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Reimbursement Review
Teplizumab (Tzield)
Sponsor: Sanofi-aventis Canada Inc.
Therapeutic area: Delay onset of stage 3 type 1 diabetes
Clinical Review
Pharmacoeconomic Review
Ethics Review

Clinical Review


Abbreviations
AE

adverse event


AESI

adverse event of special interest


ALT

alanine aminotransferase


AUC

area under the concentration-time curve


BSA

body surface area


CDA-AMC

Canada's Drug Agency


CI

confidence interval


CRS

cytokine release syndrome


CSEM

Canadian Society of Endocrinology and Metabolism


DCO

data cut-off


DKA

diabetic ketoacidosis


FAS

full analysis set


GRADE

Grading of Recommendations, Assessment, Development and Evaluations


HR

hazard ratio


HRQoL

health-related quality of life


ITT

intention to treat


OGTT

oral glucose tolerance test


RCT

randomized controlled trial


SAE

serious adverse event


SD

standard deviation


T1D

type 1 diabetes


TEAE

treatment-emergent adverse event


ULN

upper limit of normal



Executive Summary
An overview of the submission details for the drug under review is provided in Table 1.
Table 1: Background Information of Application Submitted for Review
	Item
	Description

	Drug product
	Teplizumab (Tzield), 2 mg/2 mL per vial for IV infusion

	Sponsor
	Sanofi-aventis Canada Inc.

	Indication
	To delay the onset of stage 3 T1D in adult and pediatric patients 8 years of age and older with stage 2 T1D

	Reimbursement request
	As per Health Canada indication

	Health Canada approval status
	NOC

	Health Canada review pathway
	Priority review

	NOC date
	May 5, 2025

	Recommended dose
	Administer teplizumab by IV infusion (over a minimum of 30 minutes), using a body surface area–based dosing, once daily for 14 consecutive days as follows:
	day 1: 65 mcg/m2

	day 2: 125 mcg/m2

	day 3: 250 mcg/m2

	day 4: 500 mcg/m2

	days 5 through 14: 1,030 mcg/m2.




Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
NOC = Notice of Compliance; T1D = type 1 diabetes.
Introduction
Type 1 diabetes (T1D) is a chronic, progressive autoimmune condition resulting from the destruction of insulin-producing beta cells in the pancreas, culminating in chronic hyperglycemia and reliance on exogenous insulin for survival.1-3 T1D progresses as a continuum across 3 stages: stage 1 T1D is characterized by the presence of at least 2 diabetes-related autoantibodies and normoglycemia; stage 2 is marked by the development of abnormal glucose tolerance in addition to the presence of at least 2 diabetes-related autoantibodies; and stage 3 T1D is characterized by overt hyperglycemia, the presence of 2 or more diabetes-related autoantibodies, and the development of typical clinical symptoms and signs of diabetes requiring the use of life-long insulin replacement therapy.4,5 Patients who advance to stage 2 T1D have a 100% lifetime risk of progressing to stage 3 T1D.5,6 Patients with T1D and their caregivers have compromised health-related quality of life (HRQoL) compared to the general population.7 The diagnosis of T1D is based on the presence of hyperglycemia (such as elevated levels of fasting plasma glucose, 2-hour plasma glucose value during an oral glucose tolerance test [OGTT], or hemoglobin A1C), presence of clinical symptoms, and detection of diabetes-associated autoantibodies.8 In Canada, the incidence rate of T1D among adolescents and young adults (aged 10 years to 24 years) was 31.89 cases per 100,000 population in 2019.9 Moreover, T1D is the most prevalent form of diabetes in children and adolescents, accounting for more than 90% of childhood diabetes in the majority of Western countries.3 The epidemiology of stage 2 T1D is poorly understood and Canadian data on this stage are limited. People with stage 1 or stage 2 T1D often remain undiagnosed until they reach stage 3, by which time there has been a substantial loss in the number of beta cells and endogenous insulin production.1,2 Globally, the mortality of T1D has changed from increasing during the 1990 to 1999 period to decreasing from 2000 to 2019. Major advances in T1D diagnosis, treatment with insulin, and glucose monitoring strategy make possible the near-normal life expectancy in adolescents and young adults with this condition.10 It has been reported that compared to controls, the hazard ratio (HR) for all-cause mortality was 4.11 (95% confidence interval [CI], 3.24 to 5.22) in patients who developed T1D before 10 years of age, and 2.83 (95% CI, 2.38 to 3.37) in those who developed the disease between 26 years to 30 years of age.11 In addition, a younger age at onset of stage 3 T1D has been associated with higher glycated hemoglobin (also known as hemoglobin A1C) levels and impaired kidney function earlier in the disease course, as well as an increased risk of cardiovascular disease.11,12
Currently there are no treatments approved for patients at stage 2 of the disease. There is an unmet need to treat patients for T1D earlier in the continuum of disease and delay the onset of stage 3 disease. Stage 3 T1D is currently managed with insulin replacement therapy.1,13-15 However, even though sufficient glycemic control may be achieved from intensive insulin management balanced with diet and activity, insulin is not a disease-modifying drug and does not delay the continuum of T1D.13-15
Teplizumab is indicated to delay the onset of stage 3 T1D in adult and pediatric patients aged 8 years and older with stage 2 T1D. The sponsor’s reimbursement request aligns with the Health Canada–approved indication. It binds to CD3 (a cell surface antigen present on T lymphocytes). Teplizumab should be administered by IV infusion using body surface area (BSA)–based dosing, once daily for 14 consecutive days.
Testing Procedure Considerations
Testing for diabetes-related autoantibodies and dysglycemia is not part of the current standard care for identifying individuals with early-stage T1D (including stage 2) in Canada. While dysglycemia testing is widely available and publicly funded, the availability, reimbursement status, and access to autoantibody testing varies by jurisdiction. This could be a barrier to implementation, and may result in inequitable access to teplizumab if it were to be funded. Identification of populations eligible for testing remains a key challenge.
Perspectives of Patients, Clinicians, and Drug Programs
The information in this section is a summary of input provided by the patient and clinician groups who responded to a call for input from Canada’s Drug Agency (CDA-AMC) and from clinical experts consulted for the purpose of this review.
Patient Input
A joint patient group submission was received from Breakthrough T1D Canada and Diabetes Canada. Breakthrough T1D Canada is a national patient advocacy and research funding organization specifically dedicated to people living in Canada with T1D. Diabetes Canada is a national health charity representing Canadians who are affected by diabetes. Breakthrough T1D Canada and Diabetes Canada gathered information through an online survey conducted from January 10 to February 14, 2025. The survey had 463 respondents (258 female, 156 male).
The majority of respondents (n = 351; 83%) living with stage 3 T1D indicated that they are either extremely concerned or very concerned about the progression of T1D, its impact on daily life over time, and the amount of time they have needed off from work to manage their diabetes. According to the patient groups’ input, the only available treatment for patients with T1D is exogenous insulin, which is often accompanied by medical risks, suboptimal clinical outcomes, and a heavy burden on patients.
The patient groups highlighted that most of the respondents (n = 216; 54%) indicated that they feel there are significant gaps in the availability of immunotherapy medications for T1D, such as teplizumab. At the time patient input was collected, teplizumab was not available in Canada. Patients reported that any delay in disease progression would improve their overall well-being and decrease the risk of diabetic complications; and for young children, a delay of 2 to 3 years in progressing to T1D has a significant impact. Eight survey respondents had experience with teplizumab and noted that teplizumab delayed the onset of T1D, helped to maintain independence, and improved their physical and mental health. Despite the limited experience with teplizumab in Canada, the patient groups stated that having access to teplizumab and its potential to delay the onset of stage 3 T1D will have a significant positive impact on the lives of patients with early-stage T1D.
The patient groups clarified that the indication for teplizumab is stage 2 T1D. Autoantibody testing is performed via a blood test and associated assay; however, this is not yet a standard practice in Canada, and the cost of screening to the Canadian health care system is unclear. The majority of respondents (n = 292; 70%) indicated that they would like to participate in screening for T1D-associated autoantibodies if medications to delay the onset of T1D were available.
Clinician Input
Input From Clinical Experts Consulted for This Review
The information in this section is based on input received from a panel of 3 clinical specialists consulted by CDA-AMC for the purpose of this review.
The clinical experts consulted for this review indicated that the most significant unmet need for patients with stage 2 T1D is that currently, there are no treatments targeting this patient population. In addition, no population-based screening program for stage 2 disease is in place in Canada; thus, the clinical experts indicated that the majority of patients are currently unaware that they have stage 2 disease. Because almost all patients in early stages of T1D will progress to stage 3 T1D (according to the literature, patients who advance to stage 2 T1D have a 100% lifetime risk of progressing to stage 3 T1D), the clinical experts noted that the goals of treatment for patients with stage 2 T1D would be to: delay the onset of stage 3 T1D, prevent stage 3 T1D in those identified as being at high risk, prevent serious complications associated with the transition from stage 2 to stage 3 disease (e.g., hyperglycemia, potential diabetic ketoacidosis [DKA]), and alleviate patients’ anxiety and stress.
The clinical experts indicated that teplizumab would be the first and only disease-modifying therapy to delay the onset of stage 3 T1D in this patient population. The experts also noted that teplizumab would be used as first-line treatment and would not be combined with other treatments. Given the lack of alternative therapies, the experts noted that the use of teplizumab would cause a shift in the current treatment paradigm, being a first-in-class medication for stage 2 T1D. However, structured screening programs would need to be put in place to identify the patients who could benefit from this treatment.
The clinical experts noted that patients with stage 2 T1D are best suited for treatment with teplizumab. The experts highlighted the challenges in identifying patients with stage 2 T1D in clinical practice, because T1D at this stage is asymptomatic, and a population-based screening program for T1D has not been implemented in Canada. In the current clinical practice, patients with stage 2 T1D are usually identified in populations at higher risk of developing T1D, such as those with a family member living with T1D; however, the majority of people (approximately 85%) diagnosed with T1D do not have a family history. The clinical experts also raised concerns about the challenges of such a national screening program. Diabetes-related autoantibody testing is needed to identify patients who are suitable for treatment with teplizumab. The challenge is that the current autoantibody screening tests in Canada vary in sensitivity and specificity, as well as availability and accessibility. Also, it is unknown whether this program is cost-effective, or at what ages screening should be performed.
The clinical experts consulted for this review indicated that in general, outcomes used in clinical practice to determine patients’ response to treatment include delay in onset of stage 3 T1D (assessed every 3 months to 6 months); prevention of DKA in those who progress to stage 3 T1D; and patients’ HRQoL, in particular, psychosocial well-being.
The clinical experts consulted for this review noted that initial IV infusions of teplizumab may be associated with immediate adverse events (AEs), although the therapy is generally safe without serious AEs (SAEs) occurring. AEs may result in treatment discontinuation, while discontinuation due to long-term effects of immunosuppression therapies is less of a concern with teplizumab in clinical practice given the short course of treatment and current evidence available.
The clinical experts indicated that a specialist (typically a pediatric or adult endocrinologist, but could also include internists or general pediatricians) would be required to diagnose, treat, and monitor patients with stage 2 T1D who may receive teplizumab. In addition, the experts emphasized the importance of appropriate infrastructure and clinical expertise to provide IV infusions in hospital settings and monitor patient safety during the 14-day infusions.
Clinician Group Input
CDA-AMC received 1 submission from the Canadian Society of Endocrinology and Metabolism (CSEM). CSEM is a professional organization of academic and community-based endocrinologists and researchers that advocates for excellence in endocrinology research, education, and patient care in Canada.
The clinician group agreed with the clinical experts consulted by CDA-AMC that there are no available therapies that modify the disease progression of T1D in Canada and insulin therapy is required for the treatment of T1D when patients are diagnosed at stage 3. The clinician group and clinical experts consulted by CDA-AMC agreed that the major unmet need is lack of treatments to delay the onset of stage 3 T1D. CSEM added that ongoing demands of managing T1D and the associated emotional burden can also impair patients’ quality of life.
The clinician group noted that teplizumab is the first approved disease-modifying therapy in T1D and would be used alone as the first-line treatment to delay the onset of stage 3 T1D in adults and children (aged ≥ 8 years) with stage 2 T1D, and could shift the treatment paradigm from solely managing blood glucose levels to modifying the underlying disease process.
All clinicians noted that a major challenge would be identifying individuals with stage 2 T1D because it is asymptomatic and population screening for T1D has not yet been implemented. The clinical experts consulted by CDA-AMC added that clinicians are most likely to identify stage 2 T1D in people with a family history of T1D, but most people diagnosed with T1D do not have a family history.
The clinician group and the clinical experts consulted by CDA-AMC agreed that the important outcome is a delay in progress from stage 2 to stage 3 T1D, which should be assessed by measuring fasting plasma glucose, OGTT, or hemoglobin A1C every 3 months to 6 months.
CSEM explained that discontinuation of teplizumab therapy should be considered if severe or persistent AEs occur, or with disease progression.
According to CSEM, teplizumab administration requires a multidisciplinary team with expertise in the treatment and monitoring of patients with T1D. Outpatient infusion centres, hospital-based infusion clinics, or specialty pediatric endocrine or diabetes centres are preferred. These locations must have the necessary infrastructure to monitor patients for AEs.
Drug Program Input
Input was obtained from the drug programs that participate in the CDA-AMC reimbursement review process. Please refer to Table 5 for further information. The following were identified as key factors that could potentially impact the implementation of teplizumab:
	relevant comparators

	considerations for initiation of therapy

	considerations for prescribing of therapy

	generalizability

	care provision issues

	system and economic issues.


Clinical Evidence
Systematic Review
Description of Studies
The evidence included in this review consisted of 1 phase II, double-blind, placebo-controlled randomized controlled trial (RCT), the TN-10 study (N = 76). The purpose of this study was to evaluate the efficacy and safety of teplizumab for delaying the onset of stage 3 T1D (also known as clinical T1D) in adults or children aged 8 years or older with a diagnosis of stage 2 disease. These patients were relatives of those with a confirmed diagnosis of stage 3 T1D. Eligible patients were randomly assigned to receive either teplizumab (n = 44) or placebo (n = 32) in a double-blind manner. The primary efficacy end point of this study was time from randomization to stage 3 T1D diagnosis. In addition, changes in levels of C-peptide and hemoglobin A1C, as well as harms were evaluated. This study was projected to last between ██ and ████ years. At baseline, the patient characteristics were generally comparable between the 2 treatment groups. Of the 76 patients, the median age was 14 years in the teplizumab group and 13 years in the placebo group. There were 29 patients (65.9%) aged younger than 18 years in the teplizumab group compared to 26 patients (81.3%) in the placebo group. Before enrolment, all patients were positive for at least 2 autoantibodies, while 73.7% of all patients were positive for 3 or more. The teplizumab and placebo groups were similar in baseline glucose and hemoglobin A1C levels. There were some imbalances in the proportion of patients who were first-degree relatives of siblings with T1D and presence of certain autoantibodies. In this study, patients who were not diagnosed with T1D had OGTTs at 3 months after randomization and then every 6 months thereafter until the study cut-off date or withdrawal. If the patients progressed to stage 3 T1D, they were not followed up further.
At the end of the TN-10 study, patients who had not progressed to stage 3 T1D were continuously followed for up to 80.46 months. Outcomes assessed during this period of time included time from randomization to stage 3 T1D, and changes in levels of C-peptide and hemoglobin A1C. Patients were unblinded to the treatment assignment during the extended follow-up.
Efficacy Results
After a median follow-up of 26.6 months, stage 3 T1D was diagnosed in 20 of 44 participants (45%) in the teplizumab group and 23 of 32 participants (72%) in the placebo group. The median time from randomization to stage 3 T1D diagnosis was 49.5 months (95% CI, 32.2 months to not estimable) in the teplizumab group and 24.9 months (95% CI, 9.5 months to 48.6 months) in the placebo group, with a between-group difference of 24.6 months (95% CI not available). Because the patients who progressed to stage 3 T1D no longer underwent further assessments, the time from randomization to stage 3 T1D was longer than the median follow-up time. The HR obtained from the Cox proportional hazards model was 0.41 (95% CI, 0.22 to 0.78; P = 0.0066). The clinical experts consulted for this review indicated that the approximately 2-year delay in the onset of T1D between teplizumab and placebo is considered clinically meaningful. However, the clinical experts noted that the long-term effects of teplizumab on lowering the risks of macrovascular and microvascular events remain unclear.
Change from baseline in the level of C-peptide reflects beta cell function in patients with T1D. C-peptide levels were collected during OGTT and no longer performed when patients were diagnosed with stage 3 T1D. At 2 years of treatment, results of C-peptide were available in approximately ████% of the study participants (i.e., those who remained in the study because they had not been diagnosed with stage 3 T1D); the 2-hour mean of C-peptide area under the concentration-time curve (AUC) was ████████ (standard deviation [SD] ████████) nmol/L in the teplizumab group and ████████ (SD ████████) nmol/L in the placebo group. The clinical importance of this between-group difference was unclear. In addition, analyses on C-peptide levels were exploratory in the TN-10 study; therefore, the evidence can only be considered supportive. Furthermore, in patients who progressed to stage 3, it is unknown how teplizumab would impact patients’ C-peptide levels once they are diagnosed with T1D.
Change from baseline in the level of hemoglobin A1C was reported in the TN-10 study. At 2 years of treatment, the mean of hemoglobin A1C was ████████% (SD ████████) in the teplizumab group and ████████% (SD ████████) in the placebo group, which are similar to the baseline values. Note that in this study, the values of hemoglobin A1C are considered within the normal range — because patients ceased to be followed after onset of T1D as per the protocol of the TN-10 study, the consistent and normal hemoglobin A1C levels in both treatment groups were an expected result.
HRQoL was considered a clinically important outcome by the patient groups and clinicians. However, HRQoL was not assessed in the current submission; therefore, the effect of teplizumab on patients’ HRQoL, in particular psychosocial well-being, is unknown.
Harms Results
At a median follow-up of 26.6 months, ████████% of patients in the teplizumab group and ████████% in the placebo group experienced at least 1 AE. The most commonly reported AEs in the teplizumab group were lymphopenia (72.7%), leukopenia (20.5%), rash pruritic (████████%), and nasopharyngitis (████████%). Grade 3 treatment-emergent AEs (TEAEs) occurred in ████ (████████%) patients in the teplizumab group and ██ (██████%) patients in the placebo group.
Treatment-emergent SAEs occurred in ██ (████████%) patients in the teplizumab group and ██ (██████%) patients in the placebo group. The SAEs reported in the teplizumab group included ████████████████████ ████████████████████ ██████████ ██████████████████ ██████████ ██████████████████ ██████████████████████████████ ██████████ ██████████ ██████████████████████ ██████████ ████████████████████ ██████ ██████████████████████████████. ██████ case of ██████████████████████████████ ██████████████████████ was reported as SAEs in the placebo group.
██████████ patients discontinued from study treatment because of TEAEs, including ██ ████████ of increased alanine aminotransferase (ALT) (██████%) in the teplizumab group and ██ ██████████ of hyperbilirubinemia (██████%) in the placebo group.
No patient died during the study.
████████ patients (██████%: grade 3 events of cellulitis, gastroenteritis, pneumonia and wound infection) in the teplizumab group had an AE of special interest (AESI), while ████ ██████████████ from the placebo group reported an AESI. There were no grade 3 or higher liver function abnormalities, grade 3 or higher neutropenia, grade 4 or higher cytokine release syndrome (CRS), or lymphocyte count lower than 500 mm3 for 7 days or longer events reported at the data cut-off (DCO) date of November 30, 2018.
The clinical experts consulted for this review noted that most AEs are manageable and there was no unusual safety signals observed.
Critical Appraisal
In the TN-10 study, there were some imbalances between the 2 treatment groups in patients’ baseline characteristics, such as the proportion of patients aged younger than 18 years, proportion of siblings with T1D, and presence of autoantibodies, consistent with the small sample size (N = 76). In general, small studies are at risk of imbalance in prognostic factors, are associated with larger effect sizes, and should be considered in the context of these findings. Teplizumab was developed to delay the onset of stage 3 T1D in patients diagnosed with stage 2 T1D. Time to stage 3 T1D diagnosis was the primary efficacy end point in the TN-10 study. Longer time from randomization to disease progression is associated with delayed treatment with insulin, and related short-term consequences. However, the clinical experts noted that currently it is uncertain whether the delayed onset of stage 3 T1D can be translated to longer-term clinical benefits, such as prolonged survival, and lower risk of macrovascular or microvascular events in patients with stage 3 T1D. It may also have an impact on patients’ HRQoL during the disease-free period, in particular, the psychosocial well-being of the patients and their families; however, this was not examined in this study.
Based on feedback from the clinical experts consulted for this review, the eligibility criteria and baseline characteristics of patients randomized in the TN-10 study are somewhat different than those observed in clinical practice. For example, the proportion of patients aged older than 18 years may be larger in practice than in the TN-10 study. Also, nearly all patients in the study were white, which was inconsistent with those seen in practice. As such, the patients enrolled are unlikely to be representative of the racial or ethnic diversity of those seen in clinical practice in Canada. In addition, the trial used restricted exclusion criteria, while in clinical practice, a broader population may be eligible to receive treatment with teplizumab, such as patients who may have abnormal blood counts or liver function tests. The study findings may not be generalized to the patient population in clinical practice.
GRADE Summary of Findings and Certainty of the Evidence
For pivotal studies and RCTs identified in the sponsor’s systematic review, Grading of Recommendations, Assessment, Development and Evaluations (GRADE) was used to assess the certainty of the evidence for outcomes considered most relevant to inform expert committee deliberations, and a final certainty rating was determined as outlined by the GRADE Working Group.16,17
Following the GRADE approach, evidence from RCTs started as high-certainty evidence and could be rated down for concerns related to study limitations (which refers to internal validity or risk of bias), inconsistency across studies, indirectness, imprecision of effects, and publication bias.
When possible, certainty was rated in the context of the presence of an important (nontrivial) treatment effect; if this was not possible, certainty was rated in the context of the presence of any treatment effect (i.e., the clinical importance is unclear). In all cases, the target of the certainty of evidence assessment was based on the point estimate and where it was located relative to the threshold for a clinically important effect (when a threshold was available) or to the null. The threshold for a clinically important effect for time to stage 3 T1D in the study population was not obtained. Therefore, the target of the certainty of evidence assessment was the presence or absence of any non-null effect for this end point. The thresholds for a clinically important effect for the change from baseline in levels of C-peptide and hemoglobin A1C, and change from baseline in the occurrence of harm events in the study population were not obtained either. Therefore, the target of the certainty of evidence assessment was the presence or absence of any non-null effect for these end points.
Table 2 presents the GRADE summary of findings for teplizumab versus placebo.
The selection of outcomes for GRADE assessment was based on the sponsor’s Summary of Clinical Evidence, consultation with clinical experts, and input received from patient and clinician groups and public drug plans. The following list of outcomes was finalized in consultation with expert committee members:
	time from randomization to stage 3 T1D diagnosis

	change from baseline in level of C-peptide

	change from baseline in level of hemoglobin A1C

	any SAEs

	AESIs.


Table 2: Summary of Findings for Teplizumab vs. Placebo for Patients With Stage 2 T1D
	Outcome and follow-up
	Patients (studies) N
	Relative effect (95% CI)
	Absolute effects (95% CI)
	Certainty
	What happens

	Placebo
	Teplizumab
	Difference

	Delay in onset of stage 3 T1D (ITT population)

	Time from randomization to stage 3 T1D, median months
Median follow-up for teplizumab: 27.5 months
Median follow-up for placebo: 17.8 months
	76 (1 RCT)
	NR
	24.9 months (9.5 months to 48.6 months)
	49.5 months (32.2 months to NE)
	24.6 months (NR)
	Moderatea
	Teplizumab likely results in an increase in time to onset of stage 3 T1D when compared with placebo. The clinical importance of the delay is uncertain.

	Number of patients diagnosed with stage 3 T1D
Median follow-up for teplizumab: 27.5 months
Median follow-up for placebo: 17.8 months
	76 (1 RCT)
	NR
	██████ per 1,000 (NR)
	██████ per 1,000 (NR)
	██████ less per 1,000
(██████ less to ████ less per 1,000)
	Moderateb
	Teplizumab likely results in fewer patients progressed to stage 3 T1D when compared with placebo. The clinical importance of the decrease is uncertain.

	Incidence of DKA

	NRc
	NRc
	NRc
	NRc
	NRc
	NRc
	NRc
	NRc

	HRQoL

	NAd
	NAd
	NAd
	NAd
	NAd
	NAd
	NAd
	NAd

	Harms (safety population)

	SAE
Median follow-up for teplizumab: 27.5 months
Median follow-up placebo: 17.8 months
	76 (1 RCT)
	NR
	██████ per 1,000 (NR)
	██████ per 1,000 (NR)
	██████ more per 1,000
(██ more to ██████ more per 1,000)
	Lowe
	Teplizumab may result in an increase in the proportion of patients who experience SAEs when compared with placebo.

	AESI
Median follow-up for teplizumab: 27.5 months
Median follow-up placebo: 17.8 months
	76 (1 RCT)
	NR
	██████
	████ per 1,000 (NR)
	████ more per 1,000
(NE to NE)
	Lowf
	Teplizumab may result in an increase in the proportion of patients who experience AESIs when compared with placebo.


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
AESI = adverse event of special interest; CI = confidence interval; DKA = diabetic ketoacidosis; HRQoL = health-related quality of life; NA = not assessed; NE = not estimable; NR = not reported; RCT = randomized controlled trial; SAE = serious adverse event; T1D = type 1 diabetes; vs. = versus.
Notes: Study limitations (which refer to internal validity or risk of bias), inconsistency across studies, indirectness, imprecision of effects, and publication bias were considered when assessing the certainty of the evidence. All serious concerns in these domains that led to the rating down of the level of certainty are documented in the table footnotes.
No adjustment for multiplicity was made in the analyses in the TN-10 study.
In the TN-10 study, incidence of DKA was assessed as a harm outcome instead of an efficacy outcome. No events of DKA have been reported as of the data cut-off date of November 30, 2018.
aRated down 1 level for serious imprecision. There was no known threshold for a clinically important effect for the time to stage 3 T1D diagnosis. The sample size and/or number of events contributing to the analysis is small.
bRated down 1 level for serious imprecision. There was no known threshold for a clinically important effect for the number of patients who progressed to stage 3 T1D. The sample size and/or number of events contributing to the analysis is small.
cAs this was NR, the evidence is very uncertain about the effect of teplizumab on incidence of DKA compared with any comparator.
dAs this was NA, in the absence of comparative data, the evidence is very uncertain about the effect of teplizumab on HRQoL compared with any comparator.
eRated down 2 levels for very serious imprecision. No threshold of clinical importance could be established; therefore, the null was used. The point estimate suggests harm; however, the 95% CIs were wide and close to null; therefore, the effect of teplizumab on SAE was uncertain.
fRated down 2 levels for very serious imprecision. No threshold of clinical importance could be established; therefore, the null was used. The point estimate suggests harm; however, the 95% CIs were not estimable; therefore, the effect of teplizumab on AESI was uncertain.
Sources: Clinical Study Report for TN-10,18 Sims et al. (2021),19 Lledó-Delgado et al.,20 and additional information provided by the sponsor.21 Details included in the table are from the sponsor’s Summary of Clinical Evidence.
Long-Term Extension Studies
Description of Studies
Participants who had not progressed to stage 3 T1D by the end of the TN-10 study in June 2019 were transferred into the TrialNet Pathway to Prevention of T1D (formerly Natural History Study) (TN-01), and continued to be followed up and were included in the extended follow-up analyses of the primary end point, which was conducted after participants had been followed for a median duration up to 80.4 months. Patients were informed of the treatment they received at the end of the TN-10 study and so were aware of treatment assignment in the long-term extension study. The results of median time from randomization to the diagnosis of stage 3 T1D, and metabolic outcomes including measures of C-peptide response and glycemic control as measured by hemoglobin A1C levels were reported.
Efficacy Results
At the 31-month follow-up since initial randomization, the proportion of patients who did not have stage 3 T1D was 50% (22 of 44 patients) in the teplizumab group and 22% (7 of 32 patients) in the placebo group. At the 80-month follow-up, the proportion of patients who did not have stage 3 T1D was 36% (16 of 44 patients) in the teplizumab group and 12% (4 of 32 patients) in the placebo group. Results of these extended follow-up analyses suggested that the treatment effect of teplizumab (delaying the onset of stage 3 T1D) was maintained during the longer follow-up, in patients aged 8 years or older with a diagnosis of stage 2 T1D.
Harms Results
Harm outcomes were not assessed in the long-term extension studies.
Critical Appraisal
Longer-term efficacy and safety data of teplizumab were reported for up to 80.46 months. Missing data handling was not reported during these periods. Time from randomization to stage 3 T1D, and change in the levels of C-peptide and hemoglobin A1C were reported. While these outcomes were objectively measured, the open-label observational design cannot control for the impact of patient behaviours or other treatments received during the extended follow-up period. Insufficient details of the efficacy outcomes were reported (e.g., between-group differences and associated 95% CIs were missing); therefore, a thorough evaluation of the long-term effect of teplizumab in the study population was not feasible. Harm outcomes were not examined in the extended follow-up analyses.
Indirect Comparisons
No indirect comparisons were submitted to this review.
Studies Addressing Gaps in the Evidence From the Systematic Review
No studies addressing gaps in the evidence from the systematic review were submitted to this review.
Conclusions
Currently there is a lack of treatment for patients diagnosed with stage 2 T1D. Teplizumab is a first-in-class medication with an indication of delaying the onset of stage 3 T1D in patients with preclinical T1D. One phase II, double-blind, placebo-controlled RCT (the TN-10 study) provided evidence for the efficacy and safety of teplizumab in adults or children aged 8 years or older with stage 2 T1D. The results showed that after a median follow-up of 26.6 months, treatment with teplizumab likely results in delaying the time to progress to stage 3 T1D by approximately 2 years, compared to placebo. However, currently it is uncertain whether this 2-year delay in patients with stage 2 T1D (with or without progression) can be translated to longer-term clinical benefits, such as prolonged survival, and lower risk of macrovascular or microvascular events in patients with stage 3 T1D. In terms of harms, evidence from the TN-10 study indicated that teplizumab may result in an increase in the proportion of patients who experience SAEs or AESIs when compared with placebo. Up to a median follow-up of 80 months since the initial randomization, longer duration to progression to stage 3 T1D was observed in patients in the teplizumab group when compared with those who received placebo. There is uncertainty in long-term safety due to the lack of evidence. In addition, the impact of teplizumab on patients’ HRQoL was unknown, either during the delayed period or after a diagnosis of stage 3 T1D.
Introduction
The objective of this report is to review and critically appraise the evidence submitted by the sponsor on the beneficial and harmful effects of teplizumab (solution of 2 mg/mL teplizumab in single-use vial for IV infusion) to delay the onset of stage 3 T1D in adults and children aged 8 years and older with stage 2 T1D.
Disease Background
Contents within this section have been informed by materials submitted by the sponsor and clinical expert input. The following have been summarized and validated by the review team.
T1D is a chronic, progressive autoimmune condition resulting from the destruction of insulin-producing beta cells in the pancreas, culminating in chronic hyperglycemia and reliance on exogenous insulin for survival.1-3
T1D progresses as a continuum across 3 stages. Stage 1 T1D is characterized by the presence of at least 2 diabetes-related autoantibodies and normoglycemia. Stage 2 is marked by the development of abnormal glucose tolerance in addition to the presence of at least 2 diabetes-related autoantibodies. Stages 1 and 2 are asymptomatic and can start months to years before the onset of stage 3, which is when T1D is clinically diagnosed. Stage 3 T1D is characterized by overt hyperglycemia, presence of 2 or more diabetes-related autoantibodies, and the development of typical clinical symptoms and signs of diabetes requiring the use of life-long exogenous insulin replacement therapy.4,5 Patients who advance to stage 2 T1D have a 60% likelihood of progressing to stage 3 T1D within 2 years, a 75% likelihood within 5 years, and a 100% lifetime risk.5,6 Patients with T1D have compromised HRQoL compared to the general population.7 Caregivers of children with T1D also bear the negative impact of the disease and its management, with parents of children with diabetes reporting lower parenting satisfaction than parents of healthy children.22,23
The diagnosis of T1D is based on the presence of hyperglycemia (such as elevated levels of fasting plasma glucose, 2-hour plasma glucose value during an OGTT, or hemoglobin A1C), presence of clinical symptoms, and detection of diabetes-associated autoantibodies.
Both hypoglycemia and hyperglycemia can escalate to serious, life-threatening complications including altered consciousness and coma if not immediately managed, and therefore often require hospitalization.24 Insulin treatment has been frequently associated with a risk of medication error and injury, and insulin is considered a high-alert medication. Additionally, insulin represented 16% of all medication error events with reported harm in 2008.25
Typical symptoms and signs of diabetes include polyuria, polydipsia, nocturia, enuresis, weight loss, fatigue, polyphagia, blurred vision, and behavioural disturbance.3 DKA is a serious complication of diabetes that is triggered by counter-regulatory metabolic responses to very low circulating insulin levels, and can arise from worsening beta cell function in untreated T1D at diagnosis, or in patients with established T1D due to missed insulin doses or insufficient insulin administration during infection, gastrointestinal illness, and physiological stress.24 It may lead to stupor, coma, and, in the absence of effective treatment, death.3,6 DKA can lead to further long-term complications and is a common cause of diabetes-related mortality in T1D.24,26 The benefits of screening to reduce DKA rate at the time of stage 3 T1D diagnosis have been proven.4 Cerebral edema is a rare but frequently fatal complication of DKA, and it has been estimated to occur in 0.7% to 1.0% of children who develop DKA.27
These autoantibodies are markers of beta cell autoimmunity in T1D: ICA (69% to 90% of patients with T1D), antibodies to glutamic acid decarboxylase 65 (GAD-65) (80% of patients with T1D), IA-2 (54% to 75% of patients with T1D), and IAA (70% in young children with T1D).8 If a patient tests positive for 2 or more diabetes-related autoantibodies, then a positive dysglycemia test (based on the results of fasting plasma glucose level, OGTT, and hemoglobin A1C) is necessary to confirm the diagnosis of stage 2 T1D.5
The global incidence rate of T1D (stages not specified) varies widely. In general, among adolescents and young adults (aged 10 years to 24 years), the incidence increased from 7.78 cases per 100,000 population in 1990 to 11.07 cases per 100,000 population in 2019.9 In Canada, the incidence rate of T1D among adolescents and young adults (aged 10 years to 24 years) was 31.89 cases per 100,000 population in 2019.9 Moreover, T1D is the most prevalent form of diabetes in children and adolescents, accounting for more than 90% of childhood diabetes in the majority of Western countries.3 The epidemiology of stage 2 T1D is poorly understood and Canadian data on this stage are limited. Due to the nature of an asymptomatic condition and because there is no extensive general population early detection testing program available in Canada, there is uncertainty regarding the incidence and prevalence of patients with stage 2 T1D in Canada.28
People with stage 1 or stage 2 T1D often remain undiagnosed until they reach stage 3, by which time there has been a substantial loss in the number of beta cells and endogenous insulin production.1,2 The age at onset of stage 3 T1D may impact mortality. Globally, the mortality of T1D has changed from increasing during the 1990 to 1999 period to decreasing from 2000 to 2019. Major advances in T1D diagnosis, treatment with insulin, and glucose monitoring strategy make possible the near-normal life expectancy in adolescents and young adults with this condition.10 It has been reported that compared to controls, the HR for all-cause mortality was 4.11 (95% CI, 3.24 to 5.22) in patients who developed T1D before 10 years of age, and 2.83 (95% CI, 2.38 to 3.37) in those who developed the disease between 26 years to 30 years of age.11 In addition, a younger age at onset of stage 3 T1D has been associated with higher glycated hemoglobin (also known as hemoglobin A1C) levels and impaired kidney function earlier in the disease course, as well as an increased risk of cardiovascular disease.11,12
Patients with T1D would benefit from early detection of the disease, for example through reduced risk of DKA, delayed disease progression if a disease-modifying therapy is available, lowered incidence of long-term complications of diabetes, and reduced burden from life-long insulin administration. However, diagnosing an asymptomatic rare condition poses significant challenges. According to the clinical experts consulted for this review, a population screening program for T1D has not been implemented across Canada. Many patients are undiagnosed until the development of clinical symptoms and signs. Even though family history is a risk factor for T1D, previous research showed that among newly diagnosed T1D, only up to approximately 15% had a family history of this disease.5
Standards of Therapy
Contents within this section have been informed by materials submitted by the sponsor and clinical expert input. The following have been summarized and validated by the review team.
According to the clinical experts consulted for this review, there are currently no treatments approved for patients at this stage. The current management for stage 2 T1D is education and glucose monitoring. There is a substantial unmet need to treat patients for T1D earlier in the continuum of disease and delay the onset of stage 3 disease. Delaying the onset of stage 3 T1D for patients with stage 2 T1D would extend the period of life free from the daily burden of diabetes management. This approach would also mitigate the complications associated with diagnosis, insulin use, and the long-term effects of stage 3 T1D.29,30 The clinical experts indicated that the important treatment goals for patients with earlier stages of T1D are delaying the onset of stage 3 T1D, preventing the occurrence of DKA, and reducing patients’ anxiety and stress.
The current standard of care for stage 3 T1D in Canada is limited to managing symptoms and does not combat the pathophysiology of the condition or preserve the body’s own insulin production capacity. There is consensus from Diabetes Canada, the American Diabetes Association, and the European Association for the Study of Diabetes that stage 3 T1D is currently managed with insulin replacement therapy.1,13-15,31 However, even though sufficient glycemic control may be achieved from intensive insulin management balanced with diet and activity, insulin is not a disease-modifying drug and does not delay the continuum of T1D.13-15
Drug Under Review
Key characteristics of teplizumab are summarized in Table 3.
Teplizumab is indicated to delay the onset of stage 3 T1D in adult and pediatric patients aged 8 years and older with stage 2 T1D. The sponsor’s reimbursement request aligns with the approved Health Canada indication.
Teplizumab binds to CD3 (a cell surface antigen present on T lymphocytes). Its mechanism of action may involve partial agonistic signalling and deactivation of pancreatic beta cell autoreactive T lymphocytes. Teplizumab leads to an increase in the proportion of regulatory T cells and of exhausted CD8-positive T cells in peripheral blood.32
Teplizumab should be administered by IV infusion over a minimum of 30 minutes, using BSA-based dosing, once daily for 14 consecutive days as follows:
	day 1: 65 mcg/m2

	day 2: 125 mcg/m2

	day 3: 250 mcg/m2

	day 4: 500 mcg/m2

	day 5 through day 14: 1,030 mcg/m2.


Teplizumab was approved by Health Canada through an expedited pathway of priority review, and a Notice of Compliance was issued on May 5, 2025.33 The product monograph of teplizumab did not specify the settings in which this drug is to be administered.
Table 3: Key Characteristics of Teplizumab
	Characteristic
	Teplizumab

	Mechanism of action
	Partial agonistic signalling and deactivation of pancreatic beta cell autoreactive T lymphocytes

	Indicationa
	To delay the onset of stage 3 T1D in adult and pediatric patients aged ≥ 8 years with stage 2 T1D

	Route of administration
	IV

	Recommended dose
		Day 1: 65 mcg/m2

	Day 2: 125 mcg/m2

	Day 3: 250 mcg/m2

	Day 4: 500 mcg/m2

	Day 5 through day 14: 1,030 mcg/m2



	Serious adverse effects or safety issues
	Lymphopenia, CRS, acute hypersensitivity reactions, serious infections

	Other
	The safety of immunization with live-attenuated vaccines in patients treated with teplizumab has not been studied. Additionally, teplizumab may interfere with the immune response to vaccination and decrease vaccine efficacy.
	Administer all age-appropriate vaccinations before starting teplizumab

	Inactivated or mRNA vaccinations are not recommended within the 2 weeks before teplizumab treatment, during treatment, or 6 weeks after completion of treatment

	Inactivated or mRNA vaccinations are not recommended within the 2 weeks before teplizumab treatment, during treatment, or 6 weeks after completion of treatment

	Live-attenuated vaccinations are not recommended within the 8 weeks before teplizumab treatment, during treatment, or up to 52 weeks after treatment




Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
CRS = cytokine release syndrome; T1D = type 1 diabetes.
aHealth Canada–approved indication.
Source: Product monograph for teplizumab.32
Testing Procedure Considerations
Detection of 2 or more diabetes-associated autoantibodies, along with evidence of dysglycemia is required to diagnose stage 2 T1D.5 Clinical experts consulted for this review confirmed that testing for diabetes-related autoantibodies and dysglycemia to identify stage 2 T1D is not currently part of the standard care in Canada.
Testing for Diabetes-Related Autoantibodies
In the sponsor-submitted TN-10 trial included in this review,28 the autoantibodies to be confirmed to determine study eligibility were anti-GAD65, IA-2, IAA, anti-ZnT8, and ICA. However, the clinical experts noted that ICA is generally not tested for in Canada. The commonly tested autoantibodies include anti-GAD65, IAA, anti-IA-2, and anti-ZnT8.4,5,34 Among these, anti-GAD65 is the most prevalent in adults with T1D, detected in approximately 80% of cases.35 It is also frequently detected in children with T1D, with prevalence ranging from about 52% to 66%, depending on age at diagnosis.36,37 In Canada, these antibodies are tested by enzyme-linked immunosorbent assay using peripheral blood samples. Testing for these autoantibodies is mostly conducted within research settings. For example, individuals with a family history of T1D (e.g., first-degree relatives), who have a higher risk of developing T1D compared to the general population,38,39 would be referred to the TN-10 trial for autoantibody testing.40 The clinical experts highlighted that this targeted screening is inadequate because approximately 85% of T1D diagnoses occur in individuals without a family history of T1D.41 According to the clinical experts, population-level screening using autoantibody testing could be effective in identifying individuals at risk of developing T1D and has been implemented in several countries.39 For example, Italy has approved and is planning nationwide T1D screening using autoantibody tests in children and adolescents.42,43 In regions of Germany and in some states in the US, diabetes autoantibody screening is available for the pediatric population through primary care provider or at-home tests.39 While Canada currently lacks a systematic, large-scale screening program, family members of people with T1D can be screened through the research consortium offered by the TN-10 study.44 Additionally, a research consortium, the Canadian Population Screening for Risk of Type 1 Diabetes (CanScreen T1D), is exploring the acceptability and feasibility of population-wide T1D screening in Canada.45
According to the clinical experts, a stepwise approach can be used for T1D autoantibody detection, typically beginning with anti-GAD65 and followed by IAA, with anti-IA-2 and anti-ZnT8 assessed if assays are available. Depending on the availability or lack thereof of testing for all 4 antibodies, some individuals with stage 2 T1D may be left unidentified. This could present some inequities in access to treatment with teplizumab, if it were to be funded. The clinical experts also indicated that multiplex autoantibody detection by agglutination polymerase chain reaction panels which simultaneously assess multiple autoantibodies, is also available but its use is limited to certain facilities.46 One of the clinical experts reported that a 4-autoantibody panel including anti-GAD65, IAA, anti-IA-2, and anti-ZnT8 is used by at least 1 hospital in Ontario; however, the samples are referred to a laboratory in the US for the test.
Diabetes-related autoantibody testing for diagnosing stage 2 T1D is currently not part of standard of care, and testing capability varies across the country, which could lead to inconsistent and inequitable access to teplizumab if it were to be funded. The review team considered the potential impacts of diabetes-related autoantibody testing to diagnose stage 2 T1D, including those on health systems, patients (including families and caregivers), and costs. A targeted jurisdictional survey was conducted to gather information about testing availability. Key considerations and relevant information regarding diabetes-related autoantibody testing were sourced from materials submitted by the sponsor, input from the clinical experts including the clinical expert panel consulted by the review team, and sources from the literature. These were validated by the review team when possible and are summarized in Table 4. Additional ethical considerations related to the testing procedure are detailed in the Ethics Review Report.
Testing for Dysglycemia
Dysglycemia can be determined using 1 of 3 tests: hemoglobin A1C, OGTT, or fasting plasma glucose.4 These tests are widely available, publicly funded, and typically performed at community laboratories using blood samples collected in outpatient settings.47 Clinical experts noted that based on clinical guidelines, dysglycemia testing for stage 2 T1D diagnosis is performed once after confirming at least 2 positive diabetes-related autoantibodies and repeated periodically to monitor disease progression following diagnosis.4 An international consensus guideline recommends monitoring metabolic status using hemoglobin A1C every 6 months in adults, and every 3 months in children with stage 2 T1D.4 The clinical experts do not anticipate a significant impact on human and other health care resources from dysglycemia testing if teplizumab were to be funded, as testing would be limited to individuals with 2 or more diabetes-related autoantibodies, representing a relatively small population.
Table 4: Considerations for Diabetes-Related Autoantibody Testing for Diagnosing Stage 2 T1D
	Consideration
	Criterion
	Available Information

	Health system related
	Number of individuals in Canada expected to require the test (e.g., per year)
	The sponsor estimated that approximately ██████████ individuals (i.e., FDR or SDR of patients with T1D) at baseline and over ██████████████ individuals from year 1 onward would undergo testing for diabetes-related autoantibodies.48 However, clinical experts consulted for this review noted that this is likely an underestimate. They indicated that the number of patients tested for these autoantibodies may be doubled if teplizumab were to be funded. They further acknowledged that identifying the eligible population is a key implementation challenge.

	Availability and reimbursement status of the testing procedure in jurisdictions across Canada
	Based on responses from a targeted jurisdictional survey and information provided by the clinical experts, the availability and reimbursement status of diabetes-related autoantibody testing is variable across Canada.
	In NL and SK, testing for all 4 autoantibodies (anti-GAD65, anti-IA-2, and anti-ZnT8, IAA) is available and funded. Samples are sent out of the province for testing.

	In ON, publicly funded autoantibody testing is typically performed in hospital-based laboratories, with no preapproval required for reimbursement. While community laboratories may also offer testing, patients generally need to pay out of pocket. Input from clinicians noted that generally, tests for anti-GAD65 and IAA are more commonly available compared to those for anti-IA-2 and anti-ZnT8 antibodies.

	In MB, testing for 3 autoantibodies (anti-GAD65, anti-IA-2, and IAA) is available and funded. Samples are sent out of the province for testing.

	In AB, according to the sponsor and the clinical experts, diabetes-related autoantibody testing is available; however, details regarding which specific autoantibodies are tested, and the reimbursement status are unclear.

	In BC, autoantibody testing is available but not publicly funded, suggesting that patients may need to pay out of pocket. Samples are sent out of the province for testing. Anti-GAD65 and IAA are commonly tested.

	In YT, testing for diabetes-related autoantibodies is unavailable.


No relevant information regarding testing in PEI, NS, NB, or other territories was identified.

	Testing procedure as part of routine care
	Diabetes-related autoantibody testing is not routinely performed for individuals in Canada at risk of having stage 2 T1D.

	Repeat testing requirements
	According to sponsor-submitted materials and the clinical experts, individuals who initially test positive for ≥ 2 diabetes-related autoantibodies should undergo repeat testing to confirm their status. Confirming a positive autoantibody status is important to ensure the persistence of the autoimmune response and the validity of the target antigen.4 Once diagnosed, no further autoantibody testing is required.

	Impacts on human and other health care resources by provision of the testing procedure
	Based on the input from the clinical experts, provision of diabetes autoantibody testing to identify individuals with stage 2 T1D is anticipated to impact human and other health care resources, if teplizumab were to be funded.
If teplizumab were to be funded, the number of individuals getting tested would likely increase. Consequentially, the volume of samples requiring out-of-province shipment would also increase, potentially causing delays and backlogs at testing sites. To manage the increased testing volume, investments in infrastructure and equipment along with that in staffing may be needed to establish in-house testing capacity. Upgrading laboratory infrastructure with validated assays for testing these 4 autoantibodies and providing adequate training for laboratory staff may be warranted. In addition, targeted education for health care providers would be necessary to enhance awareness of the autoantibody test. Expanding the screening to a population level would further increase resource requirements.

	Patient related
	Accessibility of the testing procedure in jurisdictions across Canada
	Based on responses from the targeted jurisdictional survey and information provided by the clinical experts, testing accessibility is variable across Canada. The clinical experts noted that testing is largely performed in FDRs of patients with T1D, often at the patient’s request. Hence, other populations such as individuals without a family history of T1D, those with unknown family history, including groups such as immigrants, may experience inequitable access to testing. Other possible barriers include low awareness of stage 2 T1D and the role of autoantibody testing among both health care providers and patients, as well as financial barriers (need for out-of-pocket payments).49,50 If teplizumab were to be funded, these factors may be barriers to timely and equitable implementation.

	Expected turnaround times for the testing procedure
	According to the clinical experts, the turnaround time for diabetes-related autoantibody testing is approximately 15 days; however, the actual time may vary depending on the testing facility, and delays may occur when the samples are referred out of province (to other provinces or to the US) for testing. In the targeted jurisdictional survey, it was reported that in both SK and MB — where samples are sent out of province — results would be available in approximately 15 days from the date the specimen is received at the testing facility.

	Burden associated with the testing procedure for patients, families, and caregivers
	Input from the patient group for this review indicated that knowing the increased risk of developing T1D may impact the patients and their caregivers’ emotional well-being or mental health. Published studies suggested that T1D screening may lead to psychological stress in parents with positive autoantibody findings, arising from concerns about their child’s risk of developing the chronic disease.51,52,53 A consensus guideline recommends providing psychosocial support for individuals at risk for developing T1D and their families, such as age-specific education.4

	Clinical
	Clinical utility and validity of the testing procedure
	Diabetes-related autoantibodies (anti-GAD65, IAA, anti-IA-2, and anti-ZnT8) are diagnostic markers of presymptomatic stages of T1D.54 According to the clinical experts, although radiobinding assay is considered the gold standard for detecting these autoantibodies, ELISA is more commonly used in Canada. There is evidence showing the clinical utility and validity of diabetes autoantibody testing.54 The sensitivity and specificity of ELISA vary by the specific autoantibody and assay used.55,56,57,58,a One of the clinical experts reported that of the 4 autoantibodies, anti-GAD65 testing is likely the most widely available in Canada. Another clinical expert noted that anti-GAD65 testing generally demonstrates higher sensitivity than the other 3 autoantibodies; however, it should be used in combination with other autoantibody tests to diagnose stage 2 T1D, as recommended in the clinical practice guidelines.4
The clinical experts highlighted that because different autoantibody testing assays can vary in diagnostic accuracy, it is necessary to standardize these assays and cut-offs to improve the sensitivity, specificity, and overall accuracy of testing assays, thereby allowing clinicians to use established diagnostic thresholds.

	Risks of harm associated with the testing procedure
	Diabetes-related autoantibody testing is conducted using peripheral blood samples.4 The risk of harm associated with the procedure (e.g., pain from blood collection) is mostly minimal.59

	Cost
	Projected cost of the testing procedure
	According to the sponsor-submitted materials, the cost per test for anti-GAD65 antibody alone is $64.80 using ELISA.60,61 Pricing for the 3-autoantibody panel (IAA, anti-IA-2, and anti-ZnT8) was reported as $288.78,48 and that for the 4-autoantibody panel (anti-GAD65, IAA, anti-IA-2, and anti-ZnT8) as $347.29.62
The clinical experts estimated that diabetes-related autoantibody testing conducted in community laboratories typically costs approximately $150, although this may vary by region, testing method, and assays. Other published sources indicate varying prices for testing.61


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
AB = Alberta; BC = British Columbia; CDA-AMC = Canada's Drug Agency; ELISA = enzyme-linked immunosorbent assay; FDR = first-degree relative; MB = Manitoba; NB = New Brunswick; NL = Newfoundland and Labrador; NS = Nova Scotia; ON = Ontario; PEI = Prince Edward Island; SDR = second-degree relative; SK = Saskatchewan; T1D = type 1 diabetes; YT = Yukon territory.
aCDA-AMC has not evaluated or critically appraised this evidence to determine its validity or reliability.
Perspectives of Patients, Clinicians, and Drug Programs
The full patient and clinician group submissions received are available in the consolidated patient and clinician group input document for this review on the project website.
Patient Group Input
This section was prepared by the review team based on the input provided by patient groups.
A joint patient group submission was received from Breakthrough T1D Canada and Diabetes Canada. Breakthrough T1D Canada is a national patient advocacy and research funding organization specifically dedicated to people in Canada living with T1D. Their mission is to accelerate life-changing breakthroughs to cure, prevent, and treat T1D and its complications, ensuring that people with the disease live healthier lives. Diabetes Canada is a national health charity representing Canadians who are affected by diabetes. Their mission is to prevent diabetes and its complications, help people with diabetes live healthy lives, and work to find a cure. Breakthrough T1D Canada and Diabetes Canada gathered information through an online survey conducted from January 10 to February 14, 2025.
According to the patient groups’ input, the survey had 463 respondents (258 female, 156 male). Of those who responded to the general information section of the survey, 257 identified as living with T1D,182 identified as a caregiver, 20 identified as a person living with T1D and a caregiver, and 6 respondents identified as having no relationship to T1D. Among the respondents to questions about age and time since diagnosis (n = 451), 68% were aged older than 35 years, with the largest number of respondents (n = 83; 18%) in the 25 to 34-year-old category. Up to 43% reported having lived with T1D for more than 20 years. Most of the respondents lived in Ontario (n = 226), British Columbia (n = 74), Alberta (n = 63), Manitoba (n = 24), and Quebec (n = 19). Up to 82% of respondents indicated that they lived in an urban or suburban region (n = 367), with 18% indicating that they lived in a rural or remote area (n = 83). In total, 86% of respondents identified themselves as white Caucasian (n = 385); more than 10% as First Nations, Inuit, and Métis Peoples (n = 3), African, Caribbean, Black (n = 6), Arab (n = 2), Latin American/Hispanic (n = 5), or Chinese (n = 6); and 2% as South Asian (n = 9).
The patient groups explained that because the early symptoms of T1D often present like a virus or flu, these symptoms are likely to be ignored initially, and misdiagnosis is common. In children and adolescents, the progression of T1D is typically faster than in adults and a misdiagnosis of initial symptoms can lead to DKA. Patients with T1D need multiple daily insulin injections via syringe or a continuous infusion of insulin via pump to constantly regulate blood glucose levels in the body to survive. The majority of respondents (n = 351; 83%) living with T1D indicated that they are either extremely concerned or very concerned about the progression of T1D, its impact on daily life over time, and the amount of time they have needed off from work to manage their diabetes. One patient noted that T1D is a daily challenge, both physically (constant attachment to devices, needles, symptoms of lows and highs, and so forth) and mentally (persistent worry about managing blood sugar, constant pharmacy visits and medical appointments, and fear of developing complications such as losing eyesight).
Among the survey respondents, 45% of them experienced hyperglycemia, 40% experienced hypoglycemia (when daily activities are affected, or help is needed) and 21% experienced mental health challenges more than once a week. Most respondents (56%) indicated that they themselves, or the person they care for, had been hospitalized because of T1D. Of those who were hospitalized, 43% had been hospitalized for 1 day or less, 15% for 2 days, 16% for 3 days, and 26% for 4 or more days.
According to the patient groups’ input, the only available treatment for patients with T1D is exogenous insulin, which is often accompanied by medical risks, suboptimal clinical outcomes, and a heavy burden on patients. Too much insulin can lead to severe hypoglycemia, causing confusion, unconsciousness, seizures, or even death. Conversely, insulin deficiency results in hyperglycemia and an increasing risk of long-term complications, such as kidney failure, heart disease, vision loss, and nerve damage. Even with advanced technologies, exogenous insulin delivery is delayed and imprecise, often resulting in excessive or insufficient insulin levels, which has its own risks.
The patient groups noted that based on the survey results, the respondents reported that they use some form of diabetes technology: 85% (n = 350) of respondents reported using a real-time continuous glucose monitor, 10% (n = 42) reported using a flash continuous glucose monitor, 66% (n = 270) reported using an insulin pump, and 38% (n = 154) reported using a hybrid closed-loop system or automatic insulin delivery system. The majority of respondents indicated that their current treatment options and management strategies are very effective (n = 143; 35%) or somewhat effective (n = 253; 61%) in addressing T1D. Only 4% (n = 18) of respondents indicated that their current treatment options and management strategies are not so effective or are limited in addressing T1D. Most of the respondents (n = 264; 63%) indicated that they have experienced financial challenges related to managing their condition such as loss of income, inability to work the hours they would like to, or high out-of-pocket costs.
The patient groups highlighted that most of the respondents (n = 216; 54%) indicated that they feel there are significant gaps in the availability of immunotherapy medications for T1D, such as teplizumab. Due to the unavailability of this drug in Canada and lack of similar or alternative drugs, respondents were asked about their views on how this drug would have improved their quality of life had it been available to them. Patients reported that any delay in disease progression would improve their overall well-being and decrease the risk of diabetic complications; and for young children, a delay of 2 to 3 years in progressing to T1D has significant impact. Children mature significantly over 2 to 3 years, and with maturity, they have a better understanding of why they have to take medicine and follow rules around food and activity.
Eight survey respondents had experience with teplizumab through participation in a clinical trial (n = 6), or paying the full cost out of pocket or through their private medical insurance in the US (n = 2). These patients explained that teplizumab delayed the onset of T1D, helped to maintain independence, and improved their physical and mental health.
The patient groups clarified that the indication for teplizumab is stage 2 T1D, which means that an individual has 2 or more persistent T1D-associated autoantibodies and dysglycemia, but symptoms have not yet been presented to warrant initiation of insulin therapy. Autoantibody testing is performed via a blood test and associated assay; however, this is not yet a standard practice in Canada. Coverage by provincial health programs is limited and many hospitals absorb the costs of these tests internally. Because current autoantibody tests are conducted at a regional or even institutional level, it is unknown what the cost of screening is for the health care system. Based on the results of the survey, most of the respondents indicated that they either strongly agree (n = 103; 25%) or agree (n = 131; 31%) that knowing there is an increased risk of developing T1D if a family member has the condition has negatively impacted their emotional well-being or mental health. With respect to screening for T1D-associated autoantibodies, 28% (n = 118) of respondents have had such screening done, 52% (n = 218) have not had such screening done, and 19% (n = 80) were unsure whether they had such screening done. The majority of respondents (n = 292; 70%) indicated that they would like to participate in screening for T1D-associated autoantibodies if medications to delay the onset of T1D were available.
Many respondents (n = 283; 71%) indicated that public funding should prioritize disease-modifying therapies that can delay the onset of a disease even if they do not provide a cure. Despite the limited experience with teplizumab in Canada, the patient groups stated that having access to teplizumab and its potential to delay the onset of stage 3 T1D will have a significant positive impact on the lives of patients with early-stage diabetes.
Clinician Input
Input From Clinical Experts Consulted for This Review
All CDA-AMC review teams include at least 1 clinical specialist with expertise regarding the diagnosis and management of the condition for which the drug is indicated. Clinical experts are a critical part of the review team and are involved in all phases of the review process (e.g., providing guidance on the development of the review protocol, assisting in the critical appraisal of clinical evidence, interpreting the clinical relevance of the results, and providing guidance on the potential place in therapy). In addition, as part of the review of teplizumab, a panel of 3 clinical experts from across Canada was convened to characterize unmet therapeutic needs, assist in identifying and communicating situations where there are gaps in the evidence that could be addressed through the collection of additional data, promote the early identification of potential implementation challenges, gain further insight into the clinical management of patients living with a condition, and explore the potential place in therapy of the drug (e.g., potential reimbursement conditions). A summary of this panel discussion follows.
Unmet Needs
The clinical experts consulted for this review indicated that the most significant unmet need for patients with stage 2 T1D is that currently, there are no treatments targeting this patient population. In addition, no population-based screening program for stage 2 disease is in place in Canada; thus, the clinical experts indicated that the majority of patients are currently unaware that they have stage 2 disease. Because almost all patients in early stages of T1D will progress to stage 3 T1D (according to the literature, patients who advance to stage 2 T1D have a 100% lifetime risk of progressing to stage 3 T1D), the clinical experts noted that the goals of treatment for patients with stage 2 T1D would be to delay the onset of stage 3 T1D. An additional unmet need currently is prevention of stage 3 T1D in those identified as being at high risk. Additional goals stemming from delayed onset include the prevention of serious complications associated with the transition from stage 2 to stage 3 disease (e.g., hyperglycemia, potential DKA) and providing patients time to come to terms with life-long treatment needs associated with T1D management, thereby helping to alleviate some anxiety and stress.
Place in Therapy
The clinical experts indicated that currently there is no treatment for stage 2 T1D; therefore, teplizumab would be the first approved disease-modifying therapy to delay the onset of stage 3 T1D in this patient population. The experts also noted that teplizumab would be used as first-line treatment rather than be reserved for a subset of patients. Furthermore, teplizumab will not be combined with other treatments, as there is no other treatment in the target population at this time. Given the lack of alternative therapies, the experts noted that the use of teplizumab would cause a shift in the current treatment paradigm, being a first-in-class medication for stage 2 T1D. However, structured screening programs would need to be put in place to identify the patients who could benefit from this treatment. T1D early detection is a rapidly evolving area, and multiple agents in different drug classes are expected to be available in the future.
Patient Population
The clinical experts noted that patients with stage 2 T1D are best suited for treatment with teplizumab, with the goal of therapy being to delay the onset of stage 3 T1D. A confirmed diagnosis of stage 2 T1D is based on laboratory testing for T1D-associated autoantibodies (≥ 2 being positive) as well as glycemia testing, such as OGTT. The experts highlighted the challenges in identifying patients with stage 2 T1D in clinical practice, because T1D at this stage is asymptomatic, and a population-based screening program for T1D has not been implemented in Canada. In current clinical practice, patients with stage 2 T1D are usually identified in people at higher risk of developing T1D, such as those with a family member living with T1D; however, the majority of people (approximately 85%) diagnosed with T1D do not have a family history. The experts suggested that a process such as that used by the Canadian Population Screening for Risk of Type 1 Diabetes (CanScreen T1D) may help with facilitating early screening, identifying patients with stage 2 disease, and establishing pathways for treatment as has been established in other jurisdictions. However, the clinical experts also raised concerns about the challenges of such a national screening program. Diabetes-related autoantibody testing is needed to identify patients who are suitable for treatment with teplizumab. The challenge is that the current autoantibody screening tests in Canada vary in sensitivity and specificity, as well as in availability and accessibility. Also, it is unknown whether this program is cost-effective, or at what ages screening should be performed.
The experts also noted that in routine clinical practice, it is difficult to determine which patients would be more likely to respond to treatment with teplizumab over others, as compelling clinical evidence is lacking. Clinical trials with longer follow-ups may be helpful for clinicians to further identify subgroups of patients with differential potential for response to treatment.
Assessing the Response Treatment
The clinical experts consulted for this review indicated that in general, outcomes used in clinical practice to determine patients’ response to treatment include delay in onset of stage 3 T1D (defined by testing of fasting glucose, OGTT, and hemoglobin A1C, as well as continuous glucose monitoring; treatment response should be assessed every 3 to 6 months), prevention of DKA in those who progress to stage 3 T1D, and patients’ quality of life, in particular psychosocial well-being.
Discontinuing Treatment
The clinical experts consulted for this review noted that initial IV infusions of teplizumab may be associated with immediate AEs (although the therapy is generally safe without SAEs occurring), and therefore may result in treatment discontinuation. However, the experts noted that discontinuation due to long-term effects of immunosuppression therapies is less of a concern with teplizumab in clinical practice given the short course of treatment (14 days) and current evidence available.
Prescribing Considerations
The clinical experts indicated that a specialist would be required to diagnose, treat, and monitor patients with T1D who may receive teplizumab. A specialist generally refers to a pediatric or adult endocrinologist, but could also include internists or general pediatricians. Along with specialist care, the experts emphasized the importance of appropriate infrastructure and clinical expertise to provide IV infusions in hospital settings and monitor patient safety during the 14-day infusions. Additional clinical considerations post-treatment would include education, psychological support, and metabolic surveillance.
Clinician Group Input
This section was prepared by the review team based on the input provided by clinician groups.
CDA-AMC received 1 submission from CSEM, with 5 clinicians contributing to the clinician group input. CSEM is a professional organization of academic and community-based endocrinologists and researchers that advocates for excellence in endocrinology research, education, and patient care in Canada.
The clinician group and the clinical experts consulted by CDA-AMC (refer to “Input From Clinical Experts Consulted for This Review”) agreed that there are no available therapies that modify the disease progression of T1D in Canada and insulin therapy is required for the treatment of T1D when patients are diagnosed with stage 3 T1D. CSEM noted that the goal of insulin treatment is to maintain blood glucose levels within a target range to avoid acute complications (e.g., DKA) and chronic complications (e.g., diabetic retinopathy, nephropathy, and neuropathy; cardiovascular disease; stroke; and peripheral artery disease) of diabetes. CSEM added that hypoglycemia is the most common complication of insulin therapy, and it remains the primary limiting factor in achieving optimal glucose control in T1D.
The clinician group and clinical experts consulted by CDA-AMC agreed that the major unmet need is lack of treatments to delay the onset of stage 3 T1D. CSEM added that ongoing demands of managing T1D and the associated emotional burden can also impair patients’ quality of life. Diabetes distress refers to the psychological stress that arises from the relentless self-care requirements, fear of complications, and feelings of frustration, anxiety, and burnout related to diabetes management.
The clinician group agreed with the clinical experts consulted by CDA-AMC that teplizumab is the first approved disease-modifying therapy in T1D and would be used alone as the first-line treatment to delay the onset of stage 3 T1D in adults and children (aged ≥ 8 years) with stage 2 T1D, and could shift the treatment paradigm from solely managing blood glucose levels to modifying the underlying disease process.
All clinicians agreed that patients with stage 2 T1D who are identified through autoantibody screening and glucose tolerance testing are most suitable for teplizumab treatment. CSEM and the clinical experts consulted by CDA-AMC agreed that a major challenge would be identifying individuals with stage 2 T1D because it is asymptomatic and population screening for T1D has not yet been implemented. The clinical experts consulted by CDA-AMC added that clinicians are most likely to identify stage 2 T1D in people with a family history of T1D, but most people diagnosed with T1D do not have a family history.
The clinician group and the clinical experts consulted by CDA-AMC agreed that the important outcome is delay in progress from stage 2 to stage 3 T1D, which should be assessed by measuring fasting plasma glucose, OGTT, or hemoglobin A1C every 3 to 6 months. CSEM added symptom review (common symptoms of T1D such as polyuria, polydipsia, weight loss, and vision changes) to the assessment list.
CSEM explained that discontinuation of teplizumab therapy should be considered under the following circumstances:
	severe or persistent AEs, including CRS lasting more than 2 days or requiring hospitalization; persistent lymphopenia, neutropenia, anemia, or thrombocytopenia that does not resolve within 7 days; liver enzyme elevations where ALT or aspartate aminotransferase levels exceed 5 times the upper limit of normal (ULN) or bilirubin levels reach 3 times the ULN; and severe hypersensitivity reactions such as anaphylaxis, angioedema, or serum sickness requiring medical intervention

	disease progression, such as the patient progressing to stage 3 T1D during or shortly after treatment.


According to CSEM, teplizumab administration requires a multidisciplinary team with expertise in the treatment and monitoring of patients with T1D, including an endocrinologist, in a controlled health care setting with the capability for IV infusions over 14 consecutive days (with no breaks on weekends or holidays). Outpatient infusion centres, hospital-based infusion clinics, or specialty pediatric endocrine or diabetes centres are preferred. These locations must have the necessary infrastructure to monitor patients for AEs.
Drug Program Input
The drug programs provide input on each drug being reviewed through the reimbursement review processes by identifying issues that may impact their ability to implement a recommendation. The implementation questions and corresponding responses from the clinical experts consulted by CDA-AMC for this review are summarized in Table 5.
Table 5: Summary of Drug Plan Input and Clinical Expert Response
	Drug program implementation questions
	Clinical expert response

	Relevant comparators

	There is no comparator for teplizumab to delay the onset of stage 3 T1D.
	This was a comment from the drug programs to inform the CDEC deliberations.

	Considerations for initiation of therapy

	Stage 2 T1D is diagnosed based on the presence of at least 2 confirmed diabetes-related autoantibodies and dysglycemia (without overt hyperglycemia). However, the autoantibody testing is not readily available in Canada.
In clinical practice, what patient population would benefit most from the treatment with teplizumab? For example, those with ≥ 2 diabetes-related autoantibodies (who have access to this test), as well as those with abnormal glucose levels and beta cell loss (how would this be determined in practice)?
If a patient starts experiencing clinical symptoms and is diagnosed with stage 3 T1D, will they be excluded from the potential benefit of teplizumab (e.g., preservation of pancreatic beta cells); or by the time they are diagnosed with T1D, are all beta cells destroyed? (in this case, this would be an off-label use for teplizumab).
	The clinical experts indicated that the patients who would benefit most from teplizumab are those with at least 2 diabetes-related autoantibodies and with evidence of dysglycemia. These patients need to have the autoantibody testing and glucose assessment (e.g., fasting glucose testing or OGTT). The major issue is the need for a screening program (all screenings are antibody based) to identify such patients.
The clinical experts noted that if a patient has progressed to stage 3 T1D, they may still be eligible to receive teplizumab in clinical practice. However, the use of teplizumab should align with Health Canada–approved indication. The treatment with teplizumab in patients who progress to stage 3 disease is off label at present, and there is a lack of clinical evidence to support its use in this patient population.

	Teplizumab is indicated for patients aged ≥ 8 years with stage 2 T1D.
Will patients aged < 8 years be eligible for this treatment?
Will any patients aged ≥ 8 years possibly be tested or only those with a first-degree or second-degree relative with stage 3 T1D?
	The clinical experts indicated that the clinicians would follow the guidance from Health Canada (the product monograph of teplizumab) for the use of teplizumab in patients with stage 2 T1D, including the requirements for patient’s age, given the potential risk of adverse events from the treatment.
The clinical experts noted that in general, individuals who are first-degree relatives of those with stage 3 T1D are likely to be screened. However, patients who are not relatives of patients with stage 3 T1D may have a chance to be tested, due to other reasons.

	Teplizumab is a 14-day treatment. Could the treatment course be extended beyond 14 days? Is re-treatment with teplizumab allowed?
	The clinical experts stated that the clinicians will follow the guidance from Health Canada. Therefore, it is unlikely for the clinicians to extend the treatment course of teplizumab beyond 14 days.

	Considerations for prescribing of therapy

	Teplizumab is administered by IV infusion. Please comment on the hospital for infusion vs. home IV program. In some jurisdictions (e.g., PEI), home IV program is not available.
	The clinical experts suggested that IV infusion of teplizumab be administered in a hospital or infusion clinic (not necessarily in a hospital but different from a home IV program). The clinical experts noted that a home IV program may not be realistic in clinical practice, because the patients need to have certain laboratory tests (e.g., lymphocyte counts, platelet counts, liver function tests, and so forth) before treatment with teplizumab, and monitor treatment effect and adverse events after teplizumab infusion.

	Generalizability

	Will patients aged < 8 years be eligible for this treatment? (This question is also asked in “Considerations for initiation of therapy.”)
	The clinical experts stated that clinicians will follow the guidance from Health Canada. At present, only children aged ≥ 8 years are eligible for treatment with teplizumab.

	Care provision issues

	Teplizumab can be administered in outpatient clinic, infusion centre, hospital, or home. Nursing or pharmacy services are required for the preparation of IV infusion.
	This was a comment from the drug programs to inform the CDEC deliberations.

	There are costs associated with treatment with teplizumab, such as premedication of antipyretics, antihistamines and/or antiemetics before teplizumab treatment, and monitoring liver enzymes during treatment.
	This was a comment from the drug programs to inform the CDEC deliberations.

	Please comment on the issues related to autoantibody testing for patients with preclinical T1D (e.g., accessibility).
	Major issues related to the autoantibody testing in patients with stage 2 T1D are as follows.
	Currently, autoantibody testing is generally performed in patients at higher risk of developing T1D (e.g., those with a family member living with T1D), while a population-based screening program for T1D has not been implemented in Canada. Therefore, the majority of patients with stage 2 T1D are undiagnosed.

	The clinical experts raised concerns about the challenges of a desired national screening program, such as selecting appropriate screening tests for autoantibodies to identify patients who are suitable for treatment with teplizumab, when the current screening tests in Canada vary in sensitivity and specificity, as well as the availability and accessibility.

	It is unknown whether this program is cost-effective.




Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
CDEC = Canadian Drug Expert Committee; OGTT = oral glucose tolerance test; PEI = Prince Edward Island; T1D = type 1 diabetes; vs. = versus.
Clinical Evidence
The objective of this Clinical Review Report is to review and critically appraise the clinical evidence submitted by the sponsor on the beneficial and harmful effects of teplizumab (2 mg/2 mL per vial for IV infusion) to delay the onset of stage 3 T1D in adult and pediatric patients aged 8 years and older with stage 2 T1D. The focus will be placed on comparing teplizumab to relevant comparators and identifying gaps in the current evidence.
A summary of the clinical evidence included by the sponsor in the review of teplizumab is presented in 4 sections with the critical appraisal of the evidence by CDA-AMC included at the end of each section. The first section, the systematic review, includes pivotal studies and RCTs that were selected according to the sponsor’s systematic review protocol. The assessment by CDA-AMC of the certainty of the evidence in this first section using the GRADE approach follows the critical appraisal of the evidence. The second section includes sponsor-submitted long-term extension studies. The third section includes indirect evidence from the sponsor; however, no indirect evidence was submitted by the sponsor. The fourth section includes additional studies that were considered by the sponsor to address important gaps in the systematic review evidence; however, no studies addressing gaps were submitted by the sponsor.
Included Studies
Clinical evidence from the following is included in the review and appraised in this document:
	1 pivotal study (TN-10) identified in systematic review.18


Systematic Review
Contents within this section have been informed by materials submitted by the sponsor. The following have been summarized and validated by the review team.
Description of Studies
The objective of the TN-10 study was to evaluate the efficacy and safety of teplizumab for prevention of stage 3 T1D (also known as clinical T1D). The TN-10 study was a phase II, double-blind, RCT of teplizumab. Potential patients for the TN-10 study were identified through the TN-01 study; therefore, they were a relative of a patient with confirmed diagnosis of T1D.63 This study planned to enrol approximately 71 patients over approximately 6 years and was projected to last between ██ and ████ years. As the study progressed, projections of the study end were computed and updated based on the rate of enrolment, the observed hazard rate, and the rate of loss to follow-up. The trial was conducted from July 2011 to November 2018, and study participants were enrolled from the US, Canada (1 site), and Germany. The TrialNet Coordinating Center generated the randomization numbers and tables. A total of 76 eligible patients were randomly assigned to receive either teplizumab (n = 44) or placebo (n = 32) in a 1:1 ratio. All patients, clinical investigators, and study personnel were masked to treatment assignment throughout the study. Randomization was stratified according to TrialNet site and age (< 18 years or ≥ 18 years). In this study, T1D was diagnosed using the American Diabetes Association criteria. For example, for individuals who are aged 18 years or older, abnormal glucose tolerance (demonstrated by 2 consecutive OGTTs) and confirmation of 2 or more diabetes-related autoantibodies are required to confirm the diagnosis. Emergency unmasking was allowed upon notification of the TrialNet Central Pharmacy and the TrialNet Coordinating Center. The patients were followed until at least 40 of them reached a diagnosis of T1D.
In the TN-10 study, patients who were diagnosed with T1D ended study participation once diagnosed with T1D or shortly thereafter and no longer underwent further assessments. Patients who were not diagnosed with T1D had OGTTs at 3 months after randomization and then every 6 months thereafter until the study cut-off date or withdrawal. As a result, the number of OGTTs decreased over time and differed among patients.
The DCO date was November 30, 2018.
Characteristics of the included studies are summarized in Table 6.
Table 6: Details of Studies Included in the Systematic Review
	Detail
	TN-10

	Designs and populations

	Study design
	A phase II, randomized, placebo-controlled, double-blind trial

	Locations
	Participants were enrolled in 3 countries (US, Canada, and Germany)

	Patient enrolment dates
	Start date: July 18, 2011
End date: November 30, 2018

	Randomized (N)
	N = 76 (teplizumab group, n = 44; placebo group, n = 32)

	Inclusion criteria
	Study participants met the following inclusion criteria:
	Aged ≥ 8 years at the time of randomization

	A participant in the TN-01 study and thus a relative of an individual diagnosed with T1D before age 40 and started on insulin therapy within 1 year of diagnosis (if patients were a relative of an individual considered to have T1D by their physician who did not meet this definition, the TrialNet Eligibility Committee for the TN-01 study must have approved enrolment in the TN-01 study)

	At the time of randomization:

	individuals aged < 18 years had an OGTT conducted by TrialNet, and showed abnormal glucose tolerancea within 7 weeks (52 days) of the baseline visit

	individuals ≥ 18 years had 2 consecutive OGTTs conducted by TrialNet, and showed abnormal glucose tolerancea, the most recent of which had been within 7 weeks (52 days) of the baseline visit

	Positive for at least ≥ 2 diabetes-related autoantibodies on 2 occasions; the second occasion had to be within the 6 months before study drug administration but did not have to involve the same 2 autoantibodies as those found on the first occasion; the autoantibodies to be confirmed were anti-GAD65, anti-IA-2, mIAA, anti-ZnT8 antibody, and/or ICA

	Weighed at least 26 kg at randomization

	Female participants with reproductive potential had to have a negative pregnancy test on day 1 and were willing to avoid pregnancy for at least 1 year from randomization

	Male participants were willing to avoid pregnancy in any partners for at least 1 year from randomization

	Willing and medically acceptable to postpone live vaccine immunizations for 1 year after treatment

	Willing to forego other forms of experimental treatment during the study



	Exclusion criteria
	Study participants were excluded for the following reasons:
	If aged ≥ 18 years, had a diagnosis of diabetes or had a screening OGTT with:

	fasting plasma glucose ≥ 7.0 mmol/L, or

	2-hour plasma glucose ≥ 11.1 mmol/L.

	If aged < 18 years, had a diagnosis of diabetes or had a screening random glucose ≥ 11.0 mmol/L

	Lymphopenia (< 1,000 lymphocytes/μL)

	Neutropenia (< 1,500 PMN/μL)

	Thrombocytopenia (< 150,000 platelets/μL)

	Anemia (hemoglobin < 10 g/dL)

	Total bilirubin > 1.5 × ULN with the exception of patients with the diagnosis of Gilbert’s syndrome who might be eligible if they had no other causes leading to hyperbilirubinemia

	AST or ALT > 1.5 × ULN

	INR > 0.1 above the ULN at the participating centre’s laboratory

	Chronic active infection other than localized skin infections

	A positive PPD test

	Vaccinated with a live virus within 8 weeks of randomization

	Vaccinated with a killed virus within 4 weeks of randomization

	A history of infectious mononucleosis within the 3 months before enrolment

	Laboratory or clinical evidence of acute infection with EBV or CMV

	Serological evidence of current or past HIV, hepatitis B, or hepatitis C infection

	Were currently pregnant or lactating, or anticipated getting pregnant

	Chronic use of steroids or other immunosuppressive agents

	A history of asthma or atopic disease that required chronic treatment

	Untreated hypothyroidism or active Graves’ disease at randomization

	Current use of noninsulin pharmaceuticals that affected glycemic control

	Prior OKT3 or other anti-CD3 treatment

	Administration of a monoclonal antibody within the year before randomization

	Participated in any type of therapeutic drug or vaccine clinical trial within the 12 weeks before randomization

	Any condition that, in the opinion of the investigator, would interfere with the study conduct or the safety of the patient



	Drugs

	Intervention
	A 14-day course of teplizumab consisting of daily IV doses of 51 mcg/m2, 103 mcg/m2, 207 mcg/m2, and 413 mcg/m2 on days 1 to 4, respectively, and 1 dose of 826 mcg/m2 on each of days 5 to 14 (note that this recommended dosage was indicated in the Clinical Study Report of TN-10)

	Comparators
	A 14-day course of IV placebo (saline) only

	Study duration

	Screening phase
	Participants were identified through the ongoing TN-01 study, which included initial confirmation of autoantibody status (within 6 months before randomization), OGTT, and HLA type; screening visit occurred 1 day before treatment

	Treatment phase
	Duration of treatment was 14 days; treatment commenced within 7 weeks after confirmatory OGTT and 1 day after screening visit

	Follow-up phase
	At the DCO date of the primary analysis (November 30, 2018) the median duration of follow-up was 745 days (26.63 months)

	Outcomes

	Primary end point
		Elapsed time from random treatment assignment to the development of stage 3 T1D or time of last contact in the ITT population
	Percentage of patients diagnosed with stage 3 T1D





	Secondary and exploratory end points
	Secondary:
	Safety and tolerability of teplizumab compared to placebo by TEAEs, AESIs, TESAEs, and drug withholding


Exploratory:
	C-peptide levels to oral glucose
	C-peptide AUC



	Glycemic control as measured by hemoglobin A1C levels
	hemoglobin A1C AUC





	Publication status

	Publications
	Herold et al.64
Sims et al. 202065
Sims et al. 202119
Lledó-Delgado et al.20


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
AESI = adverse event of special interest; ALT = alanine aminotransferase; AST = aspartate aminotransferase; AUC = area under the concentration-time curve; CD3 = cluster of differentiation 3; CMV = cytomegalovirus; DCO = data cut-off; EBV = Epstein-Barr virus; INR = international normalized ratio; ITT = intention to treat; OGTT = oral glucose tolerance test; OKT = Orthoclone-muromonab-CD3; PPD = purified protein derivative test; PMN = polymorphonuclear neutrophil; T1D = type 1 diabetes; TEAE = treatment-emergent adverse event; TESAE = treatment-emergent serious adverse event; ULN = upper limit of normal.
aAbnormal glucose tolerance included: fasting plasma glucose ≥ 6.1 mmol/L and < 7.0 mmol/L; 2-hour plasma glucose ≥ 7.8 mmol/L and < 11.1 mmol/L; or 30, 60, or 90-minute value on OGTT ≥ 11.1 mmol/L.
Sources: Clinical Study Report for TN-10.18 Details included in the table are from the sponsor’s Summary of Clinical Evidence.
Populations
Inclusion and Exclusion Criteria
Eligible patients were adult or pediatric patients aged 8 years and older who have a diagnosis of stage 2 T1D (i.e., relatives of people with T1D who do not have clinical diabetes and are high risk for progression to stage 3 clinical T1D).
	At randomization, participants aged younger than 18 years must have had a TrialNet-conducted OGTT which demonstrated abnormal glucose tolerance within 7 weeks (52 days) of the baseline visit. Abnormal glucose tolerance was defined as 1 of:
	fasting plasma glucose ≥ 6.1 mmol/L and < 7.0 mmol/L

	2-hour plasma glucose ≥ 7.8 mmol/L and < 11.1 mmol/L

	30, 60, or 90-minute value on OGTT ≥ 11.1 mmol/L.



	For participants aged 18 years or older, all must have undergone 2 consecutive TrialNet-conducted OGTTs that demonstrated abnormal glucose tolerance, and the most recent must have been within 7 weeks (52 days) of the baseline visit. They must have had confirmation of 2 or more diabetes-related autoantibodies on 2 occasions. The second occasion must have been within 6 months before study drug administration but did not have to involve the same 2 autoantibodies as those found on the first occasion. The autoantibodies to be confirmed were anti-GAD65, anti-islet cell antigen 512 (ICA512; also known as IA-2), micro-IAA, anti-ZnT8, and/or ICA.


Persons with other clinically relevant medical histories (e.g., type 2 diabetes), abnormal laboratory chemical values, or abnormal blood counts were excluded.
Interventions
Teplizumab or matching placebo (saline) was administered via IV infusion over 14 days. The 14-day course commenced within 7 weeks of the qualifying OGTT. A 14-day course of teplizumab consisted of daily IV doses of 51 mcg/m2 BSA, 103 mcg/m2 BSA, 207 mcg/m2 BSA, and 413 mcg/m2 BSA on days 1 to 4, respectively, and 1 dose of 826 mcg/m2 BSA on each of days 5 to 14. Note that in the product monograph of teplizumab, the 14-day course of teplizumab consisted of daily IV doses of 51 mcg/m2, 103 mcg/m2, 207 mcg/m2, and 413 mcg/m2 on study days 0 to 3, respectively, and 1 dose of 826 mcg/m2 on each of study days 4 to 13. The total dose for a 14-day course is approximately 9,034 mcg/m2.
On day 1, each patient’s BSA was calculated using the Mosteller formula based on their height and weight on that day. This calculation was used for dosing over the entire 14 days. Teplizumab or saline was administered via an IV infusion over a minimum of 30 minutes. This infusion was required to be given at the same time each day ± 4 hours.
Ibuprofen and antihistamine were administered prophylactically before teplizumab or placebo infusion on the first 5 days of treatment. Dosing of ibuprofen, antihistamines, and/or acetaminophen could be used as needed for fever, malaise, headache, arthralgia, or rash.
Patients were instructed not to use prednisone, other immunosuppressive agents, or chronic inhaled or nasal corticosteroids during this trial to reduce the risk of infection and to prevent possible impact on progression to diabetes. However, as an intention-to-treat (ITT) study, no patient was withdrawn from analysis if this occurred. Patients who received teplizumab or placebo were instructed not to receive live vaccinations for 1 year after dosing. In addition, they were required not to receive vaccination with a killed virus vaccine less than 4 weeks after treatment with study drug unless approved by the study chair or a separate study team.
Teplizumab would be withheld during the treatment course if the following occurred: anaphylaxis requiring hemodynamic support or mechanical ventilation, hepatic abnormalities (e.g., total bilirubin > 1.3 mg/dL on day 1, ≥ 2.0 mg/dL on other days; aspartate aminotransferase level > 2 times ULN on day 1; aspartate aminotransferase, ALT, or lactate dehydrogenase ≥ 3 times ULN on other days), thrombocytopenia (a platelet count < 140,000 on day 1 and < 100,000 on other days), grade 3 neutropenia, anemia, coagulopathy, grade 3 fever, other grade 3 or higher AE, or any medically important event, that in the opinion of the investigator, contraindicated continued dosing of teplizumab.
Outcomes
A list of efficacy end points assessed in this Clinical Review Report is provided in Table 7, followed by descriptions of the outcome measures. Summarized end points are based on outcomes included in the sponsor’s Summary of Clinical Evidence, as well as any outcomes identified as important to this review according to the clinical experts consulted for this review and input from patient and clinician groups and public drug plans. Using the same considerations, we selected end points that were considered to be most relevant to inform expert committee deliberations and finalized this list of end points in consultation with members of the expert committee. All summarized efficacy end points were assessed using GRADE. Select notable harms outcomes considered important for informing expert committee deliberations were also assessed using GRADE.
Table 7: Outcomes Summarized From the Studies Included in the Systematic Review
	Outcome measure
	Outcome type
	Time points

	TN-1018
	Sims et al. (2021)19
	Lledó-Delgado et al.20

	Time from randomization to stage 3 T1D diagnosis or last contact
	Primary
	Median follow-up duration: 26.63 months
	Median follow-up duration: 31.1 months
	Median follow-up duration: 80.46 months

	Percentage of patients diagnosed with stage 3 T1D
	Primary
	Median follow-up duration: 26.63 months
	Median follow-up duration: 31.1 months
	Median follow-up duration: 80.46 months

	C-peptide levels
	Exploratory
	Median follow-up duration: 26.63 months
	Median follow-up duration: 31.1 months
	NR

	Hemoglobin A1C levels
	Exploratory
	Median follow-up duration: 26.63 months
	Median follow-up duration: 31.1 months
	NR

	HRQoLa
	Not measured

	Occurrence of DKAa
	Not measured

	Safety
	Safety
	Median follow-up duration: 26.63 months
	NR
	NR

	SAE

	AESI


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
AESI = adverse event of special interest; DKA = diabetic ketoacidosis; HRQoL = health-related quality of life; NR = not reported; SAE = serious adverse event; T1D = type 1 diabetes.
Note: Multiplicity for all these end points was not adjusted for (e.g., hierarchal testing was not performed).
aHRQoL and the risk of DKA were identified as clinically important outcomes for the study population; however, in the TN-10 study, DKA was assessed as a harm outcome only, while HRQoL was not assessed.
Sources: Clinical Study Report for TN-10.18 Details included in the table are from the sponsor’s Summary of Clinical Evidence.
Time From Randomization to Stage 3 T1D
This was the primary end point in the TN-10 study and was defined as the elapsed time from randomization to the clinical diagnosis of diabetes, determined with the use of criteria from the American Diabetes Association. Scheduled OGTTs were performed 3 months and 6 months after the infusions and every 6 months thereafter. Random screening glucose levels were evaluated at 3-month intervals, and an OGTT was performed if the random glucose level was higher than 200 mg/dL (or 11.1 mmol/L) in association with standardized symptoms of diabetes. OGTT results that indicated diabetes were then sequentially confirmed, and the date of diagnosis was identified as the time of the first of the 2 diagnostic tests. The primary end point was censored at the last OGTT laboratory measurement or a visit without OGTT, whichever was later, before the patient ended study participation.
C-Peptide Levels
This outcome is a measure of endogenous insulin production and reflects beta cell function.66,67 While not listed as an FDA-accepted surrogate outcome for measurement in T1D,68 the preservation of C-peptide levels in patients with T1D has been shown to be associated with improved clinical outcomes, such as reduced risk of complications (e.g., severe hypoglycemia, retinopathy, and neuropathy).66,69 Preserved C-peptide levels in patients with recently diagnosed T1D have also been associated with a reduction in the dose of exogenous insulin needed to maintain glycemic control.69 In the TN-10 study, change from baseline in levels of C-peptide was an exploratory end point. Data were collected at each OGTT and the measurements were summarized by treatment groups.
Hemoglobin A1C
Hemoglobin A1C is a marker of the concentration of glucose in the blood over the previous 8 to 12 weeks at measurement.70 As such, hemoglobin A1C levels are indicative of long-term glycemic control.70 Higher levels of hemoglobin A1C have been associated with an increased risk of developing T1D.71 Glycemic control as measured by hemoglobin A1C levels was summarized by treatment groups.
Safety
AEs, TEAEs, AESIs, and treatment-emergent SAEs reported after the first dose of the study treatment were summarized. SAEs and AESIs were selected for GRADE assessment, because they were considered clinically relevant safety outcomes by the clinical experts consulted for this review.
As per the sponsor, AESIs were defined as: grade 3 or higher infections (including all opportunistic infections), acute mononucleosis-like illness, lymphomas or other malignancies, major hypoglycemia, grade 3 or higher liver function abnormalities, grade 3 or higher thrombocytopenia, grade 3 or higher neutropenia, grade 4 or higher allergic or hypersensitivity reactions, grade 3 or higher rash, grade 4 or higher CRS, and lymphocyte count lower than 500 mm3 for 7 days or longer. The clinical experts consulted for this review considered the following as AESIs: acute mononucleosis-like illness, major hypoglycemia, grade 3 or higher liver function abnormalities, grade 3 or higher neutropenia, grade 4 or higher CRS, lymphocyte count lower than 500 mm3 for 7 days or longer, and DKA at time of diagnosis of stage 3 T1D.
Statistical Analysis
Sample Size and Power Calculation
Assuming a HR of 0.4 in the development of stage 3 T1D in the teplizumab group compared to the placebo group and a 5% dropout rate, the study required at least 71 patients who were to be followed until 40 patients had onset of stage 3 T1D to provide 80% power at a 1-sided alpha level of 0.025 to reject a null hypothesis using a Wald test.
Study enrolment was completed with a total of 76 patients being randomized, and patients were followed until at least 40 patients reached T1D diagnosis.
Statistical Test or Model: Primary Analysis
The primary outcome was the time from randomization to the development of stage 3 T1D or time of last contact. In the primary analysis, the effect of teplizumab versus placebo on the cumulative incidence of diabetes onset over time was estimated using the Kaplan-Meier method (proportion surviving diabetes-free as a function of time), in the ITT population. The difference between groups in the cumulative incidence curves, and the associated hazard functions, were tested with a 1-sided Wald test at the 0.025 significance level using the Cox proportional hazards model with discrete time intervals at the 6-month OGTT intervals, stratified by age and the OGTT status (confirmed abnormal or not). In addition, proportion of patients who were diagnosed with stage 3 T1D was summarized by treatment group.
Patients who were lost to follow-up before developing T1D or were ongoing at the study closure were censored at the last OGTT laboratory measurement or a physical examination, whichever was the latest.
Multiple Testing Procedure
No adjustment for multiplicity was made in the analyses.
Data Imputation Methods
In general, missing values were assumed to be missing at random unless empirical evidence to the contrary could be established in the study data. The methodology employed in the time-to-T1DM analysis uses total follow-up recorded for each patient (i.e., maximum use of follow-up time). Presuming no evidence against missing at random, and given the modest size of the trial, no methods were employed to impute additional follow-up of patients who dropped out (i.e., were lost to follow-up). Secondary end points were analyzed using existing data. Multiple imputation was used if missing at random could not be justified and for any sensitivity analyses of secondary end points.
Subgroup Analyses
The effects of teplizumab were compared with placebo in prespecified subgroups based on age at baseline, sex, body mass index at baseline (< median and ≥ median), autoantibodies (anti-GAD65, micro-insulin, anti-IA-2, ICA, anti-ZnT8), HLA type (HLA DR3, HLA DR4), pretreatment C-peptide (< median, ≥ median), and glucose levels (< median, ≥ median) during OGTT. Results were presented in a forest plot as HRs and 95% CIs of T1D onset between teplizumab and placebo for each subgroup.
Sensitivity Analyses
Sensitivity analyses of the primary end point evaluated 3 scenarios:
	participants in the placebo group who had onset of stage 3 T1D during the first year (before 12 months) were considered to have onset at 12 months

	participants who withdrew consent or were lost to follow-up and thus censored were considered to have onset of stage 3 T1D on their date of withdrawal or the date when lost to follow-up

	scenarios 1 and 2 combined.


Other Outcomes of the Studies
The 2-hour C-peptide AUC was calculated using the trapezoidal rule over the 2-hour period (0, 30, 60, 90, and 120 minutes) based on the time points available from the OGTT. Results reported as less than the lower limit of detection were imputed as 0 for those time points of the OGTT. To assess changes over time, C-peptide AUC was compared between groups using a mixed model for repeated measures through 2 years post randomization. The model included treatment, time window, T1D status (diagnosed versus not diagnosed), treatment × time and treatment × T1D status, and baseline C-peptide as covariates. Mean C-peptide concentrations and respective changes from baseline were plotted over time by treatment for all patients and then also plotted for the 4 subgroups (anti-ZnT8 antibody status, HLA types [DR3 and DR4], pre-treatment C-peptide [< median and ≥ median]). In addition, least square means from the mixed model for repeated measures were also plotted.
The number and proportion of patients who had the TEAEs, and the number of events and the proportion of the total number of events, were given by treatment group. Treatment-emergent AESIs were defined retrospectively.
Table 8: Statistical Analysis of Efficacy End Points in the TN-10 Study
	End point
	Statistical model
	Adjustment factors
	Handling of missing data
	Sensitivity analyses

	Time from randomization to stage 3 T1D diagnosis or last contact (median follow-up: 26.63 months)
	Kaplan-Meier method, Cox proportional hazards model
	Age and OGTT status (confirmed abnormal or not) before randomization
	No methods were employed to impute additional follow-up of patients who dropped out (i.e., lost to follow-up)
	3 scenarios:
	participants in the placebo group who had onset of stage 3 T1D during the first year (before 12 months) were considered to have onset at 12 months

	participants who withdrew consent or were lost to follow-up and thus censored were considered to have onset of stage 3 T1D on their date of withdrawal or the date when lost to follow-up

	scenarios 1 and 2 combined
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OGTT = oral glucose tolerance test; T1D = type 1 diabetes.
Sources: Clinical Study Report for TN-10.18 Details included in the table are from the sponsor’s Summary of Clinical Evidence.
Analysis Populations
ITT population: All patients who were randomized. The assigned analysis group was used, regardless of treatment compliance.
Full analysis set (FAS) population: All patients who received any study treatment (including control). The assigned analysis group was used, regardless of treatment compliance.
Safety population: All patients who received any study treatment (including control). Analysis was conducted by actual treatment.
The ITT population was used for the primary, secondary, and other analyses. The safety population was used for all safety analyses.
Table 9: Analysis Populations of the TN-10 Study
	Study
	Population
	Definition
	Application

	TN-10
	ITT population
	All subjects who were randomized. The assigned analysis group was used, regardless of treatment compliance.
	Used for the primary, secondary, and other analyses.

	FAS
	All subjects who received any study treatment (including control). The assigned analysis group was used, regardless of treatment compliance.
	NR

	Safety population
	All subjects who received any study treatment (including control). Analysis was conducted by actual treatment.
	Used for all safety analyses.
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FAS = full analysis set; ITT = intention to treat; NR = not relevant.
Sources: Clinical Study Report for TN-10.18 Details included in the table are from the sponsor’s Summary of Clinical Evidence.
Results
Patient Disposition
A total of 146 patients identified through the TN-01 study were assessed for eligibility in the TN-10 study. Among them, 70 patients were not eligible for inclusion (the main reasons for screening failure included normal OGTT result [52.9%], clinical alert OGTT result [28.6%], lost to follow-up [8.6%], withdrew consent before randomization [4.3%], and chronic steroid use [2.9%]). A total of 76 patients were randomly assigned to the teplizumab group (n = 44) or the placebo group (n = 32). ██████████ patients discontinued the 14-day treatment course for protocol-specified reasons (elevated liver function test results), including ██ (██████%) patients in the teplizumab group and ██ (██████%) patients in the placebo group. Six patients discontinued study participation after the infusion was completed, of which 3 (6.8%) were in the teplizumab group and 3 (9.4%) in the placebo group. Among them, 3 completed the study when they were diagnosed with T1D. Of the other 3 patients, 1 was lost to follow-up, and 2 withdrew consent.
By the DCO date of November 30, 2018, the median follow-up time for all 76 patients, including those who completed the study due to T1D onset and those who were censored, was 745 days, or approximately 26.6 months. The median follow-up time was 839 days (approximately 27.5 months) for the teplizumab group and 543 days (approximately 17.8 months) for the placebo group.
All 76 patients received the study treatment and were included in the ITT, FAS, and safety populations (Table 10).
Table 10: Summary of Patient Disposition From Studies Included in the Systematic Review (DCO Date: November 30, 2018)
	Patient disposition
	TN-10

	Teplizumab n = 44
	Placebo n = 32

	Screened, N
	146

	Reason for screening failure, n (%)
	70 (47.9)

	    Normal OGTT result
	37 (52.9)

	    Clinical alert OGTT result
	20 (28.6)

	    Lost to follow-up
	6 (8.6)

	    Withdrew consent before randomization
	3 (4.3)

	    Chronic steroid use
	2 (2.9)

	Randomized, N (%)
	44 (100)
	32 (100)

	Discontinuation from treatment course, n (%)
	██ (██████)
	██ (██████)

	Protocol-specified drug withholding
	██ (██████)
	██ (██████)

	Discontinuation from study prematurelya, n (%)
	3 (6.8)
	3 (9.4)

	    Lost to follow-up
	0
	1 (3.1)

	    Other
	3 (6.8)
	2 (6.3)

	ITT, n (%)
	44 (100)
	32 (100)

	FAS, n (%)
	44 (100)
	32 (100)

	Safety, n (%)
	44 (100)
	32 (100)
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DCO = data cut-off; FAS = full analysis set; ITT = intention to treat; NR = not reported; OGTT = oral glucose tolerance test.
aOf the 6 patients who discontinued from the study, onset of stage 3 T1D occurred in 2 patients in the placebo group and 1 in the teplizumab group (i.e., the primary end point was reached). Therefore, these patients were already included in the primary end point analysis before discontinuing.
Sources: Clinical Study Report for TN-10.18 Details included in the table are from the sponsor’s Summary of Clinical Evidence.
Baseline Characteristics
In the TN-10 study, of 76 randomized patients, 44 were assigned to the teplizumab treatment group and 32 were assigned to the placebo group. All 76 patients received the study treatment and were included in the ITT, FAS, and safety populations. The age range among all randomized patients was from 8.5 years to 49.5 years. The median age was 14 years in the teplizumab group and 13 years in the placebo group. There were 29 patients (65.9%) aged younger than 18 years in the teplizumab group compared to 26 patients (81.3%) in the placebo group. Slightly more than half of the patients were male (teplizumab group = 56.8%; placebo group = 53.1%). The median body mass index was also similar between the groups (teplizumab group = 20.0 kg/m2; placebo group = 21.6 kg/m2). Before enrolment, all patients were positive for at least 2 autoantibodies, while 73.7% of all patients were positive for 3 or more. There were some imbalances in the proportion of patients who were first-degree relatives of siblings with T1D, and in the presence of certain autoantibodies. The teplizumab and placebo groups were balanced in baseline glucose and hemoglobin A1C levels. The median baseline glucose level was ██████ (range, ██████ ████ ████████) mmol/L and ██████ (range, ██████ ████ ████████) mmol/L, respectively. The median baseline hemoglobin A1C level was 5.2% (range, 4.6% to 6.1%) and 5.3% (range, 4.3% to 5.6%), respectively.
The baseline demographic and clinical characteristics of the TN-10 study are presented in Table 11.
Table 11: Summary of Baseline Characteristics From Studies Included in the Systematic Review (ITT Population)
	Characteristic
	TN-10

	Teplizumab n = 44
	Placebo n = 32

	Age (years), median (range)
	14 (8.5 to 49.5)
	13 (8.6 to 45.0)

	Age (< 18 years), n (%)
	29 (65.9)
	26 (81.3)

	Sex, n (%)

	Male
	25 (56.8)
	17 (53.1)

	Female
	19 (43.2)
	15 (46.9)

	BMI (kg/m2), median (range)
	20.0 (14.7 to 43.7)
	21.6 (16.0 to 34.6)

	Race, n (%)

	Asian
	0 (0.0)
	1 (3.1)

	Ethnicity (non-Hispanic)
	43 (97.7)
	29 (90.6)

	Multiple
	0 (0.0)
	1 (3.1)

	White
	44 (100.0)
	30 (93.8)

	Relationship to person with T1D, n (%)

	Siblinga
	30 (68.2)
	19 (59.4)

	Offspring
	7 (15.9)
	6 (18.8)

	Parent
	7 (15.9)
	6 (18.8)

	Sibling and another first-degree relative
	3 (6.8)
	3 (9.4)

	Second-degree relative
	5 (11.4)
	7 (21.9)

	Third-degree relative or further removed
	1 (2.3)
	2 (6.3)

	Presence of autoantibodies,b n (%)

	Anti-GAD65
	40 (90.9)
	28 (87.5)

	mIAA
	19 (43.2)
	11 (34.4)

	Anti-IA-2
	26 (59.1)
	24 (75.0)

	ICA
	29 (65.9)
	28 (87.5)

	Anti-ZnT8
	32 (72.7)
	24 (75.0)

	Number of positive autoantibodies,c n (%)

	1
	1d (2.3)
	0 (0.0)

	2
	12 (27.3)
	7 (21.9)

	3
	11 (25.0)
	5 (15.6)

	4
	12 (27.3)
	14 (43.8)

	5
	8 (18.2)
	6 (18.8)

	Hemoglobin A1C, median (range)
	5.2 (4.6 to 6.1)
	5.3 (4.3 to 5.6)

	C-peptide AUC in OGTT (nmol/L), median (range)
	1.77 (0.6 to 4.4)
	1.73 (0.7 to 3.8)

	HLA risk alleles present, n (%)

	Neither DR3 nor DR4
	5 (11.4)
	3 (9.4)

	DR3 only
	10 (22.7)
	8 (25.0)

	DR4 only
	16 (36.4)
	14 (43.8)

	Both DR3 and DR4
	11 (25.0)
	7 (21.9)

	Glucosee (mmol/L), median (range)
	████████
	████████
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AUC = area under the concentration-time curve; BMI = body mass index; ITT = intention to treat; OGTT = oral glucose tolerance test; T1D = type 1 diabetes.
aParticipants in this category may have had > 1 sibling with stage 3 T1D.
bShown are the autoantibodies for which participants were positive at the time of randomization. All participants were positive for at least 2 autoantibodies before randomization.
cThis was at the time of randomization. All patients were positive for at least 2 autoantibodies before randomization.
dOne patient had a definite autoantibody detected, but the titre for the second autoantibody was borderline between positive and negative. This patient was permitted to enrol in the study at the investigator’s discretion.
eFor patients aged < 18 years, only nonfasting glucose control was performed.
Sources: Clinical Study Report for TN-10.18 Details included in the table are from the sponsor’s Summary of Clinical Evidence.
Exposure to Study Treatments
Study Treatments
In the teplizumab group, 41 (93.2%) patients received all 14 infusions, 2 (4.5%) received 13 infusions, and 1 (2.3%) received 12 infusions. In the placebo group, 28 (87.5%) patients received all 14 infusions, 2 (6.3%) received 13 infusions, 1 (3.1%) received 11 infusions, and 1 (3.1%) received 8 infusions. The total number of patients who completed the 14-day treatment course was 43 (97.7%) in the teplizumab group and 30 (93.8%) in the placebo group. ██████ (██████%) patient in the teplizumab group and ██ (██████%) patients in the placebo group discontinued the 14-day treatment course for protocol-specified reasons (elevated liver function test results).
Efficacy
Time From Randomization to Stage 3 T1D Diagnosis
In the initial analysis, at a DCO date of November 30, 2018, and a median follow-up duration of 26.63 months, T1D was diagnosed in 20 of 44 participants (45%) in the teplizumab group and 23 of 32 participants (72%) in the placebo group (unadjusted HR = 0.13; 95% CI, 0.05 to 0.34). The median time from randomization to stage 3 T1D diagnosis was 49.5 months (95% CI, 32.2 months to not estimable) in the teplizumab group and 24.9 months (95% CI, 9.5 months to 48.6 months) in the placebo group, with a between-group difference of 24.6 months. The HR obtained from the Cox proportional hazards model was 0.41 (95% CI, 0.22 to 0.78; P = 0.0066). Results of the sensitivity analyses were, in general, consistent with the primary analysis and were all statistically significant (results not shown).
Table 12: Summary of Time From Randomization to Stage 3 T1D Diagnosis in the TN-10 Study (DCO Date: November 30, 2018 — ITT Population)
	Time from randomization to stage 3 T1D diagnosis
	Teplizumab n = 44
	Placebo n = 32

	Follow-up duration (months), median (range)
	26.63 (NR to NR)

	Number of participants analyzed
	44
	32

	Number of censored patients
	24
	9

	Number of patients diagnosed with stage 3 T1D, n (%)
	20 (45)
	23 (72)

	Time to diagnosis of stage 3 T1D (months), median (95% CI)
	49.5 (32.2 to NE)
	24.9 (9.5 to 48.6)

	Between-group difference (95% CI)
	24.6 (NR to NR)

	HR (95% CI)
	0.41 (0.22 to 0.78)

	P value
	0.0066
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CI = confidence interval; DCO = data cut-off; HR = hazard ratio; ITT = intention to treat; NE = not estimable; NR = not reported; OGTT = oral glucose tolerance test; T1D = type 1 diabetes.
Note: Covariates in the model were age and baseline strata (aged ≥ 18 years with confirmed OGTT, < 18 years with confirmed OGTT, and < 18 years without confirmed OGTT).
Sources: Clinical Study Report for TN-10.18 Details included in the table are from the sponsor’s Summary of Clinical Evidence.
Figure 1: Kaplan-Meier Curve of Time to Onset of Stage 3 T1D
[image: The Kaplan-Meier curves of time to stage 3 type 1 diabetes diagnosis showed separation at approximately 3 months of treatment. This trend was maintained during the study, favouring teplizumab in the study population.]
T1D = type 1 diabetes.
Source: Clinical Study Report for TN-10.18

In general, in the preplanned subgroup analyses (Figure 2), the HR for point estimates demonstrated a consistency of effect as in the primary analysis. While there were some differences in certain subgroups (e.g., negative anti-ZnT8 antibodies, HLA DR3 absent, HLA DR4 present, and C-peptide AUC level), the number of patients contributing to each estimate should also be noted.
Figure 2: Subgroup Analyses — HR for Time From Randomization to Diagnosis of Stage 3 T1D
[image: In prespecified subgroup analyses, the effects of teplizumab relative to placebo were compared in the subgroups based on age, human leukocyte antigen type, pretreatment C-peptide and glucose levels during the oral glucose tolerance tests, and autoantibodies. In general, a consistency of effect from the subgroup analyses was observed compared to the primary analysis.]
BMI = body mass index; CI = confidence interval; HR = hazard ratio; T1D = type 1 diabetes.
Source: Clinical Study Report for TN-10.18

C-Peptide Levels
At 12 months of treatment, the mean of the C-peptide AUC was ████████ (SD ████████) nmol/L in the teplizumab group and ████████ (SD ████████) nmol/L in the placebo group.
At 24 months of treatment, the mean of the C-peptide AUC was ████████ (SD ████████) nmol/L in the teplizumab group and ████████ (████████) nmol/L in the placebo group.
Details of change in C-peptide levels (AUC) are shown in Table 13.
Table 13: Summary of C-Peptide Levels in the TN-10 Study (ITT Population)
	C-Peptide levels
	Teplizumab n = 44
	Placebo n = 32

	C-peptide AUC (nmol/L) at baseline, median (range)
	1.77 (0.6 to 4.4)
	1.73 (0.7 to 3.8)

	Number of patients analyzed at 12 months
	████
	████

	C-peptide AUC (nmol/L) at 12 months, adjusted mean (SD)
	████████
	████████

	Change from baseline at 12 months (nmol/L), mean (SD)
	████████
	████████

	Between-group difference (95% CI)
	████

	P value
	████

	Number of patients analyzed at 24 months
	████
	████

	C-peptide AUC (nmol/L) at 24 months, adjusted mean (SD)
	████████
	████████

	Change from baseline at 24 months (nmol/L), mean (SD)
	████████
	████████

	Between-group difference (95% CI)
	████

	P value
	████
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AUC = area under the concentration-time curve; CI = confidence interval; ITT = intention to treat; NR = not reported; OGTT = oral glucose tolerance test; SD = standard deviation; T1D = type 1 diabetes.
Note: Patients who were diagnosed with T1D ended study participation once diagnosed with T1D or shortly thereafter and no longer underwent further assessments. Patients who were not diagnosed with T1D had OGTTs at 3 months after randomization and then every 6 months thereafter until the study cut-off date or withdrawal. As a result, the number of OGTTs decreased over time and differed among patients. At 24 months, approximately ████% of the study participants had OGTTs. At 30 months, this declined to ████% of the patients and continued to decline in the remainder of the study. As a result, the sponsor chose to perform the C-peptide analyses up to and including 24 months post randomization in this analysis to avoid comparisons involving too few patients, particularly in the placebo group.
Source: Clinical Study Report for TN-10.18
Hemoglobin A1C Levels
At 12 months of treatment, the mean hemoglobin A1C was ████████% (SD ████████) in the teplizumab group and ████████% (SD ████████) in the placebo group.
At 24 months of treatment, the mean hemoglobin A1C was ████████% (SD ████████) in the teplizumab group and ████████% (SD ████████) in the placebo group (Table 14).
Table 14: Summary of Hemoglobin A1C Levels in the TN-10 Study (ITT Population)
	Hemoglobin A1C levels
	Teplizumab n = 44
	Placebo n = 32

	Overall population

	Number of participants analyzed
	44
	32

	Baseline hemoglobin A1C (%), mean (SD)
	5.16 (0.33)
	5.21 (0.26)

	Number of patients contributed to analysis at 12 months
	████
	████

	12-month hemoglobin A1C (%) mean (SD)
	████████
	████████

	Change from baseline at 12 months (%), mean (SD)
	████
	████

	Between-group difference (95% CI)
	████

	P value
	████

	Number of patients contributed to analysis at 24 months
	████
	████

	24-month hemoglobin A1C (%), mean (SD)
	████████
	████████

	Change from baseline at 24 months (%), mean (SD)
	████
	████

	Between-group difference (95% CI)
	████

	P value
	████
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CI = confidence interval; ITT = intention to treat; NR = not reported; SD = standard deviation.
Source: Clinical Study Report for TN-10.18
Harms
All patients who received any study treatment were included in the safety population, which was used for all safety analyses. Details of harms outcomes are shown in Table 15.
Adverse Events
As of the DCO date of November 30, 2018, ████████% of patients in the teplizumab group and ████████% in the placebo group experienced at least 1 AE. In the teplizumab group, TEAEs occurred most frequently in the systems organ class of blood and lymphatic system disorders (████████%), infections and infestations (████████%), and skin and subcutaneous disorders (████████%). The most commonly reported AEs in the teplizumab group were lymphopenia (72.7%), leukopenia (20.5%), rash pruritic (████████%), and nasopharyngitis (████████%). Grade 3 TEAEs occurred in ████ (████████%) patients in the teplizumab group and ██ (██████%) patients in the placebo group. No patients had a grade 4 TEAE.
Serious Adverse Events
Treatment-emergent SAEs occurred in ██ (████████%) patients in the teplizumab group and ██ (██████%) patient in the placebo group. The SAEs reported in the teplizumab group included ████████████████████ ████████████████████ ██████████ ██████████████████ ██████████ ██████████████████ ██████████████████████████████ ██████████ ██████████ ██████████████████████ ██████████ ████████████████████ ██████ ██████████████████████████████. ██████ case of ██████████████████████████████ ██████████████████████ was reported as SAE in the placebo group.
Withdrawals Due to AEs
██████████ patients discontinued from study treatment because of TEAEs, including ██ case of increased ALT (██████%) in the teplizumab group and ██ cases of hyperbilirubinemia (██████%) in the placebo group.
Mortality
No patients died in the study.
Notable Harms
████████ patients (██████%: grade 3 events of cellulitis, gastroenteritis, pneumonia, and wound infection) in the teplizumab group had an AESI, while ████ ██████████████ from the placebo group reported AESI. There were no grade 3 or higher liver function abnormalities, grade 3 or higher neutropenia, grade 4 or higher CRS, or lymphocyte count lower than 500 mm3 for 7 days or longer events reported at the DCO date of November 30, 2018. No event of DKA had been reported at the DCO date of November 30, 2018.
Table 15: Summary of Harms Results From the TN-10 Study (DCO Date: November 30, 2018 — Safety Analysis Set)
	Harms
	Teplizumab n = 44
	Placebo n = 32
	Total

	AEs occurring in > 5% of patients, n (%)

	Patients with ≥ 1 TEAE
	████ (████████)
	████ (████████)
	████ (████████)

	Blood and lymphatic system disorders
	████████
	████████
	████████

	Leukopenia
	9 (20.5)
	0
	9 (11.8)

	Lymphopenia
	32 (72.7)
	2 (6.3)
	34 (44.7)

	Neutropenia
	3 (6.8)
	1 (3.1)
	4 (5.3)

	Infections and infestations
	████████
	████████
	████████

	Nasopharyngitis
	██ (████████)
	██ (██████)
	██ (████████)

	Pneumonia
	4 (9.1)
	1 (3.1)
	5 (6.6)

	Sinusitis
	4 (9.1)
	1 (3.1)
	5 (6.6)

	Upper respiratory tract infection
	4 (9.1)
	1 (3.1)
	5 (6.6)

	Skin and subcutaneous tissue disorders
	████████
	████████
	████████

	Rash
	6 (13.6)
	0
	6 (7.9)

	Rash pruritic
	██ (████████)
	██
	██ (██████)

	Nervous system disorders
	9 (20.5)
	5 (15.6)
	14 (18.4)

	Headache
	5 (11.4)
	3 (9.4)
	8 (10.5)

	Gastrointestinal disorders
	7 (15.9)
	3 (9.4)
	10 (13.2)

	Vomiting
	2 (4.5)
	2 (6.3)
	4 (5.3)

	Respiratory, thoracic, and mediastinal disorders
	7 (15.9)
	1 (3.1)
	8 (10.5)

	Bronchospasm
	3 (6.8)
	0
	3 (3.9)

	Cough
	3 (6.8)
	0
	3 (3.9)

	Vascular disorders
	4 (9.1)
	2 (6.3)
	6 (7.9)

	Hypertension
	4 (9.1)
	1 (3.1)
	5 (6.6)

	Hepatobiliary disorders
	0
	2 (6.3)
	2 (2.6)

	Hyperbilirubinemia
	0
	2 (6.3)
	2 (2.6)

	SAEs, n (%)

	Patients with at least 1 TESAE
	██ (████████)
	██ (██████)
	██ (████████)

	Infections and infestations
	████████
	██
	████████

	Cellulitis
	████████
	██
	████████

	Gastroenteritis
	████████
	██
	████████

	Pneumonia
	████████
	██
	████████

	Wound infection
	████████
	██
	████████

	Immune system disorders
	1 (2.3)
	0
	1 (1.3)

	Serum sickness
	1 (2.3)
	0
	1 (1.3)

	Injury, poisoning, and procedural complications
	1 (2.3)
	0
	1 (1.3)

	Ankle fracture
	1 (2.3)
	0
	1 (1.3)

	Musculoskeletal and connective tissue disorders
	1 (2.3)
	0
	1 (1.3)

	Musculoskeletal chest pain
	1 (2.3)
	0
	1 (1.3)

	Nervous system disorders
	1 (2.3)
	0
	1 (1.3)

	Dizziness
	1 (2.3)
	0
	1 (1.3)

	AEs leading to withdrawal, n (%)

	Patients with ≥ 1 AE leading to withdrawal
	██ (██████)
	██ (██████)
	██ (██████)

	Hepatobiliary disorders
	██
	██ (██████)
	██ (██████)

	Hyperbilirubinemia
	██
	██ (██████)
	██ (██████)

	Investigations
	██ (██████)
	██
	██ (██████)

	Alanine aminotransferase increase
	██ (██████)
	██
	██ (██████)

	Skin and subcutaneous tissue disorders
	1 (2.3)
	0
	1 (1.3)

	Rash pruritic
	1 (2.3)
	0
	1 (1.3)

	AESIs, n (%)

	Patients with at least 1 AESI
	██ (██████)
	██
	██ (██████)

	Infections and infestations
	██ (██████)
	██
	██ (██████)

	Cellulitis
	██ (██████)
	██
	██ (██████)

	Gastroenteritis
	██ (██████)
	██
	██ (██████)

	Pneumonia
	██ (██████)
	██
	██ (██████)

	Wound infection
	██ (██████)
	██
	██ (██████)

	Deaths, n (%)

	Number of deaths
	0
	0
	0


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
AE = adverse event; AESI = adverse event of special interest; DCO = data cut-off; SAE = serious adverse event; TEAE = treatment-emergent adverse event; TESAE = treatment-emergent serious adverse event.
Sources: Clinical Study Report for TN-10.18 Details included in the table are from the sponsor’s Summary of Clinical Evidence.
Critical Appraisal
Internal Validity
In the TN-10 study, appropriate methods of randomization and allocation concealment were employed. The randomization numbers and tables were generated by the TrialNet Coordinating Center. All patients, clinical investigators, and study personnel were masked to treatment assignment throughout the study. There were some imbalances between the 2 treatment groups in patients’ baseline characteristics, such as the proportion of patients aged younger than 18 years, proportion of siblings with T1D, and presence of autoantibodies, consistent with the small sample size.
The HR in the study is imprecise (95% CI, 0.22 to 0.78) and reflects the study’s small size (N = 76); however, a larger study was not practical given the uncertainty regarding the incidence and prevalence of patients with stage 2 T1D. In general, small studies are at risk of imbalance in prognostic factors, are associated with larger effect sizes, and should be considered in the context of these findings.72,73 An example of imbalance in prognostic factors in the TN-10 study is age, which is inversely associated with development of T1D.74 The lower proportion of patients aged younger than 18 years in the teplizumab group could favour teplizumab in the study results; however, the proportional hazards model was adjusted for age greater than and less than 18 years.18 Autoantibody type and distribution between groups might also favour teplizumab;75 the FDA adjusted for autoantibody counts in their review and found the HR was numerically higher (0.44) but still statistically significant after adjustment.76
Teplizumab was developed to delay the onset of stage 3 T1D in patients diagnosed with stage 2 T1D. Time to stage 3 T1D diagnosis was the primary efficacy end point in the TN-10 study. Longer time from randomization to disease progression is associated with delayed treatment with insulin, and related short-term consequences. However, the clinical experts noted that currently it is uncertain whether this delay can be translated to longer-term clinical benefits, such as prolonged survival, and lower risk of macrovascular or microvascular events in patients with stage 3 T1D. It may also have an impact on patients’ HRQoL during the disease-free period, in particular, the psychosocial well-being of the patients and their families; however, this was not examined in this study.
In the TN-10 study, the methodology employed in the time-to-T1D analysis used total follow-up recorded for each patient (i.e., maximum use of follow-up time). Presuming no evidence against missing at random, and given the modest size of the trial, no methods were employed to impute additional follow-up of patients who dropped out (i.e., were lost to follow-up), and there were 3 who discontinued the treatment course: 1 in the teplizumab group and 2 in the placebo group. Predefined sensitivity analyses were conducted to evaluate the robustness of the primary end point using different strategies to handle missing data. Overall, the results of sensitivity analyses aligned with the primary analysis of time from randomization to stage 3 T1D and all reached statistical significance, which supported the robustness of the results.
Prespecified subgroup analyses generally supported consistency of the overall direction of effect of teplizumab across subgroups; some subgroups were small, resulting in wide CIs. Due to the small sample size in the subgroups and the risk of inflated type I error from multiplicity, results should be interpreted with caution, and should be used for hypothesis generation only.
HRQoL and risk of DKA with progression to stage 3 T1D were considered clinically important outcomes by the clinicians and patient groups. No event of DKA was reported in the TN-10 study. Further, the study could not assess whether monitoring and education of people with stage 2 T1D would reduce DKA occurring at diagnosis of stage 3 T1D. Therefore, the effect of teplizumab on occurrence of DKA and patients’ quality of life remained unknown.
C-peptide is a measure that reflects beta cell function, which may support the delay in the onset of clinical T1D and life-long exogenous insulin dependence. While not listed as an FDA-accepted surrogate outcome for measurement in T1D,68 the preservation of C-peptide levels in patients with T1D has been shown to be associated with improved clinical outcomes,66,69 such as a reduced risk of complications (e.g., severe hypoglycemia, retinopathy, and neuropathy).66,69 Preserved C-peptide levels in patients with recently diagnosed T1D have also been associated with a reduction in the dose of exogenous insulin needed to maintain glycemic control.69 In the TN-10 study, change in levels of C-peptide from baseline was an exploratory end point and the data were descriptive. In addition, the results were only available in patients who had not progressed to stage 3 T1D (approximately ████%). Therefore, the effect of the study drug on the level of C-peptide was difficult to interpret. The clinical experts noted that although testing for C-peptide is readily available in Canada, it may not be routinely measured in clinical practice. Similarly, data of change in hemoglobin A1C levels were only collected when patients had not progressed to stage 3 T1D. Follow-ups on the hemoglobin A1C levels stopped after T1D onset.
External Validity
Based on feedback from the clinical experts consulted for this review, the baseline characteristics of patients randomized in the TN-10 study are somewhat different than those observed in clinical practice. For example, the proportion of patients aged older than 18 years may be larger in practice than in the TN-10 study. According to the clinical experts consulted for this review, younger patients are more likely to progress to stage 3 T1D compared to older patients. Also, nearly all patients in the study were white, which was inconsistent with those seen in practice. As such, the patients enrolled are unlikely to be representative of the racial or ethnic diversity of those seen in clinical practice in Canada. In addition, the trial used restricted exclusion criteria, while in clinical practice, a broader population may be eligible to receive treatment with teplizumab, such as patients who may have abnormal blood counts or liver function tests. The clinical experts indicated that, in general, clinicians would follow the recommendations from the product monograph of the study drug, and the study findings may not be generalized to the patient population in clinical practice.
GRADE Summary of Findings and Certainty of the Evidence
Methods for Assessing the Certainty of the Evidence
For pivotal studies and RCTs identified in the sponsor’s systematic review, GRADE was used to assess the certainty of the evidence for outcomes considered most relevant to inform expert committee deliberations, and a final certainty rating was determined as outlined by the GRADE Working Group.16,17
	High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.

	Moderate certainty: We are moderately confident in the effect estimate — the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. We use the word “likely” for evidence of moderate certainty (e.g., “X intervention likely results in Y outcome”).

	Low certainty: Our confidence in the effect estimate is limited — the true effect may be substantially different from the estimate of the effect. We use the word “may” for evidence of low certainty (e.g., “X intervention may result in Y outcome”).

	Very low certainty: We have very little confidence in the effect estimate — the true effect is likely to be substantially different from the estimate of effect. We describe evidence of very low certainty as “very uncertain.”


Following the GRADE approach, evidence from RCTs started as high-certainty evidence and could be rated down for concerns related to study limitations (which refers to internal validity or risk of bias), inconsistency across studies, indirectness, imprecision of effects, and publication bias.
When possible, certainty was rated in the context of the presence of an important (nontrivial) treatment effect; if this was not possible, certainty was rated in the context of the presence of any treatment effect (i.e., the clinical importance is unclear). In all cases, the target of the certainty of evidence assessment was based on the point estimate and where it was located relative to the threshold for a clinically important effect (when a threshold was available) or to the null. The threshold for a clinically important effect for time to stage 3 T1D in the study population was not obtained. Therefore, the target of the certainty of evidence assessment was the presence or absence of any non-null effect for this end point. The thresholds for a clinically important effect for the change from baseline in levels of C-peptide and hemoglobin A1C, and change from baseline in the occurrence of harm events in the study population were not obtained either. Therefore, the target of the certainty of evidence assessment was the presence or absence of any non-null effect for these end points.
Results of GRADE Assessments
Table 2 presents the GRADE summary of findings for teplizumab versus placebo.
	Teplizumab likely results in an increase in time to onset of stage 3 T1D when compared with placebo. The clinical importance of the delay is uncertain (moderate certainty due to serious imprecision).

	Teplizumab likely results in fewer patients progressed to stage 3 T1D when compared with placebo. The clinical importance of the decrease is uncertain (moderate certainty due to serious imprecision).

	Teplizumab may result in an increase in the proportion of patients who experience SAEs when compared with placebo (low certainty due to very serious imprecision).

	Teplizumab may result in an increase in the proportion of patients who experience AESIs when compared with placebo (low certainty due to very serious imprecision).


Long-Term Extension Studies
Contents within this section have been informed by materials submitted by the sponsor. The following have been summarized and validated by the review team.
Description of Studies
Participants who had not progressed to stage 3 T1D by the end of the TN-10 study were made aware of their treatment assignment, transferred into the TN-01 study, and continued to be followed up and were included in the extended follow-up analysis of the primary end point, which was conducted after participants had been followed for a median duration of 31.1 months. The original TN-10 study end date was June 2019.
Populations
Patients from the TN-10 study were continuously followed for a median time of 31.1 months (post randomization in the TN-10 study) in the Sims et al. study (2021)19 and 80.46 months (post randomization in the TN-10 study) in the study by Lledó-Delgado and colleagues.20
Interventions
Patients did not receive any treatments during the TN-01 study.
Outcomes
Efficacy analyses of the TN-10 study with an extended follow-up period (median = 31.1 months post randomization; range, 2.4 months to 102.4 months) were published in March 2021 (the Sims et al. study [2021]).19 The publication reported an update on the median time from randomization to the diagnosis of stage 3 T1D and metabolic outcomes, including measures of C-peptide response (which was the focus of this extended follow-up analysis) and glycemic control as measured by hemoglobin A1C levels.19 Furthermore, an efficacy analysis of the TN-10 study with a median follow-up of 80.46 months post randomization (range not reported) was published as part of a mechanistic analyses in August 2024 (the Lledó-Delgado et al. study).20 In the current Clinical Review Report, only results of time to diagnosis of stage 3 T1D are presented.
Statistical Analysis
In the extended follow-up analysis published in 2021 (the Sims et al. study19), analysis of the effect of teplizumab treatment on the incidence of stage 3 T1D was performed using a Cox proportional hazards model adjusted for stratification and age. In the subsequent extended follow-up analysis published in 2024, analysis of the impact of teplizumab on the median time to diagnosis with stage 3 T1D was performed using a log-rank test.20
Details of the statistical methods used in these follow-up analyses are presented in Table 16.
Table 16: Statistical Analysis of Efficacy End Points in the TN-10 Study — Extended Follow-Up
	End point
	Statistical model
	Adjustment factors
	Handling of missing data
	Sensitivity analyses

	Sims et al. (2021)19

	Time from randomization to stage 3 T1D diagnosis or last contact (median follow-up: 31.1 months)
	Kaplan-Meier method, Cox proportional hazards model
	Age and stratification (“stratification” was not specified in the published article)
	NR
	NR

	Lledó-Delgado et al.20

	Time from randomization to stage 3 T1D diagnosis or last contact (median follow-up: 80.46 months)
	Kaplan-Meier method, log-rank test
	NR
	NR
	NR


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
NR = not reported; T1D = type 1 diabetes.
Source: Sims et al. (2021)19 and Lledó-Delgado et al.20 Details included in the table are from the sponsor’s Summary of Clinical Evidence.
Results
Efficacy
Time From Randomization to Stage 3 T1D
In an extended follow-up analysis in the study by Sims and colleagues,19 (median follow-up = 31.1 months since randomization in the TN-10 study; range, 2.4 months to 102.4 months), 22 patients (50%) in the teplizumab group and 25 patients (78%) in the placebo group were diagnosed with stage 3 T1D since randomization. The median time from randomization to stage 3 T1D diagnosis was 59.6 months and 27.1 months for patients treated with teplizumab and placebo, respectively (HR = 0.457; P = 0.01). The between-group difference in median time to T1D diagnosis was 32.5 months.77
In the extended follow-up analysis in the study by Lledó-Delgado and colleagues,20 (median follow-up = 80.46 months since randomization in the TN-10 study; range, NR), 28 patients (64%) in the teplizumab group and 28 patients (88%) in the placebo group were diagnosed with stage 3 T1D. The median time from randomization to stage 3 T1D diagnosis was 52.2 months and 27.3 months for patients treated with teplizumab and placebo, respectively (P = 0.0026, log-rank test).
Table 17: Summary of Time From Randomization to Stage 3 T1D Diagnosis in Extended Follow-Ups (ITT Population)
	Time from randomization to stage 3 T1D diagnosis
	Sims et al. (2021)
	Lledó-Delgado et al.

	Teplizumab
n = 44
	Placebo
n = 32
	Teplizumab
n = 44
	Placebo
n = 32

	Follow-up duration (months), median (range)a
	31.1 (2.4 months to 102.4 months)
	80.46 (NR to NR)

	Number of participants analyzed
	44
	32
	44
	32

	Number of censored patients
	NR
	NR

	Patients diagnosed with stage 3 T1D, n (%)
	22 (50)
	25 (78)
	28 (64)
	28 (88)

	Time to diagnosis of stage 3 T1D (months), median (95% CI)a
	59.6 (NR)
	27.1 (NR)
	52.2 (NR)
	27.3 (NR)

	Between-group difference (95% CI)
	NR
	NR

	HR (95% CI)
	0.457 (NR)
	NR

	P value
	0.01
	0.0026


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
CI = confidence interval; HR = hazard ratio; ITT = intention to treat; NR = not reported; T1D = type 1 diabetes.
aFollow-up duration since initial randomization in the TN-10 study.
Source: Sims et al. (2021)19 and Lledó-Delgado et al.20 Details included in the table are from the sponsor’s Summary of Clinical Evidence.
Harms
Not assessed in the extended follow-up period.
Critical Appraisal
Patients initially enrolled in the TN-10 study and who had not progressed to stage 3 T1D were followed in the extension periods. Their treatment assignment was unblinded at the end of the TN-10 study. Longer-term efficacy of teplizumab was reported for up to 80.46 months. Missing data handling was not reported during these periods. Time from randomization to stage 3 T1D, and change in the levels of C-peptide and hemoglobin A1C were reported. While these outcomes were objectively measured, the open-label observational design cannot control for the impact of patient behaviours or other treatments received. Insufficient details of the efficacy outcomes were reported (e.g., between-group differences and associated 95% CIs were missing); therefore, a thorough evaluation of the long-term effect of teplizumab in the study population was not feasible. Harm outcomes were not examined in the extended follow-up analyses.
Indirect Evidence
No indirect treatment comparison has been submitted to this review.
Studies Addressing Gaps in the Systematic Review Evidence
No studies addressing gaps in the systematic review evidence have been submitted to this review.
Discussion
Summary of Available Evidence
The evidence included in this review consisted of 1 phase II, double-blind, placebo-controlled RCT, the TN-10 study (N = 76). The purpose of this study was to evaluate the efficacy and safety of teplizumab for delaying the onset of stage 3 T1D (also known as clinical T1D) in adults or children aged 8 years or older with a diagnosis of stage 2 disease. These patients were relatives of those with confirmed diagnosis of stage 3 T1D. Eligible patients were randomly assigned to receive either teplizumab (n = 44) or placebo (n = 32) in a double-blind manner. The primary efficacy end point of this study was time from randomization to stage 3 T1D diagnosis. In addition, changes in levels of C-peptide and hemoglobin A1C, as well as harms, were evaluated. At baseline, the patient characteristics were generally comparable between the 2 treatment groups. Of the 76 patients, the median age was 14 years in the teplizumab group and 13 years in the placebo group. There were 29 patients (65.9%) aged younger than 18 years in the teplizumab group compared to 26 patients (81.3%) in the placebo group. Before enrolment, all patients were positive for at least 2 autoantibodies, while 73.7% of all patients were positive for 3 or more. The teplizumab and placebo groups were similar in baseline glucose and hemoglobin A1C levels. There were some imbalances in the proportion of patients who were first-degree relatives of siblings with T1D and presence of certain autoantibodies.
At the end of the TN-10 study, patients who had not progressed to stage 3 T1D were continuously followed in the TN-01 study and additional results for up to 80.46 months were reported in 2 publications. Outcomes assessed during this period of time included time from randomization to stage 3 T1D. Patients were unblinded to the treatment assignment during the extended follow-up.
Interpretation of Results
Efficacy
Teplizumab is a first-in-class medication to delay the onset of stage 3 T1D in patients who have a diagnosis of stage 2 T1D. Currently, there is no treatment for patients with stage 2 disease; these patients will eventually progress to stage 3 T1D and require insulin therapy in their lifetime. There is an unmet need for a treatment that prevents or delays progression to stage 3 T1D in patients with stage 2 T1D.
Results of the TN-10 study showed that after a median follow-up of 26.6 months, stage 3 T1D was diagnosed in 20 of 44 participants (45%) in the teplizumab group and 23 of 32 participants (72%) in the placebo group. The median time from randomization to stage 3 T1D diagnosis was 49.5 months (95% CI, 32.2 months to not estimable) in the teplizumab group and 24.9 months (95% CI, 9.5 months to 48.6 months) in the placebo group, with a between-group difference of 24.6 months. The HR obtained from the Cox proportional hazards model was 0.41 (95% CI, 0.22 to 0.78; P = 0.0066). The clinical experts consulted for this review indicated that the approximately 2-year delay in the onset of T1D resulting from treatment with teplizumab (compared to placebo) is considered clinically meaningful. However, the clinical experts noted that the long-term effects of teplizumab on lowering the risks of macrovascular and microvascular events remain unclear, and there are no long-term data for teplizumab in the target population. For pediatric patients, the 2-year delay in disease progression is expected to have a larger impact compared with adults, when children are experiencing rapid development, physically and cognitively. The delay would also enable the children and their family to better prepare for the stage 3 disease that can develop some time in the future.
According to the clinical experts, because there is no cure for T1D, patients with stage 2 T1D could benefit from a delayed onset of stage 3 T1D through improved quality of life, relieved burden of life-long insulin therapy, reduced risk of diabetic complications (e.g., hyperglycemia and potential DKA), more education and monitoring, and increased opportunities to develop better coping strategies. The patient group input echoed that any delay in onset of stage 3 disease would improve their overall well-being and decrease the risk of diabetes complications. The patient group also noted that for young children, a delay of 2 to 3 years for a T1D diagnosis has important and meaningful benefits. However, at present, the evidence supporting the effect of teplizumab on these important outcomes is lacking, and it is unclear if treatment with teplizumab can make a difference for patients with stage 2 disease other than delaying the progression to stage 3 T1D by approximately 2 years.
The clinical experts acknowledged that identifying the eligible population is a key implementation challenge. Currently, stage 2 disease is defined based on the development of dysglycemia in addition to the presence of at least 2 diabetes-related autoantibodies. Because a population-based screening program for autoantibodies is not routinely performed for individuals at risk of having stage 2 T1D in Canada, only a small portion of this population could be tested for autoantibodies. These are first-degree or second-degree relatives of those who have a confirmed diagnosis of stage 3 disease, and testing is often completed at the patient’s request. The majority of the patients with T1D (approximately 85%) are not currently tested with this strategy, and as a result, will not have access to teplizumab. These include other populations who may experience inequitable access to testing (such as individuals without a family history of T1D, those with unknown family history, or groups such as immigrants). The sponsor estimated that approximately ██████████ individuals (i.e., first-degree or second-degree relatives of patients with T1D) at baseline and over ██████████████ individuals from year 1 onward would undergo testing for diabetes-related autoantibodies.48 However, clinical experts consulted for this review noted that this is likely an underestimate. They indicated that the number of patients tested for these autoantibodies may be doubled if teplizumab were to be funded. According to the sponsor-submitted materials and the clinical experts, individuals who initially test positive for 2 or more diabetes-related autoantibodies should undergo repeat testing to confirm their status. Confirming a positive autoantibody status is important to ensure the persistence of the autoimmune response and the validity of the target antigen.4 Once diagnosed, no further autoantibody testing is required. Based on the input from the clinical experts, provision of diabetes autoantibody testing to identify individuals with stage 2 T1D is anticipated to impact human and other health care resources. If teplizumab were to be funded, the number of individuals getting tested would likely increase; consequently, the volume of samples requiring out-of-province shipment would also increase, potentially causing delays and backlogs at testing sites. To manage the increased testing volume, investments in infrastructure and equipment along with that in staffing may be needed to establish in-house testing capacity. Upgrading laboratory infrastructure with validated assays for testing the 4 diabetes-related autoantibodies and providing adequate training for laboratory staff may be warranted. In addition, targeted education for health care providers would be necessary to enhance awareness of the autoantibody test. Expanding the screening to a population level would further increase resource requirements. Even if a population-based screening program can be put into place, other challenges of the implementation include accuracy (sensitivity and specificity) of the autoantibody tests, accessibility, as well as the cost-effectiveness of the screening program. Other possible barriers include low awareness of stage 2 T1D and the role of autoantibody testing among both health care providers and patients, as well as financial barriers (need for out-of-pocket payments).49,50 If teplizumab were to be funded, these factors may be barriers to timely and equitable implementation.
HRQoL was considered a clinically important outcome by the patient groups and clinicians. According to the Ethics Review Report, stage 3 T1D imposes a substantial psychosocial burden on patients and their families, especially for young children and their families. A patient’s daily life with T1D requires constant attention to fluctuating insulin needs, food intake, and stress levels. However, HRQoL was not assessed in the current submission; therefore, the effect of teplizumab on patients’ quality of life, with or without disease progression, in particular psychosocial well-being, is unknown.
Results of the extended follow-up analyses suggested that treatment with teplizumab was associated with a delayed time to stage 3 T1D diagnosis in patients aged 8 years or older who have been previously diagnosed with stage 2 T1D, when compared to placebo.
Harms
At a median follow-up of 26.6 months, ████████% of patients in the teplizumab group and ████████% in the placebo group experienced at least 1 AEs. The most commonly reported AEs in the teplizumab group were lymphopenia (72.7%), leukopenia (20.5%), rash pruritic (████████%), and nasopharyngitis (████████%). Grade 3 TEAEs occurred in ████ (████████%) patients in the teplizumab group and ██ (██████%) patients in the placebo group.
Treatment-emergent SAEs occurred in ██ (████████%) patients in the teplizumab group and ██ (██████%) patient in the placebo group. The SAEs reported in the teplizumab group included ████████████████████ ████████████████████ ██████████ ██████████████████ ██████████ ██████████████████ ██████████████████████████████ ██████████ ██████████ ██████████████████████ ██████████ ████████████████████ ██████ ██████████████████████████████. ██████ case of ██████████████████████████████ ██████████████████████ was reported as SAE in the placebo group.
██████████ patients discontinued from study treatment because of TEAEs, including ██ case of increased ALT (██████%) in the teplizumab group and ██ cases of hyperbilirubinemia (██████%) in the placebo group.
No patients died during the study.
████████ patients (██████%: grade 3 events of cellulitis, gastroenteritis, pneumonia and wound infection) in the teplizumab group had an AESI, while ████ ██████████████ from the placebo group reported AESI. There were no grade 3 or higher liver function abnormalities, grade 3 or higher neutropenia, grade 4 or higher CRS, or lymphocyte count lower than 500 mm3 for 7 days or longer events reported at the DCO date of November 30, 2018.
The clinical experts consulted for this review noted that most AEs are manageable and there were no unusual safety signals observed.
Conclusion
Currently there is a lack of treatment for patients diagnosed with stage 2 T1D. Teplizumab is a first-in-class medication with an indication of delaying the onset of stage 3 T1D in patients with preclinical T1D. One phase II, double-blind, placebo-controlled RCT (TN-10) provided evidence for the efficacy and safety of teplizumab in adults or children aged 8 years or older with stage 2 T1D. The results showed that after a median follow-up of 26.6 months, treatment with teplizumab likely results in delaying the time to progression to stage 3 T1D by approximately 2 years, compared to placebo. However, currently it is uncertain whether this 2-year delay in patients with stage 2 T1D (with or without progression) can be translated to longer-term clinical benefits, such as prolonged survival, and lower risk of macrovascular or microvascular events in patients with stage 3 T1D. In terms of harms, evidence from the TN-10 study indicated that teplizumab may result in an increase in the proportion of patients who experience SAEs or AESIs when compared with placebo. Up to a median follow-up of 80 months since the initial randomization, longer duration to progression to stage 3 T1D was observed in patients in the teplizumab group when compared with those who received placebo. There is uncertainty in long-term safety due to the lack of evidence. In addition, the impact of teplizumab on patients’ HRQoL was unknown, either during the delayed period or after a diagnosis of stage 3 T1D.
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Pharmacoeconomic Review


Abbreviations
BIA

budget impact analysis


CDA-AMC

Canada’s Drug Agency


DKA

diabetic ketoacidosis


FPG

fasting plasma glucose


FSDR

first-degree and second-degree relative


HCRU 

health care resource use


HRQoL

health-related quality of life


ICER

incremental cost-effectiveness ratio


OGTT

oral glucose tolerance test


QALY

quality-adjusted life-year


T1D

type 1 diabetes



Economic Review
The objective of the economic review undertaken by Canada’s Drug Agency (CDA-AMC) is to review and critically appraise the pharmacoeconomic evidence submitted by the sponsor on the cost-effectiveness and budget impact of teplizumab compared to no intervention to delay the onset of stage 3 type 1 diabetes (T1D) in adult and pediatric patients aged 8 years and older with stage 2 T1D.1 Teplizumab is being reviewed by CDA-AMC through the complex review pathway; as such, CDA-AMC has appraised 2 cost-effectiveness analyses submitted by the sponsor, 1 adopting a publicly funded health care payer perspective and 1 adopting a societal perspective.2
Table 1: Submitted for Review
	Item
	Description

	Drug product
	Teplizumab (Tzield), 2 mg/2 mL sterile solution, single-dose vial for IV infusion

	Indication
	To delay the onset of Stage 3 T1D in adult and pediatric patients 8 years of age and older with Stage 2 T1D

	Submitted price
	$18,410.00 per vial

	Health Canada approval status
	NOC

	Health Canada review pathway
	Priority review

	NOC date
	May 5, 2025

	Reimbursement request
	As per Health Canada indication

	Sponsor
	Sanofi-aventis Canada Inc.

	Submission history
	Previously reviewed: No


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
NOC = Notice of Compliance; T1D = type 1 diabetes.
Key Messages
	Teplizumab is available as a sterile solution for IV infusion (1 mg/mL).1 At the submitted price of $18,410.00 per 2 mL vial, the cost of teplizumab is expected to be $257,740 per patient for a single course of treatment, based on the Health Canada–recommended dosage.1

	Clinical efficacy in the economic analysis was derived from the TN-10 trial, which compared teplizumab with placebo in adult and pediatric patients aged 8 years and older with stage 2 T1D (i.e., individuals who have tested positive for ≥ 2 diabetes-related autoantibodies identified by screening and have dysglycemia without overt hyperglycemia).3 Evidence submitted by the sponsor indicated that teplizumab is likely to increase the time to onset of stage 3 T1D (i.e., manifestation of typical clinical symptoms and signs of T1D) compared to placebo among adult and pediatric patients aged 8 years and older with stage 2 T1D. No evidence was provided suggesting that teplizumab is curative (i.e., it will prevent an individual with stage 2 T1D from reaching stage 3 T1D). As noted by the Clinical Review Report, the clinical importance of the delay in onset is highly uncertain.

	The results of the CDA-AMC base case suggest that:
	Teplizumab will be associated with higher costs to the health care system than no intervention (incremental costs = $221,630), primarily driven by increased costs associated with drug acquisition, partly offset by disease management of stage 3 T1D.

	Teplizumab is predicted to be associated with a gain of 0.24 life-years compared to no intervention. When the impact on health-related quality of life (HRQoL) is also considered, teplizumab is predicted to result in a gain of 0.30 quality-adjusted life-years (QALYs) compared to no intervention from the health care payer perspective. When caregiver benefits are considered in the societal perspective, the incremental benefit is increased (incremental benefit = 0.36 QALYs).

	The incremental cost-effectiveness ratio (ICER) of teplizumab compared to no intervention was $747,542 per QALY gained in the CDA-AMC base case for the publicly funded health care payer perspective and $608,736 per QALY gained in the societal perspective. The estimated ICER was highly sensitive to the parametric distribution used to estimate the proportion of patients at risk of developing stage 3 T1D. This finding is associated with significant uncertainty because the long-term benefit associated with teplizumab is unknown.



	Although the CDA-AMC base case estimated a gain in QALYs with teplizumab compared to no intervention (incremental benefit = 0.30 QALYs), approximately 90% of the incremental benefit was gained in the extrapolated period (i.e., after 26 months of follow-up). In the absence of long-term evidence, the incremental QALYs for teplizumab predicted in the CDA-AMC base case are highly uncertain and may be overestimated. Additionally, health care resource use (HCRU) for stage 3 T1D is associated with significant uncertainty as the mixed regression model used to estimate HCRU costs does not reflect clinical expectations or published literature conducted in Canada. Additional price reductions may therefore be required.

	CDA-AMC estimates that the budget impact of reimbursing teplizumab for the indicated population will be approximately $485 million over the first 3 years of reimbursement compared to the amount currently spent on no intervention, which reflects the predicted expenditure over this period. The actual budget impact of reimbursing teplizumab will depend on the number of people eligible and identified for treatment, and the uptake of teplizumab. The economic feasibility of adoption must be addressed, given that the predicted incremental budget impact of reimbursing teplizumab is predicted to be greater than $40 million in year 2 and year 3, and the magnitude of uncertainty in the estimated budget impact.

	Screening is a significant factor that was not adequately considered in the economic evaluation or budget impact analysis (BIA). While a targeted screening approach focusing on potential patients with a family history may be most feasible, clinical expert input indicated that this would only identify 15% to 20% of patients with stage 2 T1D who could benefit from teplizumab.4 The potential benefits of a screening program should not be understated, as diabetic ketoacidosis (DKA) often occurs in undiagnosed patients and patient-relevant outcomes may be improved from a screening program itself. The budget impact considers a targeted approach where ██% of first-degree and second-degree relatives (FSDRs) are motivated to receive autoantibody testing; however, this can only capture the 15% of patients with T1D who have a family history.4 Depending on the screening approach, the budget impact may be substantially underestimated. Further information on the implications associated with the testing required to identify individuals with stage 2 T1D can be found in the CDA-AMC Testing Procedure Assessment within the Clinical Review Report.


Summary of the Submitted Economic Evaluation
The sponsor submitted a cost-utility analysis to estimate the cost-effectiveness of teplizumab from the perspective of a public health care payer and from a societal perspective in Canada over a lifetime horizon (100 years).5 The modelled population comprised adult and pediatric patients aged 8 years and older with stage 2 T1D (i.e., those individuals with ≥ 2 diabetes-related autoantibodies and dysglycemia without overt hyperglycemia), which is aligned with the Health Canada–approved indication and was based on the participants in the TN-10 trial.5 The sponsor’s base-case analysis from the health care payer perspective included costs related to drug acquisition (submitted price for teplizumab), administration, stage 2 T1D confirmatory testing, DKA event management, HCRU, and adverse event management.5 The sponsor’s base-case analysis from the societal perspective included additional indirect costs associated with patient and caregiver productivity loss. In the sponsor’s base case, which adopted a health care payer perspective, teplizumab was associated with incremental costs of $179,769 and 0.80 incremental QALYs relative to no intervention. This resulted in an ICER of $224,358 per QALY gained.5 Of the incremental benefit compared to no intervention (0.80 incremental QALYs), approximately 92% of the benefit was predicted to be accrued after the follow-up time of the TN-10 trial (median observation period = 26.62 months). From a societal perspective, the ICER was $176,942 per QALY gained.5 Additional information about the sponsor’s submission is summarized in Appendix 3.
CDA-AMC identified several key issues with the sponsor’s analysis (refer to Table 2; full details are provided in Appendix 4). A revised base case was therefore developed.
Table 2: Key Issues With the Sponsor’s Economic Submission
	Issue
	What evidence is there to inform this issue?
	How was this issue addressed by CDA-AMC?
	Did CDA-AMC explore uncertainty in a scenario analysis?

	The impact of teplizumab on health outcomes is uncertain.
	As noted in the clinical review, there is clinical plausibility that teplizumab can delay the onset of stage 3 T1D; however, the long-term impact on health outcomes is unknown.
	CDA-AMC was unable to address this issue.
	No scenario analysis was conducted due to the lack of plausible alternative evidence.

	Parametric distribution used for risk of progression on teplizumab overestimates the benefit of teplizumab.
	Based on the sponsor’s parametric distribution, a proportion of patients at risk for a stage 3 T1D diagnosis would never progress to stage 3 T1D.5 No evidence was provided that teplizumab is curative, and this assumption was considered clinically implausible by clinical expert feedback.
	CDA-AMC adopted the gamma distribution for the proportion of patients at risk for stage 3 T1D.
	CDA-AMC explored an alternative parametric distribution of the proportion of patients at risk for stage 3 T1D in a scenario analysis due to the uncertainty with the available evidence.

	Disease monitoring of patients with stage 2 T1D was not accounted for. This underestimates the cost of teplizumab.
	Patients entering the model were confirmed with stage 2 T1D.5 These patients would be periodically monitored with laboratory glucose tests to determine dysglycemia; yet the sponsor’s base case only considers glucose monitoring strips.6
	CDA-AMC included glucose monitoring strips, OGTT, hemoglobin A1C, and FPG tests7 once per 6-month cycle.
	No scenario analysis was conducted because best evidence was used in the CDA-AMC base case.

	DKA events were likely overestimated. This underestimates the cost of teplizumab.
	The sponsor applied DKA probabilities upon diagnosis of stage 3 T1D and postdiagnosis.8,9 Clinical experts indicated the clinically unlikelihood of increased postdiagnosis DKA events. Additionally, experts noted that an improved screening program may eliminate DKA events due to dysglycemia monitoring.
	CDA-AMC removed the probability of DKA upon diagnosis and adjusted the postdiagnosis DKA probability informed by published literature conducted in Ontario.10
	To explore the uncertainty, CDA-AMC maintained the sponsor’s assumption in a scenario analysis.

	The method to derive utility estimates for stage 3 T1D were inappropriate. This overestimates the benefit for teplizumab.
	The sponsor applied 2 stage 3 T1D health state–specific disutilities based on published literature; a flat decrement11 and a linear extrapolation.12 The study cited by the sponsor to support a linear extrapolation is associated with limitations and uncertainty, and does not support the sponsor’s approach. Clinical expert feedback noted patient utility was not expected to decrease over time based solely on diabetes.
	CDA-AMC removed the disutility linear extrapolation.
	No scenario analysis was conducted because there were no plausible alternative values or approaches.

	Caregiver disutilities were associated with uncertainty. This overestimates the benefit of teplizumab.
	The sponsor applied 2 caregiver disutility estimates — 1 due to teplizumab infusion,13 and another applied to caregivers of patients aged < 18 years.14 No adequate evidence was provided to support the caregiver infusion disutility. The caregiver disutility does not apply to the publicly funded health care payer perspective.14
	CDA-AMC removed all caregiver disutilities from the publicly funded health care payer perspective. CDA-AMC removed infusion-related caregiver disutility from the public health care payer and societal perspectives.
	No scenario analysis was conducted because there were no plausible alternatives.

	The cost of stage 3 T1D was likely overestimated. This overestimates the cost of no intervention.
	Based on the sponsor’s base case, HCRU costs can only increase over time. This did not align with published literature of the cost of diabetes conducted in Canada, nor clinical expert expectations.
	CDA-AMC adjusted the starting cost of HCRU based on the average cost of published literature.
	No scenario analysis was conducted because there were no plausible alternatives.

	The mortality benefit is associated with uncertainty. This overestimates the benefit of teplizumab.
	The sponsor’s model estimates teplizumab is associated with an additional 0.24 life-years compared to no intervention. No evidence was submitted to support this outcome.
	CDA-AMC could not address this issue due to limitations with the sponsor’s model structure.
	No scenario analysis was conducted.

	The proportion of patients who receive hybrid administration of teplizumab is overestimated.
	The sponsor assumed that 45.9% of patients would receive teplizumab at home for days 5 to 14.5 Clinical experts indicated that teplizumab should be administered within a hospital setting. All patients in the trial received teplizumab within hospital.
	CDA-AMC adjusted 100% of patients to receive hospital administration.
	No scenario analysis was conducted because the input had limited impact on the ICER.

	Indirect costs from productivity loss are likely overestimated. This overestimates the cost to no intervention.
	The sponsor elicited clinical expert opinion to estimate time productivity time lost for patients with stage 3 T1D who are employed and caregivers of patients with stage 2 T1D who are aged < 18 years.5 No evidence was submitted to substantiate this assumption from patients or caregivers.
	CDA-AMC removed the indirect costs informed by clinical expert opinion.
	To explore the uncertainty, CDA-AMC maintained the sponsor’s indirect costs in a scenario analysis.


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
CDA-AMC = Canada’s Drug Agency; DKA = diabetic ketoacidosis; FPG = fasting plasma glucose; HCRU = health care resource use; ICER = incremental cost-effectiveness ratio; OGTT = oral glucose tolerance test; T1D = type 1 diabetes.
Note: Full details of the CDA-AMC–identified issues are provided in Appendix 3.
CDA-AMC Assessment of Cost-Effectiveness
The CDA-AMC base case was derived by making changes to model parameter values and assumptions (refer to Table 7), in consultation with clinical experts. Detailed information about the base case is provided in Appendix 4.
Impact on Health Care Costs and Societal Costs
From the health care payer perspective, teplizumab is predicted to be associated with additional health care costs compared to no intervention (incremental costs = $221,630). This increase in health care spending primarily results from drug acquisition costs associated with teplizumab, which are partly offset by HCRU costs (refer to Figure 1).
Figure 1: Impact of Teplizumab vs. No Intervention on Health Care Costs
[image: This bar graph shows the disaggregated impact of teplizumab vs. no intervention on health care costs. Drug acquisition costs are notably higher for teplizumab than no intervention, which is partly offset by disease management costs.]
DKA = diabetic ketoacidosis; HCRU = health care resource use; vs. = versus.
Note: Other includes drug administration, adverse event management, treatment-related HCRU, and DKA management.

While teplizumab may result in indirect costs due to productivity loss, the estimates provided to CDA-AMC were not derived from caregivers or patients and so were not included in the base-case societal perspective. A scenario analysis including the sponsor’s clinical expert-derived productivity loss estimates is provided in Appendix 4 (refer to Table 12).
Impact on Health
Relative to no intervention, teplizumab is predicted to increase the amount of time a patient remains in stage 2 T1D by approximately 2 years and to extend life by 0.24 years (refer to Figure 2). Considering the impact of treatment on both quality and length of life, teplizumab is predicted to result in 0.30 additional QALYs per patient compared to no intervention.
Figure 2: Impact of Teplizumab vs. No Intervention on Patient Health
[image: This bar graph shows the disaggregated impact of teplizumab vs. no intervention on patient health. Relative to no intervention, teplizumab is expected to result in 0.30 additional QALYs per patient over the lifetime horizon. All incremental QALY gains are generated in the stage 2 T1D health state for teplizumab, and stage 3 T1D for no intervention.]
QALY = quality-adjusted life-year; T1D = type 1 diabetes; vs. = versus.

Teplizumab is also anticipated to impact caregiver health. When the impact of teplizumab on caregiver health is additionally considered in a broader perspective, teplizumab is predicted to result in 0.06 additional QALYs per patient compared to no intervention, representing 17% of the incremental benefit of teplizumab (refer to Table 10).
Overall Results
The results of the CDA-AMC base case suggest an ICER of $747,542 per QALY gained for teplizumab compared to no intervention (refer to Table 3). Additional details on the CDA-AMC base case are available in Appendix 4.
When a societal perspective is adopted, the ICER is $608,736 per QALY gained.
Table 3: Summary of CDA-AMC Economic Evaluation Results
	Drug
	Total costs ($)
	Total QALYs
	ICER vs. no intervention ($/QALY)

	Publicly funded health care payer perspective

	No intervention
	780,497
	33.38
	Reference

	Teplizumab
	1,002,127
	33.68
	747,542

	Societal perspectivea

	No intervention
	780,659
	33.33
	Reference

	Teplizumab
	1,000,967
	33.69
	608,736


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year; vs. = versus.
Note: The price of teplizumab was based on the sponsor-submitted price.2
aIncludes health impacts to caregivers in addition to all health impacts and costs included in the publicly funded health care payer perspective.
Uncertainty and Sensitivity
	Uncertainty was explored in the scenario analyses outlined in Table 2.
	Adjusting the parametric fits for the survival curve of the proportion of patients at risk of developing stage 3 T1D over time had the largest impact on cost-effectiveness (refer to Table 12). When adjusting the parametric fit to the Gompertz distribution, the probabilistic ICER decreased significantly. However, the deterministic ICERs were aligned with the analysis using the gamma distribution; as such, the deterministic ICERs were presented. Further information regarding interpretation of these results is provided in Appendix 4.



	Screening was noted to be a significant factor that was not captured in its totality and could not be adequately addressed by CDA-AMC.


Summary of the Budget Impact
The sponsor submitted a BIA to estimate the 3-year (2026 to 2028) budget impact of reimbursing teplizumab for use to delay the onset of stage 3 T1D in adult and pediatric patients aged 8 years and older with stage 2 T1D.15 The sponsor assumed that the payer would be CDA-AMC–participating public drug plans and derived the size of the eligible population using an epidemiologic approach.15 The price of teplizumab was aligned with the price included in the sponsor’s economic evaluation.2 Additional information pertaining to the sponsor’s submission is provided in Appendix 5.
CDA-AMC identified a number of issues with the sponsor’s estimated budget impact and made changes to model parameters and assumptions in consultation with clinical experts to derive the CDA-AMC base case (Appendix 5). CDA-AMC estimated that 4,478 patients would be eligible for treatment with teplizumab over a 3-year period (year 1 = 1,467; year 2 = 1,493; year 3 = 1,519), of whom 1,882 are predicted to receive teplizumab (year 1 = 147; year 2 = 672; year 3 = 1,063). The estimated incremental budget impact of reimbursing teplizumab is predicted to be approximately $485 million over the first 3 years, which also reflects the predicted expenditure as no treatment is currently available. The actual budget impact is dependent on the number of people eligible for treatment and its uptake. The current budget impact estimate from the CDA-AMC base case assumes a screening approach that targets 8 FSDRs per patient with stage 3 T1D, which may not be reflective of a prospective stage 2 T1D screening program; a population-wide screening program may identify more patients who are eligible for teplizumab.
Conclusion
Based on the CDA-AMC base case, teplizumab would be considered cost-effective at the submitted price if the public health care system was willing to pay at least $747,542 or $608,736 for each additional QALY gained from the publicly funded health care payer, or societal perspective, respectively. If the public health care system is not willing to pay either amount, a price reduction should be considered (refer to Figure 3; full details presented in Table 11). The estimated cost-effectiveness of teplizumab compared to no intervention is uncertain because the impact of delaying the onset of stage 3 T1D on long-term benefits is unknown.
The budget impact of reimbursing teplizumab to the public drug plans in the first 3 years is estimated to be approximately $371 million if screening is restricted to FSDRs. The 3-year expenditure on teplizumab (i.e., not accounting for current expenditure on comparators) is estimated to be $485 million. The estimated budget impact is highly uncertain due to model sensitivities to changes to the size of the patient population because there is uncertainty regarding the screening to identify patients who may be eligible for teplizumab. At the sponsor’s submitted price, a price reduction may be required to address concerns of affordability associated with teplizumab.
Figure 3: Summary of the CDA-AMC Economic Analysis and Price Reduction
[image: A set of 3 tables showing the impact of price reductions on the annual cost of teplizumab, the expenditure on teplizumab in the first 3 years of reimbursement, and the estimated cost-effectiveness of teplizumab in terms of costs per QALY gained.]
CDA-AMC = Canada's Drug Agency; QALY = quality-adjusted life-year; vs. = versus.
Note: Expenditure includes only the drug cost of teplizumab. The term dominant indicates that a drug costs less and provides more QALYs than the comparator.
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Appendix 1: Cost Comparison Table
Please note that this appendix has not been copy-edited.
The comparators presented in the following table have been deemed to be appropriate based on feedback from clinical experts and CDA-AMC–participating public drug plans. Comparators may be recommended (appropriate) practice or actual practice. Existing Product Listing Agreements are not reflected in the table and as such, the table may not represent the actual costs to public drug plans.
Table 4: Cost Comparison for Delay of Stage 3 T1D
	Treatment
	Strength and/or concentration
	Form
	Price
	Recommended
dosage
	Daily cost
($)a
	Cost per course of treatment ($)a

	Teplizumab
(Tzield)
	2 mg / 2mL
(1 mg/mL)
	Sterile solution for IV injection
	$18,410.0000
per vial
	BSA IV infusion once daily for 14 days:
Day 1: 65 mcg/m2
Day 2: 125 mcg/m2
Day 3: 250 mcg/m2
Day 4: 500 mcg/m2
Days 5 through 14: 1,030 mcg/m2
	$18,410
	$257,740


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
BSA = body surface area; T1D = type 1 diabetes.
Note: Price of teplizumab was based on the sponsor submitted price.2 Recommended dosing as per respective product monograph.1
aBased on a BSA of 1.72 m2 for people who are 14 to 18 years old and no vial sharing.16 For patients with a BSA less than 1.95 m2, only one vial will be required for each infusion. However, if the patient has a BSA equal to 1.95 m2 and greater, an additional vial will be required for days 5 to 14, resulting in a course cost of $441,840.
Appendix 2: Input Relevant to the Economic Review
Please note that this appendix has not been copy-edited.
This section is a summary of the input received from the patient groups, clinician groups, and drug plans that participated in the CDA-AMC review process.
Joint patient input was received from 2 groups: Breakthrough T1D Canada and Diabetes Canada. A total of 463 people (257 patients; 182 caregivers; 20 as both) responded to a 2025 survey conducted by the contributing partners, where 423 indicated that they lived in Canada. Respondents emphasized their concern of T1D disease progression as misdiagnosis of initial symptoms can lead to DKA and its impacts on daily life as mismanagement can result in hyper- or hypoglycemia. Respondents indicated that the only treatment available to patients living with T1D is insulin replacement therapy. 96% of respondents indicated that current treatment options were at least somewhat effective. The majority of respondents (63%) indicated financial hardship related to disease management such as loss of income, inability to work, and out-of-pocket costs. Survey respondents of various ages indicated that patients, caregivers, and families become reliant on private health insurance due to gaps in coverage for insulin and continuous glucose monitoring. Respondents who had experience with teplizumab noted the delay of stage 3 T1D, allowing them to maintain their physical and mental health. The patient group input noted that autoantibody testing is not widely available in Canada.
Clinician group input was received from 1 group: Canadian Society of Endocrinology and Metabolism. Clinician group input indicated that there are no available therapies that modify the disease progression of T1D, case examples provided indicated that patients with family history may be more likely to develop stage 3 T1D compared to the general population. Currently, insulin treatment is utilized to maintain blood glucose to avoid hyperglycemia and to prevent complications such as DKA. Treatment goals include achieving glucose control, reducing the burden of disease management, and improving overall well-being. Clinician group input noted that teplizumab is expected to preserve insulin production, shifting the treatment paradigm by delaying insulin therapy. Clinical group input indicated that the most suitable patients for teplizumab treatment are those identified through autoantibody screening and glucose tolerance testing; potential challenges were noted such as the availability of autoantibody screening to diagnosis stage 2 T1D and broad definitions on dysglycemia, which may lead to underdiagnosis and missed opportunities for early intervention. It was additionally noted that pilot work on a screening program is ongoing (CanScreen T1D).17
Input from CDA-AMC–participating drug plans noted implementation issues as there is no population-wide screening program across Canada. Drug plans also noted that patients may have variable accessibility to at-home programs across Canada. Drug plans highlighted concerns associated with treatment extension, renewal, and potential prescription to patients who are younger than 8 years.
Several of these concerns were addressed in the sponsor’s model:
	Patient and caregiver productivity loss from loss of income, and inability to work was captured in the model.

	Confirmatory testing for stage 2 T1D was incorporated into the model.


CDA-AMC addressed some of these concerns as follows:
	Continued disease monitoring via oral glucose tolerance test (OGTT), hemoglobin A1C, and fasting plasma glucose (FPG) was considered for patients who maintained stage 2 T1D.

	CDA-AMC was unable to address the following concerns:

	Screening costs for a population-wide program.

	Extension or renewal of teplizumab therapy.

	Comorbid conditions were not captured in the model.


Appendix 3: Summary of the Sponsor’s Submission
Please note that this appendix has not been copy-edited.
Summary of the Sponsor’s Economic Evaluation
For the pharmaceutical reviews program, clinical and economic information is submitted to CDA-AMC by the sponsor. The CDA-AMC health economics team reviews the submitted economic information and appraises the information in collaboration with clinical experts and the clinical review team to evaluate key assumptions, influential parameters, and the overall rigour of the economic submission. Based on what the team learns through this process, adjustments may be made to the sponsor’s model to produce the CDA-AMC base case. The CDA-AMC base case represents the team’s current understanding of the clinical condition, clinical evidence currently available, and best interpretation of the economic evidence based on the information provided.
For the review of teplizumab, the sponsor provided a cost-utility analysis and a BIA. The sponsor’s economic submission is summarized in Table 5.
Table 5: Key Components of the Sponsor’s Economic Evaluation
	Component
	Description

	Treatment information

	Drug under review
	Teplizumab (Tzield), IV solution (2 mg/2mL)1

	Submitted price of drug under review
	$18,410per 2 mL vial2

	Regimen
	BSA IV infusion once daily for 14 days:1
Day 1: 65 mcg/m2
Day 2: 125 mcg/m2
Day 3: 250 mcg/m2
Day 4: 500 mcg/m2
Days 5 through 14: 1,030 mcg/m2

	Per course cost of drug under review
	$257,740

	Model information

	Type of economic evaluation
	Cost-utility analysis
Markov model

	Treatment
	Teplizumab (Tzield)

	Included comparator
	No intervention

	Perspective
	Publicly funded health care payer perspective
Societal perspective

	Time horizon
	Lifetime (100 years)

	Cycle length
	6 months

	Modelled population
	Adults and pediatric patients 8 years of age and older with stage 2 T1D

	Characteristics of modelled population
	Derived from TN-10 study18
Starting age: 13.9 years (median age); Female: 44.7%; Baseline BSA: 1.52 m2

	Model health states
		Stage 2 T1D

	Stage 3 T1D

	Death



	Data sources

	Comparative efficacy
		The proportion of patients with stage 2 T1D who progress to stage 3 T1D was estimated based on parametric fits of the TN-10 Kaplan-Meier curves of observed data, where the placebo arm was assumed to be equivalent to no intervention.18



	Natural history and/or clinical pathway
		The transition between stage 2 T1D and stage 3 T1D was based on the individual parametric fits of the TN-10 KM curves for teplizumab and placebo.18 The sponsor determined the parametric curves based on visual inspection and statistical criteria, where the log-normal and exponential distributions were chosen for teplizumab and no intervention, respectively.5

	The probability of diabetic ketoacidosis (DKA) was applied upon diagnosis of stage 3 T1D8 and postdiagnosis of stage 3 T1D and was based on published literature.9 The probability of DKA upon diagnosis of stage 3 T1D was informed by the Fr1Da study conducted in Germany, where 2.5% of patients with recently diagnosed T1D presented with DKA.8 The DKA probability postdiagnosis of stage 3 T1D was informed by a study conducted in British Columbia, Canada where DKA presentation had a rate of 4.9 and 7.7 per 100 person-years in 2002 and 2008, respectively.9

	All-cause mortality was based on age- and gender-specific rates from Statistics Canada for the general population.19 An additional mortality risk was applied to patients who progressed to stage 3 T1D; hazard ratios based on published literature was used to estimate the additional mortality risk stratified by patient’s age (pre- and post-18 years).20

	Comorbidities were not explicitly captured in the model, the stage 3 T1D health state is intended to capture the aggregate outcomes of stage 3 T1D.5 The sponsor did not capture possible comorbidity-specific costs associated with T1D.

	Adverse events (AEs) considered in the model were: lymphopenia, leukopenia, and pneumonia. The sponsor cited that these adverse events were based on the pooled AE data from the teplizumab studied trials; however, upon clarification, the source was corrected to the Clinical Study Report addendum.3 The duration of AEs were informed by TN-10 for lymphopenia (██ ████),21 sponsor’s assumption for leukopenia (████ ██ ███████████), and the Canadian Institute for Health Information (CIHI) for pneumonia (████).22



	Health-related utilities and disutilities
		Baseline utility values were informed by age-specific utility estimates from the general population in Canada and were reduced by health state–specific disutility estimates.

	The stage 2 T1D health state for patients treated with teplizumab was associated with a one-time 14-day infusion-related disutility for both patients and caregivers was informed by published literature, where 1 caregiver per patient was assumed.13

	Patients who progress to stage 3 T1D were associated with a one-time diagnosis and stage 3 T1D disease-specific disutility estimates. The one-time diagnosis disutility was informed by a study conducted in Sweden that examined the duration of diabetes and the health-related quality of life (HRQoL) using the EQ-5D.12 Two stage 3 T1D disutility estimates were applied to the stage 3 T1D health state; an health state–specific disutility attributed to diabetes, and a linear regression based disutility estimate of the duration of stage 3 T1D, informed by published literature. The health state–specific disutility was informed by a catalogue of EQ-5D estimates for the UK developed by NICE in 2011, where diabetes regardless of staging or type was estimated to be −0.0621.11 In addition to the NICE disutility estimate, the sponsor derived an additional stage 3 T1D disutility via linear extrapolation of EQ-5D values vs. time of diagnosis reported in a cross-sectional study conducted in Sweden.12

	Adverse event disutility was informed by literature.23

	Caregiver disutility was estimated to be −0.04 informed by an observational cross-sectional study conducted in Spain, where HRQoL was assessed for patients with T1D and their caregivers.14 Caregiver disutility was applied until patients reached 18 years of age.5,24



	Costs included in the model
		Costs in the model included those associated with drug acquisition, administration, confirmatory testing, treatment-related health care resource, disease management, and adverse event management. Additional costs considered in the societal perspective included indirect costs from patient and caregiver productivity loss.

	Drug acquisition costs were calculated as a function of unit drug costs based on the sponsor’s submitted price, dosing schedules from the product monograph, and BSA.1,2,25

	Administration costs were separated into hospital and home administration: hospital administration was calculated as a 30-minute cost through a function of the median hourly cost of nursing and pharmacist wage, and infusion chair cost.26-28 Whereas at-home administration was calculated as cost through a function of the median hourly cost of nursing and pharmacist wages.26,27

	Confirmatory testing was a one-time cost of laboratory and autoantibody tests used to confirm the presence of stage 2 T1D based on the Schedule of Benefits of Laboratory Services.7,26,29-36

	Treatment-related health care resources included premedications (i.e., NSAID, acetaminophen, antihistamine, antiemetics) and postinfusion observation by a nurse.26,30

	Disease management costs included DKA management and health care resource use by stage. The total cost of DKA events was informed by the proportion of patients who experienced DKA upon a stage 3 T1D diagnosis and postdiagnosis and the cost per event was informed by literature.37 Health care resource use for patients with stage 2 T1D was based on the annual cost of glucose monitoring strips informed by a 2007 retrospective study conducted in Canada on the management of hypo- and hyperglycemia for patients with type 1 and 2 diabetes.6 For patients diagnosed with stage 3 T1D, health care resource costs were informed by a 2006 cohort study conducted in Canada to analyze the costs associated with type 1 and 2 diabetes over 10 years postdiagnosis.38 The sponsor’s model derived the health care resource cost via regression models informed by a 2016 longitudinal cohort study conducted in Taiwan.39

	Costs associated with the management of AEs (lymphopenia, leukopenia, and pneumonia) were obtained from published literature conducted in Canada and the CIHI patient cost estimator.22

	Productivity loss was estimated based on a function of hours lost per week, employment rate, and median hourly wage. Patient and caregiver hours lost per week attributed to T1D was informed by sponsor-elicited clinician input.40Employment rate and median hourly wage was informed by Statistics Canada.41-43



	Summary of the submitted results

	Base-case results
		Publicly funded health care payer perspective: ICER = $224,358 per QALY gained (incremental costs = $179,769; incremental QALYs = 0.80)

	Societal perspective: ICER = $176,942 per QALY gained (incremental costs = $141,811; incremental QALYs = 0.80)



	Scenario analysis results
	Publicly funded health care payer perspective:
	All scenario analyses conducted were similar (ICERs ranged from $106,409 to $374,649 per QALY gained)


Societal perspective:
	Vial sharing included ($58,217 per QALY gained)

	Other scenarios resulted in ICERs that ranged from $92,589 per QALY gained to $309,368 per QALY gained.a




Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
AE = adverse event; BSA = body surface area; CIHI = Canadian Institute for Health Information; DKA = diabetic ketoacidosis; EQ-5D = European QoL 5 dimensions; HRQoL = health-related quality of life; ICER = incremental cost-effectiveness ratio; NICE = National Institute for Health and Care Excellence; NSAID = nonsteroidal anti-inflammatory drugs; QALY = quality-adjusted life-years; T1D = type 1 diabetes; vs. = versus.
aThese scenario analyses included clinical efficacy curve fitting (joint distribution), alternative discount rate, exclusion of caregiver disutility, increasing the age threshold for caregiver disutility and indirect costs, alternative individual curve fits, alternative mortality data, DKA incidence, and alternative cost for health care resource use.
Model Structure
The sponsor submitted a Markov model with 3 health states, representing stage 2 T1D, stage 3 T1D, and death.5 Patients enter the model in the stage 2 T1D health state, where they can maintain their current stage of disease, progress to the stage 3 T1D health state, or die. Patients who progress to stage 3 T1D can remain in the stage 3 T1D health state or die.5
Table 6: Summary of the Sponsor’s Economic Evaluation Results (Probabilistic)
	Drug
	Total costs ($)
	Incremental costs ($)
	Total QALYs
	Incremental QALYs
	ICER vs. ($/QALY)

	Publicly Funded Health Care Payer Perspective

	No intervention
	891,261
	Reference
	30.09
	Reference
	Reference

	Teplizumab
	1,071,030
	179,769
	30.89
	0.80
	224,358

	Societal Perspective

	No intervention
	$1,085,281
	Reference
	30.09
	Reference
	Reference

	Teplizumab
	$1,227,092
	141,811
	30.89
	0.80
	176,942


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
ICER = incremental cost-effectiveness ratio, QALY = quality-adjusted life-year.
Note: Estimated life-years are 41.46 for teplizumab and 41.22 for no intervention.
Appendix 4: Additional Details of CDA-AMC Reanalyses
Please note that this appendix has not been copy-edited.
Clinical Data in the Economic Model
The CDA-AMC clinical review found that teplizumab may delay disease progression and associated diabetes complications when compared to placebo. Results from TN-10 (phase II, double-blinded, placebo-controlled randomized controlled trial) reported that teplizumab likely results in a clinically important increase (approximately 2 years) in the time to diagnosis of stage 3 T1D after 26 months when compared to placebo. Additionally, teplizumab was reported to be associated with more serious adverse events when compared to placebo. Other outcomes including long-term efficacy and safety were associated with uncertainty, and patient important outcomes such as HRQoL and mortality were not accounted for in the clinical trial design.
Key Issues of the Submitted Economic Evaluation
CDA-AMC identified the following key issues with the sponsor’s analysis:
	The long-term benefits associated with teplizumab are associated with significant uncertainty. As noted in the Clinical Review, there is clinical plausibility that teplizumab can delay the onset of stage 3 T1D; however, patients who experienced progression to stage 3 T1D in the TN-10 trial were not followed up. As a result, the long-term impact of teplizumab on health outcomes is unknown. The sponsor’s economic evaluation assumed that patients entering the model have been diagnosed with stage 2 T1D, and estimated the costs and benefits of teplizumab in the aggregate based on published stage 3 T1D costs and outcomes. This approach does not account for potential costs and outcomes related to screening patients for stage 2 T1D; there is significant uncertainty regarding the patient outcomes if a screening program was implemented and the degree of contribution that teplizumab may have on patient outcomes in such a landscape. Multiple published literature sources informing the sponsor’s model were not conducted in an environment with a screening program in place (i.e., HCRU costs, indirect costs, mortality, rate of DKA postdiagnosis), thus it is unclear whether the published evidence used will be generalizable to a setting in which both a standard screening protocol and teplizumab are available for patients with stage 2 T1D. While introduction of teplizumab may result in a paradigm shift in clinical care, the impact that teplizumab has on the lived experience of patients with T1D is uncertain and this economic evaluation is unable to estimate the true cost-effectiveness of teplizumab if a screening program for T1D is implemented.
	CDA-AMC is unable to address this limitation as there is a gap in evidence regarding potential costs incurred and patient outcomes if patients were initially screened for T1D.



	The parametric distribution of the time to stage 3 T1D diagnosis for the patients treated with teplizumab is associated with uncertainty. The proportion of patients with stage 2 T1D who were treated with teplizumab was derived from a parametric fit of the Kaplan-Meier curves from the TN-10 clinical trial selected by the sponsor. The sponsor selected the log-normal distribution for the teplizumab arm based on statistical fit.5 Based on this parametric distribution, the sponsor estimated that approximately 11% of patients would not progress to stage 3 T1D after 15 years post stage 2 T1D diagnosis when treated with teplizumab; whereas, nearly all patients treated with no intervention developed stage 3 T1D or died (99.2%) by 15 years in the model, suggesting that teplizumab may be considered curative. Clinical expert feedback indicated that all patients with stage 2 T1D will eventually develop stage 3 T1D. The clinical experts noted that while the trial evidence indicates that patients in stage 2 T1D receiving teplizumab may experience a delay in reaching stage 3 T1D, there is currently no evidence that teplizumab will stop patients with stage 2 T1D from developing stage 3 T1D over their lifetime.
	In reanalysis, CDA-AMC selected the gamma distribution for the teplizumab survival curve based on fit statistics, visual inspection with the trial period, and clinical expert feedback to ensure convergence with the no intervention survival curve. While the gamma extrapolation appears to visually fit the Kaplan-Meier curve, convergence occurs at approximately 50 years after treatment initiation. To reduce the uncertainty associated with the survival curves, CDA-AMC conducted a scenario analysis selecting the Gompertz distribution for the teplizumab survival curve for which convergence occurs at approximately 19 years post-treatment initiation.



	Disease monitoring was not captured: The sponsor’s base case assumes that patients at risk of developing stage 3 T1D are identified by laboratory and autoantibody tests using a one-time cost and the monitoring of patients with stage 2 T1D was captured with glucose monitoring strips; this cost was applied to patients within the stage 2 T1D health state after teplizumab treatment or no intervention.6 Clinical expert feedback obtained by CDA-AMC indicated that monitoring for dysglycemia would involve multiple laboratory tests (i.e., OGTT, hemoglobin A1C, and FPG) on a 3 to 6 month testing schedule, in addition with glucose monitoring strips.
In the submitted pharmacoeconomic model, the sponsor assumed that health care resource cost for patients at risk of developing stage 3 T1D would be monitored using glucose testing strips, corresponding to $42.64 per 6-month cycle, or $85.28 per annum in 2024 Canadian dollars based on published literature.5,6 However, in the cited literature, the average annual cost of monitoring strips for patients with T1D was $360.766 in 2005 Canadian dollars, with a unit cost of $0.785 per strip. According to Diabetes Canada, the average cost of glucose monitoring strips has remained similar to the 2005 estimate from the published literature.44 Therefore, the semiannual cost of glucose monitoring strip is estimated to be $180.38.44
The sponsor assumed that all patients who entered the model tested positive for stage 2 T1D. The sponsor did not consider the accuracy of autoantibody testing to identify patients with stage 2 T1D within the submitted model. As noted in the Clinical Review Report, autoantibody tests for stage 2 T1D can have varying sensitivity and specificity depending on the type of assay conducted. The implications of simplifying screening on economic evaluations have been well documented in literature,45 where the clinical utility of teplizumab is dependent on those who received the treatment and its associated outcomes, and needs to be adequately considered within the economic evaluation.
	In reanalysis, CDA-AMC included the cost of laboratory tests (i.e., OGTT, hemoglobin A1C, and FPG) for disease progression of patients with stage 2 T1D once every 6-month cycle.7 Additionally, CDA-AMC revised the cost of monitoring strips to $180.38 per 6-month cycle to reflect the published literature.6,46

	CDA-AMC could not address the uncertainty associated with diagnostic test accuracy in the sponsor’s economic evaluation.



	The proportion of patients who experience DKA events was likely overestimated. In the sponsor’s submitted model, 2.5%, and 7.41%, of patients, would experience DKA upon diagnosis and postdiagnosis, respectively.8,9 Clinician expert feedback indicated that if patients were screened for stage 2 T1D, DKA would be unlikely to occur, as DKA is usually a symptom for diagnosis of stage 3 T1D, and identification of stage 2 T1D will allow physicians to better manage patients to minimize the risk of DKA. Additionally, clinical expert feedback highlighted the rarity of postdiagnosis DKA events, as DKA occurs when symptoms are mismanaged. Published literature conducted in Ontario noted that approximately 6.2% of patients presented with DKA 1 year after the onset of stage 3 T1D, inclusive of at diagnosis.10 Given the sponsor’s estimate that 2.5% of patients present with DKA upon diagnosis of stage 3 T1D, 3.7% of patients may develop DKA postdiagnosis. There is uncertainty associated with the proportion of patients who present with DKA upon diagnosis if a screening program accompanies the reimbursement of teplizumab.
	In reanalysis, CDA-AMC eliminated the risk of DKA upon diagnosis to reduce the uncertainty associated with DKA presentation if a stage 2 T1D screening program was present. Additionally, the proportion of patients who experience postdiagnosis was reduced to 3.7% to reflect published literature conducted in Ontario.8,10 As a scenario analysis, CDA-AMC maintained the sponsor’s original DKA upon diagnosis proportion of 2.5%.8



	Disutility estimates for stage 3 T1D were likely overestimated. The sponsor’s model estimates a utility decrement associated with stage 3 T1D via a linear extrapolation informed by a cross-sectional study conducted in Sweden, and a uniform EQ-5D utility decrement based on the National Institute for Health and Care Excellence (NICE) disutility catalogue.11,12 The cross-sectional study suggests that there is a negative relationship between the time since T1D onset and EQ-5D disutility.12 However, the study demonstrates that there was a minimal difference in EQ-5D scores between male patients with diabetes and the general population at 8 and 15 years after the onset of diabetes. Additionally, the study reported that female patients with diabetes had a higher EQ-5D at 24 years postdiagnosis compared to 15 years; albeit a small numerical increase.12 This highlighted the uncertainty that a HRQoL improvement is present for male patients between 8 to 15 years postdiagnosis and an incremental change for female patients between 15 to 24 years. The sponsor’s submitted model continues to extrapolate the disutility decrement until the end of the lifetime of the patient, which did not align with clinical expert opinion obtained for this review. This is associated with significant uncertainty as patients may not experience a continued quality of life impact as HRQoL was not captured in TN-10.18 In addition to the linear extrapolation, a utility decrement was applied based on the National Institute for Health and Care Excellence (NICE) disutility catalogue. This may overestimate the utility decrement associated with diabetes as the linear extrapolation should capture the disutility associated with diabetes.11 The authors of the cross-sectional study did acknowledge that over the years, there have been changes “in the provision of health services such as a shift from hospital inpatient care to daycare and a shift from visits to physicians to visits to diabetes nurses, and in the involvement of patients as part of the expert team around the disease with self-management as an important component. Thus, the patients in this study have received different types of care dependent on the year of diagnosis. These changes in diabetes management likely contribute to reductions or postponements in diabetes-related complications, complications which may have a negative effect on HRQoL for individuals with diabetes.”12 As a result, this also suggests that the utility decrement for those with T1D for longer may be overestimated.
The sponsor also applied a 1-time infusion-related utility decrement for patients who receive teplizumab, where the caregiver of the patient who is receiving teplizumab is assumed to have an identical quality of life decrement to that observed in the patient.13 The published literature examined the utility decrement associated with infusions; however, there was no evidence supporting the assumption that caregivers would experience similar utility decrement as patients who receive an infusion.
Additionally, in the sponsor’s submitted analysis conducted from the perspective of the public health care payer, caregiver utilities were included. As the target population of the economic evaluation was a patient population with stage 2 T1D, the analysis from the perspective of the health care payer should only include the health effects for the target population.47 As such, the inclusion of caregiver utilities in the public health care payer perspective was inappropriate. Given that preferences between caregivers and patients may be conflicting, it is important that a health care payer perspective, that just includes patient impact, is also presented.
	In reanalysis, CDA-AMC removed the linear extrapolation utility decrement, and all caregiver disutility estimates in the publicly funded health care payer perspective.

	For the societal perspective, CDA-AMC removed the caregiver infusion utility decrement.



	Cost of stage 3 T1D HCRU was likely overestimated. In the sponsor’s model, stage 3 T1D HCRU costs were estimated based on published literature and an age-stratified mixed regression model was applied to extrapolate costs throughout the lifetime of the patient. The sponsor-provided literature examined the cost for HCRU in Canada between 1995 to 2005, which found that patients with stage 3 T1D had high initial costs followed by a sharp decrease and a gradual increase over time.38 The regression used to estimate HCRU did not follow the Canadian published literature, rather it estimated that HCRU costs would steadily increase over time.39 The constant gradual increase did not align with clinical expert expectations, which aligned with the Canadian paper.
	In reanalysis, CDA-AMC set the intercept of the mixed regression to the annual average of the inflated costs from published literature.



	The estimated mortality benefit is associated with uncertainty. The sponsor’s submitted base case estimates that teplizumab is associated with a 0.24 life-year gain when compared to no intervention.5 Mortality was not a key outcome in the TN-10 trial and no deaths were reported in both arms of treatment.18 As noted in the CDA-AMC Clinical Review, while there is plausibility that teplizumab is able to delay the onset of stage 3 T1D, there is significant uncertainty if there are long-term health benefits associated with teplizumab such as improvements in mortality.
	CDA-AMC was unable to address this limitation due to a lack of available evidence to address possible long-term benefits of teplizumab treatment.



	The proportion of patients who receive hybrid administration of teplizumab is overestimated. Hybrid administration of teplizumab consists of both in-hospital (day 1 to 4) and at-home (day 5 to 14) administration.5 Clinical expert feedback indicated that hybrid administration would not be feasible and only hospital administration would be conducted. Additionally, drug plan input for this review indicated that some provinces do not have at-home programs. Furthermore, the sponsor did not provide any information regarding a patient support program which may assist with in-home infusions.
	CDA-AMC set in-hospital administration to 100% based on clinical expert feedback and drug plan input.



	Indirect costs from productivity loss are likely overestimated. The sponsor’s submitted model included indirect costs based on the productivity loss from patients aged greater than 18 and caregivers of patients younger than 18, where the number of hours lost to T1D was dependent on the stage of disease, informed by sponsor-elicited clinical experts.40 The productivity loss for patients and caregivers of patients with stage 2 and stage 3 T1D is uncertain, as only clinical expert opinion informed the loss of working hours due to T1D. Clinical expert feedback obtained by CDA-AMC indicated that patients diagnosed with stage 2 T1D are presymptomatic and typically do not require additional care, and noted that as patients become more experienced with metabolic control, T1D may not have an impact on the number of working hours for a patient with stage 3 T1D.
The sponsor’s submitted model did not consider the potential productivity loss and transportation costs due the administration of teplizumab, which the product monograph recommends is infused intravenously over a period of 30 minutes to 4 hours every day for 14 days.48
	In reanalysis, CDA-AMC removed all indirect costs informed by clinical expert opinion due to lack of evidence in the number of hours lost for patients or caregivers with diabetes. This reanalysis was conducted due to a lack in evidence; however, CDA-AMC notes that it favours no intervention as patients who spend more time in the stage 3 T1D health state would not incur productivity losses. These indirect costs were included in a scenario analysis, although there is uncertainty with the sponsor’s estimates.

	CDA-AMC was unable to address the additional transportation costs and productivity losses due to teplizumab administration.




Additional issues were identified but were not considered to be key issues: Administration costs are likely underestimated, the sponsor only attributed 30 minutes of infusion time for the administration of teplizumab; clinical experts indicated that additional elements such as phlebotomy and preparation for administration were not accounted for.
CDA-AMC Reanalysis of the Economic Evaluation
The CDA-AMC base case was derived by making changes in model parameter values and assumptions, in consultation with clinical experts (refer to Table 7). The impact of these changes, individually and collectively, is presented in Table 8.
Table 7: Revisions to the Submitted Economic Evaluation
	Stepped analysis
	Sponsor’s value or assumption
	CDA-AMC value or assumption

	1. Choice of parametric distribution for time to stage 3 T1D
	Log-normal
	Gamma

	2. Stage 2 monitoring costs
	Glucose monitoring strips only. ($42.64 per 6-month cycle)
	a. Corrected autoantibody test costs to $353.58
Corrected glucose monitoring strips to $180.38.
b. Included OGTT, hemoglobin A1C, and FPG once every 6-month cycle

	3. Linear extrapolation of disutilities
	Included
	Excluded

	4. DKA rates
	Upon diagnosis: 2.5%
Postdiagnosis: 7.41%
	Upon diagnosis: 0%
Postdiagnosis: 3.70%

	5. Health care resource use for stage 3 T1D
	Derived by regression:
	Average of data:

	Treatment administration setting
	In-hospital: 54.1%
Hybrid: 45.9%
	In-hospital: 100%

	7. Caregiver disutility
	Included
	a) Caregiver disutility and caregiver disutility due to infusion excluded from the publicly funded health care payer perspective.
b) Caregiver disutility due to infusion excluded from the societal perspective.

	8. Indirect costs (societal perspective)
	Included
	Excluded

	CDA-AMC base case (health care payer perspective)
	―
	1 + 2 + 3 + 4 + 5 + 6 + 7a

	CDA-AMC base case (societal perspective)
	―
	1 + 2 + 3 + 4 + 5 + 6 + 7b + 8


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
CDA-AMC = Canada’s Drug Agency; DKA = diabetic ketoacidosis; FPG = fasting plasma glucose; OGTT = oral glucose tolerance test; T1D = type 1 diabetes.
Note: CDA-AMC was unable to resolve the issues with uncertainty associated with long-term benefits of teplizumab, and the indirect costs of productivity loss.
Table 8: Summary of the Stepped Analysis
	Stepped analysis
	Drug
	Total costs ($)
	Total QALYs
	ICER ($/QALY)

	Sponsor’s base case (Public payer [probabilistic])
	No intervention
	891,261
	30.09
	Reference

	Teplizumab
	1,071,030
	30.89
	224,358

	Sponsor’s base case (Societal [probabilistic])
	No intervention
	1,085,281
	30.09
	Reference

	Teplizumab
	1,227,092
	30.89
	176,942

	CDA-AMC reanalysis 1
	No intervention
	892,257
	30.06
	Reference

	Teplizumab
	1,101,289
	30.66
	347,262

	CDA-AMC reanalysis 2
	No intervention
	899,041
	30.06
	Reference

	Teplizumab
	1,087,736
	30.83
	243,796

	CDA-AMC reanalysis 3
	No intervention
	892,257
	33.26
	Reference

	Teplizumab
	1,074,669
	33.70
	419,016

	CDA-AMC reanalysis 4
	No intervention
	891,446
	30.06
	Reference

	Teplizumab
	1,073,902
	30.83
	235,736

	CDA-AMC reanalysis 5
	No intervention
	775,902
	30.06
	Reference

	Teplizumab
	968,716
	30.83
	249,117

	CDA-AMC reanalysis 6
	No intervention
	892,257
	30.06
	Reference

	Teplizumab
	1,074,677
	30.83
	235,689

	CDA-AMC reanalysis 7a (Health care payer)
	No intervention
	892,257
	30.18
	Reference

	Teplizumab
	1,074,669
	30.89
	255,484

	CDA-AMC reanalysis 7b (societal)
	No intervention
	1,085,646
	30.06
	Reference

	Teplizumab
	1,230,758
	30.83
	187,274

	CDA-AMC reanalysis 8 (societal)
	No intervention
	892,257
	30.06
	Reference

	Teplizumab
	1,074,669
	30.83
	235,679

	CDA-AMC public payer base case: (1 + 2 + 3 + 4 + 5 + 6 + 7a) (deterministic)
	No intervention
	781,875
	33.38
	Reference

	Teplizumab
	1,002,041
	33.69
	710,143

	CDA-AMC public payer base case (1 + 2 + 3 + 4 + 5 + 6 + 7a) (probabilistic)
	No intervention
	780,497
	33.38
	Reference

	Teplizumab
	1,002,127
	33.68
	747,542

	CDA-AMC societal base case: (1 + 2 + 3 + 4 + 5 + 6 + 7b + 8) (deterministic)
	No intervention
	781,875
	33.26
	Reference

	Teplizumab
	1,002,041
	33.64
	589,538

	CDA-AMC societal base case: (1 + 2 + 3 + 4 + 5 + 6 + 7b + 8) (probabilistic)
	No intervention
	780,659
	33.33
	Reference

	Teplizumab
	1,000,967
	33.69
	608,736


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
CDA-AMC = Canada’s Drug Agency; ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year.
Note: The CDA-AMC reanalysis is based on the publicly available prices of the comparator treatments. Deterministic results are presented, unless otherwise indicated. Estimated life-years are 41.46 for teplizumab and 41.22 for no intervention.
Table 9: Disaggregated Results of the CDA-AMC Base Case — Health Care Payer Perspective
	Parameter
	Teplizumab
	No intervention

	Discounted LYs

	Total
	41.46
	41.22

	Stage 2 T1D
	5.67
	3.45

	Stage 3 T1D
	35.79
	37.77

	Discounted QALYs

	Total
	33.69
	33.38

	Stage 2 T1D
	5.03
	3.05

	Stage 3 T1D
	28.67
	30.33

	Adverse Events
	−0.002
	0.000

	Discounted costs ($)

	Total
	942,896
	780,935

	Drug acquisition
	199,472
	0

	Administration
	1,066
	0

	Adverse event management
	504
	0

	Treatment-related HCRU
	1,340
	367

	Disease management (stage 2 T1D)
	14,022
	8,680

	Disease management (stage 3 T1D)
	726,027
	771,408

	DKA management
	463
	481


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
CDA-AMC = Canada’s Drug Agency; DKA = diabetic ketoacidosis; HCRU = health care resource use; LY = life-year; QALY = quality-adjusted life-year; T1D = type 1 diabetes.
Table 10: Disaggregated Results of the CDA-AMC Base Case — Societal Perspective
	Parameter
	Teplizumab
	No intervention

	Discounted LYs

	Total
	41.45
	41.22

	Stage 2 T1D
	5.70
	3.52

	Stage 3 T1D
	35.76
	37.71

	Discounted QALYs

	Total
	33.69
	33.33

	Stage 2 T1D
	5.70
	3.12

	Stage 3 T1D
	28.69
	30.33

	Caregiver disutility
	−0.06
	−0.12

	Adverse Events
	−0.002
	0.000

	Discounted costs ($)

	Total
	1,000,967
	780,659

	Drug acquisition
	257,318
	0

	Administration
	1,072
	0

	Adverse event management
	501
	0

	Treatment-related HCRU
	1,339
	366

	Disease management (stage 2 T1D)
	13,993
	8,716

	Disease management (stage 3 T1D)
	726,278
	771,097

	DKA management
	466
	480

	Indirect costs
	0
	0


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
CDA-AMC = Canada’s Drug Agency; DKA = diabetic ketoacidosis; HCRU = health care resource use; LY = life-year; QALY = quality-adjusted life-year; T1D = type 1 diabetes.
Price Reduction Analysis
CDA-AMC conducted price reduction analyses using the sponsor’s base case and the CDA-AMC base case (refer to Table 11).
Table 11: Results of the Price Reduction Analysis
	Price reduction
	Unit drug cost
($)
	One-time cost
($)
	ICERs for teplizumab vs. no intervention ($/QALY)

	Sponsor base case
	CDA-AMC public payer base case
	CDA-AMC societal base case

	No price reduction
	18,410a
	257,740
	224,358
	747,542
	608,736

	10%
	16,569
	231,966
	192,191
	660,608
	537,520

	20%
	14,728
	206,192
	160,024
	573,674
	466,303

	30%
	12,887
	180,418
	127,857
	486,740
	395,087

	40%
	11,046
	154,644
	95,691
	399,806
	323,870

	50%
	9,205
	128,870
	63,524
	312,872
	252,653

	60%
	7,364
	103,096
	31,357
	225,938
	181,437

	70%
	5,523
	77,322
	Dominant
	139,004
	110,220

	80%
	3,682
	51,548
	Dominant
	52,070
	39,004

	90%
	1,841
	25,774
	Dominant
	Dominant
	Dominant


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
CDA-AMC = Canada’s Drug Agency; ICER = incremental cost-effectiveness ratio; vs. = versus.
aSponsor’s submitted price for teplizumab.2
Assessment of Uncertainty
CDA-AMC used the CDA-AMC base case to conduct scenario analyses to address uncertainty within the economic evaluation. The results are provided in Table 12.
	Adjusting the survival curve of the proportion of patients at risk of stage 3 T1D using the Gompertz distribution, using the sponsor-provided option to do so, such as that there is convergence of the teplizumab and placebo curves.

	Increasing the DKA risk upon diagnosis to 2.5% in line with the sponsor’s base case.


Table 12: Results of CDA-AMC Scenario Analyses
	Analysisa
	Drug
	Total costs ($)
	Total QALYs
	ICER ($/QALYs)

	CDA-AMC base case (Public payer)
	No intervention
	781,875
	33.38
	Reference

	Teplizumab
	1,002,041
	33.69
	710,143

	CDA-AMC base case (Societal)
	No intervention
	781,875
	33.26
	Reference

	Teplizumab
	1,002,041
	33.64
	589,538

	CDA-AMC scenario 1: Gompertz distribution (public payer)b
	No intervention
	781,875
	33.38
	Reference

	Teplizumab
	1,003,229
	33.69
	704,672

	CDA-AMC scenario 1: Gompertz distribution (societal)b
	No intervention
	781,875
	33.26
	Reference

	Teplizumab
	1,003,229
	33.63
	595,317

	CDA-AMC scenario 2: DKA upon diagnosis risk (public payer)
	No intervention
	782,202
	33.38
	Reference

	Teplizumab
	1,002,356
	33.69
	710,105

	CDA-AMC scenario 2: DKA upon diagnosis risk (societal)
	No intervention
	782,202
	33.26
	Reference

	Teplizumab
	1,002,356
	33.64
	589,507

	CDA-AMC scenario 3: Indirect costs included (societal)
	No intervention
	975,265
	33.26
	Reference

	Teplizumab
	1,161,294
	33.64
	498,131


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
CDA-AMC = Canada’s Drug Agency; ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year.
aDeterministic analyses.
bWhen the probabilistic sensitivity analysis was conducted, results were significantly different than the deterministic analysis (deterministic – Health care payer: $512,582 per QALY; Societal: $433,037). Given the parametric uncertainty that is characterized within the Gompertz distribution for this probabilistic analysis, this can result in long-term extrapolation which does not meet face validity based on the feedback from clinicians consulted by CDA-AMC. This increases the amount of uncertainty associated with the results of the probabilistic analysis.
Issues for Consideration
	As noted in the Clinical Review Report, the baseline characteristics of patients in the TN-10 are different compared to patients seen in Canadian clinical practice. (i.e., proportion of patients > 18 years old, racial and ethnic diversity, and parameters associated with blood counts and liver function.)

	As noted in the Ethics Review report, the patient group input for this review indicated the substantial emotional impact of T1D on patients and their caregivers and potential benefits of delaying time from stage 2 T1D to stage 3 T1D. However, few patients who received teplizumab treatment had described meaningful emotional relief.

	As noted in the Clinical Review Report, testing for stage 2 T1D is not in the current standard of care and accessibility of autoantibody tests are variable across Canada.

	As noted in the product monograph, teplizumab requires reconstitution before administration and has specific requirements regarding the viability of the dose. The infusion must be started within 2 hours of preparation, stored at room temperature, and the infusion must be completed within 4 hours of the start of preparation. Any solution not administered within 4 hours of preparation must be discarded.1


Appendix 5: Budget Impact Analysis
Please note that this appendix has not been copy-edited.
Summary of the Submitted BIA
The sponsor submitted a BIA that estimated the expected incremental budgetary impact of reimbursing teplizumab for the treatment to delay the onset of stage 3 T1D in adult and pediatric patients 8 years of age and older with stage 2 T1D.15
The BIA was conducted from the perspective of public drug plan payers over a 3-year time horizon (2026 to 2028), with 2025 as the base year.15 The sponsor’s estimate reflects the aggregated results from the jurisdictional provincial budgets (excluding Quebec) as well as the Non-Insured Health Benefits Program.15 The sponsor estimated the eligible population using an epidemiological approach.15 Subsequent treatment costs were not included. The sponsor’s base case included drug acquisition costs.2,15 The market uptake for teplizumab was estimated using sponsor assumptions.15 The key inputs to the BIA are documented in Table 13.
The sponsor estimated the 3-year incremental budget impact associated with reimbursing teplizumab for the treatment to delay the onset of stage 3 T1D in adult and pediatric patients 8 years of age and older with stage 2 T1D would be $35,736,291 (year 1 = $1,810,891; year 2 = $11,232,060; year 3 = $22,693,340).15
Table 13: Key Model Parameters
	Parameter
	Sponsor’s estimate
(reported as year 1 / year 2 / year 3 if appropriate)

	Target population

	Total population
	32,953,129 / 33,537,582 / 34,132,623

	Prevalence of stage 3 T1D
	0.539%49

	Number of FSDRs per patient with stage 3 T1D
	850

	Total number of FSDRs of patients with stage 3 T1D
	1,420,939 / 1,446,141 / 1,471,799

	Proportion of FSDRs who are 8 years and older
	90.2% to 93.8%51,52,a

	Proportion of FSDRs who will receive early detection testing
	██%53

	Proportion of FSDRs that test positive for ≥ 1 autoantibody test
	5.5%54

	Proportion of FSDRs that test negative for ≥ 1 autoantibody test and are retested
	21.7%54

	Proportion of FSDRs that retest and test positive for ≥ 1 autoantibody test
	4.5%54

	Proportion of FSDRs with ≥ 1 positive autoantibody who receive confirmatory autoantibody testing
	87.7%54

	Proportion of FSDRs that test positive for ≥ 2 autoantibodies on confirmatory testing
	55.4%55

	Proportion of FSDRs with ≥ 2 positive autoantibodies on confirmatory testing who receive metabolic testing for dysglycemia
	69.4%54

	Proportion of FDR/SDR with confirmed stage 2 T1D
	8.9%56

	Proportion of patients eligible for public drug plans in each jurisdiction
	27.8% to 100%a57

	Proportion of patients eligible for TZIELD treatment
	90%53,58

	Number of patients eligible for drug under review
	███ / ███ / ███

	Market shares (reference scenario)

	Teplizumab
	0% / 0% / 0%

	No intervention
	100% / 100% / 100%

	Market shares (new drug scenario)

	Teplizumab
	███% / ████% / ████%

	No intervention
	████% / ████% / ████%

	Cost of treatment (per patient per course)

	Teplizumab
	$257,740

	No intervention
	$0


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
FSDR = first-degree and second-degree relative; T1D = type 1 diabetes.
aVaries by jurisdiction.
Key Issues of the Submitted BIA
CDA-AMC identified several key issues to the sponsor’s analysis that have notable implications on the results of the BIA:
	The screening approach undertaken by the sponsor is associated with uncertainty. The sponsor’s submitted BIA assumed that ██% of the FSDRs of patients with stage 3 T1D would be tested for stage 2 T1D.53 Clinical expert feedback discussed different approaches to screening, including focusing on patients with a family history of T1D (FSDRs), or a population-wide approach. The clinical experts consulted indicated that first-degree relatives may be more highly motivated to test for stage 3 T1D and were uncertain that screening second-degree relatives would be widely adopted in a targeted screening program. The sponsor modelled for a targeted screening program assuming only patients with a relative with stage 3 T1D would be identified as having stage 2 T1D and therefore eligible for teplizumab. CDA-AMC cannot comment on the budget impact of a population-wide screening program or the impact of including individuals with stage 2 T1D who do not have a FSDR with stage 3 T1D. Clinical group input for this review noted that a pilot is under way looking at the feasibility of implementing a population-wide screening program in Canada (CanScreen T1D).17 Thus, the market size for teplizumab is highly uncertain.
	CDA-AMC was unable to address the limitation regarding a population-wide screening program. However, as approximately 80%4 of patients with stage 3 T1D do not have a family history, a population-wide screening program would be expected to significantly increase the budget impact.

	In reanalysis, CDA-AMC increased the proportion of FSDR who received testing to 70% across all 3 years. To reduce the uncertainty of potentially testing unmotivated SDR, CDA-AMC conducted a scenario analysis where only 4 FDR were considered.



	Subsequent treatment costs were not considered. Patients who progress to stage 3 T1D are likely to be treated with insulin replacement therapy. As a result, if teplizumab increases the time to progression to stage 3 T1D then there may be cost offsets associated with reduced insulin replacement therapy. It is unclear whether teplizumab would have an impact on long-term use of insulin replacement therapy.
	CDA-AMC was unable to address this limitation due to model inflexibility; the time-to-progression parametric distributions would be necessary to stimulate the progression from stage 2 T1D to stage 3 T1D.



	The public coverage rate assumed by the sponsor is likely underestimated. The proportion of patients covered by public drug plans were based on eligible population of each province from Understanding the Gap 2.0.57 However, the majority of patients who would be eligible for teplizumab treatment will be likely be under the age of 18 and would be eligible for full coverage. From the baseline characteristics of TN-10, 72.3% of the Intention-to-treat population across the teplizumab and placebo arm were under the age of 18.18 It is likely inappropriate to apply the proportion of eligible patients for drug plans to this patient population.
	CDA-AMC modified the proportion of patients who are publicly covered for Ontario, Newfoundland and labrador, Prince Edward Island, and New Brunswick; 72.3% of patients were assumed to be under 18, and therefore, eligible for public coverage, the sponsor’s original public coverage proportion was applied to the remainder. As different jurisdictions have their respective coverage rates for patients aged between 25 and 64, the resulting rates are a function of the proportion of patients who are under 18 and the coverage rate for those over 18.



	The market uptake of teplizumab is underestimated: The sponsor’s submitted BIA indicated that teplizumab would result in a market uptake of ███% in Year 1, ████% in Year 2, and ████% in Year 3 based on sponsor assumptions. However, CDA-AMC obtained clinical expert feedback indicating that the market uptake across all 3 years does not align with clinical expectations and indicated the sponsor likely underestimated teplizumab uptake. Currently, patients do not have any treatment in the stage 2 T1D landscape. Therefore, if the patient is eligible to receive treatment, clinical expert feedback indicated that they would likely receive teplizumab. CDA-AMC clinical expert feedback deemed the sponsor’s estimate in Year 1 may be reasonable to account for feasibility, but they indicated that the teplizumab market share would likely grow to 70% by Year 3. Clinical experts discussed the potential variability of market uptake; however, it was noted that there are no alternative treatments available and eligible patients would be considered for teplizumab treatment.
	To address this limitation, CDA-AMC undertook a reanalysis by revising the market shares for teplizumab in the new drug scenario to 10%, 45%, and 70% in Year 1, 2, 3, respectively.




CDA-AMC Reanalyses of the BIA
CDA-AMC revised the sponsor’s submitted analyses by making changes in model parameter values and assumptions, in consultation with clinical experts, as outlined in Table 13.
Table 14: Revisions to the Submitted BIA
	Stepped analysis
	Sponsor’s value or assumption
	CDA-AMC value or assumption

	1. Proportion of FSDR who receive autoantibody testing
	██% across 3 years
	70% across 3 years

	2. Proportion of patients who are eligible for public coverage
	Ontario: 49.4%
Newfoundland and labrador: 27.4%
Prince Edward Island: 38.9%
New Brunswick: 45.0%
	Ontario: 86.0%
Newfoundland and Labrador: 80.0%
Prince Edward Island: 83.1%
New Brunswick: 84.8%

	3. Market uptake of teplizumab
	Year 1: ███%
Year 2: ████%
Year 3: ████%
	Year 1: 10.0%
Year 2: 45.0%
Year 3: 70.0%

	CDA-AMC base case
	―
	(1 + 2 + 3)


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
BIA = budget impact analysis; CDA-AMC = Canada’s Drug Agency; FSDR = first- and second-degree relative.
Note: CDA-AMC was unable to resolve the issues with a population-wide screening program.
The results of the CDA-AMC step-wise reanalysis are presented in summary format in Table 15 and a more detailed breakdown is presented in Table 16. In the CDA-AMC base case, the 3-year budget impact of reimbursing teplizumab to delay the onset of stage 3 T1D in adult and pediatric patients 8 years of age and older with stage 2 T1D was $485,007,471 (year 1 = $37,798,412; year 2 = $173,119,238; year 3 = $274,089,821).
Table 15: Summary of the Stepped Analysis of the CDA-AMC Base Case
	Stepped analysis
	Three-year total ($)

	Submitted base case
	35,736,291

	CDA-AMC reanalysis 1
	250,154,039

	CDA-AMC reanalysis 2
	45,808,109

	CDA-AMC reanalysis 3
	54,051,808

	CDA-AMC base case: (1 + 2 + 3)
	485,007,471


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
CDA-AMC = Canada’s Drug Agency.
Note: The CDA-AMC reanalysis is based on publicly available prices of the comparator treatments
CDA-AMC used the CDA-AMC base case to conduct scenario analyses to explore uncertainty in the estimated budget impact of reimbursing teplizumab. The results are provided in Table 16.
	Considering only first-degree relatives (n = 4) for screening.


Table 16: Disaggregated Summary of the BIA
	Stepped analysis
	Scenario
	Year 0 (current situation) ($)
	Year 1 ($)
	Year 2 ($)
	Year 3 ($)
	Three-year total ($)

	Submitted base case
	Reference total
	$0
	$0
	$0
	$0
	$0

	Teplizumab
	$0
	$0
	$0
	$0
	$0

	No intervention
	$0
	$0
	$0
	$0
	$0

	New drug total
	$0
	$1,810,891
	$11,232,060
	$22,693,340
	$35,736,291

	Teplizumab
	$0
	$1,810,891
	$11,232,060
	$22,693,340
	$35,736,291

	No intervention
	$0
	$0
	$0
	$0
	$0

	Budget Impact
	$0
	$1,810,891
	$11,232,060
	$22,693,340
	$35,736,291

	CDA-AMC base case
	Reference total
	$0
	$0
	$0
	$0
	$0

	Teplizumab
	$0
	$0
	$0
	$0
	$0

	No intervention
	$0
	$0
	$0
	$0
	$0

	New drug total
	$0
	$37,798,412
	$173,119,238
	$274,089,821
	$485,007,471

	Teplizumab
	$0
	$37,798,412
	$173,119,238
	$274,089,821
	$485,007,471

	No intervention
	$0
	$0
	$0
	$0
	$0

	Budget Impact
	$0
	$37,798,412
	$173,119,238
	$274,089,821
	$485,007,471

	CDA-AMC scenario analyses

	Scenario 1: First-degree relatives only
	Reference total
	$0
	$0
	$0
	$0
	$0

	New drug total
	$0
	$18,899,206
	$86,559,619
	$137,044,910
	$242,503,735

	Budget Impact
	$0
	$18,899,206
	$86,559,619
	$137,044,910
	$242,503,735


Having trouble reading this table? View it online: https://canjhealthtechnol.ca/index.php/cjht/article/view/SR0867r.
BIA = budget impact analysis; CDA-AMC = Canada’s Drug Agency.
Note: The CDA-AMC reanalysis is based on the publicly available prices of the comparator treatments.
Ethics Review


Abbreviations
CanScreen T1D

Canadian Population Screening for Risk of Type 1 Diabetes


T1D

type 1 diabetes



Ethical Considerations
	Type 1 diabetes (T1D) is a chronic, autoimmune condition in which the immune system attacks insulin-producing beta cells in the pancreas, leading to insulin deficiency and eventual dependence on exogenous insulin. Although T1D has historically been considered a childhood-onset disease, current evidence suggests that it is also frequently diagnosed in early adulthood. If left untreated, T1D is life-threatening; even when managed, it carries substantial physical, emotional, and logistical burdens. Stage 2 T1D is a presymptomatic phase defined by the presence of multiple T1D-associated autoantibodies and early signs of dysglycemia.

	This report is informed by the sponsor’s submission, patient group, clinician group, and drug plan input received by Canada’s Drug Agency for this review. It has also drawn on direct consultation with 3 clinical experts (2 pediatric endocrinologists and 1 adult endocrinologist) who have experience treating patients with stage 3 T1D and monitoring those with stage 2 T1D. Select published literature was consulted to help clarify points of concern raised by clinical experts or input received for this review.

	This report highlights ethical considerations regarding the use of teplizumab to delay the onset of stage 3 T1D in adults and pediatric patients aged 8 years and older with stage 2 T1D. It outlines considerations relevant for decision-making regarding public reimbursement and implementation of teplizumab in Canada. However, it does not present an exhaustive list of all ethical considerations associated with stage 2 T1D and its treatment.


Diagnosis, Treatment, and Experiences of People Living With Stage 2 T1D
	An evolving staging model is shaping clinical and policy decision-making: T1D is currently understood as presenting across 3 unique stages with the third representing symptomatic T1D.1-4 Each stage is defined by the presence of at least 2 T1D-associated autoantibodies (commonly glutamic acid decarboxylase 65, islet antigen-2, zinc transporter 8, and insulin autoantibodies), with progression marked by increasing glycemic dysfunction and the onset of clinical symptoms such as polyuria, polydipsia, and unexplained weight loss by stage 3.1 As this staging framework becomes more embedded in clinical and policy decision-making, it raises ethical questions about how risk is modelled, who is diagnosed and when and how, and how access to preventive therapies are offered.

	Stage 2 progression is variable and not a uniform risk category: Stage 2 is defined by the presence of at least 2 T1D-associated autoantibodies and the development of abnormal glucose tolerance.1 However, emerging evidence suggests that stage 2 may not be a uniform risk category.5,6 For instance, though the lifetime risk of transitioning from stage 2 to stage 3 approaches 100%, and approximately 75% of individuals progress to stage 3 within 5 years,1 the rate of progression may vary considerably between individuals.2,7 For example, recent evidence has demonstrated that age at stage 2 influences risk of progression, with children progressing faster than adults,5 and that some autoantibody combinations may lead to earlier progression to stage 3.5,8 This lack of consistent progression pattern for all people at stage 2 has direct implications for treatments like teplizumab that may rely on staging to determine eligibility or prioritize access.

	Limited access to screening restricts early identification and intervention: Screening for T1D-associated autoantibodies is not routinely available in Canada. Instead, clinical experts indicated that current screening practices are largely limited to research settings and primarily target people with a family history of T1D, who are approximately 15 times more likely to develop T1D than the general population.9 While this targeted approach may be practical in the absence of broader infrastructure, it also raises concerns about fairness and access given that approximately 85% of those who eventually develop T1D have no family history.1 Without a systematic screening strategy, early identification — and therefore access to preventive interventions like teplizumab — is likely to remain limited to a small subset of the stage 2 T1D population. The Canadian Population Screening for Risk of Type 1 Diabetes (CanScreen T1D) initiative is currently exploring the feasibility of building a population-level screening program for T1D, but this is still in preliminary stages. More details regarding current screening practices and the ongoing development of CanScreen T1D are described in the Clinical Review Report.

	Stage 3 T1D imposes substantial psychosocial and logistical burdens on patients and their families: Patient group input emphasized the emotional, physical, and logistical burden of managing stage 3 T1D, especially for children and their caregivers. Families described life with T1D as demanding constant attention to fluctuating insulin needs, food intake, and stress levels, creating a daily rhythm of vigilance and adjustment. As most people who develop stage 3 T1D are currently unaware of their stage 2 status, patient group input flagged that this transition can be experienced as abrupt and destabilizing, with little time to prepare for the complex responsibilities of diabetes management. The possibility of even a modest delay in progression from stage 2 to stage 3 was identified as valuable to patients and their caregivers. It was suggested that a delay could offer patients, their families, and their communities (e.g., schools in the case of younger children) time to prepare emotionally, developmentally, and logistically for the responsibilities of chronic disease management. Some participants in the patient group input even hoped that a delay may reduce the risk of common T1D-associated complications (e.g., retinopathy, neuropathy, cardiovascular disease) later in life, improve glycemic outcomes over time, or provide space for emerging therapies to enter standard practice. While clinical experts suggested it is difficult to disentangle which of these desired outcomes might be better addressed through strong screening programs or enhanced diabetes education, they nonetheless illustrate the kinds of value that individuals and families associate with delayed progression, and help clarify the expectations patients and caregivers may place on teplizumab.

	Unmet need extends beyond therapy to include identification, education, and planning: The broader context of unmet need in stage 2 is shaped as much by gaps in identification and preparedness as by the absence of therapeutic options. At present, there are no approved interventions for delaying progression from stage 2 to stage 3, and no disease-modifying therapies available for T1D at any stage. While insulin therapy and associated technologies (e.g., insulin pumps and continuous glucose monitors) offer robust support for managing stage 3 disease, access to these tools varies significantly across Canada. As such, patient group input indicated that out-of-pocket costs of the tools used to manage T1D may create barriers to care for some. This is aligned with published literature, which has repeatedly demonstrated that individuals who are racialized or living with lower socioeconomic status often face greater barriers to T1D care and experience poorer outcomes.10-14 However, even before questions of access or treatment arise, most people living with stage 2 T1D remain undiagnosed due to the lack of population-level screening. For children and adolescents, this transition may also carry substantial clinical risk because approximately one-third are diagnosed following an episode of diabetic ketoacidosis, a life-threatening complication that can result in hospitalization, long-term cognitive impacts, or even death.15 Taken together, these observations suggest that unmet need in early T1D is not limited to the absence of treatment options, but extends to broader system gaps in identification, education, and care.


Clinical Evidence Used in the Evaluation of Teplizumab
	Trial evidence demonstrated delayed progression to stage 3, but key uncertainties remain: The TN-10 study was a phase II, randomized, double-blind, placebo-controlled trial (N = 76) designed to evaluate the efficacy and safety of teplizumab (delivered via IV infusion over 14 consecutive days) in delaying progression from stage 2 to stage 3 T1D in individuals aged 8 years and older with a known first-degree or second-degree relative diagnosed with stage 3 T1D. The primary outcome was time from randomization to clinical diagnosis of stage 3 T1D. Participants who had not progressed by the end of the trial (n = 20) were followed for up to 80.46 months. Teplizumab was associated with a statistically significant delay in progression, extending time to stage 3 diagnosis by a median of approximately 2 years compared to placebo. While clinical experts considered this delay clinically meaningful, long-term efficacy and safety remain uncertain given limited data, and the trial did not assess outcomes such as glycemic control after diagnosis or impacts on common long-term complications associated with stage 3 T1D.

	Several ethical considerations complicate interpretation of the trial evidence:
	Limited participant diversity: All participants in the active treatment arm (100%) and nearly all in the placebo arm (94%) were white. Clinical experts suggested that this is more reflective of the demographics seen in opt-in, family-based screening programs rather than the actual T1D population. This raises questions about whether findings can be confidently extended to racialized populations or those less represented in early-stage T1D, particularly in the context of known disparities in T1D diagnosis, management, and outcomes across racial and socioeconomic lines.

	Restricted inclusion criteria: Only individuals with a family history of stage 3 T1D were eligible for enrolment. This is particularly problematic given that the majority of people who develop T1D do not have a family history, and that progression rates do not appear to differ based on family history once stage 2 is identified.9 This impacts generalizability of the benefit observed in the trial to the approximately 85% of the patient population who eventually develop T1D where there is no family history, and raises ethical considerations about equitable access to screening, diagnosis, care, and potentially reimbursement, for those patients.

	Uncertain value of delay: The primary outcome was time to stage 3 diagnosis, and while the trial demonstrated an average delay in progression of approximately 2 years, the long-term significance of this outcome remains unclear. There is no evidence that delay alters the course of long-term complications, and patient-reported outcomes — such as health-related quality of life — were not assessed. As such, the clinical and experiential value of delayed progression remains difficult to interpret.




Clinical Use of Teplizumab
	A first-in-class therapy with potential to shift the T1D treatment paradigm: Teplizumab is positioned as a first-in-class immunotherapy for delaying the onset of symptomatic T1D (stage 3). Clinical experts and patient group input were broadly optimistic about its potential, viewing it as a meaningful step forward in a treatment landscape where no disease-modifying therapies currently exist for T1D at any stage.

	Perceived experiential value of delay is not consistently reflected in lived experience: The sponsor’s value proposition rests heavily on the presumed psychosocial benefits of delaying stage 3 disease, but existing evidence complicates this assumption. In a US-based survey of 30 adults and 17 caregivers of children who had all received teplizumab, most respondents expressed general satisfaction with having access to the therapy, but few described meaningful emotional relief.16 Among adult participants, only 20% reported feeling more relaxed posttreatment, and most caregivers continued to express worry about their child’s progression to stage 3. Though caregivers were somewhat more likely to report psychosocial benefit than adult participants, both groups conveyed an enduring sense of vigilance and anticipatory anxiety. These findings suggest that while the concept of delay may be appealing, patients’ experiences may fall short of the emotional or psychosocial reassurance that patients and families hope for.

	Safety profile considered manageable, but long-term benefit remains unclear: Teplizumab is an immunosuppressive therapy, and while clinical experts characterized its safety profile as manageable, the long-term consequences of treatment remain unclear. The most common adverse events reported in the trial included lymphopenia, leukopenia, and rash. Although these were generally mild, they must be weighed against the absence of evidence demonstrating psychosocial value of delayed progression or that this delay reduces downstream complications associated with T1D (e.g., retinopathy, neuropathy, cardiovascular disease). This uncertainty is particularly salient given the pediatric indication of teplizumab. Intervening during childhood, in the absence of clear long-term clinical value, raises concerns about benefit-risk proportionality and the potential for unnecessary medicalization. These concerns are compounded by the fact that teplizumab is not curative and progression to stage 3 is simply delayed, making the temporality of benefit difficult to weigh against risk exposure. This uncertainty can make clinical decision-making challenging and will require a robust informed consent process to ensure patients and their caregivers are able to clearly weigh potential harms against potential benefits.

	Access and prioritization decisions will be complicated by scientific and structural gaps: If recommended for public reimbursement, designing a fair approach to access teplizumab will be complicated by 2 intersecting considerations: gaps in identifying who is most likely to benefit, and limitations in who is currently identified as living at stage 2 in Canada. While the TN-10 study demonstrated that teplizumab likely delays progression for people at stage 2, variation in short-term progression risk — linked to factors such as age and autoantibody profile1,5,6 — means that all individuals meeting stage 2 criteria may not share the same urgency of need. Yet without validated tools to guide prioritization, clinical experts suggested that any attempt to target those at highest risk remains speculative and risks introducing new forms of inequity. These considerations are compounded by current screening patterns in Canada where individuals identified with stage 2 are primarily those with a family history of T1D.

	Structural inequalities may shape who is diagnosed and able to access care: Access to teplizumab will not only depend on clinical eligibility, but on the availability of specialized providers and infusion infrastructure. Clinical experts indicated that diagnosis, prescription, and monitoring would typically require an endocrinologist or pediatrician with experience in T1D as well as access to hospital or community-based IV infusion services. Given that teplizumab is delivered over 14 consecutive days, individuals living in rural or remote areas may face disproportionate barriers to receiving care, where specialist services and infusion infrastructure are less available and travel is often required. Further, clinical experts and published literature highlighted that those who pursue screening and access teplizumab are more likely to be white and relatively affluent.16 Without careful attention to implementation, access to this first-in-class therapy risks reinforcing existing patterns of privilege, offering preventive care not to those most at risk, but to those best positioned to seek it out. This is especially concerning considering persistent racial and socioeconomic disparities in T1D care and outcomes.

	Misalignment between approved indication and evolving demand may create pressure for off-label use: The narrow indication for teplizumab, limited to individuals aged 8 years and older with stage 2 T1D, may not align with how demand evolves in practice, raising concerns about off-label use and provider burden. Clinical experts suggested that some families may advocate for access outside of the indicated population, including children under 8 or individuals recently diagnosed with stage 3. While clinical experts indicated that approximately 50% of people with T1D are identified as adults, the peak age of stage 3 onset in children is typically between 10 years and 14 years (and becoming younger in some countries),7 suggesting that stage 2 may begin well before the indicated threshold age of 8 years. Though clinical experts doubted that pediatric endocrinologists would prescribe teplizumab in these situations, they worried that providers may experience moral distress navigating parental pressure or media-influenced expectations, particularly where treatment is viewed as urgent or potentially life-altering if offered earlier in the care pathway. Early trial results on the use of teplizumab for early-stage 3 T1D are also emerging, which may further complicate clinical decision-making. These pressures raise ethical tensions around professional autonomy, responsible prescribing, and balancing patient needs and preferences with limitations in evidence and access, especially in a pediatric setting where beneficence, nonmaleficence, and trust are critical.


Health Systems Impact
	Implementation challenges tied to health systems’ readiness and variation: Realizing the potential value of teplizumab will depend not only on clinical outcomes in the real world, but on the health system’s capacity to support equitable and effective implementation. While population-level screening is under exploration in Canada through initiatives such as CanScreen T1D, no such program currently exists, which has limited the identification of stage 2 T1D to those with a family history of T1D. Even if screening were to be expanded, ethical and logistical questions remain around how diagnostic pathways, treatment access, and follow-up care would be structured across jurisdictions. Equitable implementation of teplizumab at scale would require coordination across 3 core areas.
	Screening infrastructure to identify individuals in stage 2 through laboratory testing for T1D-associated autoantibodies and early glycemic markers. While glycemic testing is widely available and accessible across Canada, screening for T1D-associated autoantibodies is not routinely offered and may require central coordination and expanded lab capacity in some regions.

	Diagnostic and staging protocols to ensure accurate and consistent assessment of risk and eligibility. Introducing teplizumab into the health system would require not only screening infrastructure, but coordinated diagnostic pathways, follow-up care, and specialist oversight to ensure individuals identified in stage 2 receive timely and appropriate support. Managing individuals in a presymptomatic disease stage would also necessitate clearly defined care pathways with involvement of endocrinologists and other specialized health care professionals as well as psychosocial support, raising concerns about provincial variation in readiness and clinical capacity. Without standardized protocols for diagnosis, staging, and follow-up, individuals may face inconsistent care.

	Access to infusion services and postinfusion monitoring. Teplizumab requires a 14-day course of IV infusions, typically delivered in hospital-based or outpatient clinics. While some public infrastructure exists, many infusion sites in Canada operate privately and are supported through manufacturer programs or out-of-pocket payment, raising concerns about equitable access, particularly for individuals in rural or underserved areas.17 For children receiving treatment, accessing infusion centres and then undergoing treatment over the course of 14 days may increase caregiver burden related to travel, time off work, and their responsibility in ongoing monitoring. Even after infusion, people may require metabolic surveillance and psychological support during what is still a presymptomatic stage of disease, potentially adding further strain to regions with limited specialist care.



	Opportunity costs and alternative funding priorities: In light of ongoing uncertainty regarding the value of delayed progression to stage 3 T1D for health-related quality of life or common long-term T1D complications, some publications have suggested that public funding should also continue to prioritize diabetes education and access to insulin pumps, continuous glucose monitors, or hybrid closed-loop systems — all of which improve health outcomes for individuals already living with T1D.18
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