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1. Benefit-Risk Assessment 
Type 1 diabetes (T1D) is a serious, life-long, autoimmune disease caused by progressive 
destruction of insulin-producing islets of Langerhans cells leading to insulin deficiency and 
dependence on exogenous insulin for survival. Approximately 1.6 million Americans have 
T1D.1 T1D is associated with significant microvascular (damage to kidney, eyes, nervous 
system) and macrovascular (cardiovascular disease) complications, and premature death. 
Disease management is complex, demanding multiple daily insulin injections and intensive 
monitoring of glucose, diet, and activity levels. 
 
Teplizumab (Tzield, pronounced TEE-zeeld) is a first-in-class, humanized, anti-CD3 
monoclonal antibody intended to delay the onset of T1D in individuals who have two or more 
T1D-related autoantibodies and dysglycemia (Stage 2 T1D, see below for more details on 
clinical staging). Stage 2 T1D is associated with a 75% risk of progression to a diagnosis of 
T1D within 4 to 5 years, and a lifetime risk of nearly 100%. If approved, teplizumab would be 
the first disease-modifying therapy for T1D.  
 
The teplizumab development program has met substantial evidence of effectiveness with 
persuasive results from an adequate and well controlled study (TN-10) plus confirmatory 
evidence from 5 clinical trials containing biomarker evidence (C-peptide preservation) that 
directly relates to the pathophysiology of disease. Reliance on a single adequate and well-
controlled trial plus confirmatory evidence is appropriate in light of multiple factors. The trial 
was highly statistically significant, robust to sensitivity analyses with conservative 
assumptions, and demonstrated effect on a clinical outcome. There is substantial unmet 
medical need. T1D is a serious, lifelong condition with no available cure or therapy to delay 
disease onset, and the typical age of T1D disease onset occurs in a vulnerable pediatric 
population. Attention to diabetes management pervades nearly all daily activities causing 
strain on children and families. Patients are at risk of acute complications from under- or 
overdosing insulin, including hypoglycemia and ketoacidosis, a two-year difference in the 
median time to diagnosis would allow children critical time to grow and mature before 
assuming more of the burdens of disease management.  
 
The benefit of teplizumab in delaying the onset of T1D was demonstrated in the TN-10 trial, a 
randomized, placebo-controlled, event driven trial in 76 patients (ages 8 and older) at risk of 
T1D who received one intravenous infusion per day for 14 days. After approximately five 
years of follow-up, 20 (45%) patients in the teplizumab group and 23 (72%) in the placebo 
group developed laboratory confirmed T1D, demonstrating a statistically significant delay in 
onset of diagnosis. The median time to diagnosis was 25 months in the placebo group versus 
50 months in the teplizumab arm, for a difference of 25 months. With a median follow-up time 
of 51 months, teplizumab resulted in a statistically significant delay in the development of 
Stage 3 type 1 diabetes, hazard ratio 0.41 (95% CI: 0.22 to 0.78; p=0.0066). The observed 
difference is clinically meaningful because it is expected to result in delay of the burdens of 
disease management, which include the requirement for daily glucose monitoring and insulin 
therapy, and delay of the risks of insulin therapy (e.g., hypoglycemia). 

 
1 Centers for Disease Control and Prevention. National Databetes Statistics Report 2020. 
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf  

Reference ID: 5079146



CDER Cross Discipline Team Leader Review 4 

 
Cytokine release syndrome (CRS), serious infections, lymphopenia and hypersensitivity 
reactions were the most important identified risks and are listed in the Warnings and 
Precautions section of the proposed labeling. Most CRS cases were mild to moderate in 
severity and managed with antipyretics. Serious infections were more frequent within first 3 
months of teplizumab dosing compared to placebo recipients but did not result in permanent 
sequelae. A single case of serum sickness occurred but may have been confounded by 
preexisting autoimmunity. In the clinical development program, the majority of patients 
developed anti-drug antibodies (ADA) and a possible association between ADAs and rash was 
observed, the details of which are incorporated into the immunogenicity section of proposed 
labeling. Lymphopenia and transaminase elevations were predictable and generally self-
limited. Uncertainties remain including theoretical risks of lymphoproliferative disorders and 
the risk of malignancy related to long term immunosuppression. 
 
The overall benefit-risk profile is favorable. Safety for the intended use was demonstrated 
from data submitted in the first review cycle. Safety data submitted in the safety update with 
the resubmission did not change the overall safety conclusions. Several required postmarket 
studies, including a longitudinal observational safety study using a patient registry design will 
provide additional safety data on longer latency safety outcomes that may not be detected 
premarketing, e.g. malignancy. A required postmarket pharmacokinetic (PK) study in children 
aged 0-7 years will also be issued under the Pediatric Research Equity Act (PREA). 
 
In the first review cycle there were no clinical deficiencies; however, the application received 
a Complete Response (CR) Action Letter because of a lack of PK comparability between the 
to-be-marketed product and the clinical trial product (see section 2.3). Other issues included 
product quality deficiencies related to drug substance and drug product stability assessment 
(including the stability comparison between the to-be-marketed and clinical trial products), and 
deficiencies related to objectionable conditions observed during the prelicensure inspection of 
the manufacturing facility. These deficiencies have been addressed in the resubmission. 
 
The CR issue regarding lack of PK comparability was adequately addressed through the 
submission of new data and the development of a population PK (popPK) model using newly 
submitted PK data from the ongoing PROTECT study in patients with new onset T1D 
(PROTECT PK substudy). The PK model also leveraged prior single dose PK data, as well as 
data from study TN-10. New PK and pharmacodynamic (PD) data were also used to develop a 
new exposure-matched dosing regimen. The new data suggested the difference in PK between 
the clincal trial and commercial product after multiple dosing was likely not clinically 
meaningful because the difference in AUC was small, with 27% less exposure for the AGC 
product versus the Lilly product (smaller than the difference observed with single dosing). 
Furthermore, analysis of PD endpoints also suggested no difference in target binding. 
Although there was consensus that the combination of analytical comparability, small PK 
differences with multiple dosing, and comparability of PD markers suggest that the drug could 
be approved without a dose adjustment, there was ultimately agreement that matching PK 
using an adjusted dosage regimen was reasonable to ensure that exposure achieved with the 
AGC product would be comparable to the exposure achieved with the Lilly product. Safety 
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concerns would not be raised because the Cmax of the new dosing regimen is comparable to the 
original dosing regimen.  
 
In addition to being scientifically unnecessary, it is likely neither feasible nor ethical to test the 
new dosage regimen in a prospective clinical trial of stage 3 T1D prevention. TN-10 was a 
multinational trial that spanned 9 years and recruited only 76 patients. In the absence of 
universal screening for islet autoantibodies, identifying sufficient subjects would be 
challenging. For example, in a program of primary care based screening in Germany, only 
0.02% (17 out of 90,632) children aged 2 to 5 years who were screened for autoantibodies over 
a 4-year period were diagnosed with stage 2 T1D.2 Moreover, we do not believe that clinical 
equipoise exists to repeat the trial given the positive finding. 
 
In the context of this BLA, exposure matching to achieve PK comparability is scientifically 
justified. Although we are not aware of prior examples of PK exposure matching to bridge two 
biological products manufactured at different sites, model-informed exposure matching is 
commonly used in regulatory decision making (e.g. pediatric extrapolation, new route of 
administration, dosing in specific populations, such as renal/hepatic impairment). We do not 
believe that PK exposure matching could be widely leveraged as a general pathway to address 
lack of PK comparability for investigational drug products seeking FDA approval, as 
teplizumab is uniquely situated within the logistical and ethical challenges described earlier, as 
well as the unmet medical need. Furthermore, although the root cause of the differences in PK 
has not yet been elucidated for teplizumab, FDA will issue multiple postmarket commitments 
for the applicant to continue to investigate the issue (see Section 3 below). In addition, the 
statutory requirements for licensure of a biological product as biosimilar to a reference product 
would preclude use of this approach in that setting. 
 
Although not factored into the benefit-risk assessment of this application, the availability of 
teplizumab may enable population-based screening and intervention programs for type 1 
diabetes to expand beyond research settings.3 Whether screening is risk-based (e.g., family 
history) or age-based, enhanced screening could potentially identify a larger proportion of 
individuals at-risk for developing T1D at an early stage and alter the progression of disease. 
Studies suggest that early identification of at-risk patients lowers the rate of diabetic 
ketoacidosis (DKA) to less than 5%, compared to the estimated baseline frequency of DKA 

 
2 Ziegler AG, Kick K, Bonifacio E, Haupt F, Hippich M, Dunstheimer D, Lang M, Laub O, Warncke K, Lange K, 
Assfalg R, Jolink M, Winkler C, Achenbach P; Fr1da Study Group. Yield of a Public Health Screening of Children 
for Islet Autoantibodies in Bavaria, Germany. JAMA. 2020 Jan 28;323(4):339-351. doi: 
10.1001/jama.2019.21565. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6990943/  
3 Sims EK, Besser REJ, Dayan C, Geno Rasmussen C, Greenbaum C, Griffin KJ, Hagopian W, Knip M, Long AE, 
Martin F, Mathieu C, Rewers M, Steck AK, Wentworth JM, Rich SS, Kordonouri O, Ziegler AG, Herold KC; NIDDK 
Type 1 Diabetes TrialNet Study Group. Screening for Type 1 Diabetes in the General Population: A Status Report 
and Perspective. Diabetes. 2022 Apr 1;71(4):610-623. 
https://diabetesjournals.org/diabetes/article/71/4/610/144874/Screening-for-Type-1-Diabetes-in-the-General  
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of T1D are diagnosed annually in the US in children and adults ages 0-64 years.9 Chronic 
diabetes-related complications include both microvascular (retinopathy, nephropathy, and 
neuropathy) and macrovascular (cardiovascular disease, peripheral artery disease). Current 
T1D management focuses on matching exogenous insulin with food intake and daily activities, 
with the goal of normalizing average blood glucose levels, while avoiding hypoglycemia. 
Exogenous insulin (administered using basal and mealtime formulations) and pramlintide (an 
amylin analogue) are the only two approved therapies for treatment of T1D. Both medications 
reduce hyperglycemia but neither modifies the underlying autoimmune disease process. 
Moreover, insulin is associated with important safety risks including hypoglycemia and weight 
gain; pramlintide requires injections before each meal, must be separately injected from insulin 
at a different site, and requires careful monitoring and patient selection to avoid hypoglycemia, 
making it a therapeutic option that is not widely used in T1D management. 
 
T1D Stages 
T1D is a heterogeneous disorder that progresses through 4 sequential stages defined by the 
development of autoantibodies and blood glucose levels (see Figure 1). Not all individuals 
follow this exact sequence and there is wide variation in the rate of progression. 
 
• Stage 1 is defined as having ≥2 T1D-related autoantibodies, which include glutamic acid 

decarboxylase 65 (GAD65), insulinoma-associated antigen 2 autoantibody (IA-2A), 
insulin autoantibody (IAA), zinc transporter 8 (ZnT8), or islet cell autoantibodies (ICA).  

• Stage 2 is characterized by multiple autoantibodies plus dysglycemia (impaired glucose 
tolerance or fasting glucose), without overt hyperglycemia. 

• Stage 3 is defined by hyperglycemia with laboratories meeting traditional diabetes 
diagnostic criteria (glycated hemoglobin, fasting glucose, 2-hour plasma glucose on oral 
glucose tolerance testing). 

• Stage 4 is established T1D.  
 

 
9 Rogers MAM, Kim C, Banerjee T, Lee JM. Fluctuations in the incidence of type 1 diabetes in the United States 
from 2001 to 2015: a longitudinal study. BMC Med. 2017 Nov 8;15(1):199.  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5688827/  
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Figure 1 Stages of Type 1 Diabetes – TrialNet 

Source: https://twitter.com/t1d trialnet/status/1111314463179853825, based on Greenbaum CJ et al. Strength in 
Numbers: Opportunities for Enhancing the Development of Effective Treatments for Type 1 Diabetes-The 
TrialNet Experience. Diabetes. 2018 Jul;67(7):1216-1225.  
 
Children with only a single islet autoantibody have a ~15% risk of reaching Stage 3 T1D 
within 10 years. 10 Children with two or more autoantibodies (Stage 1) have a 44% 5-year risk 
and 80-90% 15-year risk of reaching Stage 3. The 5-year risk of progression is approximately 
75%, and the lifetime risk approaches 100%.11  
 
At diagnosis, symptoms are usually present (increased thirst and urination, blurred vision, 
unexplained weight loss, fatigue) and insulin therapy is initiated. However, clinical 
presentation may range from modest hyperglycemia to diabetic ketoacidosis (40-60%). It is 
estimated that approximately 60-90% of beta cell mass has been lost by the time of clinical 
diagnosis.12  
 

 
10 Besser REJ et al. ISPAD clinical practice consensus guidelines 2022: Stages of type 1 diabetes in children and 
adolescents. Pediatr Diabetes. 2022 Sep 30. https://onlinelibrary.wiley.com/doi/10.1111/pedi.13410  
11 Insel RA et al. Staging Presymptomatic Type 1 Diabetes: A Scientific Statement of JDRF, the Endocrine Society, 
and the American Diabetes Association. Diabetes Care 1 October 2015; 38 (10): 1964–1974. 
https://doi.org/10.2337/dc15-1419  
12 Powers AC. Type 1 diabetes mellitus: much progress, many opportunities. J Clin Invest. 2021 Apr 
15;131(8):e142242. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8262558/  
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Figure 2. Development of Diabetes in Children Stratified by Islet Autoantibody Outcome 
Source: Ziegler AG, Rewers M, Simell O, et al. Seroconversion to Multiple Islet Autoantibodies and Risk of 
Progression to Diabetes in Children. JAMA. 2013;309(23):2473–2479. 
https://jamanetwork.com/journals/jama/fullarticle/1697963  

 
T1D Incidence and Prevalence 
T1D accounts for approximately 80% of diabetes in children, with an estimated incidence of 
21.7 new cases of T1D per year per 100,000 population.13 The typical age of onset has a 
bimodal distribution, with one peak at ages 4 to 6 years and a second peak at ages 10 to 14. 
Approximately 30% of patients present after age 18. T1D occurs in all races and ethnicities but 
is more common among non-Hispanic whites. Relatives of patients with T1D have a 15-fold 
increased risk of disease compared to those without a relative (0.4% in the general population, 
6-7% in patients with sibling with T1D, 6-9% with parent with T1D); however, approximately 
90% with new onset T1D do not have a positive family history.14  
 
T1D Genetics 
Like other immune-mediated disorders, T1D is associated with specific genes located on 
chromosome 6p encoding human leukocyte antigen (HLA) molecules responsible for antigen 
presentation. HLA DR and DQ loci confer an estimated 30% to 50% of the genetic risk in 
T1D. The highest-risk HLA haplotypes are DRB1*03:01-DQA1*05:01-DQB1*02:01 (also 

 
13 Redondo MJ, Steck AK, Pugliese A. Genetics of type 1 diabetes. Pediatr Diabetes. 2018 May;19(3):346-353. 
https://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC5918237&blobtype=pdf  
14 Sims EK, et al.; NIDDK Type 1 Diabetes TrialNet Study Group. Screening for Type 1 Diabetes in the General 
Population: A Status Report and Perspective. Diabetes. 2022 Apr 1;71(4):610-623. 
https://diabetesjournals.org/diabetes/article/71/4/610/144874/Screening-for-Type-1-Diabetes-in-the-General  
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10/14/2022 Labeling Review, Ariane Conrad 
10/19/2022 Product Quality Review, Rachel Novak 
10/20/2022 Clinical Pharmacology Review and Pharmacometrics Review, Harisudhan 

Thanukrishnan / Elyes Dahmane 
 

3. Review Issue #1: Quality of the Commercial Product   
Teplizumab is recombinant humanized monoclonal IgG1 antibody derived from the parent 
murine monoclonal antibody OKT3 with additional leucine to alanine mutations at positions 
HC234 and HC235 (AlaAla) that reduces binding to Fc receptors and complement that can 
result in T cell activation and cytokine release syndrome. Across the teplizumab development 
program, the drug substance (DS) changed manufacturers over time. 
 

• Macrogenics, 2005 – 2008 
• Eli Lilly, 2008 – 2010 
• AGC Biologics, 2018 to present 

 
In Study TN-10 the drug substances used in trial subjects were manufactured by Macrogenics 
and Eli Lilly, while the planned commercial product is manufactured by AGC Biologics. 

3.1 Summary of First Review Cycle 
In the first review cycle, the product quality team consisted of Deborah Schmiel, Meng-Jung 
Chiang, and Jennifer Swisher (Team Lead). This team had 3 important conclusions, as 
described below (please refer to their review memo for further details): 
 
1. Lots manufactured at Macrogenics and Eli Lilly were analytically comparable: 

• “ProBio provided comparisons of the manufacturing processes, analytical methods, DS 
release assay results (both at release in section 3.2.S.4.4 and concurrent testing), some 
characterization assay results, and stability results for the comparability study. Three 
MacroGenics lots (QC05021, 060206001, and 060706001) and three Lilly lots 
(A573775, A573776, and A573777) were assessed in parallel by the following DS 
release assays: identity, appearance, protein content, pH, potency by CD3 competitive 
binding assay, SE HPLC, reduced and non-reduced SDS PAGE, charge isoforms by 
IEF, CHO DNA, host cell proteins (HCP),  
endotoxin, and bioburden.”  

• “Additional characterization assays were used to assess the same six lots from 
MacroGenics and Lilly that includes molecular mass by LC MS (deglycosylated intact, 
LC, and HC), free sulfhydryl content, structure by near and far UV CD, N-linked 
glycan profile, and peptide mapping for primary sequence and posttranslational 
modifications. The results from release and characterization assays from the 
MacroGenics and Lilly DS lots supported the comparability of the teplizumab DS 
manufactured by both processes.” 

 
2. Lots manufactured at Eli Lilly and AGC Biologics were analytically comparable: 
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• “The AGC lots appear to be comparable to the Lilly lots by the analytical methods and 
bioassays. The slight difference in glycan profiles between the AGC lots and the Lilly 
lots is not likely to impact teplizumab potency or stability.” 

• “ProBio provided comparisons of the manufacturing processes, analytical methods, DS 
release assay results (both at release in section 3.2.S.4.4 and concurrent testing), some 
characterization assay results, and stability results for the comparability study… The 
results from release and characterization assays from the MacroGenics and Lilly DS 
lots supported the comparability of the teplizumab DS manufactured by both 
processes.” 

• “Although there are significant differences in the N-linked glycosylation pattern in the 
lots manufactured at Lilly (represented by the [reference standard]) and the commercial 
lots manufactured at AGC, there should be little impact on teplizumab, in terms of 
potency or serum half-life, as the product is engineered to reduce Fc effector 
functions.” 

 
3. OBP Recommended a Complete Response Action 

• “OBP recommends a Complete Response action for the 351(a) BLA application from 
Provention Bio for TZIELD (Teplizumab) for intravenous administration due to 
several deficiencies that preclude the demonstration that the contract manufacturer 
AGC Biologics can manufacture Teplizumab to historic product quality standards and 
adequately monitor changes to product quality. Recent stability updates demonstrate 
results from the CEX HPLC assay are highly variable to a degree that a shelf life 
cannot be assigned for teplizumab drug substance and drug product. Moreover, the 
unreliability of the CEX HPLC assay results raises uncertainty in the stability 
comparison in the comparability study between Lilly and AGC Teplizumab lots.” 

 

3.2  Second Review Cycle 
In the second review cycle, the product quality team consisted of: 

 
 
In the second review cycle, the OBP had the following conclusions (please refer to their 
review memo for additional details): 
1. All product quality deficiencies listed in the CR letter were adequately addressed and 

the data submitted are sufficient to recommend approval. 
a. “The Office of Biotechnology Products, OPQ, CDER, has completed assessment of 

STN 761183 for Tzield manufactured by Provention Bio, Inc. The data submitted 
in this application are sufficient to support a conclusion that the manufacture of 
Tzield is well-controlled and will lead to a product that is pure and potent for the 
duration of the shelf-life. It is recommended that this product be approved for 
human use under conditions specified in the package insert.” 
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cytokine release syndrome). Exposure to teplizumab after BSA-based regimen was 
found to be independent of age and body weight. 

• No dose modifications are necessary based on intrinsic and extrinsic factors. 
• Across all studies, a majority (~60-70%) of study subjects developed anti-drug 

antibodies (ADA) to teplizumab in response to the single 14-day course. The impact of 
ADA on exposure is predicted to be minimal, as the time for onset and increase in 
ADA levels (> Days 28 post-first dose) lagged behind the maximal teplizumab serum 
concentrations (< Days 28 post-first dose), thereby minimizing the overlap of PK and 
ADA following the proposed single 14-day dosing regimen. 

 
In the CR letter, the Applicant was asked to establish PK comparability between the intended 
commercial product and the clinical trial product or provide other data to justify why PK 
comparability is not necessary. 
 
Table 4. Summary of Pharmacokinetic Parameters and Statistical Analysis of Cmax and 
AUCs (PRV-031-004) [Clinical Pharmacology Review Memo] 
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4.2.3 Investigating Causes of PK Differences: Immunogenicity  
OCP conducted additional investigation of the root cause of the PK differences, in 
collaboration with the Office of Biotechnology Products. They identified no product quality 
differences upon structural and functional analytical assessments that could fully explain the 
observed PK differences. Although minor differences in were identified, they 
were not considered to be the source of the observed PK differences. 
 
Additionally, OCP evaluated whether immunogenicity was a factor contributing to the 
observed PK differences but determined that it was unlikely to explain the difference in 
clearance between the teplizumab products. In both the single dose study and the PROTECT 
substudy, the emergence of anti-drug antibodies (ADAs) occurred beyond the time point when 
differences in serum drug concentrations were observed. In PROTECT, ADAs mainly 
appeared on Day 8 to Day 12 after treatment initiation, peaking at Day 56 to 91. Although 
ADAs were a statistically significant covariate in PK modeling and were estimated to increase 
drug clearance by 11-33% at the highest titer levels, the highest ADAs titers occurred after the 
full 14 day course in the PROTECT substudy, when teplizumab concentrations were relatively 
low (see Table 6 below). Similarly, ADA titers in the single dose study (PRV-031-004) 
appeared after Day 5 to Day 8, when teplizumab concentrations (from the AGC Biologics and 
Eli Lilly products) were already very low or below the quantifiable limit (see Table 7 below). 
The median half-life of the AGC Biologics product was 4.5 days (range 4.2 – 5 days).  
 
Table 6. Summary of ADA Titers in PROTECT Substudy 

 
Source: Clinical Pharmacology Review Memo, Table 11, page 34 of 62 
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Table 7. Summary of the ADA Titers in the Single Dose PK Bridging Study (PRV-031-
004) 

 
Source: Clinical Pharmacology Review Memo, Table 12, page 35 of 62 
 

4.2.4 Population PK-PD Model: PD Biomarker 
To facilitate the comparability assessment of the products, exploratory in vivo PD marker 
results from the PROTECT substudy were submitted as orthogonal markers to the PK 
information consisting of CD receptor occupancy (including occupancy in T cell subsets) and 
post-exposure total lymphocyte counts. Both products from AGC Biologics and Eli Lilly 
showed similar receptor occupancy when examined on different days of the regimen, 
suggesting comparable target engagement (see Figure 3). A similar trend of comparable 
coating for both products was also observed in the T-cell subsets CD4+CD- and CD4-CD8+ 
(data not shown). Moreover, OCP found that CD3 receptor occupancy increased in parallel 
with higher serum teplizumab concentrations after repeated dosing, indicating it is sensitive to 
changes in serum drug levels, despite being upstream in the mechanism of action for 
teplizumab (see Figure 4). Indeed, the relationship between CD3 occupancy and serum drug 
concentrations was similar between the two products across a broad range of concentrations. 
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Figure 3. Teplizumab Occupancy (%) on CD+ T Cells by Product in the PROTECT 
Substudy 
Source: Clinical pharmacology review memo, Figure 18, page 61 of 61. 

 
Figure 4. Scatter Plot of Serum Teplizumab Concentration vs. CD3 Receptor Occupancy 
by Product in the PROTECT Substudy 
Source: Clinical Pharmacology Review Memo, Figure 6, page 24 of 62. 
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Similarly, although not a primary PD marker of interest, the overall profile in the decline and 
recovery of lymphocyte counts was also superimposable for both products (see Figure 5). 
 

 
Figure 5. Mean (SD) of Lymphocyte Counts Baseline to Day 28 By Product in the 
PROTECT Substudy 
Source: Clinical Pharmacology Memo, Figure 7, page 25 of 62 

 

4.2.5 Population PK Model: Adjusted Dosing Regimen 
The population PK model was considered reliable to describe the PK and simulate the doses 
for exposure-matching of teplizumab. Using the model, an alternative exposure-adjusted 
dosing regimen with a higher cumulative dose for the to be marketed product was developed. 
The optimal adjusted dosing regimen for the AGC product was identified by the OCP to be: 65 
– 125 – 250 – 500 – (1030 x 10 days) μg/m2. 
 
Based on the model, OCP also determined that the AGC Biologics product has saturable 
binding to target CD3 receptors but no target-mediated elimination through intracellular 
internalization, suggesting the AGC Biologics product has linear non-specific elimination. 
Thus, the increase in AGC Biologics product dosage necessary for the purposes of exposure-
matching is not expected to saturate the elimination of teplizumab. Indeed, both teplizumab 
products have comparable median half-lives (4.5 and 4.4 days for the AGC and clinical trial 
product, respectively). 
 

4.2.6 Discussion and Conclusion 
 
The original international multicenter trial experienced significant challenges in recruiting 
subjects and issued protocol changes to reduce its target sample size and address barriers to 
recruitment, largely due to the absence of routine autoantibody screening and low prevalence. 
Thus, attempting to replicate the trial with the commercial drug product would result in 
substantial delay and is potentially not feasible. Given the substantial unmet medical need and 
positive TN-10 trial results, clinical equipoise would not exist to start a second trial, raising 
concerns about the ethics of initiating such a trial.  
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the belief autoantibody tests are already part of the current practice of medicine and are 
commonly used and well understood. DDLO agrees with this rationale and agrees that the 
autoantibody assays are not companion diagnostics. 
 
All forms of diabetes require assays for patient selection and those assays do not require 
parallel approval under companion diagnostics (e.g., HbA1c, fasting plasma glucose, oral 
glucose tolerance test). This is also true of autoimmune disorders other than T1D whose assays 
do not require companion diagnostics approval. We also believe that clinicians would 
accurately diagnose Stage 2 T1D with the currently available FDA cleared autoantibody assays 
and tests for glycemic status. Consensus guidelines establishing the diagnosis of Stage 2 T1D 
have been in existence since 2015 and continue to be promulgated and updated for both 
pediatric and adult T1D.10,11,19 These guidelines have expanded the types of acceptable tests to 
diagnose dysglycemia to include fasting plasma glucose and glycated hemoglobin A1c, and 
have also modified which antibody tests should be used to confirm autoimmunity in Stage 2 
T1D, indicative of efforts to help practicing clinicians improve their identification of this 
clinical entity. 
 
DDLO consulted CDRH for advice on this issue. Dr. Jessica Chu authored two review 
memorandums on the issue dated January 1, 2021, and June 17, 2022. They stated that 
although FDA cleared autoantibody tests exist that could potentially support labeling, there is 
insufficient data to support the performance of these tests in the intended use population (Stage 
2 T1D). Dr. Chu wrote, “Cleared autoantibody tests were cleared with the intended use of ‘aid 
in the diagnosis of Type 1 diabetes mellitus’, which is different from a test used to screen for 
individuals with Stage 2 T1DM eligible for teplizumab treatment… It is not clear that the 
sensitivity of the cleared tests would be the same for diagnosed T1D patients (studied in the 
cleared submissions) vs. stage 2 T1D patients and that the specificity of the cleared tests would 
be the same in the non-target disease groups (studied in the cleared submissions) vs. patients 
suspected of Stage 2 T1DM but determined to be ineligible for the drug.”21 However, DDLO 
noted that Stage 2 and Stage 3 T1D share the same underlying disease process and exist along 
the same clinical continuum. Thus, FDA-cleared assays approved to “aid in the diagnosis of 
T1D” are expected to perform similarly in Stage 2 T1D and Stage 3 because the same 
autoreactive antibodies are identified. Both Stage 2 T1D and Stage 3 T1D are characterized by 
the presence of two or more antibodies and the presence of dysglycemia. What distinguishes 
these disease stages is the proportion of remaining islet cells, and the extent of residual beta 
cell function determines when patients transition from impaired glucose intolerance (Stage 2) 
to an overt hyperglycemic state (Stage 3). 
 
Please note that assays for specific islet cell antigens (IAA, IA-2A, ZnT8, GAD65) were used 
to determine eligibility for 39 of the 44 teplizumab recipients and 28 of the 32 placebo 
recipients in TN-10. A laboratory-developed, CLIA cleared, ICA assay was also used to 
qualify eligibility for 9 total patients in TN-10: 5 in teplizumab group and 4 in the placebo 
group. However, the 2021 ADA and EASD consensus guidelines for adults with T1D states, 
“Islet cell antibody (ICA) measurement is no longer recommended because it is an imprecise 
biological assay that has been superseded by the direct measurement of single antibodies”; 

 
21 Chu, Jessica. CDRH Consult Review Memo, ICCR00851446, BLA 761183, June 17, 2022. 
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No treatment initiated  

* Subjects randomized prior to March 2021 received Eli Lilly product, while all subsequent 
participants received AGC Biologics product 
 

6.1 Deaths 
No new deaths were reported in the safety update. 
 

6.2 Serious Adverse Event (SAEs) 
 

A. PROTECT Study [PRV-031-001] 
As of the cutoff date, 14 (4.3%) subjects reported a total of 17 treatment-emergent SAEs. Dr. 
Wood Heickman concluded that the results from the blinded analysis of PROTECT were 
either expected adverse reactions associated with teplizumab (e.g., CRS, infection) or observed 
at similar or lower rates than the safety data reviewed in the first cycle. 
 

Table 9. Serious Adverse Events (Teplizumab and Placebo), PROTECT Study 

 
Source: Clinical Review Memo, Table 5, page 30 of 52 
 

B. TN-10 Extension [PRV-031-002] 
No SAEs reported in the TN-10 Extension study. 
 

C. Protégé Extension [CP-MGA031-02] 
Thirteen (7.2%) teplizumab subjects and none of the placebo subjects reported a total of 20 
SAEs in the Protégé Extension study. All SAEs for the long-term noninterventional Protégé 
Extension follow-up study were reported, at the earliest, approximately 2 years after 
enrollment. Dr. Wood Heickman concluded that no unexpected pattern of clustering of 
preferred terms was observed, and no new safety concerns were identified. I concur with her 
assessment. 
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Table 10. Serious Adverse Events, Protégé Extension Study 

 
Source: Clinical review memo, Table 5, page 31 of 52. 

6.5 Adverse Events of Special Interest (AESI) 
The AESI included infections, acute mononucleosis-like illness, lymphomas or other 
malignancies, hypoglycemia, liver function abnormalities, thrombocytopenia, hypersensitivity 
reactions, rash, cytokine release syndrome (CRS), severe lymphopenia (<500 mm3 for ≥7 
days).  
 

A. PROTECT Study [PRV-031-001] 
In PROTECT, 60 (18.3%) subjects had at least one AESI as shown in the table below.  

• Although major hypoglycemia was commonly reported, the occurrences are secondary 
to the study population of PROTECT which contains Stage 3 T1D subjects and these 
events are not expected in Stage 2 T1D patients.  

• While 8 subjects had lymphadenopathy, none were had positive CMV or EBV PCR 
tests.  

• Five subjects had an AESI of EBV test positive; all of which were asymptomatic, 
transient EBV reactivations.  

• Dr. Wood Heickman reviewed the blinded data on liver function abnormalities and 
concluded, “For cases of liver function test abnormalities, the current discontinuation 
criteria proposed in the labeling (ALT or AST >5x ULN and total bilirubin >3x ULN) 
appear to be appropriately protective, with the resolution of all cases of 
ALT/AST/bilirubin elevations following discontinuation at this threshold.” 

• Dr. Wood Heickman noted that, “There were no SAEs of rash in the safety update. 
Rash was noted as one of the common AEs for the PROTECT study 81/327 (24.8%), 
consistent with previous observations in the clinical program.” 
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Table 11. Adverse Events of Special Interest 

AESI Category  
Preferred Term  

N=327 n (%)  

Subjects with at least one AESI  60 (18.3)  
Major hypoglycemia  29 (8.9)  
Hypoglycemia (≥Grade 3)  29 (8.9)  
Acute mononucleosis-like illness  16 (4.9)  
Lymphadenopathy  8 (2.4)  
Epstein-Barr virus test positive  5 (1.5)  
Epstein-Barr viraemia  1 (0.3)  
Epstein-Barr virus infection  1 (0.3)  
Infectious mononucleosis  1 (0.3)  
≥Grade 3 liver function abnormalities  6 (1.8)  
Alanine aminotransferase increased  4 (1.2)  
Aspartate aminotransferase increased  3 (0.9)  
Blood bilirubin increased  1 (0.3)  
≥Grade 3 neutropenia  5 (1.5)  
Neutropenia  5 (1.5)  
≥Grade 3 rash  4 (1.2)  
Rash  3 (0.9)  
Dermatitis atopic  1 (0.3)  
Lymphocyte count <500 mm3 for 7 days or longer  3 (0.9)  
Lymphopenia  3 (0.9)  
Lymphomas or Other Malignancies  2 (0.6)  
Skin papilloma  2 (0.6)  
≥Grade 3 Infections  1 (0.3)  
Cellulitis  1 (0.3)  

 
B. TN-10 Extension [PRV-031-002] 

As of the cutoff date, no AESIs had been reported. 
 

C. Protégé Extension [CP-MGA031-02] 
In the Protégé Extension study, 5 (2.3%) subjects had an AESI; 4 (2.2%) subjects in the 
teplizumab group and 1 (2.6%) subject in the placebo group. The AESIs included EBV 
infection (1 teplizumab subject and 1 placebo subject); hypoglycemic seizure on Day 868 after 
teplizumab assessed not to be drug-related; and appendicitis perforated on Day 915 after 
teplizumab assessed not to be drug related and resolved without sequelae. 

6.6 PROTECT Study: Safety of AGC Biologics vs. Eli Lilly Product 
The Applicant submitted blinded safety data from PROTECT to assess the safety of the AGC 
Biologics vs. Eli Lilly product. The PROTECT study was initiated in 2019 with the Eli Lilly 
product and transitioned to the AGC Biologics product in March 2021, resulting in a shorter 
study follow-up period for subjects who received the AGC Biologics product. To compare the 
2 products, the Applicant evaluated safety during the first 30 days after the first course of 
treatment (data lock 24 Nov 2021). Since the PROTECT study is ongoing and blinded, the 
data represents events from subjects who either received teplizumab or placebo for both AGC 
Biologics and Eli Lilly. 
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• Patients in the AGC Biologics/placebo group had fewer SAEs and overall AEs than 
patients in the Eli Lilly/placebo group (Table 12).  

• Among commonly reported adverse events, patients receiving AGC Biologics/placebo 
reported slightly more vomiting, pyrexia and neutropenia. However, patients in this 
treatment group also reported less lymphopenia, hypotension, and cytokine release 
syndrome. 

• Although there were a slightly greater proportion of subjects with AESI in the AGC 
Biologics/placebo group compared to the Eli Lilly/placebo group, the imbalance was 
driven largely by hypoglycemic events that are related to the study population of Stage 
3 T1D and not likely to occur in the indicated population (Table 14). 

 
Overall, the safety profile is comparable in both groups, and no new risks were identified in 
subjects in patients in the AGC Biologics/placebo group, although the safety assessment is 
limited by study blinding. 
 
Table 12. Summary of Treatment Emergent Adverse Events in PROTECT by Product 
(Course 1, Days 1-30) 

Subjects with at least one AGC Biologics 
Teplizumab or Placebo 
N=103 

Eli Lilly 
Teplizumab or Placebo 
N=223 

 n (%) n (%) 
Treatment-emergent AE  85 (81.7%)  205 (91.9%)  
Treatment-emergent AESI  12 (11.5%)  22 (9.9%)  
Treatment-emergent SAE  1 (1.0%)  5 (2.2%)  
TEAE leading to death  0  0  

Source: Provention Bio Section 5.3.5.3 Safety Profile Eli Lilly vs AGC Biologics, Table 3, Page 6 of 12. 
 
 
Table 13. Summary of Commonly Reported Adverse Events (≥5% of Subjects) in 
PROTECT by Product (Course 1, Days 1-30) 

System Organ Class  
Preferred Term  

AGC Biologics  
Teplizumab or Placebo 
N=104 

Eli Lilly  
Teplizumab or Placebo 
N=223 

 n (%)  n (%) 
Metabolism and nutrition disorders    
Hypoglycemia  42 (40.4)  85 (38.1)  
Gastrointestinal disorders    
Nausea  26 (25.0)  55 (24.7)  
Vomiting  22 (21.2)  37 (16.6)  
Diarrhea  9 (8.7)  17 (7.6)  
Abdominal pain  3 (2.9)  21 (9.4)  
Abdominal pain upper  8 (7.7)  13 (5.8)  
Skin and subcutaneous tissue disorders    
Rash  23 (22.1)  51 (22.9)  
Rash maculo-papular  4 (3.8)  18 (8.1)  
Nervous System Disorders    
Headache  22 (21.2)  54 (24.2)  
Investigations    
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Lymphocyte count decreased  15 (14.4)  53 (24.8)  
White blood cell count decreased  12 (11.5)  39 (17.5)  
Neutrophil count decreased  8 (7.7)  20 (9.0)  
Alanine aminotransferase increased  7 (6.7)  17 (7.6)  
Blood and lymphatic system disorders    
Lymphopenia  13 (12.5)  25 (11.2)  
Neutropenia  11 (10.6)  13 (5.8)  
Leukopenia  11 (10.6)  12 (5.4)  
Combined lymphocyte count decrease and 
lymphopenia  

28 (26.9)  78 (34.9)  

Combined neutrophil count decreased and 
neutropenia  

19 (18.3)  32 (14.3)  

Combined white blood cell count decreased and 
leukopenia  

23 (22.1)  51 (22.9)  

Vascular Disorders    
Hypotension  2 (1.9)  21 (9.4)  
General disorders and administration site 
conditions  

  

Pyrexia  13 (12.5)  20 (9.0)  
Immune System Disorders    
Cytokine release syndrome  1 (1.0)  16 (7.2)  

Source: Provention Bio Section 5.3.5.3 Safety Profile Eli Lilly vs AGC Biologics, Table 4, Page 7 of 12. Original 
table modified with follow up data from a response to an FDA information request submitted under sequence 
number 75. 
 
 
Table 14. Summary of AESI in PROTECT by Product (Course 1, Days 1-30) 

 AGC Biologics Teplizumab or 
Placebo N=104  

Eli Lilly Teplizumab or 
Placebo N=223  

AESI Category  
Preferred Term  

n (%)  n (%)  

Subjects with at least one AESI  12 (11.5)  22 (9.9)  
Acute mononucleosis-like illness    
Lymphadenopathy  1 (1.0)  6 (2.7)  
Epstein-Barr virus test positive  0  4 (1.8)  
Infectious mononucleosis  0  1 (0.4)  
Major hypoglycemia    
Hypoglycemia (≥Grade 3)  4 (3.8)  3 (1.3)  
≥Grade 3 liver function 
abnormalities 

  

Alanine aminotransferase increased  1 (1.0)  3 (1.3)  
Aspartate aminotransferase increased  2 (1.9)  1 (0.4)  
Blood bilirubin increased  0  1 (0.4)  
Lymphocyte count <500 mm3 for 7 
days or longer  

  

Lymphopenia  1 (1.0)  2 (0.9)  
≥Grade 3 neutropenia   
Neutropenia  2 (1.9)  1 (0.4)  
≥Grade 3 rash    
Rash  0  3 (1.3)  
≥Grade 3 Infections    
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o The actual dosing regimen in TN-10 was described in the following manner to 
address the new dose-adjusted dosage regimen: “Patients in the TZIELD group had 
a total drug exposure that was comparable to the total drug exposure achieved with 
the recommended total TZIELD dosage [see Dosage and Administration (2.2)].” 

9. Postmarketing Recommendations 
The following postmarket requirements were issued. 
 

4359-1 
Conduct a 12-month single-arm, open-label study to assess the safety and pharmacokinetics 
(PK) of teplizumab in pediatric patients 0 to less than 8 years of age with two type-1 
diabetes (T1D)-related autoantibodies and dysglycemia (Stage 2 T1D) [Part A], followed by 
a 12-month open-label extension [Part B].  

Draft Protocol (Part A and Part B) Submission: November 2022 
Final Protocol (Part A and Part B) Submission: May 2023 
Part A Study Completion: October 2025 
Part A Final Report Submission: April 2026 
Part B Study Completion: October 2026 
Part B Final Report Submission: April 2027 

 
FDA determined that an analysis of spontaneous postmarketing adverse events reported under 
subsection 505(k)(1) of the FDCA will not be sufficient to identify an unexpected serious risk 
for the following adverse reactions: cytokine release syndrome, serious infections, 
hypersensitivity reactions, lymphoproliferative disorders, malignancy, and adverse pregnancy 
and birth outcomes. Furthermore, the active postmarket risk identification and analysis system 
as available under section 505(k)(3) of the FDCA will not be sufficient to assess these serious 
risks. Therefore, based on appropriate scientific data, FDA determined that the Applicant is 
required to conduct the following studies: 

4359-2 
Conduct an observational registry study to assess the long-term safety of teplizumab in 
patients with Stage 2 type 1 diabetes. The study should evaluate cytokine release 
syndrome, serious infections, hypersensitivity reactions, lymphoproliferative disorders, and 
malignancy. The registry should also collect information on women exposed during 
pregnancy to assess for adverse events related to pregnancy through the first year 
postpartum, and birth and developmental outcomes through the infant’s first year of life. 
The study design should include a comparator group and monitor patients for at least 10 
years after their first course of treatment. The study should enroll at least 150 subjects 
exposed to teplizumab and collect sufficient clinical information to assess for sources of 
confounding for the target outcomes.  

Draft Protocol Submission:  March 2023  
Final Protocol Submission:  September 2023 
Interim Report Submissions:  January 2024 

 January 2025 
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 January 2026 
 January 2027 
 January 2028 
 January 2029 
 January 2030 
 January 2031 
 January 2032 
 January 2033 
 January 2034 
 January 2035 
 January 2036 
Study Completion:  January 2037 
Final Report Submission:  September 2037  

 
 

4359-3 
Provide comparative safety data on the commercial formulation manufactured by AGC 
Biologics versus the TN-10 clinical trial product by submitting the clinical study reports 
for study PRV-031-001 (PROTECT), and study PRV-031-003 (PROTECT Extension) that 
seeks to collect an additional 42 months of long-term safety data in participants who 
complete the PROTECT study. The additional safety data from the PROTECT and 
PROTECT extension study will provide valuable additional data regarding the safety of 
the commercial formulation in a randomized setting, compared to the product used in the 
original teplizumab clinical trial. This additional data should help address the residual 
uncertainty regarding the minor structural differences that were noted in analytical studies 
to ensure there are no unexpected safety issues with the commercial formulation. The 
extension study will also provide longer term safety data (see PMR/PMC development 
template for additional details). 

PRV-031-001 PROTECT 
Study Completion: May 2023  
Final Report Submission: November 2023  

 
PRV-031-003 PROTECT Extension 
Study Completion: Nov 2026  
Final Report Submission: May 2027 

10. Recommended Comments to the Applicant 
All comments were already issued to the Applicant. 
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