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The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA background
package often contains assessments and/or conclusions and recommendations written by
individual FDA reviewers. Such conclusions and recommendations do not necessarily represent
the final position of the individual reviewers, nor do they necessarily represent the final position
of the Review Division or Office. We have brought this application for PRV-031 to this
Advisory Committee in order to gain the Committee’s insights and opinions. The background
package may not include all issues relevant to the final regulatory recommendation, but is
instead intended to focus on issues identified by the Agency for discussion by the advisory
committee. The FDA will not issue a final determination on the issues at hand until input from
the advisory committee process has been considered and all reviews have been finalized. The
final determination may be affected by issues not discussed at the advisory committee meeting.
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1. Division Director Memorandum
Department of Health and Human Services
Public Health Service
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Office of Cardiology, Hematology, Endocrinology,
and Nephrology (OCHEN)
Division of Diabetes, Lipid Disorders, and Obesity
MEMORA ND UM

From:

Lisa B. Yanoff, M.D.
Director
Division of Diabetes, Lipid Disorders, and Obesity
OCHEN, CDER

To:

Chair, Members and Invited Guests
Endocrinologic and Metabolic Drugs Advisory Committee
(EMDAC)

Subject:

Overview of the May 27, 2021, EMDAC meeting

This document provides the briefing material for the May 27, 2021 meeting of the
Endocrinology and Metabolic Drugs Advisory Committee to discuss data in support of Biologics
Licensing Application 761183 for teplizumab, an FcR-nonbinding anti-CD3, humanized,
monoclonal antibody. Teplizumab has not been marketed in any countries to date.
Type 1 diabetes mellitus (T1D) is a serious medical condition caused by T-cell mediated
autoimmune destruction of the pancreatic beta cells. The resulting loss of pancreatic beta cells
leads to impaired insulin production and secretion, and impaired glucose metabolism.
Patients with T1D require lifelong insulin administration for survival, have increased morbidity
due to insulin insufficiency and short-term perturbations in glucose homeostasis (e.g., diabetic
ketoacidosis, severe hypoglycemia), and experience long-term complications (e.g., retinopathy,
nephropathy, and neuropathy). These ‘microvascular’ complications may be mitigated by
intensive glycemic control through insulin therapy, but insulin therapy is associated with
unwanted side effects such as weight gain and hypoglycemia, as well as the burden of multiple
daily insulin injections and blood glucose self-monitoring. Therefore, safe and effective therapies
to delay the onset of T1D would offer substantial benefit.
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The Applicant is seeking licensure of teplizumab for the delay of clinical type 1 diabetes in atrisk individuals. The Applicant’s development program is based on the disease model depicted in
Figure 1 (Insel et al. 2015), which suggests that T1D “is a continuum that progresses sequentially
at variable but predictable rates through distinct identifiable stages prior to the onset of
symptoms.”
Figure 1. Proposed Type 1 Diabetes Disease Model

Source: Created by reviewer; adapted from (Insel et al. 2015)

In support of the proposed indication, the Applicant has submitted the results of the TN-10 study.
TN-10 was a randomized, placebo-controlled trial that investigated the effect of teplizumab to
delay the onset of clinical T1D /Stage 3 T1D. Relatives (aged 8 years and older) of individuals
with T1D were screened for the presence of beta-cell autoantibodies. Individuals with two or
more positive autoantibodies were then screened for the presence of dysglycemia with an oral
glucose tolerance test (OGTT). The presence of two or more positive autoantibodies and an
abnormal (but not diabetic) OGTT were required to qualify a patient as ‘at-risk’ for T1D and to
determine eligibility for enrollment into TN-10. TN-10 successfully demonstrated the treatment
effect of teplizumab in delaying T1D diagnosis in at-risk relatives of T1D patients for a median
time of approximately 2 years.
The clinical meaningfulness of the 2-year delay in diagnosis is an important topic for the
Committee’s discussion. A delay in the onset of T1D may help patients avoid diabetic
ketoacidosis, which has been associated with impaired cognitive function in newly diagnosed
pediatric T1D patients, as compared to age-matched patients with T1D without diabetic
ketoacidosis (DKA) (Jessup et al. 2015). A delay in the onset of T1D also may delay the need for
insulin therapy and its accompanying risks, including iatrogenic hypoglycemia. In addition, a
delay in the onset of T1D may reduce the significant disease burden associated with living with
T1D on both the patient and caregivers, and result in an improved quality of life (Kalyva et al.
2011). Moreover, an older age at diagnosis may result in improvement in glycemic control, given
literature suggesting that HbA1c levels are higher in patients with younger age at onset than in
those with later onset (Rawshani et al. 2018). Younger age of onset of T1D (<7 years) has also
10
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been associated with worse cognitive function as compared to older age of onset of T1DM (>7 to
17 years) (Ferguson et al. 2005).
The question of what constitutes substantial evidence of effectiveness is also an important issue
for the Committee to address. The Applicant submitted a single placebo-controlled trial with the
primary endpoint of delay of clinical T1D, as well as additional data termed ‘confirmatory
evidence.’
FDA has issued guidance documents on demonstrating substantial evidence of effectiveness: the
1998 Guidance “Providing Clinical Evidence of Effectiveness for Human Drug and Biological
Products” and the 2019 Draft Guidance “Demonstrating Substantial Evidence of Effectiveness
for Human Drug and Biologic Products.” One of the scenarios described for meeting the
substantial evidence standard is one adequate and well-controlled (AWC) trial plus confirmatory
evidence, as noted in section 115(a) of Food and Drug Administration Modernization Act
(FDAMA), which amended the 21 U.S.C. § 355(d), to state: “If [FDA] determines, based on
relevant science, that data from one adequate and well-controlled clinical investigation and
confirmatory evidence (obtained prior to or after such investigation) are sufficient to establish
effectiveness, [FDA] may consider such data and evidence to constitute substantial evidence.”
When considering the feasibility of establishing substantial evidence of effectiveness based on a
single AWC trial plus confirmatory evidence, the 2019 Draft Guidance cites the persuasiveness
of the trial, the robustness of the confirmatory evidence, the seriousness of the disease, the size
of the patient population, and the presence of unmet need as factors for consideration. T1D is a
serious disease, with no spontaneous remission. The low prevalence of Stage 2 T1D makes it
challenging to identify ‘at-risk’ patients for clinical studies, and studies of relatively long
duration are needed to observe outcomes and quantify treatment benefits. Furthermore, there are
no approved therapies to delay the onset of T1D, indicating an unmet need in this therapeutic
area. Thus, given the severity and rarity of the disease, the lack of treatments to delay its onset,
and the impracticality of conducting a second long-term clinical trial, it seems appropriate to
consider this single AWC trial plus confirmatory evidence as potentially meeting the standard for
substantial evidence of effectiveness.
A pharmacodynamic (PD) biomarker that does not provide direct evidence of effectiveness, but
is a measure of salient biological effects, can provide confirmatory evidence to support a single
AWC study, and such evidence is stronger if it is independent of the single AWC study. In the
current application, the Applicant has provided results of a meta-analysis of C-peptide changes
from baseline from five previously conducted studies of teplizumab in patients with new- or
recent-onset clinical T1D as confirmatory evidence. C-peptide, a biomarker for beta-cell
function, is a 31-amino-acid polypeptide that connects insulin's A-chain to its B-chain in the
proinsulin molecule, and after processing, equimolar amounts of C-peptide and insulin are
released into circulation. Therefore, measurement of C-peptide is a method to establish the
endogenous insulin secretion of a patient. A low C-peptide measurement confirms T1D and
distinguishes it from T2D. A lower C-peptide measurement also denotes greater dependence on
insulin.
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The relevance of the change in C-peptide level as confirmatory evidence in considering the
proposed indication for teplizumab (delay of T1D) is supported by the presumed continuous
nature of the T1D disease process depicted in Figure 1. It is important to note, however, that Cpeptide is not a validated surrogate biomarker for clinical benefit, as the quantitative relationship
between improvement in C-peptide and delay of T1D is not well defined.
With respect to safety, TN-10 was a relatively small study (only 44 patients exposed to
teplizumab), but over 750 patients with new-onset T1D were exposed to teplizumab in other
controlled clinical studies. In both TN-10 and the new-onset T1D population, risks identified
include cytokine release syndrome (CRS), transient hepatic enzyme elevations, and occasionally
bilirubin increases, often as a part of CRS, transient lymphopenia, and generally non-serious
rash. The frequency and severity of each of these observed adverse reactions is discussed in
detail in this document. It is important to note, however, that slightly more than 10% of patients
were not able to receive the full course of teplizumab secondary to meeting protocol-specified
withdrawal criteria, usually related to laboratory abnormalities. In addition, teplizumab affects Tcell signaling and has the potential to cause immunosuppression. A possible result of
immunosuppression may be a greater risk of infection, and theoretically, a higher risk of future
malignancy. Aside from a higher frequency of serious infections in the TN-10 trial safety
database, the overall safety database did not suggest infection as an important risk of treatment.
The committee should evaluate these observed and potential risks in the context of the benefits
that teplizumab is expected to provide and consider whether the overall benefit risk profile of
teplizumab is favorable.
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2. Draft Discussion Points for the Committee
1. The Applicant is seeking approval of teplizumab to delay clinical type 1 diabetes mellitus in
at-risk individuals. Discuss the strength of the overall evidence presented herein to conclude
that effectiveness has been established for teplizumab for the proposed indication.
2. Discuss the clinical meaningfulness of the observed median 2-year delay of onset of T1D
demonstrated in study TN-10.
3. Discuss your view of the safety issues identified in the clinical development program and the
potential for unobserved, longer latency safety issues (e.g., malignancy) given the
mechanism of action of teplizumab. Discuss whether these safety concerns can be adequately
mitigated through labeling and/or required postmarketing studies.
4. Does the information contained herein, as well as in presentations by the Applicant and FDA,
show that the benefits of teplizumab outweigh the risks in support of approval to delay
clinical type 1 diabetes mellitus?
If yes,
a. Provide your view of the proposed indication statement: “Teplizumab is for the delay of
clinical type 1 diabetes mellitus (T1D) in at-risk individuals.” TN-10 was conducted in
individuals ages 8 and older and enrolled relatives of patients with T1D with two or more
positive autoantibodies and dysglycemia. Based on the available data, discuss how the
indicated population should be described to ensure that the expected benefit(s) of
teplizumab will outweigh the risks of treatment. If you have any other recommendations
for the indication statement please provide them.
b. Discuss whether you recommend any post-marketing safety studies.
If no,
c. Provide your rationale and provide recommendations for additional data and/or analyses
that would support a favorable benefit-risk profile and approval of teplizumab.
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3. Overview of Clinical Studies Submitted to Support Efficacy and Safety
Table 1. Clinical Studies to Support Efficacy and Safety (Teplizumab Administered IV)
Clinical Study Phase & Study Population &
Study Design/ Type of
Dates
Sample Size
Control
Stage 2 T1D Population
TN-10
• R, DB, PBO controlled, 2-arm,
• Age ≥8 years
(At-Risk Study)
multicenter study
• Relatives of patients with
Phase 2
• Randomization ratio: 1:1
T1D at high risk for
Jul 2011 to Nov 2018
development of clinical
T1D based on the
presence of at least two
positive autoantibodies
and abnormal OGTT
• Enrolled total: 76 (44:32)
Follow-up was still
ongoing at the clinical
cutoff date of TN-10
Stage 3 T1D Population
Study 1
• Age 7.5 to 30 years
• R, OL, 2-arm, standard of care
Phase 1/2
control
• New onset T1D (within 6
May 1999 to Aug 2001
weeks of dx)
• Randomization ratio: 1:1
• Enrolled total: 42 (21:21)

14

Dosing Regimen

Treatment & Follow-Up
Duration

• Full 14-day regimen;
• Single course
total dose ~9034 μg/m2 • Def ined by time to
protocol-specified
number of T1D events
observed; with
median duration
approximately 2 years

• 14-day regimen;
total dose ~495 μg/m2
• 12-day regimen;
total dose ~19,500
μg/m2

• Single course
• 2 years
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Clinical Study Phase &
Dates
Protégé
Phase 2/3
Feb 2007 to Jun 2011

Study Population &
Sample Size
• Age 8-35 years
• New-onset T1D
(within 12 weeks of dx)
• Enrolled total:
Segment 1: 38 (38:0)
Segment 2: 5131
(207:102:106:98)

Study Design/ Type of
Control
• Segment 1: OL
• Segment 2: R, DB, PBO
controlled, multicenter,
multinational, 4-arm, doseranging study
• Randomization ratio: 2:1:1:1

Treatment & Follow-Up
Dosing Regimen
Duration
• Segment 1: Full 14-day • Segments 1 & 2:
Two identical courses,
regimen
26 weeks apart
• Segment 2:
• 2 years
Arm 1: Full 14-day;
total dose ~9034 μg/m2
Arm 2: 1/3 dose 14-day;
total dose ~2985 μg/m2
Arm 3: 6-day;
total dose ~2426 μg/m2
Arm 4: Placebo 14-day
course

Encore
Phase 3
Sep 2009 to Apr 2012

• Age 8-35 years
• New-onset T1D
(within 12 weeks of dx)
• Enrolled total: 254
(63:66:63:62)

• R, DB, PBO controlled,
multinational, 4-arm, doseranging study
• Randomization ratio: 1:1:1:1

• Arms 1-4: Same as
Protégé

AbATE
Phase 2
Sep 2005 to Apr 2011

• Age 8-30 years
• New-onset T1D
(within 8 weeks of dx)
• Enrolled total: 77 (52:25)

• Two courses,
• R, OL, 2-arm, multicenter study, • Full 14-day regimen;
1 year apart
standard of care control
total dose ~9034 μg/m2
• 2 years
• Randomization ratio: 2:1

Delay 2
Phase 2
Sep 2006 to Aug 2011

• Age 8-30 years
• R, DB, PBO controlled,
multicenter study, with OL
• Recent T1D
(within 4-12 months of dx) extension
• Enrolled total: 60 (32:28) • Randomization ratio: 1:1

• Two identical courses,
26 weeks apart
• 89.8% completed 1
year and 29.1%
completed 2 years

• Single course
• Full 14-day regimen;
total dose ~9034 μg/m2 • 1 year

Source: Reviewer generated table, adapted from ISS and ISE
1
Protégé: 516 randomized, 513 received at least one dose of study drug
2
18 Delay subjects initially randomized to the control arm were later also eligible for the open-label course 2 administration of teplizumab
Abbreviations: IV, intravenous; T1D, type 1 diabetes; OGTT, oral glucose tolerance test; R, randomized; DB, double blind; OL, open-label; PBO, placebo; dx, diagnosis
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4. Clinical Pharmacology Summary
4.1. Clinical Pharmacology Assessment
4.1.1. Clinical Pharmacokinetics and Pharmacodynamics
Mechanism of Action

Teplizumab is a humanized monoclonal antibody that targets the cluster of differentiation 3
(CD3) antigen, which is co-expressed with the T-cell receptor (TCR) on the surface of T
lymphocytes. Though the mechanism of action of teplizumab for the proposed indication has not
been confirmed, it appears to involve weak agonistic activity on signaling via the TCR-CD3
complex, which is thought to expand regulatory T-cells and re-establish immune tolerance.
Pharmacokinetics

Figure 2 shows plots of predicted mean teplizumab concentrations over time using a 14-day
intravenous (IV) dosing regimen with a 4-day ramp-up followed by repeated doses of 826 µg/m2
on Days 5 to 14. The left panel represents a typical 60 kg male subject and the right panel
represents a typical 40 kg and 90 kg male subject. Body surface area (BSA)-based dosing
normalizes the exposure across body size.
Figure 2. Predicted Mean Teplizumab Serum Concentration Versus Time Profile Following 14-Day
Regimen Across Different Body Weights

Source: Figure 100, Protégé Population PK Report
Plot derived using the final population PK model.
Red line represents a typical 60 kg subject.
Blue lines represent 40 and 90 kg subjects and were superimposable on red line.

The repeated IV infusions resulted in increasing serum teplizumab levels, although steady-state
PK was not achieved at the end of dosing (Day 14 with this dosing regimen). The average
16
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accumulation ratio for area under the curve (AUC) between Day 5 and Day 14 was 3.4. The
predicted mean (±SD) total AUC for the 14-day dosing regimen was 6421±1940 ng•day/mL with
Cmax and Cmin of 826±391 and 418±225 ng/mL, respectively, on Day 14.
Distribution
The central and peripheral volume of distribution from population PK analysis was 3.4 L and 6.9
L, respectively.
Elimination
Teplizumab clearance is not dose-proportional, likely driven by its saturable binding to CD3
receptors on the T-cell surface. Teplizumab is expected to be degraded into smaller peptide
fragments by catabolic pathways. The clearance of teplizumab following the 14-day dosing
regimen was estimated from population PK analysis to be 2.3 L/day, with a terminal half-life of
approximately 4 days.
Pharmacodynamics

The initial PD effect of teplizumab is the occupancy (coating or binding) of the CD3 receptor
and subsequent clearance (modulation) of the CD3 receptor from the cell surface. CD3 coating
and modulation was evaluated in a subset of new onset T1D patients under three dosing
regimens: a full 14-day regimen (cumulative dose of ~9.0 mg/m2), a one-third 14-day regimen
(cumulative dose of ~3 mg/m2), and a full 6-day regimen (cumulative dose of ~2.4 mg/m2). T1D
patients received two courses of teplizumab administered 6 months apart. The occupancy of Tcells, in relation to the duration and cumulative dose of teplizumab received on each of the three
dosing regimens, is shown in Figure 3 below.
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Figure 3. CD3 Occupancy (Coating) Levels on CD4+ and CD8+ T-Cells Following 14-Day Regimen

Source: Figure 48, Protégé Clinical Study Report

The PD effects resulting from CD3 binding by teplizumab include a transient decrease in
lymphocyte count and change in the relative prevalence of T-cell subsets (e.g., CD8+ and
CD4+). Lymphopenia may be due to cytokine-mediated margination of lymphocytes to the blood
vessel wall, rather than depletion (Herold et al. 2009). The lymphocyte nadir is observed during
the 5 th day of the 14-day course and starts to recover on the 6 th day while treatment is continued,
with values typically returning to approximately 70% of baseline on Day 14 and 100% of
baseline on Day 28.
It is important to note that although temporal changes in these PD markers occurred following
teplizumab dosing in the clinical trials, no clear relationship has been established between any of
the above PD markers and efficacy outcomes (e.g., measures of C-peptide AUCs in patients with
new onset T1D, or delay of onset of T1D in individuals at-risk for T1D). The full 14-day
regimen was selected, in part, based on data from the Protégé study conducted in patients with
new onset T1D (see Table 1 for study description) in which the 14-day regimen appeared to
better preserve C-peptide secretion when compared to other dosing regimens, i.e., the C-peptide
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effect at 2 years of follow-up in new onset T1D patients was not observed in the one-third or 6day dosing regimens.
4.1.1.1. Dosing and Therapeutic Individualization
General Dosing

In the marketing application, the Applicant has proposed a single 14-day course of teplizumab
administered as a daily IV infusion over 30 minutes. Patients will receive an uptitration over 4
days followed by one dose of 826 µg/m2 on each of Days 5 to 14, for a total cumulative dose of
9034 µg/m2 (~9 mg/m2). Less than 10% of the total dose is given on the first 4 days of ramp-up
as a precaution to avoid adverse reactions (e.g., cytokine release syndrome).
Therapeutic Individualization

No therapeutic individualization is required for teplizumab based on intrinsic or extrinsic factors.
Teplizumab is expected to be catabolized into smaller peptides and is not expected to inhibit or
induce major CYPs or transporters. Exposure to teplizumab following a BSA-based regimen was
found to be independent of age and body weight.
4.1.2. Bridging Between the To-Be-Marketed Commercial and Clinical Trial
Drug Products
The planned commercial drug product is manufactured in a different facility from the clinical
trial product and was not used in the clinical studies submitted to support efficacy and safety.
The Applicant conducted a single-dose PK bridging study in healthy volunteers that evaluated
the biocomparability of the commercial drug product with the clinical trial drug product. The
study failed to demonstrate PK comparability between the two products as the mean AUC0-inf for
the commercial product was less than half (48.5%, 90% CI: 43.6 to 54.1) of the AUC0-inf for the
product used in the primary efficacy study. The reason for this difference seems to be faster
clearance of the drug from circulation rather than differences in the strength of the product, as
similar concentrations were observed immediately following IV infusion (Cmax of the
commercial product was 94.5% (90% CI: 84.5 to 106) of that observed in the clinical trial drug
product). The explanation for faster clearance, however, is not known at this time. The Agency is
actively working with the Applicant to try to resolve this issue in a timely manner, and input on
the bridging data is not being sought from the committee.
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5. Statistical Summary of Efficacy
5.1. Executive Summary
The Applicant submitted one AWC study to support teplizumab for the proposed indication –
Study TN-10. Confirmatory evidence consisted of a meta-analysis on the treatment effect of
teplizumab in slowing the rate of C-peptide decline in Stage 3/new onset T1D patients (see Table
1 for a description of studies included in the marketing application).
TN-10 successfully demonstrated the treatment effect of teplizumab in delaying T1D diagnosis
in at-risk patients. The treatment effect was statistically significant and robust to sensitivity
analyses under a range of conservative assumptions for missing data.
The integrated summary of efficacy (ISE), a meta-analysis of five studies conducted in Stage
3/new onset T1D patients, demonstrated a numerically significant treatment effect of teplizumab
vs. comparator on C-peptide AUC change from baseline at 1-year after accounting for variation
in effects between studies; however, the estimated treatment effect at 2 years from the metaanalysis was associated with a wide confidence interval and was not statistically significant.
Key statistical efficacy issues include:
Study TN-10
•

TN-10 was an investigator-initiated trial with small sample size.

•

Evaluation of the treatment effect of teplizumab on C-peptide AUC change from baseline
was not possible because of study design issues.

The ISE
•

Change in C-peptide AUC is not a validated surrogate endpoint for clinical benefit, e.g. delay
of progression of T1D, but may be reasonably likely to predict clinical benefit.

•

Themeta-analysis was based on clinical T1D patients rather than at-risk patients. The
applicability of evidence of C-peptide preservation among clinical T1DM patients to support
a delay in onset of T1DM is reasonably likely but unconfirmed.

•

The meta-analysis was proposed post hoc.

•

There was notable heterogeneity in the estimated treatment effect in C-peptide preservation
across the five trials included in the meta-analysis, with the two largest trials Protégé and
Encore showing a small treatment effect.
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5.2. Statistical Evaluation
5.2.1. TN-10
5.2.1.1. Study Design
Study TN-10 was a randomized, placebo-controlled, double-blind, multicenter study designed to
evaluate the treatment effect of teplizumab compared to placebo on the delay of diagnosis of
clinical T1D in at-risk individuals. The trial was conducted in relatives of T1D patients aged 8
years and older who were considered at high risk for developing T1D based on the presence of
two or more positive autoantibodies and an abnormal oral glucose tolerance test (OGTT). The
ongoing TrialNet Natural History/Pathway to Prevention study (TN-01) was a key source at the
time of inception of study TN-10; it provided TN-10 with potential study subjects and facilitated
TN-10 study subject identification and recruitment.
5.2.1.1.1. Efficacy Endpoints
Primary Efficacy Endpoints

The primary efficacy endpoint was the time from randomization to diagnosis of T1D.
Criteria for T1D onset were based on glucose testing1 or the presence of unequivocal
hyperglycemia with acute metabolic decompensation, such as DKA.
Secondary Efficacy Endpoints

The initial TN-10 study design included plans to assess treatment effect on secondary efficacy
endpoints, such as C-peptide AUC from a 2-hour OGTT. The original objective was to determine
whether treatment with teplizumab was superior to placebo with respect to C-peptide response to
oral glucose, as obtained from repeated collections during longitudinal tests.
Changes were made, however, regarding the OGTT monitoring schedule; in the final version of
the protocol, it was specified that subjects were not to be followed up for 2-hour OGTT
monitoring and C-peptide data collection upon T1D diagnosis. In addition, there were varying
lengths of patients’ participation as is expected in a time-to-event study design. These design
limitations caused informative censoring and rendered analysis results of available C-peptide
data uninterpretable.

1

In the absence of unequivocal hyperglycemia, one of the following criteria for glucose testing had to be met on two occasions at least 1 day
apart:
•
Symptoms of diabetes plus a casual plasma glucose concentration >200 mg/dL (11.1 mmol/L). Casual is defined as glucose measurements
taken at any time of day without regard to time since last meal. The classic symptoms of diabetes include polyuria, polydipsia, and
unexplained weight loss.
•
Fasting plasma glucose ≥126 mg/dL (7 mmol/L). Fasting was defined as no caloric intake for at least 8 hours.
•
2-hour plasma glucose ≥200 mg/dL (11.1 mmol/L). The test had to be performed using a glucose load containing the equivalent of 1.75
g/kg body weight to a maximum of 75 g anhydrous glucose dissolved in water.
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5.2.1.1.2. Sample Size and Power
TN-10 was an event-driven study with the primary objective being evaluation of treatment effect
in delay of T1D onset. The original study protocol planned to enroll 144 subjects over 2 to 3
years. Because of slower than expected accrual rates, the protocol was revised to reduce the
sample size to 71 and to follow all enrolled subjects until 40 subjects were diagnosed with T1D.
The study was targeted to detect an effect size measured by a hazard ratio of 0.4 for teplizumab
vs. placebo, with 80% power at a one-sided alpha level of 0.025.
5.2.1.1.3. Randomization
Randomization was stratified by study site and age - less than 18 years of age or 18 years and
older. This age stratification factor was later expanded to enroll more patients as follows:
•

Aged 8 to 17 years with a confirmed abnormal OGTT

•

Aged 8 to 17 years with an abnormal OGTT that was not confirmed (expanded eligibility
criteria)

•

Aged 18 years or older with a confirmed abnormal OGTT

At each participating site, patients were randomized in a 1:1 ratio to either teplizumab or
placebo, with randomization stratified by the three-category factor.
5.2.1.2. Statistical Methodologies
Analysis Sets

Two analysis sets were defined to support TN-10 efficacy analyses: the intention-to-treat (ITT)
population included all subjects who were randomized; the full analysis set (FAS) included all
subjects who received any study treatment (including control). Analyses on ITT or FAS sets
were conducted by assigned treatment, regardless of treatment adherence.
Time to onset of T1D
The Kaplan-Meier (KM) plot was used to show the proportion of patients free of TID by time
since randomization. A Cox proportional hazards (PH) model was used to analyze the time to
T1D diagnosis, stratified by age and OGTT status at randomization.
The Applicant also conducted three prospectively planned sensitivity analyses as follows:
•

Sensitivity analysis #1 (SA1) set time-to-diagnosis of T1D to 1 year for placebo patients
whose time to event was within 1 year. By delaying event time in a portion of patients in the
placebo arm, this approach favors placebo to an extent depending on the actual data.

•

Sensitivity analysis #2 (SA2) assumed that subjects who were censored before study cutoff
had been diagnosed with T1D at their last evaluation. SA2 penalizes missing data without
favoring either treatment group at the analysis planning stage. The actual data will decide
which arm will benefit from this approach.

•

Sensitivity analysis #3 (SA3) was a combination of SA1 and SA2.
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The three pre-planned sensitivity analyses (SAs) were all reasonable in handling missing data.
However, method SA2 penalizes missing data without differentiation, and depending on the real
missing pattern, it may not be sufficiently conservative to evaluate the treatment effect of
teplizumab on delay of T1D diagnosis. We therefore performed a fourth sensitivity analysis that
was similar to SA2, but only applied the imputation (T1D diagnosis) to teplizumab patients who
were censored before study cutoff.
5.2.1.3. Patient Disposition, Demographic and Baseline Characteristics
A total of 146 subjects were screened for inclusion, and 76 eligible patients were randomly
assigned to the two treatment groups: 44 (58%) to the teplizumab group and 32 (42%) to the
placebo group. With respect to the numerical imbalance between treatment groups, the Applicant
postulates that with stratified randomization, although near balance was reached within strata,
imbalance for the total trial occurred due to chance.
All patients received at least one dose of the randomized treatment; actual/received treatment
aligned with assigned treatment (Table 2).
Table 2. TN-10 Efficacy Analysis Sets (All Screened Patients)
Analysis Set
Teplizumab
Placebo
All screened, N
Screen f ailure, N
All randomized patients, N
44
32
Intent-to-treat population, n (%)
44 (100)
32 (100)
Full analysis set, n (%)
44 (100)
32 (100)

Total
146
70
76
76 (100)
76 (100)

Source: FDA Statistical Reviewer

Table 3 summarizes treatment completion status and study completion status. Three patients
discontinued study treatment during the 14-day treatment course: one (2.3%) from the
teplizumab group, and two (6.3%) from the placebo group. The reason for treatment
discontinuation was protocol-specified drug withholding for all three patients (discussed further
in the safety summary, see Section 6). To prevent missing data, these patients were followed-up
in the same fashion as patients who completed the treatment course.
As prespecified, the clinical cutoff of the study occurred when more than 40 patients were
diagnosed with T1D. At that time, patients who had experienced a T1D diagnosis henceforth met
the protocol-specified withdrawal criterion and were considered as having “completed study.”
Study completion status for the 30 patients who were still T1D-free and continued to be
followed-up were categorized as “ongoing.” 6 patients discontinued the study before the clinical
cutoff: 3 were diagnosed with T1D, and 3 were censored at their last contact date.
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Table 3. TN-10: Patient Disposition (ITT Population)

Characteristic
Treatment completion status
Completed
Discontinued
Reason for discontinuation of treatment
Protocol-specified drug withholding
Study completion status
Completed the study
Ongoing: Follow-up still ongoing at cutoff date
Discontinued from the study
Reason for discontinuation from study
Discontinued and had T1D onset time recorded
Onset of diabetes
Patient chose to no longer participate
Discontinued with missing T1D onset time
censored at last contact date
Lost to follow-up
Participant’s decision

Teplizumab
N=44
n (%)

Placebo
N=32
n (%)

Total
N=76
n (%)

43 (97.7)
1 (2.3)

30 (93.8)
2 (6.3)

73 (96.1)
3 (3.9)

1 (2.3)

2 (6.3)

3 (3.9)

19 (43.2)
22 (50.0)
3 (6.8)

21 (65.6)
8 (25.0)
3 (9.4)

40 (52.6)
30 (39.5)
6 (7.9)

0
1 (2.3)

2 (6.3)
0

2 (2.6)
1 (1.3)

0
2 (4.5)

1 (3.1)
0

1 (1.3)
2 (2.6)

Source: FDA Statistical Reviewer
Abbreviations: ITT, intent-to-treat; T1D, type 1 diabetes

Table 4 summarizes patient demographics by treatment group in TN-10, and important baseline
characteristics are summarized in Table 5. Almost 75% of randomized patients were younger
than 18 years of age. FDA further subgrouped the population by age to better study the potential
impact of age on treatment effect. A slightly higher proportion (55.3%) of the patient population
was male. The trial consisted predominantly of White patients (97.4%) and patients from the US
(94.7%). Treatment groups were balanced for sex, ethnicity, human leukocyte antigen (HLA)
subtypes and antibody type. Notable imbalances are discussed below the tables.
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Table 4. TN-10: Patient Demographics (ITT Population)
Teplizumab
Characteristic
N=44
Age, years
Mean (SD)
19 (12)
Median (min, max)
14 (9, 49)
Age group/strata, n (%)
≥18
15 (34.1)
<18
29 (65.9)
<18 OGTT confirmed
24 (54.5)
<18 OGTT not confirmed
5 (11.4)
Age quartiles to support age subgroup analysis, n (%)
Pediatrics 1: 8.5 to 11.2 years
10 (22.7)
Pediatrics 2: 11.3 to 13.8 years
10 (22.7)
Pediatrics 3: 13.9 to 17.4 years
9 (20.5)
Adults: 19.4 to 49.5 years
15 (34.1)
Sex, n (%)
Female
19 (43.2)
Male
25 (56.8)
Race, n (%)
Asian
0
Multiple
0
White
44 (100)
Country, n (%)
US
41 (93.2)
Ex-USa
3 (6.8)

Placebo
N=32

Total
N=76

18 (11)
13 (9, 45)

19 (12)
14 (9, 49)

6 (18.8)
26 (81.3)
23 (71.9)
3 (9.4)

21 (27.6)
55 (72.4)
47 (61.8)
8 (10.5)

8 (25.0)
9 (28.1)
9 (28.1)
6 (18.8)

18 (23.7)
19 (25.0)
18 (23.7)
21 (27.6)

15 (46.9)
17 (53.1)

34 (44.7)
42 (55.3)

1 (3.1)
1 (3.1)
30 (93.8)

1 (1.3)
1 (1.3)
74 (97.4)

31 (96.9)
1 (3.1)

72 (94.7)
4 (2.6)

Source: FDA Statistical Reviewer
a
ex-US includes Germany and Canada
Abbreviations: ITT, intent-to-treat; OGTT, oral glucose tolerance test; SD, standard deviation

Table 5. TN-10: Baseline Characteristics (ITT Population)
Teplizumab
Parameter
N=44
BMI, kg/m2
Mean (SD)
21.9 (6.4)
Median (min, max)
20 (15, 44)
BMI Z-score group, n (%)
Group 1: Patients <20 yrs and BMI Z-score (-2.9, -0.1)
17 (38.6)
Group 2: Patients <20 yrs and BMI Z-score (-0.1, -0.8)
5 (11.4)
Group 3: Patients <20 yrs and BMI Z-score (0.9, 2.0)
9 (20.5)
Group 4: Patients ≥20 yrs
13 (29.5)
HLA-DR4, n (%)
DR4 inf ormation missing
2 (4.5)
Absent
15 (34.1)
Present
27 (61.4)
HLA-DR3, n (%)
DR3 inf ormation missing
2 (4.5)
Absent
21 (47.7)
Present
21 (47.7)
HLA-DR3/DR4, n (%)
Both DR3 and DR4
11 (25.0)
DR3 only
10 (22.7)
DR4 only
16 (36.4)
Missing
2 (4.5)
Neither DR3 or DR4
5 (11.4)
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Placebo
N=32

Total
N=76

22.1 (4.4)
22 (16, 35)

22.0 (5.6)
21 (15, 44)

2 (6.3)
15 (46.9)
9 (28.1)
6 (18.8)

19 (25.0)
20 (26.3)
18 (23.7)
19 (25.0)

0
11 (34.4)
21 (65.6)

2 (2.6)
26 (34.2)
48 (63.2)

0
17 (53.1)
15 (46.9)

2 (2.6)
38 (50.0)
36 (47.4)

7 (21.9)
8 (25.0)
14 (43.8)
0
3 (9.4)

18 (23.7)
18 (23.7)
30 (39.5)
2 (2.6)
8 (10.5)
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Parameter
Auto-antibodies positive (N), n (%)
1
2
3
4
5

Teplizumab
N=44

Placebo
N=32

Total
N=76

1 (2.3)
12 (27.3)
11 (25.0)
12 (27.3)
8 (18.2)

0
7 (21.9)
5 (15.6)
14 (43.8)
6 (18.8)

1 (1.3)
19 (25.0)
16 (21.1)
26 (34.2)
14 (18.4)

Source: FDA statistical reviewer
Abbreviations: BMI, body mass index; HLA, human leukocyte antigen; ITT, intent-to-treat; SD, standard deviation

Age

There is an inverse association between age and onset of T1D, and disease incidence peaks in
childhood between ages 10 to 14 years (Maahs et al. 2010). This association has been shown in
several cohorts of individuals at risk of T1D (Ziegler et al. 2013; Steck et al. 2015; Gorus et al.
2017), including stage 1 and 2 T1D (Jacobsen et al. 2020). It is unclear whether age impacts the
risk of progression to T1D once metabolic disturbances (such as the dysglycemia seen in stage 2
T1D) are present. The observed baseline age imbalance between teplizumab and placebo groups
may bias the results in favor of teplizumab because the expected rate of progression to T1D
would be slower in adults than in children; however, the primary analysis model was adjusted for
age by including age as a covariate.
Body Mass Index

Body mass index (BMI) z-score, used in children to control for the effects of age, height, and sex
on BMI, was calculated by the clinical reviewer for patients younger than 20 years of age. While
BMI was mostly balanced across groups, for patients younger than 20 years of age, the BMI-forage z-score (BMI-z), was lower at baseline amongst patients treated with teplizumab. There is
some evidence from at-risk cohorts, including the TrialNet pathway to prevention cohort, linking
differences in BMI-z to differences in the risk of onset of clinical T1D, with higher BMI-z
predicting more rapid T1D onset (Barker et al. 2007; Viner et al. 2008; Ferrara et al. 2017). The
lower BMI-z at baseline among teplizumab patients may bias the results in favor of teplizumab,
as placebo patients (with higher BMI-z) would be at a higher risk of progression. Similar to age,
however, it is unclear whether BMI or BMI-z affects the risk of progression to T1D in multipleantibody-positive individuals once metabolic disturbances are present. Therefore, we carried out
an adjusted analysis by adding BMI at baseline into the primary analysis model as a stratification
factor, and performed a subgroup analysis to assess the effect of BMI-z on treatment effect for
patients younger than 20 years of age.
Number of Positive Autoantibodies

Because of its prognostic potential on the clinical outcome (higher risk of progression with a
larger number of positive autoantibodies at baseline), the number of baseline positive
autoantibodies was summarized by treatment arm. There was a baseline imbalance in treatment
allocation across different numbers of positive autoantibodies. Teplizumab-treated subjects had a
lower number of islet autoantibodies (mean 3.3, median 3 autoantibodies) than subjects in the
placebo arm (mean 3.6, median 4 autoantibodies). This difference is also demonstrated by a
lower proportion of patients with 4 or 5 islet autoantibodies at randomization in the teplizumab
arm (20/44 [45.5%]) compared with (20/32 [62.5%]) in the placebo arm. Overall, there were
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more teplizumab patients who had 2 or 3 autoantibodies at baseline and fewer teplizumab
patients who had 4 or more at baseline. This difference may bias the results in favor of
teplizumab because the expected rate of conversion to clinical T1D may be slower in the group
with fewer positive autoantibodies at baseline.
5.2.1.4. Results and Conclusions
The Primary Endpoint: Time to T1D Diagnosis

The first part of Table 6 summarizes T1D events and censoring information. At the clinical
cutoff, 43 subjects were known to have had T1D onset, 3 patients’ T1D status was missing
because of early discontinuation from the study, and 30 patients were T1D-free. The numbers of
patients with T1D were 20 (45%) and 23 (72%) in the teplizumab and placebo groups,
respectively.
Primary Analysis and Sensitivity Analyses

The median time to T1D diagnosis was 49.5 months in the teplizumab group vs. 24.9 months in
the placebo group. In the primary analysis of time to T1D diagnosis, the hazard ratio was 0.41
(95% CI: 0.22 to 0.79, p=0.0066).
Table 6. TN-10: Primary Efficacy Endpoint Analysis Results (ITT Population)
Teplizumab
Placebo
Total
Parameter
N=44
N=32
N=76
Event numbers, n (%)
Number of patients diagnosed with T1D
20 (45)
23 (72)
43 (57)
Number of censored patients
24 (55)
9 (28)
33 (43)
Censored due to reaching trial end 1
22 (50)
8 (25)
30 (39)
Censored due to discontinuation from study2
2 (5)
1 (3)
3 (4)
Time to event summary statistics
Median time to T1D diagnosis, months
49.5
24.9
42.6
Primary analysis
Hazard ratio (95% CI)
0.41 (0.22, 0.78)
P-value
0.0066
Pre-planned sensitivity analyses (SA) method
SA1: Set T2E to 1 year for placebo patients
whose T2E <1 year
Hazard ratio (95% CI)
0.43 (0.22, 0.81)
P-value
0.0096
SA2: Set T2E to last evaluation for early dropouts
who were T1D-f ree
Hazard ratio (95% CI)
0.42 (0.22, 0.78)
P-value
0.0065
SA3: A combination of SA1 and SA2
Hazard ratio (95% CI)
0.43 (0.23, 0.81)
P-value
0.0086
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Parameter
FDA reviewer’s sensitivity analyses
Sensitivity analysis for missing data
SA4: Set T2E to last evaluation only for
early teplizumab dropouts who were T1D-free
Hazard ratio (95% CI)
P-value
Sensitivity analysis for assessing the impact of
imbalances in baseline autoantibody counts
SA5: Adjusted analysis for autoantibody count at
randomization
Hazard ratio (95% CI)
P-value
Sensitivity analysis for assessing the impact of
imbalances in baseline BMI
SA6: Adjusted analysis for baseline BMI
Hazard ratio (95% CI)
P-value

Teplizumab
N=44

Placebo
N=32

Total
N=76

0.44 (0.23, 0.81)
0.0113

0.44 (0.22, 0.87)
0.0175

0.41 (0.21, 0.78)
0.0064

Source: FDA statistical reviewer.
1
Follow-up still ongoing at cutoff date
2
For reasons other than T1D diagnosis
Abbreviations: BMI, body mass index; CI, confidence intervals, ITT, intent-to-treat; T1D, type 1 diabetes; T2E, time to event; BMI,
body mass index

The total missing data on time to T1D diagnosis were few (three missing in total: two in the
teplizumab group, one in the placebo group). All three pre-planned sensitivity analyses produced
similar, although slightly higher, hazard ratios compared with the primary analysis results.
FDA performed a sensitivity analysis that was similar to, but more conservative than SA2.
Instead of treating all three missing data points as events as per SA2, we censored the single
placebo arm dropout and imputed the two teplizumab dropouts as events (we refer to this
sensitivity analysis as SA4). As expected, the hazard ratio from SA4 was slightly larger than the
others (0.44), but the nominal p-value remained low (0.01).
To address the concern that the imbalance at allocation between treatment groups in
autoantibody count at randomization, which has a prognostic potential, may have biased the
results in favor of teplizumab, we performed an adjusted analysis by adding autoantibody count
at randomization into the primary analysis model as a stratification factor. The adjusted analysis
estimates the effect of teplizumab after adjusting for the covariate. The hazard ratio, 0.44 (95%
CI: 0.22 to 0.87, p=0.0175), is numerically higher than what was estimated in the primary
analysis, but still statistically significant. Similarly, we also carried out an adjusted analysis by
adding BMI at baseline into the primary analysis model as a stratification factor. The hazard
ratio, 0.41 (95% CI: 0.21 to 0.78, p=0.006), is very close to what was estimated in the primary
analysis.
In summary, because the amount of missing data was small, sensitivity analyses performed using
different missing data handling approaches show that the observed efficacy by the primary
analysis method is sufficiently robust to withstand conservative approaches in handling missing
data. In addition, the results of the sensitivity analysis, adjusting for autoantibody count at
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randomization, and BMI show that the baseline imbalances in these characteristics did not
change the primary analysis conclusion.
The Kaplan-Meier plot (Figure 4) below shows the declining percentage of patients remaining
T1D-free over time. The numbers at risk in each group (blue and red fonts) are shown at 12month intervals of follow-up. During the first year, there was a sharp drop in the survival curve
for the placebo arm, which indicates that a much larger proportion of patients was diagnosed
with T1D within 1 year in the placebo arm compared to the treatment arm. Beyond 1 year, the
differences in the proportions of patients diagnosed with T1D were similar over time.
Figure 4. TN-10: Kaplan-Meier Curves for Time to T1D Diagnosis

Source: FDA statistical reviewer
Abbreviations: T1D, type 1 diabetes

5.2.1.5. Findings In Special/Subgroup Populations
The Applicant pre-planned subgroup analyses for the primary efficacy endpoint, with subgroups
based on age (8 to 17, and 18 to 45 years), sex, race/ethnicity, autoantibody type and titer at
baseline, OGTT in the diabetic range at baseline (yes/no), and HLA risk categories. Forest plots
were used to display the extent to which the estimated treatment effect differed across various
subgroups. For each subgroup factor, the model was adapted from the pre-specified primary
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efficacy analysis model. The difference in the treatment effect between/among subgroups was
tested using an interaction analysis, performed by including the subgrouping variable and
subgrouping variable-by-treatment interaction as covariates to the primary analysis model. When
a covariate in the model was the subgrouping variable (e.g., age), it was replaced with the
categorical version of itself when needed. By-subgroup hazard ratios were estimated to illustrate
the treatment effects under each subgroup.
5.2.1.5.1. Race, Geographic Region, Age, and Sex
There were only two patients whose race was not White and four patients who participated at
sites out of the US, hence subgroup analyses on race or geographical region were not carried out.
Pediatric patients (8 to 17 years of age) made up the majority (72%) of the TN-10 population.
Therefore, we further divided the pediatric patient population into three groups using tertiles of
the study pediatric population age distribution (see Table 4 for patient counts and distributions
among the groups).
In Figure 5, for the overall population and each of the four age subgroups, the estimated hazard
ratio of T1D onset, representing treatment effect for teplizumab compared to placebo, and its
95% CI is plotted. The label indicates that points to the left of the vertical line (hazard ratio = 1)
favor teplizumab, while those to the right favor placebo. All age subgroup CIs have substantial
overlap with the overall point estimate, and CIs at the top indicate a consistency of findings
across subgroups. No significant interaction was found between treatment and age subgroups at
the 5% level (interaction test, p=0.758).
In Figure 6, no significant interaction was found between treatment and sex at the 5% level
(interaction test, p=0.24), indicating a consistency in effect size between males and females.
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Figure 5. TN-10: Subgroup Analysis – Age Groups

Source: FDA statistical reviewer
Abbreviations: CI, confidence interval

Figure 6. TN-10: Subgroup Analysis – Sex

Source: FDA statistical reviewer
Abbreviations: CI, confidence interval
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5.2.1.5.2. Other Special/Subgroup Populations
Subgroup analyses by BMI-Z scores for children under 20 years old, baseline positive
autoantibodies, and HLA risk categories are also of importance to inform the potential effect of
these factors on time to T1D onset.
Figure 7 shows patients less than 20 years old group divided by tertiles. While the CIs overlap
with each other, there is a possible trend that larger effect size (smaller HR, 0.20) is associated
with larger BMI-Z scores. No significant interaction was found between treatment and BMI-Z
subgroups at the 5% level (interaction test, p=0.556). The three CIs overlap, suggesting there is
insufficient evidence to claim an interaction between treatment and BMI-Z group.
Figure 7. TN-10: Patents Less than 20 Years of Age, Subgroup Analysis – BMI-Z Scores

Source: FDA statistical reviewer
Abbreviations: BMI-Z, body mass index for age; CI, confidence interval

In the subgroup analysis by HLA-DR4 (top half of Figure 8), the two subgroups are HLA-DR4
present or absent. The presence of HLA-DR4 is associated with a relatively larger treatment
effect (HR=0.2, 95% CI: 0.09 to 0.46). The interaction test has p=0.006 and the treatment effect
for HLA-DR4 absent patients is HR=1.03 (95% CI: 0.29 to 3.60) which suggests but does not
confirm that teplizumab may not benefit this patient group.
The p-value for interaction (0.02) is also significant for the HLA risk categories (presence or
absence of DR3 and DR4).
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Figure 8. TN-10: Subgroup Analysis – HLA-Groups

Source: FDA statistical reviewer
Abbreviations: CI, confidence interval; HLA, human leukocyte antigen

In general, a higher autoantibody count at randomization is associated with smaller treatment
effect. Importantly, however, even patients with five autoantibodies positive at baseline appear to
have a positive treatment effect. Therefore, the data appear to support efficacy for patients with
two or more autoantibodies at baseline (see Figure 9).
Figure 9. TN-10: Subgroup Analysis – Baseline Autoantibody Positive Count

Source: FDA statistical reviewer
Abbreviations: CI, confidence interval
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5.2.2. Meta-Analysis of Stage 3 Studies - Supportive Evaluation of Efficacy on Cpeptide Data
For its marketing application, the Applicant intended to rely on data from the TN-10 study for
demonstration of efficacy for the proposed indication. While FDA agreed that TN-10 may be
considered an AWC trial that supports the efficacy of teplizumab, FDA noted that confirmatory
evidence would also be needed to provide substantial evidence of effectiveness. The Applicant
proposed to leverage available data from teplizumab studies in new-onset T1D as supportive
evidence and justified the use of C-peptide in these patients in the context of the T1D disease
progression model shown in Figure 1.
5.2.2.1. Study Design and Endpoints
Meta-Analysis Study Selection – A Post Hoc Analysis Plan

For supportive efficacy, a five-study meta-analysis of the change from baseline in C-peptide
AUC was performed with the inclusion of data from AbATE (Phase 2), Delay (Phase 2), Protégé
(Phase 2/3), Encore (Phase 3), and Study 1 (Phase 1/2). Study inclusion in the meta-analysis was
based on the patient population (newly diagnosed T1D, within 6 weeks of diagnosis), the study
design (i.e., randomized, controlled or open-label standard of care), and assessment of C-peptide
as measured by a 4-hour mixed-meal tolerance test (MMTT). Subject-level data from five newonset T1D studies were selected to be pooled for the meta-analysis. The studies are outlined in
Table 1 and described in more detail below.
Protégé
The Protégé study was a dose-ranging study designed to assess the safety and efficacy of three
teplizumab dosing regimens (a full 14-day course, a one-third dose 14-day course, and a 6-day
course) of daily IV infusions compared with placebo (IV) given as two identical courses, 26
weeks apart. The study enrolled patients with newly diagnosed T1D who had experienced
disease onset within the past 12 weeks, and subjects underwent a 4-hour MMTT every 6 months
for 2 years. The primary endpoint for Protégé was the proportion of subjects who had both a total
daily insulin dose of less than 0.5 units/kg/day and an HbA1c <6.5% at one year after
randomization. The study was terminated early due to futility on its primary endpoint.
Encore
The Encore study was intended as a replicate study of Protégé. The primary endpoint for Encore
was the proportion of subjects who had both a total daily insulin dose <0.25 units/kg/day and
HbA1c <7.0% at one year after randomization. The Encore study was terminated prematurely
with 254 subjects (64% of the planned 400 subjects) enrolled after Protégé failed to demonstrate
efficacy on the primary endpoint.
Study 1
Study 1 was a randomized, controlled, open-label study to test the safety and efficacy of a single
course of teplizumab on the loss of insulin production over 2 years in patients with newly
diagnosed T1D (within 6 weeks) compared to standard of care. Patients returned for 4-hour
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MMTT every 6 months. The primary endpoint was change from baseline in the mean C-peptide
4-hour AUC in response to an MMTT at Month 24.
AbATE
The AbATE study was a randomized, open-label study that enrolled individuals diagnosed with
T1D within 8 weeks of randomization. The study drug treatment group received two courses of
teplizumab: at randomization and at 12 months. Patients underwent a 4-hour MMTT every 6
months for 2 years. The parallel group control received standard of care. The primary endpoint
was change from baseline in the mean C-peptide 4-hour AUC in response to an MMTT at Month
24.
Delay
The Delay study was a randomized, double-blind, placebo-controlled study that enrolled patients
4 to 12 months after their T1D diagnosis. Patients received one course of teplizumab. Patients
underwent a 4-hour MMTT every 6 months for 1 year. The primary endpoint was C-peptide
AUC in response to an MMTT at Month 12.
5.2.2.1.1. Efficacy Endpoints
Primary Endpoint for the MA Analysis – C-peptide

C-peptide was assessed in a similar manner in each study. 4-hour MMTTs were performed and
measurements were taken at baseline, 15 minutes, and then every 30 minutes thereafter for 4
hours. Three of the five studies assessed C-peptide up to 2 years; the Delay study was designed
for only 1 year of follow-up, and Encore was terminated early to provide C-peptide AUC data up
to 1 year. Table 1 summarizes key design features of the five studies, including the dosing
regimen of teplizumab and C-peptide assessment schedule. To support the meta-analysis, the
original study visits from the individual studies were unified to provide common windows.
Because AUC is typically log-normally distributed, these values were transformed to
log(AUC+1) for analyses. The primary endpoint for the meta-analysis was the change from
baseline in the C-peptide AUC. Analysis was performed on the log-transformed data,
log(AUC+1).
5.2.2.2. Statistical Methodologies – A Post Hoc Analysis Plan
Individual Study Analyses

For each study, after multiple imputation (MI) was used to fill in missing values, an analysis of
covariance (ANCOVA) was used to estimate the treatment effect. The dependent variable was
the change from baseline in log(AUC+1) at the last study visit (2 years for Protégé, AbATE,
Study 1 in one meta-analysis, and 1 year for all five studies in another meta-analysis). Covariates
were treatment, log(baseline C-peptide AUC+1), and age.
Meta-Analyses

By pooling individual participant data from the five completed studies, a one-stage fixed-effects
model that combined and re-analyzed all studies simultaneously was proposed and used by the
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Applicant. On the basis of the individual study analysis ANCOVA model, the meta-analysis
model included two additional terms: a fixed-effect term indicating study identities, and a term
for treatment-by-study interaction.
In their original plan for the one-stage meta-analysis, the Applicant proposed a random-effect
approach analysis. The Applicant explained, however, that because all five completed
randomized studies to date were included in the meta-analysis, the purpose of the analysis was to
assess the effect of these specific studies on the outcome, such that fixed effects models would
be more appropriate for the meta-analysis. The fixed-effects approach assumes that the betweenstudy variance is zero, which is too strong an assumption that rarely holds. Instead, FDA carried
out a two-stage random effect meta-analysis to estimate the overall treatment effect which
accounts for the between-study variances.
Handling of Missing Data and Sensitivity Analysis

The amount, pattern, and reasons for missing data were to be described for each study. Multiple
imputation was to be used for the primary analysis. The pattern mixture MI for missing data was
based on two missing data patterns. For patients with missed assessment(s) due to administrative
reasons, the missing data were imputed based on data from completers. For patients with missing
data due to non-administrative reasons such as adverse events (AE), MI was based on data from
retrieved dropouts. Retrieved dropouts are subjects in the same study who discontinued treatment
but completed the studies and had C-peptide measured at the scheduled 1- or 2-year timepoints.
After MI had filled in missing values based on the approach described above, the modified
dataset was to be used in analyses. Rubin’s rules for combining data from imputed datasets was
used.
5.2.2.3. Patient Disposition, Demographics, and Baseline Characteristics
Table 7 summarizes study disposition by individual and pooled studies. Data from a total of 609
patients were included in the meta-analysis. Among them, 92.9% completed planned treatment
course 1, and 55.5% completed planned treatment course 2.
Table 7. ISE-MA: Study Disposition
Analysis
By study
AbATE
Delay
Encore
Protégé
Study1
Pooled
Completed planned treatment course 1
Patients assigned a two-course regimen
Completed planned treatment course 2

Teplizumab
N=375
n (%)

Control
N=234
n (%)

Total
N=609
n (%)

52 (13.9)
32 (8.5)
63 (16.8)
207 (55.2)
21 (5.6)

25 (10.7)
28 (12.0)
62 (26.5)
98 (41.9)
21 (9.0)

77 (12.6)
60 (9.9)
125 (20.5)
305 (50.1)
42 (6.9)

337 (89.9)
227 (71.5)a
211 (93.0)b

229 (97.9)
133 (71.9)a
127 (95.5)b

566 (92.9)
360 (59.1)a
338 (93.9)b

Source: FDA statistical reviewer.
a
Percentage with respect to number of pooled patients; b percentage with respect to number of patients with 2-course regimen.
Abbreviations: ISE, integrated summary of efficacy; MA, meta-analysis
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Table 8 displays demographics in the ISE population. Overall, baseline characteristics were
balanced across treatment groups.
Table 8. ISE-MA: Pooled Demographics
Characteristic
Age, years
Mean (SD)
Median (min, max)
Sex, n (%)
Female
Male
Unknown
Race, n (%)
American Indian or Alaska Native
Asian
Black or African American
Other
Unknown
White
Country, n (%)
US
Canada
Other

Teplizumab
N=375

Control
N=234

Total
N=609

16.9 (7.1)
15 (7, 35)

16.6 (7.2)
14 (8, 35)

16.8 (7.1)
14 (7, 35)

145 (38.7)
227 (60.5)
3 (<1)

86 (36.8)
148 (63.2)
0

231 (37.9)
375 (61.6)
3 (<1)

2 (<1)
87 (23.2)
4 (1.1)
5 (1.3)
2 (<1)
275 (73.3)

0
50 (21.4)
4 (1.7)
1 (<1)
0
179 (76.5)

2 (<1)
137 (22.5)
8 (1.3)
6 (<1)
2 (<1)
454 (74.5)

186 (49.6)
6 (1.6)
183 (48.8)

122 (52.1)
1 (<1)
111 (47.4)

308 (50.6)
7 (1.1)
294 (48.3)

Source: FDA statistical reviewer.
Abbreviations: ISE, integrated summary of efficacy; MA, meta-analysis; SD, standard deviation

5.2.2.4. Results and Conclusions
For the pooled analysis, Table 9 summarizes mean AUC 4-hour MMTT C-peptide (nmol/L) data
availability at Months 12 and 24. Because of the early termination of Encore, only 27.2% of the
Encore study population provided Month 12 C-peptide data; approximately 80% of the pooled
population provided Month 12 C-peptide data. At the end of Year 2, 64% of C-peptide data were
followed-up in study Protégé; 70% of the pooled population (for the 2-year analysis) provided Cpeptide data up to Month 24.
Table 9. ISE-MA: C-peptide Data Availability By Unified Visit Windows
Baseline
Month 12
Study
N
n (%)
Protégé
305
279 (91.5)
Encore
125
34 (27.2)
AbATE
77
72 (93.5)
Delay
60
58 (96.7)
Study 1
42
42 (100)
Pooled population for 1-year analysis
609
485 (79.6)
Pooled population for 2-year analysis
424

Month 24
n (%)
195 (63.9)
70 (90.9)
33 (78.6)
298 (70.3)

Source: The Applicant. FDA statistical reviewer replicated the analysis.
Abbreviations: ISE, integrated summary of efficacy; MA, meta-analysis

Figure 10 displays both individual study analysis results and the meta-analysis results based on
the imputed data.
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For the individual studies, an ANCOVA model included the change from baseline C-peptide
log(AUC+1) at the 1-year time point (Day 364) or 2-year time point (Day 728) as the dependent
variable and baseline C-peptide log(AUC+1), age, and treatment as covariates. At 1-year, Study
1 and AbATE observed larger treatment effects than Delay. Protégé and Encore failed to
establish efficacy in C-peptide preservation.
For the one-stage meta-analyses, data from the five studies including 1-year follow-up data or
three studies including 2-year follow-up data were pooled together. Two additional terms were
added to the individual study model: a study ID variable and a study by treatment interaction
term. The Applicant’s one-stage fixed effect meta-analysis was reproduced in Figure 10: at the 1year follow-up, compared with the control arm, the LS mean difference in change from baseline
log(Mean C-peptide AUC+1) was 0.09 (95% CI: 0.05 to 0.13, p<0.0001), favoring teplizumab.
At the 2-year follow-up, compared with the control arm, the LS mean difference in change from
baseline was 0.10 (95% CI: 0.05 to 0.16, p<0.0001), favoring teplizumab. Analyses based on the
observed data show similar results (see Figure 13 in Appendix B). More detailed analysis results
are summarized in Table 20 to Table 23 in Appendix B.
We observed heterogeneity among the individual studies, in both the 1-year and 2-year analyses,
illustrated in Figure 10. To account for this between-study variability, we performed a two-stage
random effect meta-analysis to estimate the overall treatment effect. The two-stage random
effects meta-analysis calculated the weighted average of treatment effect estimates from the
individual studies, where the weights were given by the inverses of the sum of variances
components. The overall treatment effects were similar in size with the one-stage fixed effect
model estimates; however, the associated confidence intervals were wide and the estimated
overall treatment effect at 2-year was not statistically significant. Specifically, the 1-year random
effect meta-analysis results suggest that teplizumab improves preservation of C-peptide by
0.09 (95% CI: 0.01 to 0.16) on the scale of log(Mean C-peptide AUC+1), as compared with
control. At 2 years, because there were only three studies, and because of nonignorable variation
in effects between studies, the estimation of the overall treatment effect was associated with a
large variance and the 2-year overall treatment effect, 0.09 (95% CI: -0.04 to 0.22), was not
statistically significant.
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Figure 10. ISE Meta-Analysis: Change From Baseline in Log (Mean C-peptide AUC +1) – Imputed
Data

Source: FDA statistical reviewer.
Abbreviations: AUC, area under curve; CI, confidence interval; ISE, integrated summary of efficacy; LSM, least squares mean; MA,
meta-analysis; LCl, lower confidence limit; UCl, upper confidence limit; MMTT, mixed meal tolerance test; SE, standard error
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6. Clinical Summary of Safety
This section will summarize the safety findings from TN-10 and the supportive teplizumab
studies in the new-onset T1D population.

6.1. Methods
6.1.1. Studies Reviewed for Safety and Pooling Strategy
TN-10 provides clinical safety data for the intended population of patients at risk for T1D (N=76,
44 treated with teplizumab). Four additional studies (AbATE, Delay, Protégé, and Encore)
provide supportive safety data for patients with new or recent onset T1D (see Table 1 for an
overview of these studies). The Integrated Summary of Safety (ISS) database includes all five of
these studies and served as the basis for the safety analysis.
There are several important distinctions between patients with new- or recent-onset overt T1D
and at-risk patients studied in TN-10 that influence the interpretation of AEs. For example, rates
of DKA and hypoglycemia would not be comparable between patients with and without overt
T1D. Therefore, in some cases, we analyzed the four studies separately from TN-10, using a
dataset referred to as the modified ISS (mISS).
Three supportive studies (AbATE, Encore, and Protégé) used a second treatment cycle of
teplizumab. Therefore, AE incidence rates under these conditions may not be comparable to the
proposed indication. Additionally, a higher proportion of patients treated with teplizumab in these
three studies (vs. comparator) in the first cycle did not receive treatment in the second cycle.
Dropout rates may be influenced by study treatment, and thus the AE data in the second cycle
may be confounded. For this reason, FDA analyses estimating incidence rates and risk differences
in the ISS dataset generally present results limited to the first treatment cycle.
Eighteen patients in Delay received placebo in the randomized portion of the study, but received
teplizumab during the open-label extension. These 18 patients were analyzed per their originally
assigned treatment group; this approach may have resulted in a different total number of patients
in the full ISS pool (773) and the modified ISS pool (729) compared to the Applicant’s analyses.
6.1.2. Capture and Categorization of Adverse Events
Except where otherwise noted (e.g., cytokine release syndrome analyses), the Applicant used the
standard medical dictionary for regulatory activities (MedDRA) to capture and categorize AEs.
Adverse Events of Special Interest (EOSI) were pre-specified by the Applicant based on safety
concerns identified in other anti-CD3 or T-cell engaging immunotherapies, data from the
literature, and preclinical data from the teplizumab development program. The FDA also
considered infection, cytokine-release syndrome (CRS), lymphocytopenia,
allergic/hypersensitivity reactions, rash, and liver function test abnormalities as EOSIs.
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6.2. Safety Results
6.2.1. Demographics
The safety population for TN-10 was identical to the ITT population. Therefore, patient
demographics and baseline characteristics for the safety analyses are identical to those presented
in Table 4 and Table 5 in Section 5.
The patient demographics of the modified ISS are presented in Table 10 and are generally
consistent with the efficacy population. The teplizumab and control groups appear balanced with
respect to important demographic variables. There is a lower percentage of teplizumab subjects
from the US, but this finding is not expected to have an impact on safety assessment.
Table 10. Demographics - mISS
Characteristic
Age, years
Median (min, max)
Body weight, kg
Mean (SD)
BMI, kg/m2
Mean (SD)
BSA, m2
Mean (SD)
Gender, n (%)
Male
Race, n (%)
White
Asian
Not White or Asian
Ethnicity, n (%)
Not Hispanic or Latino
Country of participation, n (%)
United States

Teplizumab
N=729

Control
N=213

15 (8, 35)

14 (8, 35)

57.11 (17.09)

53.74 (15.25)

21.06 (4.05)

20.59 (4.00)

1.60 (0.29)

1.54 (0.27)

470 (64.5)

135 (63.4)

510 (70.0)
200 (27.4)
19 (2.6)

158 (74.2)
50 (23.5)
5 (2.3)

689 (94.5)

201 (94.4)

282 (38.7)

101 (47.4)

P-value
0.057
0.01
0.135
0.008
0.833
0.489

1.0
0.028

Source: Reviewer, generated from ADSL.xpt
Abbreviations: BMI, body mass index; BSA, body surface area; ISS, integrated summary of safety; mISS, modified ISS; SD,
standard deviation

6.2.2. Total Exposure
Total exposure is summarized in Table 11, for both TN-10 and the modified ISS.
In TN-10, total observation length was greater for the teplizumab group vs. the placebo
group. The estimates of incidences of AEs may therefore be biased against teplizumab.
Nonetheless, the majority of AEs occurred early in the observation period, and bias
introduced by differential observation time is expected to be minimal.
In the mISS, 729 patients were exposed to at least one dose of teplizumab (not including
the 18 patients from Delay exposed during the open label extension), with a total of 641
patient-years of exposure. 213 patients were enrolled in control arms. Time on study was
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not different between teplizumab and control, and the percentage of completers was high
in each group (88.5% for teplizumab and 93% for control).
Table 11. Total Exposure - TN-10 and mISS
TN-10
Total observation time,1 patient years
Follow up time, days
Median (IQR)
Final disposition, n (%)
Completed study2
Loss to follow up
Other
Withdrawal by subject
Follow up time, n (%)
More than 2 years
Up to 2 years
Up to 1 year
At least 42 days
mISS (without TN-10)
Total observation time1, patient years
Follow up time, days
Median (IQR)
Final disposition, n (%)
Completed study2
Loss to adverse event
Loss to follow up
Other
Protocol violation
Withdrawal by subject
Follow up time, n (%)
More than 2 years
Up to 1 year
Up to 2 years
At least 42 days

Teplizumab
N=44
133

Placebo
N=32
68

888 (656, 1519)

598 (185, 1230)

41 (93.2)
0 (0.0)
2 (4.5)
1 (2.3)

29 (90.6)
1 (3.1)
2 (6.2)
0 (0.0)

31 (70.5)
11 (25.0)
2 (4.5)
44 (100)
Teplizumab
N=729
641

15 (46.9)
5 (15.6)
12 (37.5)
32 (100)
Control
N=213
184

189 (182, 536)

189 (182, 387)

645 (88.5)
4 (0.5)
28 (3.8)
10 (1.4)
1 (0.1)
41 (5.6)

198 (93.0)
0 (0.0)
6 (2.8)
3 (1.4)
0 (0.0)
6 (2.8)

272 (37.3)
50 (6.9)
407 (55.8)
723 (99.2)

85 (39.9)
16 (7.5)
112 (52.6)
213 (100)

Source: Reviewer analysis from ADSL.xpt.
1
Observation time only includes the time from first study treatment until the second cycle was administered. If the second cycle was
not administered, end of overall observation period was used.
2
Completed study was defined as either completing follow up at the censoring date, or becoming diagnosed with stage 3 T1D.
Abbreviations: IQR, inter-quartile range; ISS, integrated summary of safety; mISS, modified ISS

6.2.3. Deaths
There were three deaths reported in the teplizumab development program. All three deaths were
reported for patients with T1D who were randomized to teplizumab, with two deaths occurring
during the follow up period of the Protégé trial and one occurring in the follow-up period of the
Protégé Extension Study.
A 20 year-old female patient died from DKA 9 months after her last dose of teplizumab. A 27
year-old male died of complications related to an anterior wall myocardial infarction 15 months
after receiving the last dose of study drug. A 24 year-old female died of unknown causes 26
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months after the last dose of study drug. On review of this patient’s narrative, an acute episode of
abdominal pain, vomiting, and diarrhea treated by a local doctor preceded her death.
It is unlikely these deaths are causally related to teplizumab because of the long latency between
dosing and the events. Furthermore, the etiologies were disparate and inconsistent with the
mechanism of action of the drug.
6.2.4. Serious Adverse Events (SAEs)
Table 12 presents SAEs that were more frequently reported by patients in the teplizumab group
after the first cycle of treatment and reported by at least two patients.
Table 12. Serious Adverse Events Reported in the First Cycle of Treatment (14-Day Treatment
Course and Follow Up), in At Least Two Patients in the Teplizumab Group with Risk Difference
>0.1%, – Full ISS
Teplizumab
Placebo
N=773
N=245
Relative
SAE
n (%)
n (%)
RD
Risk
95% CI
Diabetic ketoacidosis
18 (2.3)
0 (0.0)
2.3
Inf ection*
26 (3.4)
4 (1.6)
1.8
2.13 (2.3, 18.6)
Hypoglycaemic seizure
6 (0.8)
0 (0.0)
0.8
Cytokine release syndrome
5 (0.6)
0 (0.0)
0.6
Hypoglycemia*
13 (1.7)
3 (1.2)
0.5
1.42 (1.2, 15.1)
Hepatic injury*
4 (0.5)
0 (0.0)
0.5
Rash
2 (0.3)
0 (0.0)
0.3
Splenic rupture
2 (0.3)
0 (0.0)
0.3
Allergic reaction, hypersensitivity*
2 (0.3)
0 (0.0)
0.3
Thrombosis*
2 (0.3)
0 (0.0)
0.3
Suicidal ideation, intentional overdose,
2 (0.3)
0 (0.0)
0.3
self -injury, suicide*
Lymphopenia*
2 (0.3)
0 (0.0)
0.3
Fall, dizziness, balance disorder*
2 (0.3)
0 (0.0)
0.3
Abdominal pain*
2 (0.3)
0 (0.0)
0.3
Pyrexia*
2 (0.3)
0 (0.0)
0.3
Fracture*
4 (0.5)
1 (0.4)
0.1
1.25 (0.4, 35.8)
Leukopenia*
4 (0.5)
1 (0.4)
0.1
1.25 (0.4, 35.8)
Source: Reviewer generated using ADAE.xpt. SAEs marked with an asterisk* represent queries that may include multiple terms
Abbreviations: CI, confidence interval; ISS, integrated summary of safety; RD, risk difference; SAE, serious adverse event

The difference in events of DKA not favoring teplizumab (18 vs. 0) is unlikely to be a chance
finding. In our review of the narratives, however, we noted that in many cases, insulin dose was
lowered by investigators prior to the DKA event, and relative insulin insufficiency is a known
cause of DKA. The reason that insulin dosing was disproportionately lowered for patients in the
teplizumab group is unclear but could be related to unblinding of treatment groups, as
investigators had access to lymphocyte count monitoring information. Importantly, in TN-10,
there were no events of DKA in patients developing clinical T1D, possibly reflecting the close
follow-up of patients. Differences in the frequency of other diabetes complications, e.g.,
hypoglycemia, are similarly not relevant to the proposed indicated population of at-risk patients.
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Aside from diabetes complications, the pattern of reported SAEs in the full ISS is similar to the
pattern of non-serious AEs (discussed in Section 6.2.6). SAEs of infections occurred in 3.4% of
teplizumab patients and 1.6% of control patients. Immunosuppression is a safety issue of interest
for teplizumab, and the increased incidence of serious infections in the teplizumab group is
notable, although we note that the latency of several of the events relative to treatment start
makes a causal relationship between teplizumab and many of the events unlikely.
SAEs of CRS, which occurred in five patients in the teplizumab group and no patients in the
comparator group, are likely drug-related. CRS is discussed in more detail in Section 6.2.7.
Similarly, lymphopenia is known to be caused by teplizumab dosing, and SAEs of lymphopenia
were reported by two patients in the teplizumab group and no patients in the comparator group.
Please see Section 6.2.9 on lymphopenia. Hepatic enzyme abnormalities may occur as a part of
CRS through the effect of cytokines on the liver, an issue that is discussed in more detail in
Section 6.2.10. There were two SAEs each of hepatic enzymes increased in the teplizumab group
vs. none in the comparator group. As shown in Table 14, transaminase elevations were a reported
reason for treatment discontinuation. Two patients were reported to have SAEs of drug
hypersensitivity in the teplizumab group vs. none in the comparator group, and there were two
serious reports of rash in the teplizumab group vs. none in the comparator group.
Not shown in the table, an SAE of ‘subclavian vein thrombosis’ was reported for a 25 year-old
female subject receiving the full 14-day teplizumab course in the Protégé study. The patient had
a peripherally inserted central catheter (PICC) placed in her left subclavian vein for study drug
administration. Although this SAE is not directly caused by teplizumab, it is associated with the
procedure for venous access needed to administer the drug. Some other isolated SAEs warranted
further scrutiny, but after review of individual narratives, we determined that most were not
reasonably attributed to treatment.
6.2.5. Adverse Events Leading to Withdrawal
This section discusses AEs that led to discontinuation of teplizumab treatment. According to the
teplizumab study protocols, teplizumab dosing was to be fully withdrawn if certain clinical
laboratory criteria were met (Table 13). In other words, drug infusions would not be resumed if
any of the conditions in Table 13 were met, and the subject would be considered as having met
protocol-specified withdrawal criteria.
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Table 13. Prespecified Discontinuation Criteria for Studies Included in ISS
Parameter
TN-10
AbATE
Bilirubin
>1.3 mg/dL on Day 1;
>1.3 mg/dL on Day 1;
≥2.0 mg/dL on other days
≥2.0 mg/dL on other days
AST/ALT/LDH AST level >2 times ULN on
AST level >2 times ULN on
Day 1
Day 1

Platelet count
Neutrophils
Hemoglobin

Coagulation

AST, ALT or LDH ≥3.0 times
ULN on other days.
<140,000 on Day 1;
<100,000 on other days
<1000 cells/mm3 (grade 3)

AST, ALT or LDH ≥3.0 times
ULN on other days.
<140,000 on Day 1;
<100,000 on other days
<1,000 cells/mm3 (grade 3)

≤8.5 g/dL
or
a drop in ≥2 g/dL compared
with prior to infusion to a value
<10.0 g/dL
INR >0.1 above ULN

≤8.5 g/dL
or
a drop ≥2 g/dL to <10 g/dL
INR >1.3
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Protégé
>2 times ULN

Encore
>2 times ULN

AST or ALT >3 times ULN

AST or ALT >3 times ULN

<140,000 on Day 1;
<100,000 on other days
<1,000 cells/mm3 (grade 3) on
2 consecutive evaluations
perf ormed on different days
<8.5 g/dL
or
a reduction of >2 g/dL from
pre-treatment level

<140,000 on Day 1;
<100,000 on other days
<1,000 cells/mm3 (grade 3)
on 2 consecutive evaluations
perf ormed on different days
<8.5 g/dL
or
a reduction of >2 g/dL from
pre-treatment level

N/A

N/A
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Parameter
AEs

TN-10
Grade 3 or above, except for:
• Lymphopenia
• Hypoglycemia
• Hyperglycemia
• Fatigue/malaise
• Insomnia
• Cheilitis
• Dry skin
• Nail changes
• Hot f lushes/flashes
• Headache
• Myalgia
• Flu-like symptoms

AbATE
Grade 3 or above, except for:
• Lymphopenia
• Hypoglycemia
• Hyperglycemia
• Fatigue/malaise
• Insomnia
• Cheilitis
• Dry skin
• Nail changes
• Hot f lushes/flashes
• Headache
• Myalgia
• Flu-like symptoms

Protégé
Grade 3 or above, except for:
• Lymphopenia
• Low WBC count
• Hypoglycemia or symptoms
and signs of a hypoglycemic
episode
• Hyperglycemia or symptoms
and signs related to
hyperglycemia
• Fatigue/malaise
• Insomnia
• Cheilitis
• Dry skin
• Nail changes
• Hot f lushes/flashes
• Headache
• Myalgia
• Flu-like symptoms

Encore
Grade 3 or above, except for:
• Lymphopenia
• Low WBC count
• Hypoglycemia or symptoms
and signs of a hypoglycemic
episode
• Hyperglycemia or symptoms
and signs related to
hyperglycemia
• Fatigue/malaise
• Insomnia
• Cheilitis
• Dry skin
• Nail changes
• Hot f lushes/flashes
• Headache
• Myalgia
• Flu-like symptoms

Source: Reviewer.
Data for Delay was not available.
Abbreviations: AE, adverse event; ALT, alanine transaminase; AST, aspartate aminotransferase; Grading based on CTCAE, Common Terminology Criteria for Adverse Events; HGB,
Hemoglobin; INR, international normalized ratio; LDH, lactate dehydrogenase; NCI, National Cancer Institute; ULN, upper limit of normal; WBC, white blood cell
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In addition, the protocols generally required discontinuation of teplizumab if any CTCAE grade
3 or above events occurred, other than events that were related to teplizumab’s mechanism of
action (e.g., lymphopenia, fatigue, malaise, hot flashes, flu-like symptoms).
In TN-10, one patient in the teplizumab group (elevated ALT and pruritic rash) and two patients
in the placebo group (both with hyperbilirubinemia) experienced an AE leading to withdrawal.
All three AEs were related to the laboratory test criteria for drug discontinuation, and all resolved
after dosing discontinuation.
In the mISS, AEs leading to withdrawal during the first cycle are shown in Table 14. A greater
number of subjects discontinued study treatment in the teplizumab group: 91/729 (12.5%)
compared to the comparator group 6/213 (2.8%). A majority of these AEs were related to the
laboratory criteria for dosing discontinuation described above. All of these AEs resolved. It
cannot be determined whether the protocol-specified withdrawal criteria may have prevented
more serious or permanent harms from continued dosing. Therefore, similar withdrawal criteria
should be used in the clinical setting if teplizumab were to be approved. With this approach, it is
estimated that approximately 10% of patients will not be able to tolerate the full course of
teplizumab therapy.
In the teplizumab group 5/91 (5.5%) of the AEs leading to withdrawal during the first cycle
required hospitalization (CRS, two cases of transaminase increases, hypersensitivity reaction,
hepatitis A) compared to the control group (multiple drug resistant tuberculosis, complication of
pregnancy) 2/6 (33%). When looking at AEs leading to withdrawal during the second cycle, two
cases were reported in teplizumab-treated subjects (severe neutropenia, infection of unknown
origin) compared to no cases in controls.
Table 14. Adverse Events Leading To Treatment Discontinuation With Risk Difference At Least 1%
- mISS
Teplizumab
Control
N=729
N=213
Preferred Term
[# events] n (%)
[# events] n (%)
RD
Decreased WBC*
[11] 11 (1.5)
[1] 1 (0.5)
0.9
Decreased hemoglobin
[14] 13 (1.8)
[0] 0 (0)
1.8
Transaminase elevations
[41] 41 (5.6)
[2] 2 (0.9)
4.6
Cytokine release syndrome
[7] 7 (1)
[0] 0 (0)
1
Thrombocytopenia
[7] 7 (1)
[0] 0 (0)
1
Source: ADAE.xpt.
mISS population (Omitting TN-10); *includes leukopenia, lymphopenia, and neutropenia
Only events occurring in treatment cycle 1, or treatment cycle 1 follow up included. Only events occurring in more than one subject
are shown.
Abbreviations: ISS, integrated summary of safety; mISS, modified ISS; RD, risk difference; WBC, white blood cell

6.2.6. Common Treatment-Emergent Adverse Events
Full ISS (mISS + TN-10)

During the treatment period (14-day course) a majority of patients reported at least one AE
(>95%). Leukopenia and lymphopenia were the most frequently reported AEs. Teplizumab’s
effect on lymphocyte count is discussed further in Section 6.2.9.
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Table 15. Adverse Events in the Full ISS (TN-10 + ISS), 14-Day Treatment Period, Reported By At
Least 10% of Patients in the Teplizumab Group, Ordered By Risk Difference
Teplizumab
Placebo
N=773
N=245
Relative
RR
AE
n (%)
n (%)
RD
Risk
95% CI
Lymphopenia*
594 (76.8)
23 (9.4)
67.4
8.2
(17.1, 39.2)
Leukopenia*
635 (82.1)
59 (24.1)
58.0
3.4
(8.3, 14)
Rash*
344 (44.5)
22 (9.0)
35.5
4.9
(10.2, 24.1)
Transaminases elevated*
189 (24.5)
26 (10.6)
13.9
2.3
(4.9, 11)
Neutropenia
185 (23.9)
29 (11.8)
12.1
2.0
(4.3, 9.4)
Pruritus*
117 (15.1)
13 (5.3)
9.8
2.8
(5.1, 15.9)
Thrombocytopenia*
102 (13.2)
11 (4.5)
8.7
2.9
(5, 17.3)
Pyrexia
120 (15.5)
17 (6.9)
8.6
2.2
(4.3, 11.8)
Blood bicarbonate decreased
116 (15.0)
16 (6.5)
8.5
2.3
(4.3, 12.3)
Nausea*
106 (13.7)
15 (6.1)
7.6
2.2
(4.1, 12.2)
Anemia*
211 (27.3)
52 (21.2)
6.1
1.3
(3, 5.5)
Hypocalcemia*
143 (18.5)
31 (12.7)
5.8
1.5
(3.1, 6.8)
Headache*
136 (17.6)
35 (14.3)
3.3
1.2
(2.7, 5.6)
Hyponatremia*
158 (20.4)
43 (17.6)
2.8
1.2
(2.7, 5.2)
Hypocalcemia
88 (11.4)
23 (9.4)
2.0
1.2
(2.4, 6)
Source: Reviewer, ADAE.xpt.
Events with an asterisk represent queries that include multiple terms
Adverse events with a RD favoring teplizumab are omitted
Abbreviations: AE, adverse event; CI, confidence interval; ISS, integrated summary of safety; RD, risk difference; RR, risk ratio

Vomiting, chills, and fatigue were also reported more frequently by teplizumab treated patients
vs. controls (8.3% vs. 2.4%; 7% vs. 1.6%; and 8.7% vs. 4.5%; respectively).
When AEs were evaluated over the entire follow up period, the pattern of reported AEs appeared
similar to the analysis shown above, suggesting that most teplizumab-related AEs are limited to
the time of exposure. Overall, the pattern of AEs observed demonstrate that adverse reactions
caused by teplizumab treatment generally consist of low white blood cell count, rash,
transaminase elevations, and other constitutional symptoms likely related to CRS (e.g., pyrexia).
Rash, transaminase elevations, CRS, and lymphopenia are discussed in more detail in Sections
6.2.8, 6.2.10, 6.2.7, and 6.2.9, respectively.
6.2.7. Cytokine Release Syndrome
Cytokine release syndrome (CRS) is an acute inflammatory process marked by a constellation of
symptoms experienced by patients receiving treatment with immune effector cells and T-cell
engagers and includes fever, malaise, rash, and in some patients can progress to hypotension and
hypoxia. These symptoms are largely due to the associated systemic inflammatory effects of
immune cell activation.
For purposes of the evaluation of CRS in the ISS population, the Applicant used the National
Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 3.0 CRS
grading system. For details regarding this grading system please refer to Table 19 in Appendix
A. This grading method is based on clinical symptoms, the need for intervention (yes/no), and
the intensity of intervention.
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An overview of the CTCAE grading of CRS is presented in Table 16.
Table 16. CTCAE Version 3.0 CRS Grading System
Grading
System
Grade 1
Grade 2
CTCAE
Mild reaction;
Therapy or inf usion
version 3.0 inf usion interruption interruption indicated
not indicated;
but responds promptly
intervention not
to symptomatic
indicated
treatment
(antihistamines,
NSAIDs, narcotics, IV
f luids); prophylactic
medications indicated
f or ≤24 hrs

Grade 3
Prolonged (e.g., not
rapidly responsive to
symptomatic
medication and/or
brief interruption of
inf usion); recurrence
of symptoms following
initial improvement;
hospitalization
indicated for clinical
sequelae

Grade 4
Lif ethreatening
consequences;
pressor or
ventilatory
support
indicated

Source: Cancer Therapy Evaluation Program, Common Terminology Criteria for Adverse Events, Version 3.0
Abbreviations: CRS, cytokine release syndrome; CTCAE, National Cancer Institute Common Terminology Criteria for Adverse
Events; NSAIDs, nonsteroidal anti-inflammatory drugs; IV, intravenous

In addition to defining CRS cases according to the CTCAE grading system detailed above, the
Applicant submitted, upon FDA’s request, a post hoc analysis of CRS events using the American
Society for Transplantation and Cellular Therapy (ASTCT) grading of CRS. This post hoc
analysis resulted in an overall higher absolute risk of CRS in both teplizumab-treated and
placebo groups, but a lower relative risk of CRS for teplizumab vs. comparator (compared with
the CTCAE method). Because of the post hoc nature of the analysis using the ASTCT grading
method, we are not confident of the reliability of the case identification, and hence the risk
estimates. Therefore, only results from the CTCAE grading method are presented here.
There were 41 total CRS cases observed (Table 17). 10 of the cases caused treatment interruption
or permanent discontinuation. The patients experiencing CRS were broadly consistent with the
overall treatment population, although slightly older, and more males reported CRS. The median
duration of the CRS event was 3 days, and started 3 days into the treatment cycle. The majority
(83%) of CRS cases were grade 1 and 2. The remaining 7 cases were grade 3, and 5/7 of the
grade 3 cases were also reported as SAEs. Of note, the identification of 2 cases of CRS in the
control group highlights the limitations in the specificity of the grading method. An excess of 4.2
cases (95% CI: 2.3 to 6.1) of any grade of CRS was observed per 100 patients treated. The
excess cases were primarily grades 1 and 2, with close to 1 excess case of grade 3 CRS per 100
patients.
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Table 17. Cytokine Release Syndrome Cases by CTCAE Grading Criteria and Treatment Group, All
Studies - Full ISS
Teplizumab
Control
N=773
N=245
RD
Severity
n (%)
n (%)
(95% CI)
Overall
39 (5)
2 (0.8)
4.2 (2.3,6.1)
1
12 (1.6)
1 (0.4)
1.2 (0,2.4)
2
20 (2.6)
1 (0.4)
2.2 (0.8,3.6)
3
7 (0.9)
0 (0)
0.9 (0.2,1.6)
Source: Reviewer generated using ADAE.xpt.
Includes both TN-10 and studies in the mISS. Only includes events occurring before initiation of a second treatment period.
Abbreviations: CI, confidence interval; CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events; ISS,
integrated summary of safety; RD, risk difference

For the 7 CRS cases that were reported as grade 3 events, a detailed analysis was performed. All
7 events occurred within 6 days of initiating the first course of teplizumab, and had a median
duration of 5 days. All patients with grade 3 events discontinued treatment early with a median
treatment duration of 4.5 days. There were several notable differences in the demographics of the
population with observed CRS cases. The majority of cases of CRS were reported in males
(30/41 [73.2%]). The median age of patients with CRS was also older (19 years) than the median
age of the ISS population (15 years). There were no fatal outcomes or ICU admissions. No
patient required a vasopressor for symptoms of hypotension or experienced significant hypoxia.
There were no serious morbidities associated with CRS on review of the CRS specific report
forms as well as AE reports.

6.2.8. Hypersensitivity/Skin Reactions/Rash
The Applicant identified hypersensitivity reactions as an EOSI. FDA conducted a query for
hypersensitivity-related AEs 2 occurring during or following the first treatment cycle which
revealed a low frequency of reported hypersensitivity AEs: seven in the teplizumab group vs.
two in the control group.
The query did not reveal events of anaphylaxis or angioedema, but there was a reported SAE
which appears consistent with anaphylaxis: the event was reported as grade 3 CRS by the
investigator. The event lead to drug discontinuation after acute onset of symptoms of fever,
nausea, vomiting, rash, facial swelling, urticaria, and bronchospasm following the 4th infusion of
study drug.
There was a difference in the occurrence of AEs of rash 3 during or following the first treatment
cycle: 48% of teplizumab-treated subjects reported rash, vs. 14.7% of comparator-treated
subjects (risk difference of 33 excess cases per 100 patients). The majority of events were
reported as “rash,”; some macular, papular, maculo-papular subtypes were reported, among
others. There were 15 (1.9%) teplizumab-treated patients who developed urticaria vs. 3 (1.2%)
control patients. The majority of rashes observed with teplizumab treatment were not serious and
resolved without intervention. One event of rash during or following the first treatment cycle was
reported to be serious.

2
3

Narrow Standard MedDRA Query for Hypersensitivity
Narrow FDA MedDRA Query for Rash
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•

A 10 year-old male reported rash (urticaria) concurrently with CRS, following the fifth
infusion of teplizumab. This patient was ultimately diagnosed with an allergic reaction and
was hospitalized and treated with intravenous steroids, with documented recovery in 4 days
despite continued teplizumab dosing.

6.2.9. Lymphopenia
Lymphopenia is known to result from drugs that modulate T-cell function. Therefore, we
examined changes in lymphocyte count using both laboratory data and via AE reporting with a
focus on serious AEs of lymphopenia.
In TN-10, there was a decline in lymphocyte count during the treatment course with nadir at Day
5, which recovered and returned to baseline by Week 6, even while dosing continued (Figure
11). AEs of lymphopenia were observed in 72.7% of the teplizumab treatment group and 6.3% of
the placebo group with a risk difference of 65.6 (95 CI: 49.3 to 81.9). Lymphopenia was the
most frequently reported AE during the study.
Figure 11. Mean Lymphocyte Count Over Time by Treatment Group for the TN-10 Study
2.5

Teplizumab
Placebo

2.0

1.5

1.0

0.5

0.0

Visit

Source: Reviewer generated from adlb.xpt dataset, excluding TN-10.
Visits outside of the first treatment cycle were removed. Error bar indicates 1 SD from the mean.

A similar pattern of lymphocyte decline and rebound was observed in the mISS (data not
shown).
Two events in the mISS were reported as SAEs, one of which appears to be based on the degree
of lymphocyte nadir (0.15x103 cells/uL on Day 8 of teplizumab infusion). The other was
associated with an infection, and the case narrative is discussed below.
•

A 9 year-old male had an SAE of lymphopenia with a concurrent SAE of gastritis on Study
Day 14, approximately 8 days after his last teplizumab drug administration. This patient
presented to the ED with fever and multiple episodes of vomiting, without laboratory
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evidence of DKA, and was hospitalized and treated with IV glucose and IV and
subcutaneous insulin, and discharged within 24 hours when the SAE event was considered
resolved. Another member of the patient's family had gastrointestinal tract infection;
therefore, he was determined to likely have acute gastritis. The patient’s lymphocyte count
nadir was 0.44x103 cells/uL on Study Day 14.
6.2.10. Hepatic Enzyme Elevations
In the clinical studies, hepatic enzyme and bilirubin concentrations were generally measured
daily during infusion periods, frequently for the 6 months (e.g., every 2 to 6 weeks), then every
12 weeks afterwards. The FDA analyzed bilirubin, ALT, and AST by time for the first treatment
cycle. The maximum value for each patient and time period was selected (i.e., if a patient had
daily labs drawn during the treatment cycle, only the highest value was selected). The data were
normalized by the laboratory-reported upper limit of normal, pooled, and plotted to inspect
longitudinal trends in ALT (Figure 12), AST, and bilirubin (not shown).
Figure 12. Observed ALT on a Semi-Log Scale, By Time Period – Full ISS

Source: Reviewer generated from adlb.xpt dataset.
Includes full ISS (TN-10 and supporting studies). Visits were filtered to include main study visits, and exclude visits following a
second cycle of treatment
Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; ISS, integrated summary of safety; ULN, upper limit of
normal

ALT was balanced between treatment groups at baseline. A difference in the median and
interquartile range (IQR) between treatment arms was observed during the treatment cycle, but
did not persist beyond 1 to 2 weeks post-treatment. Figure 12 also suggests a difference in the
occurrence of ALT >10X ULN for teplizumab-treated subjects starting during treatment and
persisting beyond 7 to 14 weeks, but there are approximately 3 times more teplizumab-treated
patients than controls. Importantly, the observed ALT abnormalities (i.e., ALT >5X ULN and
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10X ULN) resolved either by the end of observation, or before the start of a second treatment
cycle.
Evaluation of Drug Induced Liver Injury: Hy’s Law

The FDA analyzed, post hoc, concurrent elevations in ALT and bilirubin for both the first and
second treatment cycles. Maximum treatment-emergent values for all patients (full ISS) during
the entire treatment and follow up period were calculated for ALT and bilirubin, and paired with
each other if both laboratories were collected within 30 days. There were only two cases, in two
patients, that met the criteria for Hy’s law (i.e., having bilirubin >2X ULN and having ALT
>3X ULN). Both cases fulfilling Hy’s criteria had alternative explanations. The narratives are
briefly summarized below:
•

A 34 year-old male, assigned teplizumab treatment in Protege, reported cases of CRS
(fever, lymphopenia, transaminase elevation) following both treatment cycles of
teplizumab. He completed cycle 1, but discontinued cycle 2 after the 5 th dose
secondary to hepatic enzyme elevations. The laboratory tests returned to normal after
dosing was stopped. On review of additional reported SAEs, this subject later
reported an SAE of biliary dyskinesia, reported approximately 1 year (346 days) after
the last teplizumab infusion, with resolution following laproscopic cholecystectomy.

•

The second potential Hy’s law case was associated with a diagnosis of Hepatitis A
infection, which occurred 3 months after the last dose of teplizumab, making druginduced liver injury unlikely.

6.2.11. Infections and Infestations
6.2.11.1. General Infections and Infestations
In the full ISS, during the period of the 14-day teplizumab infusion, 38 patients (4.9%) reported
any infection in the teplizumab group compared to 12 (4.9%) in the control group. During the
first treatment cycle and follow up period, 581 infections were reported by 309 patients (40.0%)
in the teplizumab group compared to 17 infections among 99 patients (40.4%) in the control
group.
A slightly higher incidence of serious infections was reported for teplizumab compared to
control over the entire observation period of the first treatment cycle (15/773 [1.9%] vs. 4/245
[1.6%]).
The Applicant pre-specified CTCAE grade ≥3 infections (i.e., those requiring IV anti-infectives,
invasive intervention, hospitalization, and/or resulting in death) as an EOSI. Such infections
were reported by 3.0% of teplizumab patients and 2.0% of controls over all observation periods.
6.2.11.2. Mononucleosis-Like Illness and Epstein-Barr Virus
Adverse Events Related to Mononucleosis-Like Illness

Reactivation of Epstein-Barr Virus (EBV) has been observed with other immunotherapies
affecting T-cell function. Cytotoxic (CD8+) T-cell exhaustion after teplizumab exposure is
correlated with EBV reactivation (Long et al. 2016).
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The Applicant did not pre-specify EBV infections as an EOSI. Instead, EBV was included in the
assessment of acute mononucleosis-like illness, intended to identify AEs associated with both
EBV and cytomegalovirus (CMV).
FDA performed the same analysis, with the exception of adding the terms ‘Epstein-Barr virus
infection’, ‘Epstein-Barr virus antigen positive’, and ‘Epstein-Barr virus infection reactivation’
to our query. The FDA conducted an analysis of mononucleosis-like adverse events within the
first treatment cycle and follow up (Table 18).
Table 18. Acute Mononucleosis-Like Illness – Full ISS
Teplizumab
Control
N=773
N=245
Onset*, Days
Onset*, Days
Median
Median
Preferred Term
[# events] n (%)
(Min, Max) [# events] n (%)
(Min, Max)
Overall
[78] 68 (8.8%)
[13] 11 (4.5%)
-

RD
Estimate
(95% CI)
4.3 (1,7.6)

Epstein-Barr
viremia
Epstein-Barr virus
inf ection
Lymphadenopathy

[24] 24 (3.1)

28 (21,211)

[1] 1 (0.4)

148

2.7 (1.2, 4.2)

[14] 14 (1.8)

30 (25,215)

[4] 3 (1.2) 142 (125, 371)

0.6 (-1.1, 2.3)

[9] 8 (1)

28 (2,162)

[1] 1 (0.4)
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0.6 (-0.5, 1.7)

Epstein-Barr virus
test positive
Inf ectious
mononucleosis
Epstein-Barr virus
antigen positive
Epstein-Barr virus
inf ection
reactivation
Cytomegalovirus
test positive
Epstein-Barr virus
antibody positive

[2] 2 (0.3)

30.5 (29,32)

[0] 0 (0)

-

0.3 (-0.1, 0.7)

[2] 2 (0.3)

132 (28,235)

[0] 0 (0)

-

0.3 (-0.1, 0.7)

[1] 1 (0.1%)

14

[0] 0 (0%)

-

0.1 (-0.1,0.3)

[1] 1 (0.1%)

33

[0] 0 (0%)

-

0.1 (-0.1,0.3)

[8] 7 (0.9)

33 (28,216)

[2] 2 (0.8)

21.5 (15, 28)

0.1 (-1.2, 1.4)

[17] 15 (1.9)

133 (23,721)

[5] 5 (2)

34 (28, 374) -0.1 (-2.1, 1.9)

Source: Reviewer generated from ADAE.xpt.
*Onset date is defined as days since the first infusion of teplizumab or placebo ISS including TN-10.
Only treatment emergent AEs occurring in the safety analysis set are included.
Adverse events that occurred outside of the first treatment cycle were removed.
95% CI for the risk difference was calculated using parametric assumptions.
Abbreviations: CI, confidence interval; ISS, integrated summary of safety; RD, risk difference

For all terms related to EBV, the risk difference is 43 excess cases per 1000 patients in favor of
control. Notably, the events were reported proximally to the initiation of treatment.
The Applicant conducted an exploratory query for EBV using broad terms 4, and adjudicated
each case as ‘new infections’ or ‘reactivation’ based on review of baseline status of
seropositivity, AE listings, and clinical laboratory values. The adjudication of events was
4
“Epstein-Barr viraemia, Epstein-Barr virus test positive, Epstein-Barr virus antibody positive, Epstein-Barr virus antigen positive, Epstein-Barr
virus infection, Epstein-Barr virus infection reactivation, mononucleosis syndrome and infectious mononucleosis.
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confirmed by the FDA medical reviewer based on blinded review of the data. Overall, there was
a risk difference of EBV reactivation of 2.4 not favoring teplizumab (i.e., 2.4 excess subjects
reporting EBV reactivation per 100 patients). These analyses also suggested that teplizumab
treatment did not increase the risk of primary EBV infection.
Epstein-Barr Viremia and Lymphoproliferative Disorders

EBV-associated lymphoproliferative disorders have been observed in drugs that suppress T-cell
immune function, most commonly observed in the year following immunosuppressive therapies
for solid organ transplant recipients (Green and Michaels 2013). They are more frequently
observed in initially seronegative subjects who undergo transplantation and acquire a primary
EBV infection (Walker et al. 1995; Nijland et al. 2016).
Peak quantitative EBV viral DNA titers are strongly correlated with increases in rates of posttransplant lymphoproliferative disease (Green and Michaels 2013), and routine monitoring of
EBV viral load is often performed in solid organ transplant recipients. Among post-transplant
monitoring programs, there is no consensus regarding the threshold level for an increase in EBV
viral DNA that is associated with an increase in the risk of lymphoproliferative disease, but the
cumulative dose of immunomodulatory drugs and degree of immunosuppression is
acknowledged as an important determinant of risk. The relationship between transient rises in
EBV viral DNA and lymphoproliferative disease, however, is less clear.
For the TN-10 study, EBV viral DNA was collected for monitoring at Day 20, Week 6, and
Months 3, 12, 24, 36, and 48. Nine patients experienced increases in EBV viral DNA >3,000
copies/mL, a threshold selected by the Applicant. All nine patients were noted to have increased
EBV DNA titers at either the 20-day or 3-month visit after teplizumab dosing, and all patients
experienced a reduction in EBV viral load within 3 to 12 months postdosing. One patient with
EBV titers >3,000 copies/mL presented with pharyngitis, while the others were asymptomatic.
The time course of EBV viral DNA increases observed in TN-10 mirrors the timeline of EBV
viral reactivation observed in published T1D trials featuring the anti-CD3 monoclonal antibody,
otelixizumab, where peak EBV titers were noted at Day 21 post-dose with subsequent recovery
(Keymeulen et al. 2021).
These results suggest that teplizumab is associated with a transient increase in viral EBV DNA in
contrast to the persistently elevated EBV viral DNA observed in solid organ transplant
recipients.
6.2.11.3. Other Notable Infections
There were small, but notable treatment differences in HSV, CMV, and VZV infections when
the terms associated with each infection were grouped. Herpes infections, which included the
terms ‘oral herpes’ and ‘herpes simplex’, occurred in 7 of 773 teplizumab-treated patients (0.9%)
and in 1 control patient (0.4%). VZV infections, which were reported as ‘varicella’, ‘herpes
zoster’, and ‘Varicella zoster virus infection’ occurred in 9 teplizumab-treated patients (1.2%)
and 1 control patient (0.4%). CMV infections, which were reported as ‘CMV infection’ or ‘CMV
positive test’ were reported in 9 (1.2%) teplizumab-treated patients compared to 2 (0.8%)
placebo-treated subjects.
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Also of interest, no tuberculosis infections were reported in the teplizumab-treated patients, with
a single control patient having an AE coded as ‘tuberculosis’.
6.2.12. Malignancy
Immunosuppressive therapies carry a theoretical concern for malignancies, and this concern may
be more relevant to chronic therapies than to therapies consisting of a single course of treatment.
It is important to note that the clinical safety data submitted in the BLA are not sufficient to
evaluate the potential risk of malignancy because of the short duration of follow-up as well as the
relatively young age of the safety population.
In the ISS population, one malignancy was reported: a teplizumab-treated 21 year-old male was
diagnosed with melanoma of the scalp with metastases to regional lymph nodes (supraclavicular
and suprascapular). The patient had a history of dysplastic nevi and a pre-existing lesion that was
not noted until after study entry. The affected tissue and lymph node metastases were excised
and no recurrence has been reported. Although it is extremely unlikely that teplizumab caused
the malignancy, a contribution of teplizumab to a more rapid metastasis cannot be excluded.
As noted above, there were no reported cases of lymphoproliferative disorders in the ISS.
6.2.13. Safety By Subpopulation Analyses
The incidence of TEAEs was similar by sex without notable differences. The incidence of AEs in the
full ISS (TN-10 and the supporting studies) were similar by quartiles of age. No treatment by age
group interactions were observed for hepatic enzyme elevations, infections (bacterial, general viral,
EBV), cytopenias (leukopenia, lymphopenia, neutropenia), rash, or pruritis (data not shown).
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Appendix A
Table 19. CTCAE v.3 Grading System for Cytokine Release

Source: Cancer Therapy Evaluation Program, Common Terminology Criteria for Adverse Events, Version 3.0
Abbreviations: CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events
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Appendix B
Figure 13. ISE-MA: Change From Baseline in Log (Mean C-peptide AUC +1) – Observed Data

Source: FDA statistical reviewer.
Abbreviations: AUC, area under curve; CI, confidence interval; ISE, integrated summary of efficacy; LSM, least squares mean; LCl,
lower confidence limit; UCl, upper confidence limit; MA, meta-analysis; SE, standard error; MMTT, mixed meal tolerance test; MA,
meta-analysis
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One-Year Analysis

Table 20. ISE-MA: Change From Baseline in Log (Mean C-peptide AUC +1) at the End of Year One
– Imputed Data
Change From Baseline
Baseline
at the End of Year 1
Comparison vs. Control
LS
95% CI
LSM
95% CI
PTreatment
N Mean
SD Mean
SE Lower Upper
Diff
SE Lower Upper value
Individual Study Analysis
Study 1
Control
21 0.39 0.03 -0.18 0.03 -0.24 -0.11
Teplizumab
21 0.39 0.03 -0.02 0.03 -0.08 0.05 0.16 0.05 0.07 0.26 0.001
AbATE
Control
25
0.5 0.03 -0.23 0.03 -0.29 -0.17
Teplizumab
52 0.53 0.02 -0.08 0.02 -0.12 -0.04 0.14 0.04 0.07 0.22 <0.001
Delay
Control
28 0.44 0.04 -0.14 0.02 -0.18 -0.11
Teplizumab
32 0.47 0.03 -0.08 0.02 -0.12 -0.04 0.06 0.03 0.01 0.12 0.028
Protégé
Control
98 0.47 0.02 -0.08 0.02 -0.12 -0.04
Teplizumab 207 0.47 0.02 -0.04 0.01 -0.07 -0.01 0.03 0.02 -0.01 0.08 0.152
Encore
Control
62 0.43 0.03 -0.12 0.04 -0.19 -0.05
Teplizumab
63 0.47 0.04 -0.07 0.03 -0.14
0 0.05 0.05 -0.05 0.16 0.343
Meta-analysis: One-stage, Fixed-effects, Overall
5-Studies
Control
234 0.45 0.01 -0.14 0.01 -0.17 -0.11
Teplizumab 375 0.47 0.01 -0.05 0.01 -0.08 -0.03 0.09 0.02 0.05 0.13 <0.001
Source: FDA statistical reviewer.
Abbreviations: AUC, area under curve; CI, confidence interval; ISE, integrated summary of efficacy; LSM, least squares mean; MA,
meta-analysis; N, number analyzed; SE, standard error
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Table 21. ISE-MA: Change From Baseline in Log (Mean C-peptide AUC +1) at the End of Year One
– Observed Data
Change From Baseline
Baseline
at the End of Year 1
Comparison vs. Control
LS
95% CI
LSM
95% CI
PTreatment
N Mean
SD Mean SE Lower Upper Diff SE Lower Upper value
Individual Study Analysis
Study 1
Control
21 0.39
0.03 -0.18 0.03 -0.24 -0.11
Teplizumab
21 0.39
0.03 -0.02 0.03 -0.08
0.05 0.16 0.05
0.07 0.26 0.001
AbATE
Control
22 0.50
0.04 -0.22 0.03 -0.29 -0.16
Teplizumab
50 0.53
0.02 -0.08 0.02 -0.12 -0.04 0.14 0.04
0.07 0.22 <0.001
Delay
Control
28 0.44
0.04 -0.14 0.02 -0.18 -0.10
Teplizumab
30 0.47
0.03 -0.08 0.02 -0.12 -0.04 0.06 0.03
0.01 0.12 0.028
Protégé
Control
91 0.47
0.03 -0.07 0.02 -0.11 -0.03
Teplizumab 188 0.46
0.02 -0.03 0.01 -0.06
0.00 0.04 0.02 -0.01 0.09 0.093
Encore
Control
17 0.52
0.05 -0.09 0.04 -0.17
0.00
Teplizumab
17 0.43
0.06 -0.10 0.04 -0.18 -0.02 -0.01 0.06 -0.13 0.11 0.848
Meta-analysis: One-stage, Fixed-effects, Overall
5-Studies
Control
179 0.46
0.02 -0.14 0.02 -0.17 -0.11
Teplizumab 306 0.47
0.01 -0.06 0.01 -0.08 -0.03 0.08 0.02
0.04 0.12 <0.001
Source: FDA statistical reviewer.
Abbreviations: AUC, area under curve; CI, confidence interval; ISE, integrated summary of efficacy; LSM, least squares mean; MA,
meta-analysis; N, number analyzed; SE, standard error

Two-Year Analysis

Table 22. ISE-MA: Change From Baseline in Log (Mean C-peptide AUC +1) at the End of Year Two
– Imputed Data
Change From Baseline
Baseline
at the End of Year 2
Comparison vs. Control
95%
CI
95% CI
LS
LSM
PTreatment
N Mean SD Mean SE Lower Upper Diff SE Lower Upper value
Individual Study Analysis
Study 1
Control
21
0.39 0.03 -0.25 0.05 -0.34 -0.16
Teplizumab
21
0.39 0.03 -0.12 0.04 -0.20 -0.04 0.13 0.06
0.01
0.25 0.036
AbATE
Control
25
0.50 0.03 -0.33 0.04 -0.40 -0.26
Teplizumab
52
0.53 0.02 -0.20 0.02 -0.24 -0.15 0.13 0.04
0.05
0.22 0.001
Protégé
Control
98
0.47 0.02 -0.19 0.02 -0.23 -0.15
Teplizumab
207
0.47 0.02 -0.14 0.01 -0.16 -0.11 0.06 0.03
0.01
0.10 0.030
Meta-analysis: One-stage, Fixed-effects, Overall
3-Studies
Control
144
0.46 0.02 -0.25 0.02 -0.29 -0.21
Teplizumab
280
0.47 0.01 -0.14 0.02 -0.18 -0.11 0.10 0.03
0.05
0.16 <0.001
Source: FDA statistical reviewer.
Abbreviations: AUC, area under curve; CI, confidence interval; ISE, integrated summary of efficacy; LSM, least squares mean; MA,
meta-analysis; N, number analyzed; SE, standard error
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Table 23. ISE-MA: Change From Baseline in Log (Mean C-peptide AUC +1) at the End of Year Two
– Observed Data
Change From Baseline at
Baseline
the End of Year 2
Comparison vs. Control
LS
95% CI
LSM
95% CI
PTreatment
N Mean SD Mean SE Lower Upper Diff SE Lower Upper value
Individual Study Analysis
Study 1
Control
14 0.43 0.03 -0.25 0.04 -0.34 -0.16
Teplizumab
19 0.38 0.03 -0.10 0.04 -0.17 -0.02 0.15 0.06 0.04 0.27 0.012
AbATE
Control
21 0.49 0.04 -0.34 0.04 -0.41 -0.27
Teplizumab
49 0.53 0.02 -0.20 0.02 -0.25 -0.15 0.14 0.04 0.05 0.22 0.002
Protégé
Control
64 0.46 0.03 -0.18 0.02 -0.22 -0.13
Teplizumab
131 0.45 0.02 -0.12 0.02 -0.15 -0.09 0.06 0.03 0.00 0.11 0.043
Meta-analysis: One-stage, Fixed-effects, Overall
3-Studies
Control
99 0.46 0.02 -0.25 0.02 -0.29 -0.21
Teplizumab
199 0.46 0.02 -0.13 0.02 -0.17 -0.10 0.12 0.03 0.06 0.17 <0.001
Source: FDA statistical reviewer.
Abbreviations: AUC, area under curve; CI, confidence interval; ISE, integrated summary of efficacy; LSM, least squares mean; MA,
meta-analysis; N, number analyzed; SE, standard error
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