 

[image: ]Information Pack
This document is intended to support healthcare professionals in completing formulary applications for Tzield® (teplizumab) in its indication to delay the onset of Stage 3 type 1 diabetes in adult and paediatric patients 8 years of age and older with Stage 2 type 1 diabetes (T1D).(TZIELD® SmPC) 
This promotional material was developed and funded by Sanofi and is intended for United Kingdom (UK) healthcare professionals only. 
This medicinal product is subject to additional monitoring. This will allow quick identification of new safety information. Adverse events should be reported. Reporting forms and information can be found at  www.mhra.gov.uk/yellowcard
or search for MHRA Yellow Card in the Google Play or Apple App Store. 
Adverse events should also be reported to the Sanofi drug safety department on Tel: 0800 0902 314. Alternatively, send via email to UK-drugsafety@sanofi.com

	Prescribing information for Tzield can be found by clicking this link or QR:
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Abbreviations
	AAbs
	Autoimmune antibodies

	ADA
	American Diabetes Association/antidrug antibodies

	ALT
	Alanine aminotransferase

	AST
	Aspartate aminotransferase

	AUC
	Area under the curve

	BMI
	Body mass index

	BSA
	Body surface area

	BSPED
	British Society for Paediatric Endocrinology and Diabetes

	CBC
	Complete blood count

	CGM
	Continuous glucose monitoring

	CI
	Confidence interval

	CMV
	Cytomegalovirus

	CRS
	Cytokine release syndrome

	CVD
	Cardiovascular disease

	DKA
	Diabetic ketoacidosis

	EBV
	Epstein-Barr virus

	ELSA
	Early surveillance for autoimmune diabetes

	EASD
	European Association of the Study of Diabetes

	FPG
	Fasting plasma glucose

	HbA1c
	Glycated haemoglobin

	HR
	Hazard ratio

	ICB
	Integrated Care Board

	IgG
	Immunoglobulin G

	IQR
	Interquartile range

	ISPAD
	International Society for Paediatric and Adolescent Diabetes

	mRNA
	Messenger ribonucleic acid

	NHS
	National Health Service

	NICE
	National Institute for Health and Care Excellence

	NSAID
	Non-steroidal anti-inflammatory drug

	PK
	Pharmacokinetic

	PVC
	Polyvinyl chloride

	OGTT
	Oral glucose tolerance test

	T1D
	Type 1 diabetes

	T1DRA
	Type 1 Diabetes Risk in Adults

	UK
	United Kingdom

	ULN
	Upper limit of normal
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Reason for addition to formulary
[bookmark: _Toc225253459]Background
Type 1 diabetes (T1D) is a chronic autoimmune disease in which T cells attack and destroy the insulin-producing beta cells in the pancreatic islets impacting a patient’s ability to produce insulin for metabolic control, resulting in hyperglycaemia.(DiMeglio, 2018; Pugliese, 2016)                                                                                                                 T1D accounts for 8% of the total number of diabetes cases in the UK.(Diabetes UK, 2025) According to Diabetes UK figures (2023/24), this number is estimated to be around 400,000.(Diabetes UK, 2025) 
The peak age for T1D diagnosis occurs in adolescence, although the disease can occur at any age.(Hormazábal-Aguayo, 2024; Leslie, 2021) In England and Wales, there has been an increasing incidence of T1D in people under 19 years of age. Between 2018-19 to 2021-22, the combined number of T1D cases in under 19s has risen annually from 3,420 to 4,390.(NHS Digital, 2023) Up to 50% of T1D cases occur in adulthood; however, these patients can often be misdiagnosed with type 2 diabetes, resulting in inappropriate management and increased risk of complications.(Bao, 2019)
Age of onset of Stage 3 T1D is an important determinant of survival. Diagnosis of Stage 3 T1D before 10 years of age resulted in reduced life expectancy of 16 years (95% confidence interval [CI], 15.7-16.4) whereas diagnosis after 20 years of age resulted in a reduced life expectancy of ~ 10 years[footnoteRef:2](Rawshani, 2018a; Rawshani, 2018b) [2: Data from the Swedish National Diabetes Registry. 27,195 adults with T1D and 135,178 matched controls from the general population were compared to examine how age at diagnosis of T1D relates to excess mortality and cardiovascular risk. Loss of life years was estimated using separate Cox regressions fitted to persons with T1D and their matched control within each age group. Conditional mean survival was estimated from the upper limit of each age interval. Life years lost due to T1D is calculated as the difference in the expected median survival between people with T1D and their matched control.(Rawshani, 2018a)] 

[bookmark: _Toc225253460]Burden of T1D
Mortality and long-term complications
Patients with T1D typically have an 11-15 year reduction in life expectancy.(NICE CKS, 2024) The increased mortality rate is largely due to the long-term complications associated with the disease:(NICE CKS, 2024; Secrest, 2018)

Microvascular complications
· Nephropathy — Almost 20% of people with diabetes require treatment for kidney disease during their lifetime and at least 10,350 people in the UK have end-stage kidney failure due to diabetes(NICE CKS, 2024)
· Retinopathy — Almost 50% of people with T1D develop diabetic retinopathy(NICE CKS, 2024)
· Neuropathy — Painful diabetic neuropathy affects up to a quarter of patients with diabetes and is a major risk factor for foot ulcerations, the leading cause of non-traumatic limb amputation(NICE CKS, 2024; NICE NG19, 2015)
Macrovascular complications
· T1D is associated with a 2–4-fold increased risk of cardiovascular disease (CVD) in adults aged over 40 years, especially with renal disease(NICE CKS, 2024)
· Compared with people without diabetes, people with T1D are more than 4 times as likely to have a heart attack, 4.5 times more likely to experience heart failure, and 3.5 times more likely to have a stroke(NICE CKS, 2024)
Diabetic ketoacidosis (DKA)
· DKA is a serious complication most associated with T1D.(NHS UK, 2023) In DKA, insulin deficiency causes ketones to build up in the blood, which can be life threatening and requires urgent hospital treatment.(NHS UK, 2023) DKA has a high mortality rate, accounting for more than 50% of all deaths in children with T1D.(Dhatariya, 2020) In the UK, 1 in 4 children newly diagnosed with T1D present with life-threatening DKA(Besser, 2022b)
Psychological complications 
· Around 40% of people with diabetes experience emotional or psychological problems, such as anxiety, depression, and diabetes-related emotional distress (which affects about 42% of adults with T1D).(NICE CKS, 2024) Poor emotional and psychological wellbeing negatively impacts quality of life, self-management, and glycaemic control(NICE CKS, 2024)
Healthcare system and wider societal impacts
The lifelong need for external insulin, along with morbidity and long-term complications associated with T1D, places a significant burden on both the NHS and society. The NHS spends approximately £1.6 billion annually on T1D, with 25% spent to treat T1D complications.(Hex, 2024) Beyond treatment costs, long-term complications have significant indirect impact on a societal level. About 14% of working-age people with severe visual impairment have type 1 or type 2 diabetes, and T1D leads to more than 8,500 leg, toe, or foot amputations annually,(NICE CKS, 2024) resulting in potential loss of productivity.(Hex, 2024)

[bookmark: _Toc225253461]Limitations of current T1D treatment and management
Insulin
The mainstay for T1D treatment is insulin, administered as injections or via an insulin pump. While significant advances in insulin analogue therapies and new devices have improved the quality of life of patients, there has been no means of addressing the pathogenesis of the disease.(Nagy, 2022; NICE NG17, 2022; NICE NG18, 2023) Optimal glycaemic control requires multiple dose insulin regimens, resulting in more than 1,460 insulin injections or more than 120 insulin pump changes yearly for the average symptomatic T1D patient.(Janež, 2020; Schmid, 2010) Even for those with access to appropriate treatment, maintaining glycaemic control remains a challenge.(Ramos, 2023; Subramanian, 2024)
Metformin
The National Institute for Health and Care Excellence (NICE) recommends considering the use of metformin as adjunct to insulin therapy in adult patients with T1D if they have a body mass index (BMI) of 25 kg/m2 or above (23 kg/m2 or above for people from South Asian and related family backgrounds) and they want to improve their blood glucose control while minimising their effective insulin dose.(NICE NG17, 2022) However, this use is off-label and not recommended in children and young people, because it is uncertain whether the insulin-metformin combination improves blood glucose management.(NICE NG17, 2022; NICE NG18, 2023)


[bookmark: _Toc225253462]T1D classification system
In 2015, a novel staging model that views T1D as a continuum that progresses sequentially at variable but predictable rates through distinct identifiable stages prior to the onset of symptoms was proposed.(Insel, 2015) In this model (Figure 1), patients with autoimmune antibodies (AAbs) typically progress through three clinically distinct stages as their beta cells are destroyed.(Insel, 2015)

[image: ]Figure 1: T1D stages
Adapted from Sims EK, et al. Diabetes.2022;71(40)610-623(Sims, 2022) and Phillip M, et al. Diabetes Care. 2024:47(8):1276-1298(Phillip, 2024)
[bookmark: _Toc225253463]This staging model has led to a major shift in focus for the development of treatments for T1D.  Disease-modifying therapy that impacts beta cell destruction may delay symptomatic disease onset.(Nagy, 2022) For the first time, patients with pre-symptomatic T1D may have a treatment option to alter the rate of disease progression. This puts an emphasis on early detection of patients at risk of developing symptomatic T1D (Stage 3). 
† Early stage = presymptomatic Stage 1 and Stage 2                                                                                                                                                                             *Some people with confirmed persistent prior multiple autoantibody positivity may revert to single autoantibody status or negative status.
Tzield (teplizumab) represents the next era in T1D treatment 
The discovery of the autoimmune targets of T1D has presented a way to alter the disease progression in a way that delays the need for insulin treatment.(Nagy, 2022)
Teplizumab is a first-in-class, humanised, anti-CD3 monoclonal antibody used to delay the onset of Stage 3 T1D in adult and paediatric patients 8 years of age and  older with Stage 2 T1D(diaTriab Learn, 2025; TZIELD® SmPC). It is the first and only approved immunomodulator that has been shown to interrupt the autoimmune attack and preserve beta cell function, thus slowing the progression of T1D.(Herold, 2019; TZIELD® SmPC)
Teplizumab is recommended by NICE, within its marketing authorisation(TZIELD® SmPC), as an option for delaying the onset of stage 3 type 1 diabetes (T1D) in people 8 years and over with stage 2 T1D, subject to the commercial arrangement as outlined in the NICE guidance(NICE TA1176, 2026).  Within the recommended population, teplizumab provides benefit and value for money(NICE TA1176, 2026).
Teplizumab has been shown to double the median time in which patients remain at Stage 2 T1D compared to placebo (48.4 months in the teplizumab group vs. 24.4 months in the placebo group (N=76; hazard ratio [HR] 0.41; 95% CI, 0.22–0.78; P=0.0066 by an adjusted Cox proportional hazards model stratified by age and oral glucose tolerance test [OGTT] status at randomisation).(Herold, 2019; TZIELD® SmPC)
In an extended follow-up analysis, after a median follow-up time of 7 years, 36.4% (n=16/44) of patients treated with teplizumab remained undiagnosed with Stage 3 autoimmune T1D compared with 12.5% (n=4/32) treated with placebo (P=0.03 Fisher’s exact test).(Lledó-Delgado, 2024)
Please see Clinical Efficacy section on page 33 for further details
[bookmark: _Toc225253464]Current treatment pathway
Treatment
There are currently no specific UK or NHS guidelines on the management of Stage 2 T1D. Teplizumab is a first-in-class treatment, representing the only therapy approved worldwide to delay the onset of Stage 3 T1D in adults and children 8 years of age and older with Stage 2 T1D.(TZIELD® SmPC) The only comparator described in the NICE Technology Appraisal for teplizumab (TA1176) is established clinical management without teplizumab (e.g., monitoring blood glucose, psychosocial support and education)(NICE TA1176, 2026). Therefore, indirect comparisons are not possible or relevant in this context. 
Monitoring
International guidelines recommend metabolic monitoring (i.e., HbA1c levels) to confirm glycaemic status in individuals with Stage 2 T1D, every 3 months in paediatrics and every 6 months in adults.(Phillip, 2024) The guidelines also recommend education and psychosocial support for individuals with Stage 2 T1D and their family members.(Phillip, 2024) In countries with approved therapeutic options for Stage 2 T1D or locations with access to intervention studies, children and adults with Stage 2 T1D should be referred to a clinical centre with expertise in the specific treatment.(Phillip, 2024) 
The 2024 international consensus monitoring guidelines that were initiated by Breakthrough T1D, endorsed by the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) and authored by an expert panel, including UK representatives, report an unmet need for evidence-based expert clinical advice for monitoring of islet autoantibodies in order to follow individuals with presymptomatic (Stage 1 or 2) T1D.(Phillip, 2024) 
Diagnosis
In England, NICE diagnostic criteria for T1D in children and adults do not include disease staging(NICE NG17, 2022; NICE NG18, 2023) and there are no extensive general population early detection programmes for presymptomatic Stage 2 T1D in place outside of research.(Besser, 2022b)
Stage 2 T1D requires both autoantibody (AAb) testing (≥2 islet AAbs) and evidence of dysglycaemia for identification(Sims, 2022). Currently, patients are identified through research studies (such as ELSA & T1DRA)(NHS UK, 2022; University of Bristol, 2023), clinical assessment, first-degree relative screening, or patient request. The NICE guidance for teplizumab acknowledges that new NHS testing pathways will need to be established to support its implementation(NICE TA1176, 2026). The relevant real-world costs of testing eligible FDRs have already been accounted for within the confidential net price agreed for teplizumab(NICE TA1176, 2026).
NICE's economic model reflects the expected first-degree relative (FDR) testing activity required to identify people eligible for treatment, based on up to 43 FDRs tested for every 1 person treated with teplizumab(NICE TA1176, 2026). This means FDR testing should not be viewed as a separate, unfunded activity sitting outside the NICE recommendation – it is part of the funded implementation pathway, and NHS funding is available to cover both teplizumab treatment and the associated FDR testing costs.
The availability of teplizumab is expected to incrementally increase the number of people that come forward to NHS-funded AAb testing, but the most likely cost-effectiveness estimates are within the range NICE considers an acceptable use of NHS resources(NICE TA1176, 2026).
First-degree relatives of people with type 1 diabetes represent the primary population for testing, as they have significantly higher risk compared to general population(Besser, 2022a).
The International Society for Paediatric and Adolescent Diabetes (ISPAD) note that early detection of T1D is primarily conducted via population-wide or genetic risk-stratified islet autoantibody identification.(Besser, 2022a) Glycaemic staging and ongoing monitoring should be offered to those with multiple islet autoantibodies, with the OGTT being recommended as the gold standard for staging T1D.(Besser, 2022a) People with multiple islet autoantibodies, as well as impaired fasting glucose (FPG of ≥100 and <126 mg/dL [5.6–6.9 mmol/L]) and glucose-tolerance (two-hour glucose of ≥140 and <200 mg/dL [7.8–11.1 mmol/L] during an OGTT), are classified as having Stage 2 T1D as per the ISPAD guidelines.(Besser, 2022a) Consensus guidelines also include other methodology to determine dysglycaemia (e.g., random venous glucose, HbA1c or continuous glucose monitoring.(Besser, 2022a)
Additional UK-specific monitoring guidelines from the British Society for Paediatric Endocrinology and Diabetes (BSPED) recommend that paediatric patients (≤ 17 years) who test positive for 1 AAb should be monitored for AAb status, random glucose and HbA1c at a frequency based on age – for those ≤ 3 years old, monitor every 6 months for 3 years then annually for 3 more years; those > 3 years old should be monitored annually for 3 years.(Besser, 2025) For patients who test positive for ≥ 2 AAbs, disease stage should be established based on HbA1c and progression monitored by HbA1c or random glucose testing every 3 months in those < 3 years of age, every 6 months if 3-9 years old and annually for those ≥ 9 years old.(Besser, 2025) For those at Stage 2, monitoring for progression should take place every 3 months based on HbA1c, random glucose or, if available, continuous glucose monitoring (CGM).(Besser, 2025)
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Table 1: Key medicine details
	Name
	Non-proprietary name
Teplizumab (TZIELD® SmPC)
Brand name
Tzield (TZIELD® SmPC)

	Strength and formulation
	Each vial contains 2 mg/2 mL concentrate for solution for infusion(TZIELD® SmPC)

	Licensed indication
	Teplizumab is indicated to delay the onset of Stage 3 type 1 diabetes in adult and paediatric patients 8 years of age and older with Stage 2 type 1 diabetes (T1D)(TZIELD® SmPC)

	Mechanism of action
	[bookmark: _Int_2SAL59gt]Teplizumab binds to CD3 (a cell surface antigen present on T lymphocytes) and delays the onset of Stage 3 type 1 diabetes in adults and paediatric patients aged 8 years and older with Stage 2 type 1 diabetes. The mechanism may involve partial agonistic signalling and deactivation of pancreatic beta cell autoreactive T lymphocytes. Teplizumab leads to an increase in the proportion of regulatory T cells and of exhausted CD8+ T cells in peripheral blood (TZIELD® SmPC)

	Method of administration
	Administer teplizumab by intravenous infusion over a minimum of 30 minutes for 14 consecutive days. Do not administer two doses on the same day (TZIELD® SmPC)

	Dosing and administration
	Patient selection 
Select adult and paediatric patients 8 years of age and older for teplizumab treatment who have a diagnosis of Stage 2 type 1 diabetes.(TZIELD® SmPC)
· Confirm Stage 2 type 1 diabetes by documenting:(TZIELD® SmPC)
· At least two positive pancreatic islet cell autoantibodies
· Dysglycaemia without overt hyperglycaemia 
· Ensure the clinical history of the patient does not suggest type 2 diabetes(TZIELD® SmPC)
Laboratory evaluation and vaccination prior to initiation 
· Prior to initiating teplizumab obtain a complete blood count and liver enzyme tests(TZIELD® SmPC)
· Use of teplizumab is not recommended in patients with:(TZIELD® SmPC)
· Lymphocyte count less than 109 lymphocytes/L 
· Haemoglobin less than 100 g/L 
· Platelet count less than 150 x 109 platelets/L 
· Absolute neutrophil count less than 1.0 x 109 neutrophils/L in those of African descent and less than 1.5 x 109 neutrophils/L in all other groups 
· Elevated alanine aminotransferase (ALT) or aspartate aminotransferase (AST) greater than 2 times the upper limit of normal (ULN) or bilirubin greater than 1.5 times ULN 
· Laboratory or clinical evidence of acute infection with Epstein-Barr virus (EBV) or cytomegalovirus (CMV)
· Active serious infection or chronic active infection other than localised skin infections 
· Administer all age-appropriate vaccinations prior to starting teplizumab:(TZIELD® SmPC)
· Administer live-attenuated (live) vaccines at least 8 weeks prior to treatment
· Administer inactivated (killed) vaccines or mRNA vaccines at least 2 weeks prior to treatment
Premedication 
Premedicate prior to teplizumab infusion for the first 5 days of dosing with: (1) a non-steroidal anti-inflammatory drug (NSAID) or paracetamol, (2) an antihistamine, and/or (3) consider use of an antiemetic. Administer additional doses of premedication if needed.(TZIELD® SmPC)

Posology 
Administer teplizumab by intravenous infusion (over a minimum of 30 minutes), using a body surface area-based dosing (BSA), once daily for 14 consecutive days as follows:(TZIELD® SmPC)
· Day 1: 65 mcg/m2
· Day 2: 125 mcg/m2 
· Day 3: 250 mcg/m2
· Day 4: 500 mcg/m2
· Days 5 through 14: 1,030 mcg/m2
Do not administer two doses on the same day.(TZIELD® SmPC) 
Missed dose(s)
If a planned teplizumab infusion is missed, resume dosing by administering all remaining doses on consecutive days to complete the 14-day treatment course.(TZIELD® SmPC)

	Special populations
	Elderly patients
Clinical studies of teplizumab did not include patients 65 years of age and older.(TZIELD® SmPC)
Paediatric patients 
The safety and efficacy of teplizumab in children younger than 8 years of age has not been established. No data are available.(TZIELD® SmPC)

	Contraindications
	Contraindications
Hypersensitivity to the active substance or to any of the excipients:(TZIELD® SmPC)
· Dibasic sodium phosphate (E339)
· Monobasic sodium phosphate (E339)
· Polysorbate 80 (E433)




	Special warnings and precautions
	Cytokine release syndrome (CRS)
CRS has been observed in patients treated with teplizumab. In clinical trials, CRS was reported in 6% (n=46/791) of patients treated with teplizumab compared to 1% (n=3/245) of patients in the control group during the treatment period and through 28 days after the last study drug administration. CRS manifestations in patients treated with teplizumab included fever, nausea, fatigue, headache, myalgia, arthralgia, increased ALT, increased AST, and increased total bilirubin. These manifestations typically occurred during the first 5 days of teplizumab treatment. 
In clinical trials, most, 88% (n=43/49), CRS events were grade 1 or 2 in severity and treated with non-prescription medications*(Herold, 2019)
To mitigate CRS:(TZIELD® SmPC)
· Premedicate with antipyretics, antihistamines and/or antiemetics prior to teplizumab treatment (see premedication section)
· Monitor liver enzymes and bilirubin during treatment. Discontinue teplizumab treatment in patients who develop elevated ALT or AST more than 5 times the upper limit of normal (ULN) or bilirubin more than 3 times ULN
· Treat symptoms of CRS with antipyretics, antihistamines and/or antiemetics. If severe CRS develops, consider temporarily pausing dosing for 1-2 days (and administer the remaining doses to complete the full 14-day course on consecutive days) or discontinuing treatment
*CRS grades range from 1 (mild) to 4 (severe)(Shimabukuro-Vornhagen, 2018)
Serious infections
Bacterial and viral infections have occurred in patients treated with teplizumab. In clinical trials, patients treated with teplizumab had a higher rate of serious infections (3.5%) than patients in the control group (2%), including gastroenteritis, cellulitis, pneumonia, abscess, sepsis. Epstein-Barr virus (EBV) reactivation may occur in patients treated with teplizumab. In patients with co-morbid conditions predisposing them to significant immunocompromise, clinical course of EBV reactivation may present with increased severity. (TZIELD® SmPC)
Patients should be tested for active EBV and CMV infection prior to starting treatment. Use of teplizumab is not recommended in patients with active serious infection, laboratory or clinical evidence of acute infection with EBV or CMV, or chronic infection other than localised skin infections. Lymphocyte count monitoring requirements and discontinuation recommendations should be followed.(TZIELD® SmPC)
Monitor patients for signs and symptoms of infection, including viral reactivation, during and for at least 2 months after the last teplizumab treatment dose. If viral reactivation is suspected, viral load should be assessed (e.g., PCR). If serious infection or viral reactivation develops, treat appropriately. If these infections occur during treatment discontinue teplizumab. (TZIELD® SmPC)
Lymphopenia
In clinical trials, 80% of patients treated with teplizumab developed lymphopenia compared to 17% of patients in the control group. For most patients treated with teplizumab who experienced lymphopenia, lymphocyte levels began to recover after the fifth day of treatment and returned to pre-treatment values within two weeks after treatment completion and without dose interruption. Severe lymphopenia (<0.5 x 109 cells/L) lasting 1 week or longer occurred in 0.9% of patients treated with teplizumab and 0.5% of patients treated with teplizumab permanently discontinued teplizumab because of lymphopenia.(TZIELD® SmPC)
Monitor white blood cell counts during the treatment period. If prolonged severe lymphopenia (<0.5 x 109 cells/L) lasting 1 week or longer) develops, discontinue teplizumab.(TZIELD® SmPC)
Hypersensitivity reactions
Acute hypersensitivity reactions including serum sickness, angioedema, urticaria, rash, vomiting and bronchospasm occurred in patients treated with teplizumab. If severe hypersensitivity reactions occur, discontinue use of teplizumab and treat promptly.(TZIELD® SmPC)
Vaccinations
The safety of immunisation with live-attenuated vaccines in patients treated with teplizumab has not been studied. Additionally, teplizumab may interfere with the immune response to vaccination and decrease vaccine efficacy.(TZIELD® SmPC)
· Administer all age-appropriate vaccinations prior to starting teplizumab
· Inactivated or mRNA vaccinations are not recommended within the 2 weeks prior to teplizumab treatment, during treatment, or 6 weeks after completion of treatment
· Live-attenuated vaccinations are not recommended within the 8 weeks prior to teplizumab treatment, during treatment, or up to 52 weeks after treatment
Concomitant Immunosuppressive Medication
In type 1 diabetes studies, the safety and efficacy of teplizumab in combination with immunosuppressive medication have not been evaluated. Caution should be exercised when considering concomitant use of immunosuppressive medication.

	Drug interactions
	No drug interaction studies have been performed.(TZIELD® SmPC)

	Fertility, pregnancy and lactation
	Pregnancy
Available case reports from clinical trials with teplizumab are insufficient to identify a drug-associated risk of major birth defects, miscarriage or other adverse maternal or foetal outcomes.(TZIELD® SmPC)
An embryo-foetal toxicity study with a surrogate anti-mouse CD3 antibody in mice showed an increased in post-implantation loss in the presence of maternal toxicity.(TZIELD® SmPC)
Although there are no data on teplizumab, monoclonal antibodies can be actively transported across the placenta, and teplizumab may cause immunosuppression in the utero-exposed infant. To minimise exposure to a foetus, avoid use of teplizumab during pregnancy and for at least 30 days prior to planned pregnancy.(TZIELD® SmPC)
Breast-feeding
There are no data on the presence of teplizumab in human milk, effects on milk production, or effects on the breastfed child. In a pre- and postnatal development toxicity study in mice, it was suggested that the surrogate antibody was present in the milk of lactating mice.(TZIELD® SmPC)
As endogenous maternal IgG and monoclonal antibodies are transferred into human milk, a lactating woman may interrupt breastfeeding and pump and discard breast milk during treatment and for 20 days after teplizumab administration to minimise drug exposure to a breastfed child.(TZIELD® SmPC)
Fertility
There are no clinical data available for teplizumab on the effects on fertility. Fertility and reproductive performance were unaffected in female and male mice treated with a surrogate anti-mouse CD3 antibody.(TZIELD® SmPC)

	Adverse reactions
	Adverse reactions in patients treated with teplizumab were evaluated in a pool of adult and paediatric patients who participated in five controlled clinical studies (one study in patients with Stage 2 T1D) [Study TN-10], three placebo-controlled studies in an unapproved population, one open-label standard-of-care controlled study of teplizumab in an unapproved population).(TZIELD® SmPC)
Lymphopenia, leukopenia, neutropenia, blood bicarbonate decreased, and rash were the most frequently reported adverse reactions, which occurred at a higher frequency in the teplizumab group compared to the control group.(TZIELD® SmPC) 
For full details, please see Teplizumab safety profile section.

	Excipients
	Sodium
This medicinal product contains less than 1 mmol sodium 
(23 mg) per vial, that is to say essentially ‘sodium-free’. Teplizumab is administered in 0.9% sodium chloride intravenous solution.(TZIELD® SmPC)
Polysorbate 80
This medicinal product contains 0.10 mg of polysorbate 80 in each vial which is equivalent to 0.05 mg/mL.(TZIELD® SmPC)




	Overdose
	Signs and symptoms
There is no clinical experience with overdose with teplizumab.(TZIELD® SmPC)
Management
In the event of taking more than the recommended dose of teplizumab, monitor the patient for signs or symptoms of adverse effects and take all appropriate measures immediately. Clinical judgement should be applied.(TZIELD® SmPC)

	Special precautions for disposal and other handling


	Preparation for intravenous administration(TZIELD® SmPC)
· Must dilute teplizumab prior to use
· In preparation for dilution, inspect teplizumab visually before use (the supplied solution is clear and colourless). Do not use teplizumab if particulate matter or colouration is seen
· Prepare teplizumab using aseptic technique. Each vial is intended for single dose only
· Prepare a:
· Sterile glass vial with 18 mL of 0.9% sodium chloride solution for injection or
· Polyvinylchloride (PVC) infusion bag with 18 mL of 0.9% sodium chloride solution for injection
· Remove 2 mL of teplizumab from the vial and slowly add to the 18 mL of 0.9% sodium chloride solution for injection. Mix gently by slowly inverting the vial or rocking the infusion bag. The resulting 20 mL diluted solution contains 100 mcg/mL of teplizumab
· Using an appropriately sized syringe (e.g., 5 mL), withdraw the volume of diluted teplizumab solution required for that day’s calculated dose from the 100 mcg/mL solution
· Slowly add contents of the syringe containing the teplizumab dose to a PVC infusion bag containing 25 mL 0.9% sodium chloride solution for injection. Gently rock the infusion bag to ensure that the solution mixes sufficiently. Do not shake
Important:
· Based on BSA dosing requirements (e.g., >1.94 m2), 2 vials may be needed for days 5 through 14. To make sure the complete dose for each day is contained in 1 infusion bag:
· Prepare 2 dilution solutions
· Add the cumulative volume for the calculated dose to a single infusion bag
· Discard unused portion of remaining diluted teplizumab solution in the sterile glass vial or PVC infusion bag
· Start the teplizumab infusion within 2 hours of preparation. If not used immediately, store the infusion solution at room temperature (15°C to 30°C) and complete infusion within 4 hours of the start of preparation. Discard the infusion solution if not administered within 4 hours of preparation
Disposal
Any unused medicinal product or waste material should be disposed of in accordance with local requirements.(TZIELD® SmPC)
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Teplizumab is a single-course treatment, administered by intravenous infusion over a minimum of 30 minutes, and completed over 14 consecutive days.(TZIELD® SmPC)
Table 2: Teplizumab service considerations
	Prior to administration
	Blood test: Complete blood count and liver enzyme test*
Vaccines: Administer all age-appropriate vaccines**

	Infusion 
preparation
	Each vial is for single use only
Two vials may be needed for days 5–14 (Based on BSA dosing requirements [e.g., >1.94 m2])

	Daily premedication†
	Days 1–5, continue as necessary
· NSAID or paracetamol
· Antihistamine and/or antiemetic

	Administration
	Administer teplizumab as a single-course treatment completed over 14 consecutive days
Each infusion should be administered over a minimum of 30 minutes, using BSA dosing
Infusions should be started within 2 hours of preparation and completed within 4 hours of preparation

	Daily monitoring†
	Liver enzymes and bilirubin†
Signs and symptoms of infection‡
White blood cell count§
Adverse reactions

	Staffing time
	Estimated 90 minutes, not including pre-infusion consultations and blood tests or post-infusion follow-up


*Use of teplizumab is not recommended in patients with:(TZIELD® SmPC)
· Lymphocyte count <109 lymphocytes/L
· Haemoglobin <100 g/L
· Platelet count <150 x 109 platelets/L
· Absolute neutrophil count <1.0 x 109 in those of African descent and <1.5 x 109 neutrophils/L in all other groups
· Elevated ALT or AST >2 x ULN or bilirubin >1.5 x ULN
· Active serious infection or chronic active infection, laboratory or clinical evidence of acute infection with EBV or CMV, or chronic infection other than localised skin infections. Lymphocyte count monitoring requirements and discontinuation recommendations should be followed.
**Administer live-attenuated vaccines at least 8 weeks prior to treatment. Administered inactivated (killed) vaccines or mRNA vaccines at least 2 weeks prior to treatment.(TZIELD® SmPC)


†To mitigate CRS:(TZIELD® SmPC)
· Premedicate with antipyretics, antihistamines and/or antiemetics prior to treatment for the first 5 days
· Monitor liver enzymes and bilirubin during treatment. Discontinue treatment in patients who develop elevated ALT or AST > 5 x ULN or bilirubin > 3 x ULN 
· Treat symptoms of CRS with antipyretics, antihistamines and/or antiemetics. If severe CRS develops, consider temporarily pausing dosing for 1-2 days (and administer the remaining doses to complete the full 14-day course on consecutive days) or discontinuing treatment

‡Bacterial and viral infections have occurred in patients treated with teplizumab. ). Epstein-Barr virus (EBV) reactivation may occur in patients treated with teplizumab. In patients with co-morbid conditions predisposing them to significant immunocompromise, clinical course of EBV reactivation may present with increased severity. Patients should be tested for active EBV and CMV infection prior to starting treatment. Use of teplizumab is not recommended in patients with active serious infection, laboratory or clinical evidence of acute infection with EBV or CMV, or chronic infection other than localised skin infections. Lymphocyte count monitoring requirements and discontinuation recommendations should be followed.
Monitor patients for signs and symptoms of infection, including viral reactivation, during and for at least 2 months after the last teplizumab treatment dose. If viral reactivation is suspected, viral load should be assessed (e.g., PCR). If serious infection or viral reactivation develops, treat appropriately., If these infections occur during treatment and discontinue teplizumab. (TZIELD® SmPC)

§In clinical trials, 80% of patients treated with teplizumab developed lymphopenia compared to 17% of patients in the control group. For most patients treated with teplizumab who experienced
lymphopenia, lymphocyte levels began to recover after the fifth day of treatment and returned to pre-treatment values within two weeks after treatment completion and without dose interruption. Severe lymphopenia (<0.5 x 109 cells/L) lasting 1 week or longer occurred in 0.9% of patients treated with teplizumab, and 0.5% of patients treated with teplizumab permanently discontinued teplizumab because of lymphopenia. Monitor white blood cell counts during the treatment period. If prolonged severe lymphopenia (<0.5 x 109 cells/L lasting 1 week or longer) develops, discontinue teplizumab.


[bookmark: _Toc225253467]Proposed positioning in the patient pathway
Proactive management of autoimmune T1D may require service evolution. A proposed patient pathway is outlined in Figure 2.
[image: ]Figure 2: Patient pathway prototype





[bookmark: _Toc225253468]Equity of access
Equity of access should be considered during service planning for patients who live further away from infusion centres. Patients should receive treatment for 14 consecutive days.(TZIELD® SmPC)
[bookmark: _Toc225253469]Environmental impact and sustainability
Delaying the start of insulin therapy in patients with T1D may lead to a reduction in single use plastics.
Single-use plastic is an important component of insulin pens, continuous glucose sensors, test strips and lancets.(BMC Medicine, 2023) Almost 77% of insulin pens are formed from plastic which is disposed of in landfills.(BMC Medicine, 2023)
Sanofi is committed to sustainability and reducing the environmental impact of its products. The company has achieved a 47% reduction in greenhouse gas (GHG) emissions (Scopes 1 and 2) as of 2024 compared to 2019 https://www.sanofi.com/en/our-company/sustainability and from 2025 all new medicines and vaccines will embed environmental sustainability at every stage of a products’ life cycle https://www.sanofi.com/en/our-company/sustainability/environmental-impact-and-healthcare-systems-resilience.
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Financial implications 
Teplizumab is anticipated to be listed as a high-cost drug excluded from the NHS England Payment System price calculations and be commissioned by Integrated Care Boards (ICBs). 
[bookmark: _Toc225253471]Teplizumab UK pricing and purchasing
The NHS list price of Tzield (teplizumab) is £10,939.12 per pack of 1 x 2ml vial.
Orders can be made through AAH and Phoenix using PIP code 4350732.
[bookmark: _Toc225253472]Estimated patient numbers
The eligible population based on the indication – to delay the onset of Stage 3 T1D in adults and paediatric patients 8 years of age and older with Stage 2 T1D has been calculated in Table 3.
Table 3: Teplizumab estimated eligible population
There is currently no national screening program for people with stage 1 or stage 2 diabetes. Those people who are known, and potentially eligible for teplizumab, will most likely have been identified either from UK research studies (ELSA for paediatrics and T1DRA for adults) or via ad hoc testing of first-degree relatives (FDR) with T1D via clinical teams.
Since April 2024 there has been a SNOMED code in place for presymptomatic T1D. However, awareness and use of the code is low, therefore clinical system searches for eligible patients are unlikely to be effective.
· Current research studies screen 0.06% of the population (based on 40,000 tests currently available and UK population mid-2023 of 67,602,800)(Diabetes UK, 2024; Office for National Statistics, 2024). In a 1 million population therefore approximately 600 people will be tested
· It is not known how many first-degree relatives are tested each year in each region, or nationally
The following tables are an indication of the potential numbers of patients who may be eligible for teplizumab identified via early detection studies or FDR testing.

Modelling would suggest between ~1 to 7 Stage 2 patients per 1 million population per year could be identified over the next 1-5 years. This depends on
· Uptake and continuation of ELSA/T1DRA studies
· The extent of first-degree relative testing locally and retesting of Stage 1 patients
· The number of patients identified incidentally / ad hoc in diabetes clinics

	If 100 first-degree relatives are auto-antibody tested via ad hoc testing by clinical teams

	
	%
	Numbers of patients

	2.6% have 2 auto-antibodies. Stage 1 T1D(Sims, 2022)
	2.6
	3

	10% have dysglycaemia. Stage 2 T1D(Quinn, 2023)
	10
	0.3


Based on the above table, expected number of people who may be eligible for teplizumab per 1 million population, if 100 people with a FDR were auto-antibody tested via ad-hoc testing by clinical teams:
	Year
	Stage 1 people detected cumulative
(Sims, 2022)
	Stage 2 people detected 
EACH year
(Quinn, 2023)
	Stage 1 people detected who will PROGRESS to Stage 2 EACH year (21%)
(Sosenko, 2009)
	Total number of people 
in Stage 2 
each year

	1
	~3
	0.3
	
	0.3

	2
	3+3 = 6
	0.3
	6x21%=1.3
	0.3+1.3 = 1.6

	3
	3+6 = 9
	0.3
	9x21%=1.9
	0.3+1.9 = 2.2

	4
	3+9 = 12
	0.3
	12x21%=2.5
	0.3+2.5 = 2.8

	5
	3+12 = 15
	0.3
	15x21%=3.2
	0.3+3.2 = 3.5






	Of the 600 people per million population screened by ELSA/T1DRA:

	
	Numbers of patients

	0.5% have 2 auto-antibodies. Stage 1 T1D(McQueen, 2020)
	3

	10% have dysglycaemia. Stage 2 T1D(Quinn, 2023)
	0.3


Based on the above table, expected number of people who may be eligible for teplizumab per 1 million population via screening 600 people in research studies: 
	Year
	Stage 1 people detected cumulative
(Sims, 2022)
	Stage 2 people detected
 EACH year
(Quinn, 2023)
	Stage 1 people detected who will PROGRESS to Stage 2 EACH year (21%)
(Sosenko, 2009)
	Total number of people 
in Stage 2 
each year

	1
	~3
	0.3
	
	0.3

	2
	3+3 = 6
	0.3
	6x21%=1.3
	0.3+1.3 = 1.6

	3
	3+6 = 9
	0.3
	9x21%=1.9
	0.3+1.9 = 2.2

	4
	3+9 = 12
	0.3
	12x21%=2.5
	0.3+2.5 = 2.8

	5
	3+12 = 15
	0.3
	15x21%=3.2
	0.3+3.2 = 3.5
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Clinical efficacy
The safety and efficacy of Tzield (teplizumab) was investigated in a phase 2 randomised, double-blind, event-driven, placebo-controlled study in 76 patients, 8 to 49 years of age with Stage 2 T1D and who had a relative diagnosed with Stage 3 T1D (Study TN-10).(Herold, 2019; TZIELD® SmPC)
[bookmark: _Toc225253474]Inclusion criteria(Herold, 2019; TZIELD® SmPC)
· Non-diabetic relatives of patients with T1D
· ≥8 years old (protocol amendment in 2014 allowed the enrolment of participants <18 years old who had a single abnormal OGTT result)
· At high risk of developing clinical diabetes
· ≥2 diabetes-related AAbs detected in two samples obtained within 6 months of randomisation
· Evidence of dysglycaemia* during OGTT
· 2-hour postprandial plasma glucose level ≥7.8 mmol/L and <11.1 mmol/L OR an intervening postprandial glucose level at 30, 60, or 90 minutes of >11.1 mmol/L on two occasions within 52 days of enrolment
*Dysglycaemia defined as fasting glucose level 6.1–6.9 mmol/L
[bookmark: _Toc225253475]Trial design
Patients were randomised in a 1:1 ratio to receive teplizumab or placebo once daily by intravenous infusion for 14 days. Patients in the teplizumab group had a total drug exposure that was comparable to the total drug exposure achieved with the recommended total teplizumab dosage. Randomisation was stratified according to TrialNet site, age (<18 years or ≥18 years), and second OGTT result before treatment (impaired tolerance, normal tolerance, or diabetes). The treatment-group assignments were double masked. Participants received a 14-day outpatient course of teplizumab or saline to be administered intravenously in a clinical research centre. Teplizumab was given at a dose of:(Herold, 2019; TZIELD® SmPC) 
· Day 0: 51 mcg /m2 of body surface area 
· Day 1: 103 mcg/m2
· Day 2: 207 mcg /m2
· Day 3: 413 mcg/m2
· Day 4-13: 826 mcg/m2
Note: The manufacturing process for teplizumab was updated and moved to a new facility in 2018. This resulted in a new drug product being manufactured, further referred to as the commercial product. To demonstrate the pharmacokinetic (PK) comparability between the clinical trial product and the planned commercial product, a single dose comparability study and a PK sub-study was conducted. It highlighted the lower drug exposure (AUCinf) of the commercial product compared with the clinical trial product. This resulted in the validation of an alternative 14-day dosing regimen of the commercial product with a higher cumulative dose to match the drug exposure of the TN-10 clinical trial product. Aligned with this validation, the licensed dosing regimen for teplizumab is detailed in the Dosing and administration section. 
Baseline characteristics for the trial participants are detailed in Table 4.
Table 4: Baseline characteristics in Study TN-10* (Herold, 2019; TZIELD® SmPC)
	
	Teplizumab
n=44/76
	Placebo
n=32/76

	Age (years)
	
	

	· Median (IQR)
	14 (12-22)
	13 (11-16)

	· Range
	8.5-49.5
	8.6-45.0

	Age <18 years n (%)
	29 (66)
	26 (81)

	Male sex (%)
	57
	53

	Relationship to person with T1D n (%)
	
	

	· Sibling**
	28 (64)
	16 (50)

	· Offspring
	6 (14)
	6 (19)

	· Parent
	6 (14)
	3 (9)

	· Sibling and another first-degree relative
	2 (5)
	3 (9)

	· Second-degree relative
	2 (5)
	3 (9)

	· Third-degree relative or further removed
	0
	1 (3)

	Aabs n (%)†
	
	

	· GADA, harmonised
	40 (91)
	28 (88)

	· Micro insulin
	20 (45)
	11 (34)

	· IA-2A, harmonised
	27 (61)
	24 (75)

	· ICA
	29 (66)
	28 (88)

	· Anti-ZnT8
	32 (73)
	24 (75)

	Median glycated haemoglobin level % (IQR)
	5.2 (4.9-5.4)
	5.3 (5.1-5.4)


*Percentages may not total 100 because of rounding.
**Participants in this category may have had more than one sibling with T1D.
†Shown are the AAbs for which participants were positive at the time of randomisation. All participants were positive for at least two AAbs before randomisation.
[bookmark: _Toc225253476]Primary efficacy endpoint
Elapsed time from randomisation to the clinical diagnosis of Stage 3 T1D diabetes.(Herold, 2019; TZIELD® SmPC)
[bookmark: _Toc225253477]Results
Primary endpoint
With a median follow-up time of 745 days (range: 74-2,683 days), therapy with teplizumab resulted in a statistically significant delay in the development of Stage 3 T1D, HR 0.41 (95% CI: 0.22 to 0.78; p=0.0066) (Figure 3).(Herold, 2019; TZIELD® SmPC)
The median time to diagnosis of Stage 3 autoimmune T1D was 48.4 months in the teplizumab group and 24.4 months in the placebo group; HR 0.41 (95% CI, 0.22 to 0.78; two-sided P=0.0066.(Herold, 2019; TZIELD® SmPC)
Stage 3 autoimmune T1D was diagnosed in 43% (n=19/44) of the participants who received teplizumab and in 72% (n=23/32) of those who received placebo. The annualised rates of diagnosis of T1D were 14.9% per year in the teplizumab group and 35.9% per year in the placebo group.(Herold, 2019)
Figure 3: Kaplan-Meier estimates of the proportions of patients without a clinical diagnosis of T1D
[image: ]
HR 0.41; 95% CI, 0.22-0.78; P=0.0066 by an adjusted Cox proportional-hazards model stratified by age and OGTT status at randomisation
Tick marks indicate censored data
At the end of the trial, 25 teplizumab treated patients did not have a Stage 3 autoimmune T1D diagnosis     vs 9 with placebo

A summary of treatment related adverse events are details in Table 5.


Table 5: Summary of treatment related adverse events in Study TN-10 (Herold, 2019)

	Adverse effect category 
	Teplizumab 
	Placebo 

	Events 
	Number of events 
	Number of subjects 
	Number of events 
	Number of subjects 

	
	(n=112) 
	n=44 (%) 
	(n=23) 
	n=32 (%) 

	Blood/bone marrow*
	45
	33 (75) 
	2
	2 (6) 

	Dermatologic/skin* 
	17
	16 (36) 
	1
	1 (3) 

	Pain 
	11
	5 (11) 
	5
	3 (9) 

	Infection 
	8
	5 (11) 
	5
	3 (9) 

	Gastrointestinal 
	5
	4 (9) 
	3
	3 (9) 

	Metabolic/laboratory 
	7
	4 (9) 
	2
	2 (6) 

	Pulmonary/upper respiratory 
	6
	4 (9) 
	0
	0

	Constitutional symptoms 
	3
	2 (5) 
	0
	0

	Allergy or immunologic 
	2
	2 (5) 
	0
	0

	Cardiac, general 
	1
	1 (2) 
	1
	1 (3) 

	Endocrine 
	0
	0
	2
	2 (6) 

	Vascular 
	1
	1 (2) 
	1
	1 (3) 

	Neurologic 
	1
	1 (2) 
	0
	0

	Ocular or visual 
	1
	1 (2) 
	0
	0

	Musculoskeletal or soft tissue 
	2
	1 (2) 
	0
	0

	Hepatobiliary or pancreatic 
	0
	0
	1
	1 (3) 

	Syndrome 
	1
	1 (2)
	0
	0

	Haemorrhage or bleeding 
	1
	1 (2) 
	0
	0



*The frequency of this type of event differed significantly between the two groups (P<0.001).
[bookmark: _Toc225253478]TN-10 extended follow-up analysis
In an extended analysis of TN-10, after a median follow-up time of 7 years (80.46 months), 36.4% (n=16/44) of patients treated with teplizumab remained undiagnosed with Stage 3 autoimmune T1D vs. 12.5% (n=4/32) of patients treated with placebo (P=0.03 Fisher’s exact test).(Lledó-Delgado, 2024)
The median time to Stage 3 T1D was ~ 4 years (52.2 months [95% CI, 30.5-86.7]) with teplizumab and ~ 2 years (27.3 months [95% CI, 9.5-48.4]) in the placebo group; P=0.0026 log-rank test.(Lledó-Delgado, 2024)


[bookmark: _Teplizumab_safety_profile][bookmark: _Toc225253479]Teplizumab safety profile
The safety profile of teplizumab has been evaluated in a pool of adult and paediatric patients who participated in five controlled clinical studies (one study in patients with Stage 2 T1D [Study TN-10], three placebo-controlled studies in an unapproved population, one open-label standard-of-care controlled study of teplizumab in an unapproved population).(TZIELD® SmPC)
Lymphopenia, leukopenia, neutropenia, blood bicarbonate decreased, and rash were the most frequently reported adverse reactions, which occurred at a higher frequency in the teplizumab group compared to the control group.(TZIELD® SmPC)
The adverse reactions occurring in ≥5% of patients in the pooled safety analysis of clinical studies are shown per System Organ Class presented by frequency categories (Table 6).(TZIELD® SmPC)
Table 6: Tabulated list of adverse reactions

	Very common (≥1/10)
	Blood and lymphatic system disorders: Lymphopenia, leukopenia, neutropenia, decreased haemoglobin, thrombocytopenia
Nervous system disorders: Headache
Gastrointestinal disorders: Nausea
Skin and subcutaneous tissue disorders: Rash, pruritus
General disorders and administration site conditions: Pyrexia
Investigations: Alanine aminotransferase increased, aspartate aminotransferase increased, blood bicarbonate decreased, blood calcium decreased

	
	
	

	Common (≥1/100 to <1/10)
	Infections and infestations: Infections (reported as serious)
Immune system disorders: Cytokine release syndrome
Respiratory, thoracic and mediastinal disorders: Nasopharyngitis
Gastrointestinal disorders: Diarrhoea
Skin and subcutaneous tissue disorders: Urticaria
General disorders and administration site conditions: Chills
	

	
	
	

	Not known (≥1/1000 to <1/100)
	Infections and infestations: Epstein-Barr virus reactivation    Gastrointestinal disorders: Vomiting
Skin and subcutaneous tissue disorders: Rash pruritic
General disorders and administration site conditions: Fatigue, pain, illness 
	

	
	
	




[bookmark: _Toc225253480]

Description of selected adverse events
Cytokine release syndrome (CRS)
In Study TN-10, CRS was reported in 2% of patients treated with teplizumab compared to 0% of patients in the placebo group.(TZIELD® SmPC) 
Of the 46 patients treated with teplizumab that developed CRS (6% of all patients treated with teplizumab) in the pool of 5 clinical trials, 13% of the CRS cases were serious adverse reactions. Liver transaminase elevations were observed in 56% of patients treated with teplizumab who experienced CRS: 64% were up to 2.5 times ULN, 32% were more than 2.5 to 5 times ULN, and 4.5% were 5-10 times ULN.(TZIELD® SmPC)
Serious infections 
In Study TN-10, serious infections (cellulitis, gastroenteritis, pneumonia, wound infection) were reported in 9% (4/44) of patients treated with teplizumab compared to 0% (0/32) of patients treated with placebo any time during or after the first dose of study treatment.(TZIELD® SmPC) 
Lymphopenia 
In Study TN-10, lymphopenia was reported in 73% of patients treated with teplizumab compared to 6% of patients in the placebo group. The average lymphocyte count nadir occurred at Day 5 of treatment, with recovery and return to baseline by Week 6.(TZIELD® SmPC) 
Rash and hypersensitivity reactions
Hypersensitivity reactions were reported with teplizumab in Study TN-10. Serum sickness was observed in 2% (1/44) of patients treated with teplizumab compared to 0% (0/32) of patients in the placebo group. The patient who developed serum sickness had a prior history of positive anti-nuclear antibody and presented with arthralgias and elevated c-reactive protein and low C4 complement five days after completing their course of teplizumab; illness resolved in 2.5 months.(TZIELD® SmPC) 
In the pool of 5 clinical trials of patients:(TZIELD® SmPC) 
· Anaphylaxis (with hypoxia and bronchospasm) was observed in one patient treated with teplizumab who was hospitalised
· Angioedema (periorbital and facial) was observed in 0.3% patients treated with teplizumab, compared to 0% of patients in the control group. Peripheral and generalised oedema was reported in 1.6% of patients treated with teplizumab and 0% of patients in the control group
· Rash was observed in 35% of patients treated with teplizumab compared to 10% of patients in the control group. The majority of events of rash observed with teplizumab treatment were not serious and resolved without intervention; although 0.3% (2/791) of patients treated with teplizumab had a serious rash compared to 0% (0/245) of patients in the placebo group
· Urticaria was reported in 1.9% of patients treated with teplizumab and in 1.2% of patients in the control group
[bookmark: _Toc225253481]Other adverse reactions 
Haemoglobin decreased and thrombocytopenia 
In the pool of 5 clinical trials of patients, haemoglobin decreased was reported in 28% of patients treated with teplizumab compared to 22% of patients in the placebo group, and thrombocytopenia was reported in 22% of patients treated with teplizumab compared to 10% of patients in the placebo group during the 14-day treatment course; recovery occurred within 2 to 4 weeks of treatment. In clinical trials, 1.5% of patients treated with teplizumab discontinued treatment due to haemoglobin less than 85 g/L (or a decrease of more than 20 g/L to a value less than 100 g/L), and 1% discontinued teplizumab due to platelet count less than 50 x 109 platelets/L.(TZIELD® SmPC)
Liver enzyme and bilirubin elevations 
Liver enzyme and bilirubin elevations were observed in patients treated with teplizumab, both in the context of CRS and in patients without CRS. On laboratory analysis, 5.1% of patients treated with teplizumab experienced a peak ALT more than 3 times the ULN compared to 0.8% of patients in the control group. Most liver enzyme elevations were transient and resolved 1-2 weeks after treatment; 98% resolved by follow-up week 14.(TZIELD® SmPC)

Immunogenicity 
The observed incidence of anti-drug antibodies (ADA) is highly dependent on the sensitivity and specificity of the assay. Differences in assay methods preclude meaningful comparisons of the incidence of anti-drug antibodies in the studies described below with the incidence of anti-drug antibodies in other studies, including those of teplizumab or of other teplizumab products.(TZIELD® SmPC)
In Study TN-10, approximately 57% of patients treated with teplizumab developed anti-teplizumab antibodies, 46% of whom developed neutralising antibodies. There was a higher incidence of rash in patients treated with teplizumab who developed anti-teplizumab antibodies (39%) compared to those who did not develop anti-teplizumab antibodies (33%). There is insufficient information to characterise the effects of ADA on pharmacokinetics, pharmacodynamics, or effectiveness of teplizumab.(TZIELD® SmPC)
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