 

Study design 

Study comparison and 

study population 
Teplizumab regimen 

Primary endpoint and 

length of follow-up 
C-peptide efficacy results Adverse eventsa 

Herold et al.; 201254 

(Delay) 

R, DB, PBO-controlled, 2-

arm, phase 2, multicenter 

trial 

Number in analysis: TEP 

(n=31) vs PBO [matching 

normal saline] (n=27). 

• Age 8-30 years 

• Recent T1D (within 4-

12 months of dx) 

• Single course  

• 14-day regimen; total 

dose ~ 9033 

μg/m²/course  

C-peptide AUC in response 

to 4-h MMTT. 

• 1-y 

Mean AUC of C-peptide response at 1-y, TEP vs PBO:  

0.45 (95%CI 0.40 - 0.51) nmol/l vs  

0.37 (95% CI 0.32 - 0.42) nmol/l, P=0.03. 

• SAE (TEP vs PBO): 1 (3%) vs 4 (14.8%) 

• Overall AE (TEP vs PBO):  

o grade 1: (82.8% vs 82.8%) 

o grade 2: (12% vs. 12.1%) 

o grade 3: (3.0% vs 3.9%) 

o grade 4: (0.1% vs. 0%) 

• AE ≥40% and more with TEP vs PBO:  

o Rash, lymphopenia 

• Other AE 

o EBV infection (TEP, n = 1) 

o CRS (TEP, n = 2; PBO, n = 1) 

• Pt withdrawal from drug due to AE: TEP: 1 (3%), due to grade 3 neutropenia;  

PBO: 2 (7.4%) 

Daifotis et al.; 201350  

FDA advisory committee 

brief; 20212 

(Protégé Encore 

[unpublished]) 

R, DB, PBO-controlled, 

multinational, 4-arm, 

phase 3 trial 

TEP 14-day full dose (n=63) 

vs TEP 14-day low-dose 

(n=66) vs TEP 6-day full-

dose (n=63) vs PBO (n=62). 

• Age 8-35 years 

• New onset T1D (within 

12 weeks of dx) 

Same as Protégé trial23,24 

(see above) 

Composite of A1c (<7.0% 

and insulin; <0.25 U/kg/ 

day) 

• 2-y 

• Trial stopped early 

due to “failure” of 

Protégé trial  

• 89.8% completed 1-y, 

29.1% completed 2-y2 

Fasting C-peptide at 1-y TEP 14-day full-dose (~9034 

μg/m²/course) vs PBO: Numeric improvement with TEP  

(P = 0.090). 

AE (% of patients): Neutropenia (37%), increased AST and ALT (33%), thrombocytopenia (30%), 

rash (60%), EBV viremia (21%), fever (22%). 



a Details of AE reporting varied across the studies (for example, some did not report AE rates in the control group).  

* Indicates a statistically significant difference from control (p<0.05). 

Abbreviations: ∆, change; Ab, antibodies; AE, adverse event; A1c, glycated hemoglobin; ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; AUC, area under the curve; CD4, cluster of differentiation 4 T cells; CI, confidence 

interval; CMV, cytomegalovirus; CRS, cytokine release syndrome; DB, double-blind; d/c, discontinued; dx, diagnosis; EBV, Epstein-Barr virus; IV, intravenous; ITT, intention to treat; h, hour; MMTT mixed-meal tolerance test; mo, months; mod, moderate; n, 
number; OL, open-label; OGTT, oral glucose tolerance test; PBO, placebo; Pts, patients; R, randomized; SAEs, serious adverse events; T1D, type 1 diabetes; y, year; TEP, teplizumab; U, units; WBC, white blood cell count. 
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Table E1. Overview of Prior Phase 2/3 Trials of Teplizumab vs Control for the Treatment of New-onset T1D 

First author; year 

(Trial name) 

Study design 

Study comparison and 

study population 
Teplizumab regimen 

Primary endpoint and 

length of follow-up 
C-peptide efficacy results Adverse eventsa 

Herold et al., 201353 

(AbATE) 

R, OL, controlled, 2-arm, 

multicenter, phase 2 trial 

Number in analysis: TEP 

(n=52) vs control (n=25) 

[normal care, no infusion] 

Age 8-30 years 

New onset T1D (within 8 

weeks of dx) 

• 2 courses 1 year apart 

(n = 40 received 

second course) 

• 14-day regimen; total 

dose ~ 9034 

μg/m²/course  

Change in mean C-peptide 

AUC from baseline after 4-

hr MMTT. 

• 2-y 

• Change in mean C-peptide AUC after adjustment for 

baseline C-peptide AUC in ITT analysis (TEP vs control): 

–0.28 vs –0.46 nmol/L, P = 0.002 

• Mean percent change in mean C-peptide AUC after 

adjustment for baseline C-peptide AUC in ITT analysis 

(TEP vs control): –45.1% vs –72.2%, P <0.001 

• SAE (TEP vs control): 11 (21.1%) vs 2 (8%) 

o TEP: DKA (n=1), diarrhea (n=1), CRS (n =5), infection (n=2), hypoglycemia (n = 2) 

o Control: hypoglycemia (n =1) 

• Overall AE:  

o Grade 1: 11.5% vs 28%; grade 2: 42.3% vs. 48%; grade 3 (40.4% vs. 16%); grade 4 (5.8% 

vs. 0%) 

• AE >15% (TEP vs control): 

o URI (61.5% vs 56%), flu (19.2% vs 20%), pharyngitis (21.2% vs 12%), nausea (48.1% vs 

20%), abdominal pain (44.2% vs 24%), vomiting (36.5% vs 12%), rash (82.7% vs 8%), 

pruritus (28.8% vs 4%), headache (57.7% vs 40%), pyrexia (38.5% vs 20%), cough 

(32.7% vs 12%), nasal congestion (15.4% vs 20%), oropharyngeal pain (23.1% vs 4%), 

hypoglycemia (40.4% vs 24%), hypotension (23.1% vs. 0%) 

• Laboratory AE (TEP vs control): 

o Increased ALT (9.6% vs 0%), increased AST (7.7% vs 0%), increased total bilirubin (3.8% 

vs 4%), increased direct bilirubin (3.8% vs 0%), neutropenia (71.2% vs 0%), anemia, 

lymphopenia >30-days after TEP (1.9% vs 0%), thrombocytopenia (1.9% vs 0%) 

• Other AE (TEP vs control):  

o EBV and CMV reactivation with TEP: transient increase in viral load; after first course: 

(EBV: 9 of 21, CMV: 2 of 16); after second course: EBV: 3 of 21, CMV: 1 of 16). 5 

patients with possible EBV infection symptoms.  

o Neoplasm [benign and malignant] (5.8% vs. 0%), hepatobiliary disorders (5.8% vs 4%), 

cardiac disorders (5.8% vs 0%), CRS (9.6% vs 0%) 

• Pt withdrawal due to AE:  

• TEP: n = 15 overall d/c, 13 related to AE 

Perdigoto et al., 201955 

AbATE trial extended 

follow-up 

This was a 7-year follow-up trial to the AbATE trial (above). Only 56% of the original participants, including 31 from TEP and 12 from the control group (only those with detectable C-peptide at year 2 of AbATE trial) were eligible; median 

follow-up 7.3-y, range 6.3- to 8.8-y: 

• No significant difference in C-peptide response after 4-h MMTT between TEP and control groups; significant differences in C-peptide response for responders vs non-responders + control group (P=0.01). 

• AE similar between groups including infections; non-significant numerical increase in hypoglycemic events among TEP non-responders and control patients vs TEP responders. 
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