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 ■ Abstract 
Type 1 diabetes (T1D) is a prototypic organ-specific auto-
immune disease resulting from the selective destruction of 
insulin-secreting β-cells within the pancreatic islets of 
Langerhans. It is caused by an immune-mediated inflamma-
tion, involving autoreactive CD4+ and CD8+ T lymphocytes 
that infiltrate the islets and initiate insulitis. The use of ex-
ogenous insulin is the current standard treatment. However, 
in spite of significant advances, this therapy is still associ-
ated with major constraints, including risk of hypoglycemia 
and severe degenerative complications. As T1D mainly af-
fects children and young adults, any candidate immune 
therapy must be safe, and it must avoid a sustained depres-
sion of immune responses with all its attendant problems of 
recurrent infection and drug toxicity. In this context, induc-
ing or restoring immune tolerance to target autoantigens 
would be the ideal approach. We refer to immune tolerance 
here as the selective damping of the damaging autoimmune 
response following a short treatment, while keeping intact 
the capacity of the host to respond normally to exogenous 
antigens. The therapeutic approach we discuss in this article 
originates from attempts to induce tolerance both to soluble 
antigens and tissue antigens (i.e. alloantigens and autoanti-
gens) by using biological agents that selectively interfere 
with lymphocyte activation, namely polyclonal and mono-
clonal anti-T cell antibodies. The challenged dogma was that, 

in an adult-primed immune system, it was not possible to 
restore self-tolerance therapeutically without the use of ex-
ogenous autoantigen administration. The reality has been 
that, in diabetes, endogenous host autoantigen can fulfill this 
role because a significant amount of functioning β-cells re-
mains, even at the time of established hyperglycemia. Ex-
perimental results obtained in the 1990s showed that a short-
term CD3 antibody treatment in recently diagnosed diabetic 
non-obese diabetic (NOD) mice induced permanent remis-
sion of the disease by restoring self-tolerance. Based on 
these findings, phase I, II, and III trials were conducted us-
ing two distinct humanized Fc-mutated antibodies to human 
CD3, namely ChAglyCD3 (otelixizumab) and OKT3γ1 Ala-
Ala (teplizumab). Overall, when dosing was adequate, the 
results demonstrated that CD3 antibodies preserved β-cell 
function very efficiently, maintaining significantly high levels 
of endogenous insulin secretion in treated patients for up to 
24 months after treatment. These data provided the first 
proof of concept for a long-term therapeutic effect in T1D 
following a short course administration of a therapeutic 
agent. Our aim is to review these data and to discuss them in 
the context of the pitfalls linked to pharmaceutical develop-
ment, especially in the context of pediatric patients, as in 
autoimmune diabetes. 
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1. Introduction 
 

 onverging evidence from animal models and 
 clinical trials has demonstrated that a key 
 component of the pathogenesis of type 1 dia-

betes (T1D) is the autoimmune reaction to β-cell 
autoantigens and the associated inflammation [1-

3]. Although a triggering role of certain environ-
mental factors (e.g. viruses) and a genetically de-
termined susceptibility of β-cells to such factors 
must not be disregarded, the initiation and extent 
of the subsequent β-cell destruction are due to an 
interplay between innate and adaptive immune 
responses. This concept forms the basis for efforts 
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to counteract the immune attack in order to dura-
bly arrest T1D, as chronic administration of insu-
lin is only a substitutive treatment that does not 
prevent the development of chronic degenerative 
complications. Importantly, current epidemiologi-
cal studies predict a dramatic impact of T1D on 
public health in the near future [4]. The disease 
incidence will continue to significantly increase in 
the coming decade, and the pathology will propor-
tionally affect mainly very young children under 5 
years of age [4]. 

Any T1D immune-therapeutic intervention 
must build on known approaches for manipulating 
autoimmune mechanisms to devise novel thera-
peutic strategies that address this burgeoning 
unmet medical need [4]. In the context of the 
young patient population increasingly affected by 
T1D, the challenge is to obtain clinical efficacy 
without compromising the host defense against in-
fections and tumors. This is the rationale to re-
establish immune tolerance to β-cell autoantigens. 

The autoimmune reaction develops in three 
major stages, as outlined below; each of which is a 
potential therapeutic target [5]: 

 
1. The first stage is the recognition of β-cell 

autoantigens by T cells, with T cell activa-
tion triggered by autoantigens. It is not 
sufficient that T cells merely see the anti-
gen, but recognition must be associated 
with the expression of a series of molecules 
expressed on the membrane of antigen-
presenting cells (APCs), in particular den-
dritic cells, in a well-defined cellular acti-
vation context. 

2. The second stage constitutes the matura-
tion of autoreactive T cells, i.e. the prolif-
eration and differentiation of T cells into 
pathogenic effectors, progressively leading 
to their accumulation in the islets of 
Langerhans. When their numbers and 
functional (i.e. damaging) capacity reaches 
or exceeds a certain threshold, they begin 
to attack β-cell in an interplay with the in-
nate immune system. A key point is that 
this autoimmune and inflammatory re-
sponse, like so many other immune reac-
tions, is under the control of a CD4+ popu-
lation of regulatory T cells (Tregs), includ-
ing both natural Tregs [6-7], a lineage di-
rectly emerging from the thymus, and in-
duced Tregs (iTregs) that originate from 
mature precursors in the periphery [8-9]. 

3. The third stage is the β-cell attack, leading 
to their destruction by apoptosis [10-11]. 

However, β-cell death appears to be pre-
ceded by a relatively long intermediate pe-
riod of partial or complete functional inhi-
bition which, importantly, may be reversi-
ble [12-13]. β-cells do not behave like inert 
targets; the efficiency of the autoimmune 
attack is influenced by the inherent differ-
entiation-dependent β-cell ‘sensitivity’ to 
the aggression [3]. Hence the importance of 
addressing mechanisms regarding β-cell 
resistance to damage. 

 
A promising immune intervention strategy is 

the use of monoclonal antibodies targeting CD3, a 
molecule associated with the T cell receptor (TCR) 
for antigen recognition [14]. CD3 monoclonal anti-
bodies induce partial T cell depletion and interfere 
with T cell activation. In the 1990s, it was estab-
lished in non-obese diabetic (NOD) mice that a 
short low-dose treatment with a CD3 antibody in-
duced durable remission of established T1D by re-
storing immune tolerance [15]. In 2000, when hu-
manized “disabled” non-Fc receptor-binding anti-
human CD3 antibodies became available, we con-
ducted a phase II placebo-controlled trial that suc-
cessfully translated this preclinical finding to the 
clinic in recent onset T1D. Thus, a single one week 

Abbreviations: 
 

ADCC – antibody-dependent cell-mediated cytotoxicity 
APC - antigen-presenting cell 
CDR – complementarity-determining region 
EAE - experimental allergic encephalomyelitis 
EBV – Epstein Barr virus 
F(ab) – fragment antigen binding 
Fc – fragment, crystalizable 
HbA1c – glycosylated hemoglobin 
IFNγ – interferon gamma 
Ig – immunoglobulin  
IGRP – islet-specific glucose-6-phosphatase catalytic sub-
unit related protein 
IL – interleukin 
iTreg – induced Treg 
MOG – myelin oligodendrocyte glycoprotein 
mRNA – messenger RNA 
NOD – non-obese diabetic 
OKT3 – ortho Kung T cell 3 
PCR – polymerase chain reaction 
PLP – proteolipid protein 
RNA – ribonucleic acid 
SJL – Swiss/Jackson Laboratory 
T1D – type 1 diabetes 
TCR – T cell receptor 
TGFβ – transforming growth factor beta 
Th – T helper 
TNF – tumor necrosis factor 
TNP-KLH – 2,4,6-trinitrophenol-conjugated keyhole limpet 
hemocyanin 
Treg – regulatory T cell 
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treatment course, in patients with recent-onset 
T1D, induced a significant preservation of C-
peptide and a decrease in insulin requirements for 
over 2-3 years [16-17]. These pivotal results fos-
tered the pharmaceutical development of CD3 an-
tibodies, and phase III trials were launched. Our 
aim here is to present and discuss the data that 
have validated CD3 antibodies as a target class, 
with emphasis on patient variability regarding 
preservation of β-cell function, and the need to 
carefully consider safety issues. 

2. Clinical development of CD3 anti-
bodies: a story spanning more than 20 
years 

2.1 The first experiences in clinical transplan-
tation 

The history of the discovery and clinical appli-
cation of CD3 antibodies was an amazing sequence 
of events, marked by a major scientific discovery, 
much empiricism, and a good dose of chance (Ta-
ble 1). The major scientific discovery was the de-
velopment of a technique to produce murine hybri-
doma-secreting monoclonal antibodies, reported by 
H. Kohler and C. Milstein in the 1970s, which 
earned them the Nobel prize [18]. Within 4 years, 
P. Kung and G. Goldstein, working at Ortho (Rari-
tan, USA), published the first three mouse mono-
clonal antibodies to human T cell surface antigens, 
including OKT3 (‘O’ standing for Ortho, ‘K’ for 
Kung, ‘T’ for T cell and ‘3’ the ranking order in the 
lab book) [19]. Given its ability to recognize all ma-
ture human T cells and to block the in vitro re-
sponse of lymphocytes to alloantigens (i.e. block-
ade of both the proliferation and the generation of 
cytotoxic effectors), OKT3 had much in common 

with anti-lymphocyte polyclonal sera, which were 
already used in clinical organ transplantation at 
that time. Based on these practical, yet pretty 
sketchy, facts, and while its precise molecular tar-
get was still unknown, OKT3 (muromomab) was 
the first monoclonal antibody to enter clinical 
practice for transplantation in 1981, the first to 
treat acute renal allograft rejection episodes and 
then to prevent rejection [20-22]. 

A few years after the first patient was treated, 
the molecular target of OKT3 proved to be nothing 
less than one of the chains (ε) of the CD3 molecular 
complex, recognized as the transducing element of 
the TCR for antigen recognition [14, 23]. Quite 
paradoxically, in these early days, OKT3 benefited 
from an impressively rapid development due to its 
very potent immunosuppressive activity, and was 
licensed by 1984 with absolutely no preclinical 
data available. In fact, as with most anti-T cell 
monoclonal antibodies, CD3 antibodies are highly 
“species-specific”. Human CD3 antibodies do not 
cross-react with lymphocytes from other animate 
beings, not even with those from common non-
human primates such as Rhesus or Cynomolgus; 
they only recognize chimpanzee cells [24]. This ex-
plains why OKT3 was not subjected to conven-
tional toxicological analysis, which would have re-
vealed its Fc receptor dependency and the in vivo 
counterpart of its well documented in vitro T cell 
mitogenicity [25], namely its characteristic cyto-
kine release-mediated ‘flu-like’ syndrome. Thus, 
following the first OKT3 injection, a massive yet 
self-limited systemic release of various cytokines, 
mostly T cell derived, including TNF, IL-6, IFNγ, 
and IL-10 was observed [26-28]. Needless to say, 
the risk would have been high for this drug to be 
discarded from further development if conven-
tional toxicology had been performed. Because of 
this side effect, and the fact that better tolerated 

Table 1. Milestones in the clinical development of CD3 monoclonal antibodies 
 

 

Year 
 

Use of CD3 monoclonal antibody in the clinic 
 

Reference 

 

1981 
 

First patients treated with OKT3 to treat allograft rejecion 
 

Cosimi et al. [20] 

1993 Characterization of humanized ChAglyCD3 Bolt et al. [53] 

1994 Characterization of humanized OKT3γ1 Ala-Ala Alegre et al. [54] 

1999 Phase I study in transplantation with ChAglyCD3 Friend et al. [55] 

1999 Phase I study in transplantation with OKT3γ1 Ala-Ala Woodle et al. [56] 

2002 Phase I/II study in type 1 diabetes with OKT3γ1 Ala-Ala (teplizumab) Herold et al. [57] 

2005 Phase II study in type 1 diabetes with ChAglyCD3 (otelixizumab) Keymeulen et al. [16] 

2011 Phase III study in type 1 diabetes with OKT3γ1 Ala-Ala (teplizumab) Sherry et al. [61] 
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biological immunosuppressants subsequently 
emerged, OKT3 was completely abandoned. 

2.2 CD3 antibodies as mediators of immune 
tolerance in primed hosts: the proof-of-concept 
in experimental autoimmunity 

The characterization of CD3 antibodies react-
ing to mouse and rat T cells [29-31] fostered the 
development of experimental models, which rap-
idly demonstrated that CD3 antibodies are able to 
promote immune tolerance in organ allograft 
transplantations and autoimmunity far beyond 
their capacity to mediate a potent immunosup-
pressive activity [30, 32-33]. In a rat transplant 
model, B, Hall et al. were the first to report that a 
non-mitogenic CD3-specific antibody administered 
over a short course of time, induced permanent 
survival of fully mismatched vascularized heart 
grafts. Secondary donor-matched skin grafts sur-
vived indefinitely, while third-party skin allografts 
were normally rejected [30, 32-33]. Early post-
transplant, CD3-specific antibody-treated recipi-
ents showed a typical Th2 immune deviation as 
reflected by increased T cell IL-4 and IL-5 mRNA 
levels [32]. Hayward and Schreiber reported that a 
single CD3 antibody injection in newborn NOD 
mice almost completely prevented the occurrence 
of diabetes, i.e. at 8 months of age only 10% of the 
treated NOD mice had diabetes as compared to 90-
95% in untreated controls [33]. These results 
clearly illustrated the capacity of CD3 antibodies 
to induce immune tolerance to β-cell antigens 
when targeting the neonatal repertoire. 

More interestingly and quite unexpectedly, we 
first reported that, when applied to overtly dia-
betic NOD mice, CD3 antibodies expressed the 
unique ability to restore self-tolerance once target 
destruction was ongoing and advanced, a capacity 
that clearly distinguished them from other toler-
ance-promoting immune therapy strategies in dia-
betes (i.e. delivery of β-cell autoantigens) [15, 34-
36]. Thus, a short five-day low-dose treatment 
with CD3-specific antibodies, at the time of estab-
lished hyperglycemia, induced long-lasting disease 
remission in the absence of any insulin treatment. 
[15, 35-36]. This effect resulted from restoration of 
immune tolerance to islet antigens since syngeneic 
islet grafts survived indefinitely in mice showing 
CD3-specific antibody-induced remission, while 
the grafts were rapidly destroyed by autoimmunity 
when implanted into untreated diabetic NOD fe-
males. In contrast, skin allografts were rejected as 
usual in CD3-specific antibody-treated NOD mice 
[15]. 

Similar results were reported in experimental 
allergic encephalomyelitis (EAE) induced by prote-
olipid protein (PLP) in lean SJL mice [37]. The 
treatment was highly effective by affecting ongoing 
PLP-specific biological and clinical responses. In 
contrast, no effect at all was observed for disease 
prevention when the antibody was given concomi-
tantly with PLP administration. Most remarkably, 
the treatment was still active at the peak of the 
disease, which accelerated disease remission and 
prevented further relapses [37]. Comparable re-
sults were reported in myelin oligodendrocyte gly-
coprotein (MOG)-induced EAE [38]. It is also of 
some interest that oral administration of CD3 an-
tibody could both prevent and treat PLP-induced 
EAE in SJL mice and MOG-induced EAE in NOD 
mice [39]. 

Last, but not least, in a mouse model of in-
duced Th1-mediated inflammatory bowel disease 
[40], in IL-2 deficient (IL2-/-) mice following ad-
ministration of TNP-KLH (2,4,6-trinitrophenol-
conjugated keyhole limpet hemocyanin), admini-
stration of a CD3 antibody inhibited colitis, an ef-
fect associated with blockade of IFNγ production 
and recovery of TGFβ secretion by lamina propria 
T cells. 

2.3 Mechanistic considerations 

CD3 antibody administration induces partial T 
cell depletion that affects about 50% of the host’s 
CD3/TCR+ cells when Fc receptor-binding, mito-
genic CD3 antibodies are used (i.e. the hamster 
145 2C11 antibody), and 20-30% with non-
mitogenic antibodies (in mice, this is especially the 
case when F(ab)’2 fragments of 145 2C11 are used) 
[35-36, 41]. To assess such depletion objectively, it 
has been important to analyze the spleen and 
lymph nodes of treated mice. In patients, the only 
compartment accessible is the peripheral blood, 
and the data obtained from blood samples are bi-
ased by cytokine release, even if minimal. Thus, 
the standard picture observed with OKT3 was de-
fined as the disappearance of all T cells from the 
circulation 30-60 minutes after the first injection 
[42]. This is caused by cytokine-release that favors 
the activation of endothelial cells, leading to in-
creased adhesiveness, lymphocyte elimination [43], 
and cell redistribution within the various com-
partments, ultimately with engulfment by reticu-
loendothelial cells. With the “disabled” CD3 anti-
bodies, any antibody-induced depletion does not 
depend on complement fixation or antibody-
dependent cell-mediated cytotoxicity (ADCC). 
Rather, it depends on the antibody's fine specificity 
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that causes redirection of T cell lysis by bridging 
cytotoxic T cells to other T cells [44] and the induc-
tion of apoptosis or programmed cell death (to 
which activated cells appear particularly sensitive) 
[45]. Recent data show that antigen-activated T 
cells appear especially sensitive to the CD3 anti-
body-mediated effect, while Tregs are more resis-
tant [46-48]. 

T cells, which are not eliminated during CD3 
antibody treatment, undergo antigenic modulation 
of CD3/TCR. Specifically, the receptor complex 
transiently disappears upon antibody binding, fol-
lowing capping and internalization or shedding. 
These cells stain as CD3-TCR-CD4+ or CD3-TCR-

CD8+ [42, 49]. CD3 antibody-modulated cells are, 
of course, unresponsive to CD3/TCR-mediated or 
mitogenic stimulation. However, at cessation of 
treatment, when the antibody is cleared, the T 
cells rapidly restore the receptor on the cell surface 
[42]. 

In NOD mice presenting with recent onset dia-
betes, there is an almost complete clearing of insu-
litis within the first days of CD3 antibody treat-
ment, coinciding with a rapid return to normogly-
cemia. T cells from treated mice exhibit a transient 
Th2 polarization, as assessed by increased produc-
tion of IL-4. Such a Th2 shift does not appear to be 
causally linked to the therapeutic effect; in IL-4-
deficient (IL-4-/-) NOD mice, CD3 antibody treat-
ment induces disease remission and restoration of 
self-tolerance as efficiently as in wild-type mice 
[34]. 

Importantly, diabetogenic cells disappear dur-
ing treatment, but recover in tolerant hosts, albeit 
in a variable fashion, depending on their fine 
specificity. Thus, our recent data show that, at 
least within the pathogenic CD8 compartment, 
preproinsulin-specific cells recover more rapidly 
and more efficiently than IGRP-specific cells [50]. 
During this recovery phase, by 2-6 weeks following 
the end of treatment, mononuclear cell infiltrates 
are observed in tolerant NOD mice. However, 
these cell infiltrates remain confined to the pe-
riphery of the islets (peripheral insulitis), and are 
not associated with active destruction of insulin-
secreting β-cells. Concomitantly, a state of immu-
nologically ‘active’ and transferable tolerance de-
velops, involving TGFβ-dependent Tregs [34, 50]. 
The key role of TGFβ in the CD3 antibody-induced 
tolerance is well illustrated by its blockade, follow-
ing the in vivo administration of a neutralizing 
TGFβ antibody [34, 50]. 

We have established a new preclinical model to 
assess the potency of potential therapeutic anti-

bodies to human CD3. As mentioned above, the 
recognition of anti-human CD3 antibodies is re-
stricted to human and chimpanzee T cells; they do 
not cross-react with lymphocytes from other spe-
cies. Consequently, we have derived NOD mice ex-
pressing the human CD3ε chain as a transgene. 
The T cells of these mice are sensitive to anti-
human CD3 antibodies in vitro and in vivo [50]. 
The data obtained from this model to date indicate 
that it appears to be a powerful tool to obtain fur-
ther insight into the mode of action of anti-human 
CD3 antibodies, and to implement suitable treat-
ment protocols, in particular those addressing 
combination therapies. Indeed, as compared to 
conventional NOD mice, human CD3ε NOD mice 
will allow the testing of the same antibodies that 
are used in the clinic. 

3. Clinical trials using CD3 mono-
clonal antibodies in autoimmune dia-
betes 

Based on the preclinical results in NOD mice, 
it was logical to evaluate the effectiveness of CD3 
antibodies in patients presenting with recent onset 
autoimmune diabetes. Of course, the major con-
cern was the potential toxicity, as witnessed with 
the first generation CD3 antibodies such as OKT3, 
linked to their mitogenic potential and related cy-
tokine release. Therefore, attention was focused on 
humanized CD3 monoclonal antibodies that were 
mutated in their Fc portion to decrease binding to 
Fc receptors. These antibodies consequently mini-
mize the cross-linking of T cell receptors that are 
known to drive T cell activation and cytokine re-
lease. Thus, the mitogenic response varied in vitro 
and in vivo, depending on the isotype of the mur-
ine CD3-specific antibody (IgG2a >> IgG1 >> 
IgG2b >> IgA), and on the CD3-specific F(ab')2 
fragments that lack the Fc portion are non-
mitogenic [41, 51-52]. 

We will now discuss the clinical results ob-
tained by using two humanized complementarity-
determining region (CDR)-grafted CD3 antibodies, 
which have been the subject of clinical trials con-
ducted in autoimmune diabetes. These are: 

 
1. ChAglyCD3 (otelixizumab), derived from 

the rat YTH 12.5 antibody, which ex-
presses a single mutation that prevents 
glycosylation of its γ1 Fc portion [53]. 

2. OKT3γ1 Ala-Ala (teplizumab), the human-
ized version of OKT3, a human IgG1 with 
two mutations in its Fc portion [54]. 
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Phase I safety trials were carried out with the 
two antibodies in renal allograft recipients pre-
senting with acute rejection episodes. The results 
confirmed that their administration did not elicit 
major side effects [55-56]. 

In autoimmune diabetes, two academic trials 
were launched simultaneously in the year 2000. A 
phase I open trial using teplizumab for 14 days in-
cluded a total of 48 patients (24 antibody-treated 
and 24 untreated) [57-58]. The results suggested 
that in antibody-treated patients the progression 
of disease had been satisfactorily restrained for 
more than one year, as assessed by C-peptide pro-
duction following mixed meal test stimulation and 
exogenous insulin requirements. 

In parallel, in a multinational European col-
laborative effort involving clinicians and biologists 
from Belgium, Germany, France, and the UK, we 
conducted a phase II randomized, double-blind, 
controlled trial including 80 patients who were 
randomized to receive otelixizumab (40 patients) 
or placebo (40 patients) [16-17]. A dose of 8 mg of 
the antibody or placebo was injected i.v. for 6 days 
(48 mg cumulated dose). Data were reported at 18 
months and 48 months of follow-up; at that time, a 
total of 63 patients evenly distributed between the 
two groups were available for analysis. The data 
demonstrated that otelixizumab treatment pre-
served the insulin-secreting capacity of β-cells very 
efficiently. This was assessed at 6, 12, and 18 
months by measuring C-peptide after controlled 
i.v. glucose stimulation during a clamp test [16]. 
Concomitantly, a significant decrease in insulin 
needs was observed in the otelixizumab-treated 
patients, as compared to placebo. Remarkably, at 
18 months, 75% of the treated patients, harboring 
the highest β-cell mass at the time of inclusion 
(higher than the median value of the whole popu-
lation), showed insulin needs ≤0.25 U/kg/day, a 
threshold normally regarded as the hallmark of 
clinical insulin independency. None of the placebo-
treated patients had these low insulin needs. At 
48 months, the insulin needs were still signifi-
cantly different in otelixizumab- versus placebo-
treated patients. However, the therapeutic effect 
began to disappear by 24 months, as judged by 
comparing the slopes of the curves [17]. 

Relatively minor acute side effects, linked to a 
persisting, though limited, cytokine release, were 
observed after the first infusion. However, these 
side effects did not necessitate any pretreatment 
nor did they hamper the normal enrolment of pa-
tients. Transient reactivation of Epstein Barr vi-
rus (EBV) was observed, as assessed by an in-
crease in the number of EBV copies 10-20 days af-

ter the first injection, measured in peripheral 
blood mononuclear cells using quantitative PCR. 
By 3 weeks, in all patients, the number of EBV 
copies returned to normal baseline pretreatment 
levels, presumably following an efficient humoral 
and cellular immune response specific to EBV de-
velopment [59]. In long-term follow-up, none of the 
patients exhibited a biological sign of viral reacti-
vation or related clinical morbidity. The impor-
tance of this observation in terms of safety is obvi-
ous. These data should be considered in the con-
text of the recent results, showing that EBV sero-
logic reactivation, with no clinical morbidity, has 
also been observed in patients with early onset 
T1D treated with the CD25-specific monoclonal 
antibodies daclizumab and mycophenolate mofetil 
[60]. Furthermore, the data suggest that the effect 
of otelixizumab in patients is antigen-specific, i.e. 
the antibody treatment affects the autoimmune 
reaction, but does not impair immune responses to 
unrelated exogenous antigens, as observed in NOD 
mice. 

For each of the two monoclonal antibodies, 
phase III trials were initiated and were termed 
“DEFEND-1” for otelixizumab, and “Protégé” for 
teplizumab. DEFEND-1 was a randomized, pla-
cebo-controlled study including 272 patients, aged 
12 to 45, with new-onset T1D treated with insulin 
for not more than 3 months. The patients received 
a single 8-day i.v. course of a cumulated dose of 3.1 
mg of otelixizumab (a dose well below that used in 
our academic trial). In March 2011, a press release 
announced that the primary endpoint (a difference 
in the levels of C-peptide following a mixed meal 
test at 12 months after treatment) had not been 
met (http://www.gsk.com/media-news/pressre- 
leases/2011/2011_pressrelease_10039.htm). Due to 
these findings the enrolment in the other phase III 
trial using otelixizumab, DEFEND-2, was stopped. 

Protégé was designed as a randomized pla-
cebo-controlled study including 554 patients, aged 
8-35, with new-onset T1D treated with insulin for 
not more than 3 months. The patients received a 
14-day course twice at day 0, and 6 months with 3 
different dose regimens (cumulated dose 5, 6, or 17 
mg x 2). The composite end point included HbA1c 
<6.5% and insulin <0.5 U/kg/day. In October 2010, 
a press release announced that the primary end 
point, which in this case was the composite includ-
ing a fixed HbA1C value (<6.5%) and exogenous 
insulin needs at 12 months (<0.5 U/kg/day), had 
not been met (http://www.macrogenics.com/ 
press_releases-284.html). Due to this result the 
enrolment in the other phase III trial using tepli-
zumab, Protégé Encore was stopped. 
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However, a further post-hoc analysis, using 
conventional end-points validated by all the previ-
ous trials namely, C-peptide production and insu-
lin needs, concluded that a significant therapeutic 
effect had been achieved [61]. Importantly, as seen 
in the results of the academic placebo-controlled 
trial with otelixizumab, the effect was more pro-
nounced in patients with the highest stimulated C-
peptide at inclusion. Moreover, it appeared that 
the effect was more pronounced in children. As ex-
pected, the effect was dose-dependent; only pa-
tients who received the cumulative dose of 17 mg 
showed a beneficial effect. 

4. Conclusions: is the glass half empty 
or half full? 

In contrast to promising academic studies, the 
phase III trials with teplizumab and otelixizumab 
generated a different outcome. It is important to 
clarify the reasons for this discrepancy. Therefore, 
we aim to summarize for our readers what we 
think are the key features that resulted in so-
called ‘failed’ phase III trials. 

It may well be that the pharmaceutical devel-
opment proceeded too rapidly. Normally, one 
would have hoped to follow those first academic 
trials with proper phase II trials to select optimal 
dosing strategies, seeking the ideal balance be-
tween safety and therapeutic efficacy. In the case 
of otelixizumab, the chosen dose, aimed at mini-
mizing side effects, resulted in a protocol with a 
dose too low for clinical efficacy. As a result, the 
phase III trial utilized a dose 16 times lower than 
the effective dose used in the previously successful 
academic trial! In the other case, the basic pa-
rameters necessary to define the adequate dose of 
teplizumab were available, but data analysis 
avoided the power of stimulated C-peptide meas-
ures, and ended with a non-validated composite 
end point. 

With these explanations in mind, the reality is 
that patients have been successfully treated in the 
initial clinical trials, but phase III trials failed to 
prove efficacy. The data can be summarized as fol-
lows: 

 

1. Several hundred patients received a thera-
peutic dose of a CD3 antibody. 

2. Safety data appeared to be acceptable 
within the dose parameters used. 

3. Clinical efficacy in one study was observed 
over a long period of time following a very 
short treatment, consistent with clinical 
operational tolerance. 

 

At this time, no other drug tested in T1D had 
offered such results. One exception being the data 
reported in a press release by Andromeda on the 
use of the autoantigen diapep277 
(http://www.rttnews.com/1766892/andromeda-s-
type-1-diabetes-drug-diapep277-meets-primary-
endpoint-in-phase-3.aspx). 

By no means do we imagine that CD3 antibod-
ies, especially if used alone, could be the ultimate 
solution [62]. Of course, as in all complex diseases, 
we have to seriously consider combination strate-
gies, for which encouraging experimental data ex-
ists [63-64]. We also need to define patients who 
may be good responders to immune therapy, which 
requires the identification of suitable biomarkers. 
We should also consider treating patients earlier, 
in prevention studies, before too significant dam-
age is inflicted upon β-cells, as is being attempted 
by TrialNet (J. Skyler, personal communication). 
But above all, we have a collective responsibility, 
beyond individual interests, to encourage the de-
velopment of any strategy that shows the potential 
to induce durable remission of established T1D, as 
it is the case for CD3 antibodies. 
 

Disclosure: LC has no conflict of interest to disclose. 
HW is the originator of otelixuzumab for which royalty 
sharing arrangements exist with Cambridge and Oxford 
Universities. 
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