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1. ABBREVIATIONS




aCL: anticardiolipin antibodies

ACR: American College of Rheumatology
ANA: antinuclear antibody

Anti-B2GPI: anti-beta2 glycoprotein antibodies
Anti-CCP: anti-cyclic citrullinated peptide antibodies

Anti-dsDNA: anti-double stranded (ds) DNA

aPL: antiphospholipid antibodies
AR: rheumatoid arthritis

AS: ankylosing spondylitis

CD: Crohn’s disease

CDAL Crohn’s Disaese Activity Index
CHF: Congestive heart failure
CLIFT: ITF using C. Luciliae

CRP: C-reactive protein

DAS-28: Disease Activity Score

DMARDs:  disease-modifying antirheumatic drugs
ELISA: enzyme-linked immunosorbent assay
ENA: anti-nuclear extractable antigens

HPA axis:  hypothalamic - pituitary - adrenal axis
LV. intravenous
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FDA: Food and Drug Administration
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3.INTRODUCTION




It has been reported that patients with rheumatoid arthritis (RA), Crohn’s disease (CD)
and spondyloarthritis (SpA) treated with selective tumor necrosis factor-alpha (TNF-a)
inhibitors develop autoantibodies such as antinuclear antibodies (ANA) and anti-double
stranded DNA (anti-dsDNA) antibodies [1-12]. TNF-a is a pro-inflammatory cytokine
that is produced by multiple cell types, including blood monocytes, macrophages, mast
cells and endothelial cells, and plays multiple complex functional roles within the
immune system, including the stimulation of inflammation, cytotoxicity, the regulation
cell adhesion and the induction of cachexia [13,14]. There are therefore a number of
potential mechanisms by means of which anti-TNF-a treatment could be beneficial in
RA, CD and other diseases [15-20].

RA is a chronic inflammatory disease that primarily affects the peripheral joints and often
leads to tissue degradation and the destruction of bone and cartilage. As organic joint
damage is irreversible, it is important to recognise and treat RA early with the aim of
halting its progression [21,22]. Clinical trials have demonstrated that TNF-o blocking
agents are highly beneficial for most patients with RA refractory to classic treatment with
disease-modifying antirheumatic drugs (DMARDs), but a significant number also fail to
respond to anti-TNF-a therapy [23]. No reliable predictive markers of a clinical response
have been identified, although a recent report suggests that reduced rheumatoid factor
(RF) and anti-cyclic citrullinated peptide (anti-CCP) antibody levels may be useful
adjuncts when assessing treatment efficacy [24].

A reduction in [gM-REF titres was initially described by Charles et al. [2] in a small series
of patients receiving infliximab, but the subsequent findings were inconsistent. Two

recent studies have found decreased RF and anti-CCP antibody titres in RA patients




treated with infliximab. In both cases, decrease paralleled the improvements in the
disease activity scores, but one group reported a return to baseline levels when the
follow-up was extended to 54 and 78 weeks [3,25]. However, De Rycke et al. [26]
showed that RF, but not anti-CCP antibodies, is modulated by infliximab in RA and our
findings support the existing evidence that RF and anti-CCP antibodies are independent
autoantibody systems in RA.

CD is a chronic inflammatory disease of the gastrointestinal tract whose variable clinical
course is characterised by segmental transmural inflammation and granulomatous
changes of unknown origin [27]. Infliximab is a chimeric IgG1 monoclonal anti-TNF-a
antibody that represents a significant advance in the treatment of CD [28]. Controlled
clinical trials have demonstrated its effectiveness in rapidly induces and maintains
remission in patients with moderate/severe refractory CD, healing endoscopic lesions,
and treating draining perianal (PA) fistulae in the short and long term [13,20]. Moreover,
audit data from North America and Europe have shown that its efficacy in clinical
practice is comparable with that observed in clinical trials.

Trials have shown that CD and RA patients develop ANAs and anti-dsDNA antibodies:
according to the reported safety data, respectively 63.8% and 49.1% of patients develop
newly positive ANAs during infliximab treatment, and respectively 13% and 21.5%
develop newly positive anti-dsDNA antibodies [29]. Two important papers have
described the risk of immunogenicity induced by infliximab treatment in CD patients:
Baert et al. [30] showed that the development of antibodies against infliximab leads to
infusion reactions and a shorter treatment response to treatment and, as concomitant

immunosuppressive therapy reduces the magnitude of the immunogenic response,




concluded that it is necessary to combine methotrexate (MTX) and infliximab in order to
reduce the risk of the appearance of anti-idiotypic autoantibodies [31]; and Vermeire et
al. [4] found a cumulative 24-month incidence of ANAs in 71/125 patients (56.8%),
almost half of whom developed ANAs after the first infusion and >75% became ANA-
positive after fewer than three infusions. However, lower percentages have been reported
in patients treated with etanercept. Interestingly, these autoantibodies have been only
anecdotally associated with clinical manifestations suggesting drug-induced systemic
lupus erythematosus (SLE) [32-35].

It was thought that the absence of such an association was related to the IgM or IgA
isotypes of anti-dsDNA antibodies, as well as low antibody affinity (in contrast with the
widely accepted relationship between SLE and the high affinity IgG isotype) [2].
However, the occurrence of these autoantibodies is now considered a drug class-related
side effect, despite the higher prevalence of ANAs and anti-dsDNA antibodies in patients
treated with infliximab than in those treated with etanercept, and the absence of a flare
when etanercept therapy was started in a patient with previous infliximab-induced SLE.
Finally, anti-phospholipid antibodies (aPL), which are mainly detectable by means of
anti-cardiolipin assay (aCL), have also been reported in RA patients receiving TNF-a
blockers. In some cases, their appearance was related to concomitant infectious
processes, but no clear correlation was found with the specific clinical manifestations of
anti-phospholipid syndrome, although one paper suggests that they may predict a poor

clinical outcome [11,12].




The aim of this thesis is to evaluate prospectively the auto-antibody profiles of CD and
RA patients treated with infliximab and adalimumab, and their relationships to clinical
outcomes.

In particular, the aim of the first one-year prospective study was planned to evaluated: a)
the clinical efficacy of adalimumab; b) whether the prevalence and titres of RA-
associated auto-antibodies, such as RF and anti-CCP antibodies correlate with treatment
effect; and ¢) whether non organ-specific auto-antibodies are induced by adalimumab
like other TNF-a blocking agents.

The aim of the second study was evaluated: the frequency and correlation of
autoantibody development at standardised timepoints in refractory/inflammatory and
fistulising CD patients in a routine clinical setting. Finally, the findings were related to
disease status before the start of infliximab treatment, the response to infliximab

treatment and the onset of adverse clinical events.

The first part of this thesis considers the role of TNF-a in RA and CD, and the efficacy of
anti-TNF-a agents in inducing auto-antibodies (including two recent reviews by our
group and a recently published case report); the second evaluates the mechanisms
involved in auto-antibody development in CD and RA patients receiving anti-TNF-a
treatment; and the third briefly summarises two original studies, together with their

discussion and conclusions.




4. TUMOR NECROSIS FACTOR- ALPHA (TNF-a)




TNF-a, a soluble 17-kD protein consisting of three subunits, is a potent cytokine
produced by multiple cell types (including monocytes, macrophages, B and T cells, and
fibroblasts) that plays a key role in CD and RA. It is an autocrine stimulator and potent
paracrine inducer of other cytokines, including interleukin (IL)-1, IL-6 and IL-8, and
granulocyte-monocyte colony-stimulating factor, and also promotes inflammation by
stimulating fibroblasts to express adhesion molecules, such as intercellular adhesion
molecules, which interact with their respective ligands on the surface of leukocytes and
lead to increased leukocyte transport to inflammatory sites [36-39,13,14].

TNF-o indirectly down-regulates inflammation by stimulating the pituitary release of
corticotropin , which stimulates the adrenal cortex release of cortisol, a direct inhibitor of

inflammation (see Fig.1) [40].
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4.1. TNF-00 AND RHEUMATOID ARTHRITIS

RA is the most common inflammatory joint disease, affects approximately 1% of adults
worldwide, and is a major cause of disability, morbidity and mortality [21,41,42]. It is
characterised by synovial pannus formation leading to cartilage destruction and bone
erosions.

Although its pathogenesis is unknown, pro-inflammatory cytokines such as TNF-a and a
IL-1 play a key role [43]. The synovial membrane of RA patients shows hyperplasia,
increased vascularity and the infiltration of inflammatory cells. These are primarily CD4+
T cells which, when activated by an unknown antigen, stimulate monocytes,
macrophages and sinovial fibroblasts to produce IL-1, IL-6 and TNF-a, and to secrete
matrix metalloproteinases (MMPs) as a result of cell-surface signaling by means of CD

69 and CD118, as well through the release of soluble mediators such as interferon (IFN)-




v, IL-17, IL-1, IL-6 and TNF-a [43-45]. Activated CD4+T cells also stimulate B cells by
means of cell-surface contacts and the binding of o sub 1 and B sub 2 integrin, CD 40
ligand and CD28 to produce immunoglobulin (Ig), including RF. The precise role of RF
is unknown, but it may be involved in activating complement as a result of the formation
of immune complexes. Activated CD4+ T cells express osteoprogesterin ligands that
stimulate osteoclastogenesis, and the activated macrophages, lymphocytes and fibroblasts
can also stimulate the angiogenesis that is responsible for the synovial vascularity found
in RA patients [43]. Synovium endothelial cells are activated and express adhesion
molecules that promote the joint recruitment of inflammatory cells. Finally, TNF-a
induces production of several cytokines, and stimulates fibroblasts to express adhesion
molecules that interact with the ligands on the surface of leukocytes, thus increasing the

number of inflammatory cells in the joint (see Fig.2).




Fie. 2 Pathosenesis of rheumatoid arthritis (RA)
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4.2. TNF-0. AND CROHN’ S DISEASE

CD is a chronic inflammatory disease of the gastrointestinal tract that is characterised by
segmental transmural inflammation and granulomatous changes, and is now one of the
major gastrointestinal health problems in industrialised countries [27]. Its etiology is
unclear, but known to involve genetic predisposition, infections agents, cell-mediated
immunity and dietary factors [46]. The lipids presented by CDI1 molecules are mainly

recognised by a CD4/CD-8 double-negative subset of T lymphocytes called natural killer




T (NKT) cells, which resemble cytolytic T cells and are capable of producing large
amounts of IFN-y [47-53].

IFN-y plays a role in macrophage activation and the subsequent release of a whole
cascade of inflammatory cytokines, including IL-1, IL-12, IFN-y, TNF-a and its
regulatory counterpart IL-10, which promotes delayed hypersensitivity and
granulomatous transformation — and one of the characteristic histological features of CD

is non-caseating granulomas containing epithelioid and giant cells (see Fig.3, 4) [52].




Fig. ¥} Pathogenesis of Crohn's disease (CT))
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Fig. 4 Histological aspects of Crohn’s disease (CD)

High-magnification image showing the granulomatous nature of the inflammation of
Crohn's disease, with epithelioid cells, giant cells and many lymphocytes. Special stains

for organisms are negative.




4.3. ANTI-TNF-0. AGENTS

The fact that TNF-a plays a key role in the pathogenesis of chronic inflammatory
diseases, including CD and RA, a new class of drugs have been developed in an attempt
to neutralise its biological activities [54-56]. The three currently available TNF-a-
neutralising agents are etanercept, infliximab and adalimumab; however, only infliximab
and adalimumab induce the remission of CD (see Fig.5).

4.3.1. Etanercept

Etanercept is a fully human recombinant molecule consisting of two soluble TNF
receptor (p75) subunits fused to the Fc portion of human IgG1. It binds and neutralises
soluble and membrane-bound TNF as well as the related lymphotoxin-a molecule known
as TNFp. Infliximab and adalimumab only bind TNF-a, which explains why non-
responders to another anti-TNF blocking agent may benefit from switching to etanercept
because it is possible that subsets of patients have TNF-B- rather than TNF-a-dependent
disease: for example, significant TNF-f3 levels are detected in patients with juvenile
rheumatoid arthritis (JRA), for which only etanercept is efficacious [57-60].

Etanercept is administered twice weekly in the form of 25 mg subcutaneous (s.c.)
injections. It is approved for use in treatment-resistant RA, and a 20% improvement in
the ACR score has been found in 60-70% of RA patients after 12 weeks’ therapy [57-59].
4.3.2. Infliximab

Infliximab is a chimeric monoclonal antibody with variable murine and constant human
IgG1 regions [61-63] that binds soluble TNF-a.. In RA, it is administered intravenously
(i.v.) using three fortnightly doses of 3 mg/kg, followed by one 3 mg/kg dose every eight

weeks. Like adalimumab, infliximab mediates the lysis of TNFa-expressing cells via




complement- or antibody-dependent cytotoxicity mechanisms [64-66]. Its specific
binding to monocytes induces apoptosis by activating the capsase 8 and mitochondrial
pathways in vitro, and it has been shown to induce the apoptosis of activated T cells [64].
Its powerful anti-inflammatory effect in CD has been explained by the recent finding that
it induces apoptosis in peripheral blood monocytes and lamina propria T lymphocytes
and, in clinical trials, it has led to a 20% improvement in the ACR score in more than
50% of patients with active AR [55,61-63,67].

4.3.3. Adalimumab

Adalimumab is a fully human therapeutic monoclonal antibody that specifically binds to
circulating and cell-surface TNF-a, and blocks its interaction with p55 and p75 cell-
surface TNF receptors [32,54]. In the presence of complement, it leads to the in vitro
lysis of cells expressing high levels of surface membrane TNF-a. It does not bind or
inactivate lyphotoxin (TNF-B), but it does modulate the biological responses induced by
TNF, including changes in the levels of the adhesion molecules responsible for leukocyte
migration (ELAM-1, VCAM-1 and ICAM-1) [32,68].

In RA patients, adalimumab treatment rapidly decreases C-reactive protein (CRP) levels,
the erythrocyte sedimentation rate (ESR) and IL-6 levels, and induces changes in the
hypothalamic-pituitary-adrenal (HPA) axis [32,69-71]. The recommended dose in adults
with RA is 40 mg administered as a single dose s.c. every 2 weeks [72].

In CD patients, a loading dose of 80 mg s.c. is recommended, followed by 40 mg every
two weeks; in particular, adalimumab seems to be an alternative in non-responders to
infliximab treatment or in patients who had infusion reactions [73]. Baert et al. [30] have

reported that a high proportion of CD patients treated with infliximab develop antibodies




against it, which shorten the duration of their clinical response and increase the incidence
of infusion reactions; although patients treated with adalimumab develop antibodies
against it, the incidence is low [32,74]. Clinical trials have shown that adalimumab alone
or in combination with methotrexate (MTX) is effective in RA and a 20% improvement
in the ACR score was observed in 67% of the patients receiving 12 weeks’ therapy in the
open-label, multicentre, multinational Phase IIIb Adalimumab Research in Active RA
(ReAct) Trial conducted primarily in Europe [75].

Given the above, treatment with anti-TNF-a blocking agents has significant benefits in
inflammatory diseases, such as RA, CD, ankylosing spondylitis (AS) and a variety of
autoimmune and non-autoimmune diseases. The following review is an example of this

use.




4.3.4. POTENTIAL OFF-LABEL USE OF INFLIXIMAB IN AUTOIMMUNE AND
NON-AUTOIMMUNE DISEASES: A REVIEW.
Atzeni F, Sarzi-Puttini P, Doria A, laccarino L, Capsoni F.

Autoimmun Rev 2005;4:144-52
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Potential off-label use of infliximab in autoimmune and
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Abstract

TNF-a is a crucial cytokine in the establishment and maintenance of inflammation in multiple autoimmune and
nonautoimmune disorders. A number of large placebo-controlled trials have shown that infliximab, a chimeric monoclonal
antibody against TNF-a, is effective and well-tolerated in patients with Crohn’s disease and rheumatoid arthritis (RA) and
has become a widely used treatment for these diseases. More recent controlled trials have also shown the effectiveness of
TNF-a blockers in psoriasis, psoriatic arthritis, and ankylosing spondylitis. The results of clinical trials, open-label studies,
and case studies indicate that TNF inhibitors (alone or in combination with other protocols) look very promising for the
treatment of a variety of other conditions, including uveitis, sarcoidosis, Sjégren’s syndrome (SS), Behget’s syndrome,
vasculitis, and graft versus host disease. There is a rationale for using TNF blockade even in systemic lupus erythematosus, a
prototype of autoantibody-mediated disease, and a pilot study seems to confirm this potential effective approach. The
neutralisation of TNF might therefore play a role in the treatment of many autoimmune and nonautoimmune disorders other
than Crohn’s disease or RA.

We here review the current and prospective roles of infliximab in the treatment of autoimmune diseases and other
conditions that do not currently have FDA or EMEA approval.
© 2004 Published by Elsevier B.V.
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1. Introduction

TNF-a is a crucial cytokine in the establishment
and maintenance of inflammation in many auto-
immune diseases. A number of large placebo-con-
trolled trials have shown that infliximab, a chimeric
monoclonal antibody against TNF-a is effective and
well tolerated, and it has now become a widely used
treatment for Crohn’s disease [1]. In 1998, the FDA
approved infliximab in the treatment of moderate to
severe active Crohn’s disease with the aim of reducing
signs and symptoms in patients inadequately respond-
ing to conventional therapies [1]; it was also indicated
for the treatment of patients with fistulising Crohn’s
disease in order to reduce the number of draining
enterocutaneous fistulae. In November 1999, the FDA
approved its use in rheumatoid arthritis (RA) with
methotrexate and expanded this indication in Decem-
ber 2000 [2]; in June 2003, the European Union
expanded its indication to include the treatment of
ankylosing spondylitis [3].

The results of clinical trials, open-label studies, and
case studies indicate that TNF inhibitors (alone or in
combination with other protocols) look very promis-
ing for the treatment of a variety of other conditions,

including uveitis, sarcoidosis, Sjégren’s syndrome
(SS), Behget’s syndrome, vasculitis, and graft versus
host disease. There is a rationale for using TNF
blockade even in systemic lupus erythematosus, a
prototype of autoantibody-mediated disease, and a
pilot study seems to confirm this potential effective
approach.

We here review the current and prospective roles of
infliximab in the treatment of autoimmune diseases
and other conditions that do not currently have FDA
or EMEA approval.

2. Infliximab

Infliximab is an intravenously administered chi-
meric IgG 1K monoclonal antibody consisting of a
constant human regions and variable murine regions
that specifically binds human TNF-a with an associ-
ation constant of 1010 M1. The recommended dose
for the treatment of severe active Crohn’s disease in
refractory patients is 5 mg/kg as a single dose [1]; in
the treatment of RA, it is given at a dose of 3 mg/kg
week 0, 2, and 6, with a maintenance dose of 3 mg/kg
every 8 weeks (6/year).
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The infusion of infliximab induces a rapid and
clinically highly efficacious TNF blockade, with a
remission rate of 30-40% after a single dose. A lack
of response appears to be a stable trait even after
repeated infusions, thus suggesting that it may be
genetically determined; however, extensive studies of
TNF-a gene mutations as predictors of response have
led to various results, and it is known that poly-
morphisms in the TNF-R1 and TNF-R2 receptors are
not associated with treatment response [2].

2.1. Biological effects of infliximab

TNF-« induces proinflammatory cytokines such as
IL- 1 and IL-6, which enhance leukocyte migration by
increasing endothelial layer permeability and the
expression of adhesion molecules by endothelial cells
and leukocytes, activating neutrophil and eosinophil
functions, and inducing acute phase and other liver
proteins. Infliximab neutralises the biological activity
of TNF-a by binding with high affinity to its soluble
and transmembrane forms, and inhibiting the binding
of TNF-a to its receptors [2]; the related TNF-p
(lymphotoxin a) cytokine, which uses the same
receptors as TNF-q, is not neutralised by infliximab.
It has also been found that infliximab down-regulates
IL-18, but not IL-12 or IL-13 [4], up-regulates CXC-
chemokine receptor type II expression, magnifies the
proliferative activity of CXC-chemokines in human
melanocytes, and, in Crohn’s disease, decreases the
levels of IL-10 [5]. In brief, the TNF-a blocking
effects of infliximab are beneficial in the case of
diseases that involve the aberrant effects of lympho-
cytes, macrophages, and neutrophils.

3. Psoriasis

TNF-a plays a fundamental role in the onset and
persistence of skin inflammation in psoriasis. The best
evidence of the essential activity of this cytokine in
the pathogenesis of psoriasis comes from the fact that
selective TNF-a blockers are therapeutically highly
efficacious [6]. The TNF-a inhibitors, infliximab and
etanercept, have been successfully used in the treat-
ment of moderate to severe psoriasis and psoriatic
arthritis in randomised controlled trials [7]. In a trial
involving 33 psoriatic patients, infliximab 5 or 10 mg/

kg or placebo was given at weeks 0, 2 and 6, and 82%
in the 5 mg/kg group and 73% in the 10 mg/kg group
achieved at least a 75% reduction in the Psoriasis Area
and Severity Index (PASI) by week 10 [8]. In a
different study, the mean PASI score decreased from
19.04 to 4.91, once again an improvement of about
75% [9]. A 54-week, open-label, compassionate-use
study of 10 patients who received intravenous
infliximab (5 mg/kg in weeks 0, 2, and 6, with
individualised doses after week 10) and continued
with their current therapy (stable dose) until week 10,
experienced a 71.3% improvement in their PASI
scores and a mean 82.5% reduction in joint inflam-
mation from baseline as assessed by magnetic
resonance imaging [9].

An open-label trial of a single infliximab dose
given to seven patients found a 69% PASI improve-
ment after 2 weeks, which was sustained in the fourth
until the tenth weeks [10]. Infliximab can also be used
with good effects in methotrexate-resistant psoriasis,
with a median time to response of 4 weeks. Anti-TNF-
o biological agents induce rapid disease resolution
and long-lasting remission, thus suggesting that they
may alter the natural course of the disease; further
studies are warranted in order to establish more
precisely the biological bases of this action, the
subgroup of patients who may benefit most from
treatment, and the modalities of combination therapy
with other antipsoriatic agents [10]. Many other TNF-
« inhibitors have been developed, but none of them
has yet been used in the treatment of psoriasis.

The variants of psoriasis are also responsive to
infliximab; even severe cases of pustular psoriasis
respond rapidly [10]; its efficacy in three patients
indicate that it is a promising medication in the
treatment of psoriatic arthritis [7]. It is also useful in
treating recalcitrant erythrodermic psoriasis [11].
Infliximab will probably also be a useful agent in
treating palmoplantar psoriasis, because etanercept, a
similar medication, can be effective in this regard
[12]. It was also found to be helpful in treating an
HIV-positive patient with Reiter’s syndrome [13].

The main limitations concerning the use of
selective TNF-a blockers in psoriasis include the
reactivation of latent tuberculosis, the risk of oppor-
tunistic infections, the development of specific anti-
bodies (which is associated with a shorter duration of
treatment response), and the fact that their high cost
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has given rise to a host of reimbursement issues [14].
Feldman et al. [15] say that narrow-band ultraviolet B
(UVB) phototherapy seems to be the best first-line
agent for the control of psoriasis in terms of efficacy,
safety, and cost-effectiveness, and infliximab should
be considered a second-line agent.

4. Other cutaneous diseases

Many cutaneous diseases involve a prominent
infiltrate of neutrophils with or without eosinophils,
and blocking TNF-a breaks the inflammatory cascade
by decreasing neutrophil proliferation and function.
Some researchers have pointed out that this could be
useful in treating bullous dermatoses (e.g., pemphi-
gus) and pyoderma gangrenosum, and it is known to
be highly effective in treating recalcitrant subcorneal
pustular dermatosis (Sneddon—Wilkinson disease;
[16]). A sustained response to infliximab has been
found in patients with SAPHO syndrome [17], and
severe hidradenitis suppurativa without comorbid
conditions is also responsive to infliximab.

5. Sjogren’s syndrome

There is currently no effective treatment for
patients with primary Sjogren’s syndrome (SS), but,
as TNF-a may be a key element in its pathogenesis, a
multicentre, randomised, double-blind, placebo-con-
trolled trial randomly assigned 103 patients with
primary SS to receive infliximab 5 mg/kg or placebo
in week 0, 2, and 6 [18]. The patients were then
followed up for 22 weeks. All of the patients fulfilled
the new American-European Consensus Group cri-
teria for SS and had active disease as determined by
values of >50 mm on two out of three 0-100 mm
visual analogue scales (VAS) that evaluated joint pain,
fatigue, and buccal, ocular, skin, vaginal, or bronchial
dryness [18]. By week 10, 26.5% of the patients
receiving placebo and 27.8% of those treated with
infliximab had a favourable overall response
(P=0.89); the corresponding figures at week 22 were
20.4% and 16.7% (P=0.62). Thus, there was no
difference between the two groups in terms of any of
the secondary endpoints (e.g., tender and swollen
joints, the basal salivary flow rate, the results of the

Schirmer test for lacrimal gland function, the focus
score on labial salivary gland biopsy) during the 22
weeks of the trial. This trial did not provide any
evidence of the efficacy of infliximab in primary SS

(18).

6. Adult Still’s disease

There is no consensus concerning the treatment of
corticosteroid-resistant adult-onset Still’s disease
(ASD). In a French trial involving 20 patients
unresponsive to the usual therapy (15 treated with
infliximab, 10 with etanercept, and 5 with both drugs
consecutively), 18 of whom were concurrently receiv-
ing steroids and 17 an immunosuppressant, a partial
response was observed in 16 cases: 7 treated with
etanercept and 9 with infliximab [19]. There were four
treatment failures (two on each anti-TNF-« agent).
These data showed that anti-TNF-« therapy may be
helpful for some patients with refractory ASD,
although most patients achieve only a partial remis-
sion [19].

7. Vasculitis

Infliximab can remove the conditions which
facilitate the development of vasculitis. It is useful
for treating rheumatoid and relapsing vasculitis and
has been found to be efficacious in treating giant cell
arteritis. It has also been effectively used to treat RA-
associated vasculitis and cryoglobulinemia and can be
useful in treating Wegener’s granulomatosis and
Churg—Strauss syndrome [20-22]. Cogan’s syndrome,
idiopathic keratoscleritis, and lymphomatous tracheo-
bronchitis have been successfully treated with inflix-
imab, which has also been found helpful in the
treatment of refractory polymyalgia rheumatica [23].

Endothelial vasomotor dysfunction and the
markers of systemic inflammation are independent
determinants of cardiovascular risk, but the link
between clinical inflammation and endothelial dys-
function is unclear. Chandesris et al. [22] used
infliximab to treat 14 patients with active antibodies
associated vasculitis. They showed that vasculitis is
associated with endothelial dysfunction and that anti-
TNF-a therapy (alone or in combination with standard
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treatment) leads to clinical remission, reduced inflam-
mation, and improved endothelium-dependent vaso-
motor responses [20-23].

8. Kawasaki’s disease

Kawasaki’s disease (KD) is a multisystem vascu-
litis of unknown etiology. Coronary artery aneurysms
occur in 25% of untreated cases, but in only 4% of
patients receiving conventional treatment with intra-
venous immunoglobulin (i.v. IG) and high-dose
aspirin (ASA). Unresponsive children are a challenge,
and TNF-« levels peak during the acute and subacute
phase of KD, especially in the children who develop
coronary artery aneurysms. There is only one pub-
lished case of a child treated with infliximab: a 3-year-
old male with giant coronary artery aneurysms
unresponsive to multiple doses of i.v. IG and
methylprednisolone, who defervesced and showed
improved laboratory measures after the first dose of
infliximab [24].

9. Behcet’s disease

Infliximab has been used to treat a variety of
manifestations of Behget’s disease, including severe
and pediatric cases, and has induced remission. The
manifestations successfully treated with infliximab
include panuveitis (five patients), gastrointestinal
disease, ileocolitis, cervical esophageal perforation,
and recalcitrant orogenital ulceration [25]. Infliximab
can be used to treat Behget’s disease in cases that
have failed to respond to etanercept [26]. Our group
has recently described a case of a patient with a
severe Behget’s who failed to respond to the usual
therapy showed a sustained improvement on etaner-
cept [27].

10. Uveitis and scleritis

The efficacy and safety of infliximab have been
assessed in treatment-resistant uveitis and scleritis
[28]. In a retrospective, noncomparative interventional
case series of seven patients with noninfectious ocular
inflammatory disease refractory to alternative immu-

nosuppression, infliximab 200 mg was given at
intervals of 4-8 weeks depending on the clinical
response [28]: six patients clinically improved, with
five achieving remission and significant reduction in
immunosuppression, one patient showed an initial
response but developed a delayed hypersensitivity
response that precluded further treatment. No other
adverse effects occurred. In conclusion, infliximab
seems to be an effective and safe treatment for
noninfectious uveitis and scleritis and may be
indicated as rescue therapy for relapses of ocular
inflammation or as maintenance therapy when con-
ventional immunosuppression has failed [28]. Further
investigation of the use of infliximab for treatment-
resistant scleritis and uveitis is warranted.

11. Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is an auto-
immune disease characterized by numerous autoanti-
bodies and clinical involvement in multiple organ
systems. However, it is the consequent systemic
inflammatory activity that is responsible of organ
damage. In fact, several studies suggest that this
inflammatory tissue damage can be prevented even in
the presence of autoantibodies and despite the
deposition of immune complexes and the activation
of complement [29].

TNF-« is increased in the blood of SLE patients
and is correlated with disease activity. Even sTNFR
serum levels are increased in SLE patients compared
to normal subjects, and both receptors (STNFR I and
sTNFR II) may correlate with disease activity [30].
However, it is worthy to note that the increased TNF-
o found in SLE sera is bioactive [31], and it has been
suggested that it plays a role in the pathogenesis of the
disease.

Moreover, kidney sections from patients with lupus
glomerulonephritis contain a significant amount of
TNF-a, and its expression correlates with histological
activity [32].

We recently investigated the expression of TNF-a
in cutaneous lesions of patients with SLE using an
immunohistochemical approach. We observed that
lesional skin of SLE patients was characterized by an
increased expression of TNF-a when compared with
normal skin obtained from the same patient.
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Therefore, TNF-a seems to play a significant role
in the tissue inflammation, and these results support
the idea that the anti-TNF-a therapy may represent an
interesting candidate for the treatment of some SLE
manifestations.

Anti-TNF-a was effectively used in lupus prone
mice, and in most cases, the autoantibody titre in the
serum was reduced [33].

Up to now, only two observational studies on the
use of infliximab in SLE patients have been published
in form of abstracts. Aringer et al. [34] carried out an
open study on safety and efficacy of TNF blockade in
SLE. Six patients (three with nephritis, one with
nephritis and arthritis, and two with arthritis) were
treated with infliximab in combination with azathio-
prine or methotrexate and/or low-dose corticosteroids.
Anti-TNF blockade was safe and effective either in
patients with nephritis or in those with arthritis.
However, arthritis tended to relapse when therapy
was stopped. It is worthy to note that in two patients,
antidouble-stranded DNA antibodies increased during
treatment but without concomitant SLE flare.

Katz et al. [35] treated with infliximab nine SLE
patients with polyarthritis. Three patients improved,
among them one discontinued infliximab due to
pneumonia and one due to cerebrovascular accident.
Six patients did not improve and discontinued treat-
ment because of the severity of infusion reactions.

Further studies are needed to clarify the efficacy
and toxicity of this treatment in SLE patients,
particularly the potential damage due to the increase
of autoantibody production.

12. Miscellaneous conditions
12.1. Acute alcoholic hepatitis

TNF-a may contribute to the progression of acute
alcoholic hepatitis (AAH). A recent study evaluating
the efficacy of the combination of infliximab and
prednisolone in patients with severe AAH (Maddrey
score >32) compared intravenous infusions of inflix-
imab 10 mg/kg in weeks 0, 2, and 4 with placebo
administered at the same times; all of the patients
received prednisolone (40 mg/day) for 28 days [36].
After the randomisation of 36 patients, 7 patients in
the infliximab group and in the placebo group died

within 2 months; the probability of death within 2
months was nonsignificantly higher in the infliximab
group (39+11% vs. 1819%), and the study was
stopped by the Follow-up Committee and the sponsor
(Assistance Publique-Hopitaux de Paris). The fre-
quency of severe infections within 2 months was also
higher in the infliximab group (P<0.002). In con-
clusion, three infusions of infliximab 10 mg/kg in
combination with prednisolone may be harmful in
patients with severe AAH because of the high
prevalence of severe infections [36].

12.2. Cap polyposis

Cap polyposis is a disorder characterised by bloody
diarrhea with rectosigmoid polyps covered by a cap of
fibropurulent exudate. Its pathogenesis is unknown,
but histological findings suggest that mucosal pro-
lapse may play a role. Drug therapies are usually
unsuccessful, and treatment requires sigmoid resec-
tion or, if the disease recurs after initial surgical
resection, panproctocolectomy. There is one published
case of a patient unresponsive to treatment with
mesalamine, antibiotics, lidocaine enemas, and corti-
costeroids who, after four infliximab infusions at 8-
week intervals, had normal rectum and sigmoid colon
endoscopy results, and biopsies showed the complete
histological resolution of the inflammatory process
[37]. Tt was concluded that infliximab is an effective
therapy for cap polyposis and avoids the requirement
for surgery. No clinical evidence was obtained to
support mucosal prolapse as a causative factor, but the
response to infliximab suggests that TNF-a plays a
role in the pathogenesis of this disorder [37].

12.3. Graft-versus-host disease

Acute and chronic graft-versus-host diseases
(GVHDs) remain the major obstacles to successful
hematopoietic cell transplantation. The induction of
GVHD can be divided into three phases: (i) recipient
conditioning, (ii) donor T cell activation, and (iii)
effector cells mediating GVHD. It has been shown
that cytokines are extremely important in initiating
and propagating GVHD [38], and it is worth noting
that IL-2 and TNF-a lead to cell activation as well as
local tissue damage. The last few years have seen
major advances in the development of monoclonal
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antibodies that target cytokines; drugs targeting the
IL-2 receptor (daclizumab and basiliximab) are now
widely used to prevent renal transplant rejection [38],
and drugs targeting TNF-a (infliximab, etanercept,
and adalimumab) are currently used in rheumatoid
arthritis and Crohn’s disease but are also being tested
in a number of other autoimmune diseases. These
agents are very selective immunosuppressants, whose
mechanisms of action are different from those of
calcineurin inhibitors; they are therefore potentially
promising for the treatment or prevention of GVHD
[38]. In a case of acute GVHD with lupus anti-
coagulant, the lupus anticoagulant disappeared follow-
ing immunosuppressive therapy with a combination of
steroids and infliximab [39]. Infliximab was also found
to be useful in the treatment of acute GVHD in a series
of three patients, and other reports indicate that it can
be used to treat especially steroid-refractory cases of
GVHD.

Many authors have presented updated results
concerning the use and development of anticytokine
therapy for GVHD [39]. The most effective approach
to GVHD prevention will probably be a combination
regimen capable of disrupting the three phases of the
GVHD cascade. Once GVHD has occurred, all three
phases are activated. The development of combination
therapies for the treatment of both acute and chronic
GVHD will probably yield better results than mono-
therapy. The numerous new treatment modalities
should improve the outlook for acute and chronic
GVHD.

12.4. Chronic sciatica

One early study reported good results in patients
with sciatica and disc herniation of up to 3 months’
duration. Atcheson and Dymeck [40] described a new
case of a man who had failed extensive treatment for
several months (including three epidural injections),
after 8 months of unrelenting sciatica, he received a
single infliximab infusion, and 1 week later reported a
>50% reduction in back and leg pain. Six months after
treatment, his back and leg pain had decreased by,
respectively, 89% and 86%. Magnetic resonance
imaging 3 months after the infliximab infusion
showed a 50% reduction in herniation and the
disappearance of a previously noted S1 root com-
pression. This report extends the potential use of

infliximab to patients with more chronic sciatica and
those who have previously received epidural steroids.

13. Conclusions

TNF neutralisation seems to be a useful target in a
variety of autoimmune and other disorders. Larger
randomised trials are warranted to confirm the
preliminary data and case reports.

Take-home messages

* TNF-a is a crucial cytokine in the establishment
and maintenance of inflammation in multiple
autoimmune and nonautoimmune disorders.

» The results of recent clinical trials and case studies
indicate that TNF inhibitors (alone or in combina-
tion with other protocols) look very promising for
the treatment of a variety of other conditions,
including uveitis, sarcoidosis, Sjégren’s syndrome,
Behget’s syndrome, vasculitis, and graft versus
host disease.

» There is a rationale for using TNF blockade even
in systemic lupus erythematosus, a prototype of
autoantibody mediated disease, and a pilot study
seems to confirm this potential effective approach.

* Infliximab and other biologic agents may play a
significant role in the treatment of autoimmune
diseases and other conditions that do not currently
have FDA or EMEA approval.
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4.4. TOXICITY PROFILE AND AUTOIMMUNITY

Anti-TNF-a agents have had a marked impact on the treatment of RA and CD insofar as
they have proved to be efficacious in reducing disease activity in patients incompletely
responding to conventional therapy [56,57,76,77]. The controlled phase III trials
conducted during their clinical development did not reveal any increase in serious
adverse events in comparison with active control drugs, but do not cover a sufficient time
or a sufficient number numbers of patients to detect unusual adverse events: since their
completion, post-marketing reports of tuberculosis (TB), opportunistic infections and
lymphomas have led the American Food and Drug Administration (FDA) to require label
changes [77].

The safety issues relating to all TNF-o antagonists are infections (including
Mycobacterium TB and other opportunistic infections), demyelinating disorders,
autoimmune syndromes (including lupus-like syndrome), heart failure and administration

reactions.




4.4.1. Infections

It is well known that serious infections occur in untreated RA patients and patients treated
with traditional DMARDs, but there is evidence to suggest that TNF-o antagonists
increase the risk of developing certain infections [78].

The incidence of TB seems to have increased the most: up until December 2002 in the
USA, TB was reported in 39 patients treated with etanercept (with a least one fatal
outcome) and in 335 treated with infliximab, with at least 12 deaths; during the course of
adalimumab clinical trials, 13 cases of TB were observed in 2,468 patients, most of
which developed before the implementation of TB surveillance [78,79]. The majority of
TNF-o antagonist-associated cases are believed to be the result of the reactivation of
latent disease, and nearly 50% were due to extra-pulmonary and/or disseminated disease:
given these data, routine tuberculin skin testing has been recommended before starting
treatment [80]. However, there are unpublished data confirming the effectiveness of
isoniazide prophylaxis in patients with a positive tuberculin skin test before treatment
with TNF-o antagonists.

Up until June 2002, opportunistic infections were reported in 337 patients treated with
infliximab or etanercept for various reasons, leading to at least 21 deaths; the reported
organisms included other mycobacteria, fungi such as Histoplasma capsulatum, and
Coccidioides immitis, Pneumocystis jiroveci (carinii), and yeasts such as Cryptococcus
neoformans and Candida species, mold such as Aspergillus. In terms of the underlying
mechanisms, one recent in Vvitro study has demonstrated a decreased T helper 1 immune
response against H. capsulatum by host defence cells treated with infliximab; however, as

TNF-a also plays a role in granuloma formation, cytokines and adhesion molecule




production, enzyme release, and the migration and maturation of inflammatory cells, its
neutralisation may have contributed to an increased susceptibility to infections [81,
77,13].

4.4.2. Lymphomas

A 2 to 25 times increase in the incidence of lymphomas among RA patients had been
reported even before the introduction of TNF-a antagonists, and an important concern
raised at the FDA Advisory Committee meeting in March 2003 was the absence of
lymphomas in the comparative groups used in the clinical trials of etanercept, infliximab
and adalimumab [77, 82,83]. Although this suggests that these biological agents increase
the risk of lymphomas, further data (including careful longitudinal assessments of treated
patients) are required and are currently being collected to clarify the issue [83].

4.4.3. Congestive heart failure

Congestive heart failure (CHF), mortality and hospitalisations due to heart failure were
increased in the clinical trials of infliximab [34,84,85]. An FDA warning of cases of heart
failure in patients treated with etanercept or infliximab led Wolfe et al. [86] to review the
National Data Bank for cases of heart failure disease in patients with RA: the most
relevant information gleaned was that there were no incidents of heart failure in 1,569
patients aged less than 50 years treated with TNF-a antagonists. Furthermore, heart
failure seems to be a rare event as only 47 cases were reported to the FDA among the
approximately 270,000 patients exposed to TNF-a blocking agents [34]. As TNF-a is
important for viral clearance, one possible explanation for CHF in patients without a
history of heart disease is that the myocardial decompensation is secondary to viral

myocarditis, and one study of TNF-a-deficient mice has demonstrated decreased survival




after infection with encephalomyocarditis virus due to defects in viral clearance from the
myocardium [84,85,87]. These findings suggest that evaluating viral infection may help
characterise any new cases of heart failure among patients treated with TNF-o blocking
agents [88].

4.4.4. Demyelination

Twenty cases of patients developing neurological symptoms with accompanying
demyelination revealed by magnetic resonance imaging (MRI) have been reported to the
FDA database as TNF-a antagonist-associated adverse events [77,89]. Although this
complication has been attributed to the possible precipitation of a multiple sclerosis-like
demyelinating syndrome, a brain biopsy from one index case demonstrated the presence
of leukoencephalopathy [89]. Any future cases of ““ demyelination syndrome” will require
careful analysis to determine the etiology of the symptoms, and greater scrutiny is

necessary to exclude progressive multifocal leukoencephalopathy [89].
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ABSTRACT: Treatment of rheumatoid arthritis (RA) patients with anti-tumor
necrosis factor-alpha (anti-TNF-«) biologic agents has been associated with a
reduction in the levels of specific autoantibodies, such as rheumatoid factor
(RF) and anticyclic citrullinated peptide (anti-CCP), and the induction of non-
organ-specific autoantibodies (antinuclear antibodies [ANAs], anti-dsDNA,
and antiphospholipid antibodies [aPLs]). The mechanisms by which the block-
ade of anti-TNF-« decreases the generation of specific autoantibodies, such as
anti-CCP and RF, are not yet known. However, it has been shown that these
agents can downregulate the production of several inflammatory cytokines and
mediators and that these anti-inflammatory effects may account for reduced
autoantibody generation, particularly in the synovial compartment. Infliximab
treatment leads to the induction of ANAs in 63.8% of RA patients and 49.1%
of Crohn’s disease (CD) patients, and anti-dsDNA antibodies in 13% of RA
patients and 21.5% of CD patients, respectively. The development of ANAs and
anti-dsDNA antibodies has also been described after etanercept therapy in
11% and 15% of RA patients, respectively. In the controlled trials, increases in
ANA and anti-dsDNA titers were observed in 5.3% and in 12.9% of adali-
mumab-treated RA patients. Only limited data on the induction of aPL anti-
bodies during TNF-« blocking treatment are available.

KeEyworbDs: infliximab; etanercept; adalimumab; autoantibodies; rheumatoid
factor; anticyclic citrullinated peptide antibodies (anti-CCP); autoimmunity

INTRODUCTION

Treatment with biologic agents directed against anti-tumor necrosis factor-alpha
(TNF-a), such as infliximab, etanercept, and adalimumab, has significant clinical
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TABLE 1. Pharmacologic characteristics of TNF-« inhibitors

Pharmacologic

characteristic Infliximab Etanercept Adalimumab
Half-life 8-10 days 3-5.5 days 14 days
Binding affinity 1.8 x 10° 1010 2.3 x 1010
Target binding TNF TNF, lymphotoxin TNF
Structure chimeric mAb TNF receptor-IgG1 Human mAb
fusion protein
Complement + -
Cell lysis + _
cytotoxicity
Administration and i.v. 4-8 q wk s.c. 2 q wk s.c. 2 q mo
dose 3-10 mg/kg 25 mg 40 mg

benefits in inflammatory diseases such as Crohn’s disease (CD), ankylosing spon-
dylitis (AS), rheumatoid arthritis (RA), and a variety of autoimmune and non-auto-
immune diseases.! ™

Infliximab

Infliximab, a recombinant chimeric antibody produced by mouse myeloma cells
(TABLE 1), contains sequences from human IgG1 constant and mouse variable regions,
is specific for the membrane-bound or secreted or extracellular space TNF-o of
humans and chimpanzees,38 and prevents TNF from binding to its membranous and
soluble receptors. After initial parenteral administration, its serum half-life is
approximately 8.9 days and is maintained by dosing every 8 weeks thereafter. Its
intravenous administration ensures that maximum serum concentrations are reached
within 1 hour. Multiple clinical studies have confirmed that 30 weeks of treatment
lead to a 20% improvement in the American College of Rheumatology (ACR) score
in more than 50% of patients with active RA as against only 20% of patients treated
with placebo.? The same effect is generally maintained after 54 weeks.!0-13

Infliximab is registered by the Food and Drug Administration (FDA) and the
European Medicines Evaluation Agency (EMEA) as therapy for treatment-resistant
RA, treatment-resistant moderate to severe CD, and CD with fistulas.810-14 Recent-
ly, its efficacy was demonstrated in seronegative spondyloarthritis (SS).!>-16

Etanercept

Etanercept, a fusion protein (decoy receptor) secreted by Chinese ovary (CHO)
cells, combines the ligand binding portion of human TNF receptor 2
(TNFR2=p75=CD120b) with sequences of human IgG1 (TABLE 1). Unlike TNFR1
(p55=CD120a), TNFR2 is a constitutive membrane receptor that is inducible upon
stimulation and can be found on the surface of almost all cells except red blood cells
and resting lymphocytes.* Because its affinity for TNF-a. is greater than that for
TNFRI1, it can capture the cytokine more easily. Inasmuch as active TNFR2 is a trim-
er, the recombinant decoy receptor need not be a monomer to reach the required
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bioactivity in competing with natural receptors.3’4’l7 Etanercept is administered
twice weekly in 25-mg subcutaneous injections, its median half-life in serum is
4.8 days, and its maximum concentration is reached within 3 days. A 20% improve-
ment in the ACR score was achieved in 60—75% of RA patients on 12 weeks of
etanercept therapy as against 14-33 % of those on placebo. 17-21 Reports suggest that
the benefit of etanercept treatment is maintained for years.

Etanercept is approved by the FDA and the EMEA for use in treatment-resistant
RA as well as for severe active and progressive RA and treatment-resistant poly-
articular juvenile chronic arthritis. It is also approved by the FDA for treatment-
resistant psoriatic arthritis,'7202223 and it has a beneficial effect in AS.>*%

Adalimumab

Adalimumab is a recombinant human immunoglobulin G1 monoclonal antibody
that is specific for human TNF. It specifically binds to circulating and cell surface
TNF-o and blocks its interaction with p55 and p75 cell surface TNF receptors26
(TABLE 1).

The first fully human anti-TNF-o. monoclonal antibody, it was approved for the
treatment of moderate to severe RA by the FDA in 2002 and by the EMEA in Sep-
tember 2003.27-?8 The standard dose is 40 mg subcutaneously every other week, and
the drug can be used alone or in combination with disease-modifying antirheumatic
drugs (DMARDs) such as methotrexate (MTX).2® After a single 40-mg subcutane-
ous dose to a healthy adult, it reaches a maximum serum concentration of 4.7 £ 1.6
g/ml within 131 £ 5 hours. The average absolute bioavailability of adalimumab,
estimated from three studies, is 64%. Population pharmacokinetic analyses have
revealed a trend towards a greater apparent clearance in the presence of anti-
adalimumab antibodies and a lower clearance with increasing age in patients 40 to
>75 years. A 20% improvement in ACR score was achieved in 67% of RA patients
on 12 weeks of adalimumab in the ReaAct Trial and a moderate European League
Against Rheumatism (Eular) response in 819%.2930

TOXICITY PROFILE AND AUTOIMMUNITY

The safety issues relating to all current TNF antagonists are infections (including
Mycobacterium tuberculosis and other opportunistic infections), demyelinating dis-

TABLE 2. Serious adverse events correlate with anti-TNF agents

Adverse events Refs.
Infections (sepsis, mainly candida, aspergillus, cytomegalovirus, 31,32,26
cryptococcus, mycobacterium)
Hematology (anemia, neutropenia, lymphoma) 31,32,26
Neurology (demyelination) 31,32,26
Bone-muscle-connective tissue (lupus-like syndrome) 31,32,26,47-49

Anti-infliximab antibodies and infusion/injection reaction 31,32,26,39
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TABLE 3. Effects on immunogenicity of biologic agents: review of the literature

Anti—
Anti-TNF Pts ANA ds-DNA
Authors Year agent (n) (%) (%) aCl (%) Refs.
Charles et al. 2000 Infliximab 156 - 5-7 — 42
Antivalle et al. 2002 Infliximab 91 54.9 20.9 - 45
Ferraccioli et al. 2002 Etanercept 8 - - 62.5 (post- 64
infections)
De Richie et al. 2003 Infliximab 62 82.3 16.7 - 43
Jonsdottir et al. 2004 Infliximab 67 - - 28 25 65
Etanercept 57
Ferrero et al. 2004 Infliximab 24 87.5 54
Bobbio- 2004 Infliximab 30 80 3.3 6.7 35
Pallavicini et al.
Allanore et al. 2004 Infliximab 59 63.8 32 — 46
Keystone et al. 2004 Adalimumab - 12.9 53 - 26
Atzeni et al. In press Adalimumab 57 28 3.5 1.7 37

orders, autoimmune syndromes (i.e., systemic lupus erythematosus), congestive
heart failure, and administrative reactions20-31:32 (TABLE 2).

Antibody formation can follow the administration of biologic agents such as the
TNF antagonists including the development of neutralizing and non-neutralizing
antibodies*20-33 (TABLE 3).

Rheumatoid Factor and Anticyclic Citrullinated Peptide

Specific autoantibodies such as rheumatoid factor (RF) and anticyclic citrullinat-
ed peptide (CCP ) are related to the severity of the rheumatoid process and could be
reduced by effective TNF-o—blocking agents.34

Bobbio-Pallavicini et al.>> found a significant decrease in the titers of both anti-
CCP antibodies and RF after 30 weeks of infliximab therapy, which suggests that
serial evaluations of these antibodies may be useful in monitoring the clinical course
of RA patients undergoing treatment with infliximab. However, they observed a dif-
ferent evolution of RF and anti-CCP antibody titers during long-term therapy: after
54 and 78 weeks, there was a progressive decrease with the former but not the latter
despite the persistence of clinical improvement indicated by DAS 28.33 Alessandri
et al.3® reported that infliximab treatment led to a decrease in the serum titers of RF
and anti-CCP antibodies in RA patients showing improvement, suggesting that these
measurements may be a useful adjunct in assessing treatment efficacy. In a study of
57 patients with RA,%” we found that 46 (80.7%) were positive for anti-CCP anti-
bodies at baseline, and 43 (75%) were positive for RF. Although none of these pa-
tients became negative after adalimumab treatment, the serum titer of anti-CCP
antibodies and RF decreased significantly after 12 months of treatment (P < .001 for
both). When the patients were grouped on the basis of their clinical response, a sig-
nificant decrease in serum levels of anti-CCP antibody and RF was observed only in
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those who showed clinical improvement according to ACR 20 and ACR 50 criteria
(both P < .001) (data submitted for publication).g’37

The mechanisms by which the infliximab-induced blockade of anti-TNF-o
decreases the generation of specific autoantibodies such as anti-CCP and RF are not
yet known; however, it has been shown that infliximab can downregulate the produc-
tion of several inflammatory cytokines and mediators and that these anti-inflamma-
tory effects may account for reduced autoantibody generation, particularly in the
synovial compartment.®

Citrullination represents a post-translational modification of proteins involved in
apoptosis. As citrullinated fibrin is one of the major citrullanated proteins in rheu-
matoid synovium, it is an important antigenic target of anti-fillaggrin antibodies.>®
Anti-TNF-a treatment can modulate apoptotic processes (as in inflammatory bowel
disease), so that regulation of apoptosis after TNF-o blockade may at least partially
explain this observation.3®

Neutralizing Antibodies

Infliximab therapy can lead to the formation of anti-infliximab antibodies323?

whose presence was associated with infusion reactions in 6.9-19% of patients. In-
fusion reactions are important immunologic events induced by the presence of sub-
stantial serum concentrations of such antibodies.3!323% Thereafter, infliximab rap-
idly disappears from the serum and becomes undetectable within 4 weeks. Once an
infusion reaction has occurred, the duration of the response to subsequent infusions
decreases, but, although the relation between the duration of response and infliximab
concentrations was clear, it was no stronger than the correlation with antibody con-
centrations. As antibodies develop soon after the initial infusion in most patients,
Baert et al.>” believe that immunosuppressive therapy should be started before the
administration of infliximab to prevent antibody formation and improve the duration
of the drug response; however, concomitant treatment with immunomodulators in
ACCENT I (a Crohn’s disease clinical trial evaluating infliximab in a new long-term
treatment regimen) did not substantially increase the benefit of the three-dose induc-
tion regimen and 8-week maintenance therapy.**

It remains to be established whether any of the immunosuppressive agents
(azathioprine, mercaptopurine, or MTX) provides greater protection against
immunogenicity than the others. A drug interaction between MTX and infliximab
has been proposed because, although maximum serum infliximab levels remain the
same with or without concomitant MTX therapy, one study found that the rate of dis-
appearance of infliximab was slower among patients taking MTX than among those
receiving infliximab alone.*!

In conclusion, it is clear that immunosuppressive treatment prevents the forma-
tion of antibodies against infliximab, thus reducing the incidence of infusion reac-
tions and increasing the duration of response. When necessary, anti-TNF therapy can
temporarily be discontinued and restarted without the loss of a clinical response or
an increased risk of anaphylaxis or immunologic reaction.

Adalimumab. As might be expected with infusion of any immunoglobulin, a pro-
portion of patients develop human anti-idiotypic antibodies specific for adalimumab
that, in clinical trials, have been observed in 12% of patients receiving monotherapy
and 1% of those receiving combination therapy with MTX.2628 These antibodies
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probably account for the somewhat lower ACR responses observed in the mono-
therapy study; a significantly better response was observed with adalimumab 40 mg
weekly, and it is estimated that 5-15% of patients may require weekly doses while
receiving monotherapy.??® There is no evidence that weekly adalimumab dosing
may be beneficial in patients receiving concomitant MTX therapy or that the anti-
idiotypic antibodies affect the safety profile of adalimumab.

Antinuclear, Anti-dsDNA Antibodies, and Lupus-Like Syndrome

Infliximab treatment has led to the induction of ANAs in 63.8% of RA patients
and 49.1% of CD patients and to anti-dsDNA antibodies in 13% of RA patients and
21.5% of CD patients, respectively.33’42’46 The development of ANAs and anti-dsD-
NA antibodies has also been described after etanercept therapy in 11% and 15% of
RA patients, respectively.®3 Clinical studies of the effect of adalimumab in RA have
reported the appearance of autoantibodies, including ANAs (12.9%) and anti—
dsDNA antibodies (5.3%),26 and one case of a lupus-like syndrome in which serosi-
tis and arthritis resolved upon discontinuation of therapy.26 We37 found that 4 of 57
adalimumab-treated RA patients (7.2%) and 5 of 55 MTX-treated patients with RA
(9%) were ANA positive at baseline; after 12 months of therapy, ANA induction was
observed in 12 adalimumab-treated RA patients and 6 MTX-treated RA patients,
with the total number of ANA-positive patients being 16 (28%) in the adalimumab
group and 8 (14.5%) in the control group. The difference in ANA positivity before
and after follow-up was statistically significant only in the adalimumab group
(P <.001), and the difference in induction between the two treatment groups was also
significant (P <.001) (data in press). However, despite the development of ANAs and
anti-dsDNA antibodies in a fairly high proportion of patients during anti-TNF-a
therapy, the incidence of possible lupus-like syndromes was low. Some cases of
lupus-like symptoms (with or without autoantibodies) in patients receiving inflixi-
mab or etanercept treatment have been reported, but it is difficult to determine
whether they were related to anti-TNF- treatment, the underlying disease, or other
concomitant drugs or whether they occurred coincidentally.‘”J‘9 The identification
of drug-induced SLE in RA patients is especially difficult because of overlaps
between the two diseases. Charles er al.*”> described the induction of anti-dsDNA
antibodies in 7% of RA patients treated with infliximab (with or without MTX ther-
apy) and noted that their isotypes differed from those of IgG. De Rychie et al.*3 con-
firmed the high prevalence of ANAs and anti-dsDNA antibodies in RA patients after
infliximab treatment. Moreover, increased ANA titers and induction of anti-dsDNA
antibodies are more pronounced in SA than in RA.*> However, ANAs may be more
likely in untreated RA that in untreated SA, and the absence of associated MTX ther-
apy in SA may contribute to the observed differences. Of interest is the observation
by Boehm et al.?? that MTX therapy can lead to a decrease in circulating autoanti-
bodies in patients with cutaneous lupus.The diagnostic and prognostic value of anti-
dsDNA antibodies remains controversial, because lupus-associated anti-dsDNA
antibodies are classically of the IgG isotype, whereas IgM or IgA anti-dsDNA anti-
bodies may occur in other diseases as well (mixed connective tissue disease, primary
Sjogren’s syndrome, scleroderma, RA, AS, chronic active hepatitis, and primary bil-
iary cirrhosis).*>>! Other ANA reactivities have not been systematically studied in
relation to infliximab therapy. One study found an increase in the number of patients
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with antinucleosome antibodies before and after infliximab treatment, but this was
not statistically significant.>>3 Antihistone antibodies are particularly common in
SLE and drug-induced lupus (with respective sensitivities of 50-70% and 90-95%),
but they may also occur in other diseases (RA, juvenile chronic arthritis, auto-
immune chronic hepatitis, and chronic infection) or even in healthy controls.>? Some
infliximab-treated patients with RA or SA have shown the newly developed anti-
histone antibodies.*3>*

Mechanism of Antinuclear and Anti-DNA Antibody Induction

Autoantibody induction may be a predictable consequence of anti-TNF-o block-
ade, which could promote humoral autoimmunity by inhibiting the induction of the
cytotoxic T-lymphocyte response that normally suppresses autoreactive B cells.”
Infliximab may also neutralize the biologic activity of TNF-a by binding the soluble
forms and thus preventing its interaction with its p55 and p75 cell receptors. Inflix-
imab also binds the transmembrane form of TNF-o and could induce antibody or
complement-dependent cytotoxicity in the cells expressing it. Furthermore, it
increases the number of apoptotic T lymphocytes in the lamina propria and apoptotic
monocytes in peripheral blood in Crohn’s disease.>>% In this case, one hypothesis
concerning the development of autoimmune diseases such as SLE is that increased
apoptosis may promote the release of numerous autoantigens, thus leading to the
development of autoantibodies against cytoplasmic and nuclear compounds such as
ANA and dsDNA, especially if their production is no longer suppressed by the action
of infliximab on the suppressor T-cell population.56 This process may not occur in
organ-specific cells such as thyrocytes, because they do not harbor TNF-o receptors,
which may partially explain the absence of organ-specific autoantibodies associated
with autoimmune vasculitis, hepatitis, or endocrine diseases. Charles et al.*? and
Ferrero et al.>* demonstrated that most of the anti-dsDNA autoantibodies detected
during the treatment of RA were of the IgM isotype. Furthermore, Ferrero et al>*
showed that most of the detected aPL autoantibodies were also of IgM isotype. The
role of IgM in the development of autoimmune diseases remains to be elucidated,
but natural autoreactive IgM autoantibodies may suppress autoimmunity by induc-
ing B-cell tolerance and thus participating in the negative selection of autoreactive
B cells. The larger pool of autoantibodies of the IgM isotype observed during inflix-
imab treatment could be due to a higher production of natural autoreactive IgM, but
it may also be an induced population that can further switch to IgG with a well-
known pathogenic effect.*>5% The high frequency of IgM may also be caused by
TNF blockade, as demonstrated in a murine model of collagen-induced arthritis in
which anti-TNF-o. monoclonal antibodies reduced isotype switching to IgG in the
local draining lymph node.>’

Antiphospholipid Autoantibodies

Antiphospholipid (but not aCL) autoantibodies are found in 2-6% of healthy
blood donors and up to 12% in an aging population.’® In RA patients, aCLs have
been found at even higher frequencies.>” aCL antibodies associated with recurrent
thromboembolic disease and fetal loss, but their clinical significance in RA is uncer-
tain and their presence has been considered a nonspecific marker of activation of the
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immune system.éo’61 Only limited data on the induction of aPL antibodies during
TNE-a: blocking treatment have been reported. Elliott er al.®? found aCL antibodies
(cA2) in 1 of 20 RA patients treated with anti-TNF-o in an 8-week open trial.
Rankin et al.%> measured the serologic effects of repeated doses of the humanized
anti-TNF-o antibody CDP 571 in patients with RA and found that some develop
positive aCL (IgG). Ferraccioli et al.%* showed variations in aCL titers over time in
etanercept-treated patients with concomitant bacterial infection in whom reduced
titers were seen after treatment with antibiotics. In a recent paper, Jonsdottir e al.%?
described a correlation between treatment with TNF-o. antagonists (infliximab and
etanercept), the appearance of aCL antibodies, and a worse clinical outcome; how-
ever, two other studies did not confirm the association between aCL antibodies and
clinical outcome. We37 found that none of 57 RA patients before adalimumab treat-
ment and none of 55 MTX-treated RA patients was positive for aCL or anti—f3-,GPI
autoantibodies at baseline, and after 12 months, aCL levels were not significantly
different between both groups (2 of 57 vs. 2 of 55) (data in press).

CONCLUSIONS

This review indicates that anti-TNF agents induced a decrease in RF and anti-
CCP levels and an increase in the production of neutralizing and non-neutralizing
autoantibodies. The possible mechanisms underlying these phenomena and their
correlation with clinical manifestations remain to be elucidated. Although the fact
that the production of ANAs and anti-dsDNA antibodies does not correlate with clin-
ical features suggestive of autoimmune diseases is reassuring in terms of treatment
safety, longer-term observational studies of anti-dsDNA—positive patients are essen-
tial and the mechanism of anti-dsDNA antibodies by anti-TNF-o therapy must still
be clarified.
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4.5. POSSIBLE MECHANISMS INVOLVED IN THE DECREASE IN RHEUMATOID FACTOR AND
ANTI-CITRULLINATED PROTEIN ANTIBODIES, AND THE PRODUCTION OF NEUTRALISING
AND NON-NEUTRALISING AUTOANTIBODIES. DURING ANTI-TNF-0. TREATMENT

Two important problems associated with anti-TNFo agents are immunogenicity and
autoimmunity [90,34].

4.5.1. Autoantibodies against anti-TNF-a agents

Structural differences in anti-TNF-o agents affect their immunogenicity, but the
development of antibodies against them can also be influenced by concomitant infection
[90]. The development of anti-drug antibodies is T cell dependent and, in “normal’
healthy individuals, antigen-presenting dendritic cells do not express adequate levels of
co-stimulatory molecules such as CD80 to activate T cells and stimulate subsequent B
cell differentiation; under these conditions, only highly immunogenic polypeptides
trigger an immune response. However, in the setting of acute bacterial infections,
dendritic cells are induced to express high levels of co-stimulatory molecules that lower
the threshold of T cell activation and, under these conditions, an immune response can be
triggered by even weakly immunogenic polypetides [91]. This means that the production
of autoantibodies against anti-TNF agents may vary in different disease states: i.e. the
immunogenicity may be greater in patients with CD (in whom there is a prominent

component of bacterial triggers) than in those with RA, in whom there is not (see Fig.6).




Fig. & Mechanisms involved in amtoantibodies apainst anri-

THNF-tx agents production

Hacterial infection *

Deeniric odl ¢

(ARC) CDie

I ewelli |

B el

Liatin-guani i bascl e prouaciion

4.5.2. Antinuclear and anti-double stranded DNA antibodies induced by anti-TNF-a
agents

What is the exact mechanism inducing ANA and anti-dsDNA development in patients
treated with TNF-blocking agents (see Fig.7)?

The in vivo neutralisation of TNF-a in RA patients has a profound stimulatory effect on
humoral immunity to DNA and other nuclear antigens, which may be due to various
possible mechanisms, including the interruption of apoptosis and the down-regulation of
T helper (Th) cell activity [67].

The induction of autoimmunity to nuclear antigens may reflect the inhibition of cytotoxic
cells that have the potential to suppress autoreactive B cells, a mechanism that has been
proposed to explain the presence of SLE-like autoimmunity in chronic graft-versus-host

disease. Infliximab and adalimumab bind to the TNF-a on cell surfaces, and may lead to




apoptotic cell death and the release of nucleosome autoantigens that induce anti-ds DNA
antibodies in a subpopulation of genetically susceptible patients [92,93]. It is also
possible that TNF-a directly modulates the immunogenicity of DNA by means of its
effects on serum amyloid P and complement factors C1q and C4b, which bind chromatin
DNA in apoptotic bodies and account for the clearance of DNA; for example, the absence
of these mediators in mice leads to the development of antinuclear autoimmunity and
lupus-like disease [94]. It is interesting in this context that the combined inactivation of
TNF-a and IL-6 prevents the induction of acute phase proteins such as serum amyloid P
(SAP), thus indicating a pathway whereby reduced TNF-o may favour the development
of lupus. As nucleosomes co-cluster in apoptotic bodies with other lupus auto-antigens
during apoptosis, it is temping to speculate that the persistence of circulating apoptotic
cells triggers autoantibody production in SLE, a hypothesis that is consistent with the
findings that a series of post-translational protein modifications and a substantial increase
in the production of reactive oxygen species take place during apoptosis, and these are
known to increase the immunogenicity of apoptotic cell-containing autoantigens [95].
Viral infections may contribute to the immunogenicity of nucleosomes and trigger an
autoimmune response: i.e. nucleosomes and virus can co-cluster in apoptotic bodies and
induce an autoimmune response that spreads from the viral antigen to the co-clustered

nucleosome.




Fig. 7 Anfibodies anti-nuclear and anti-double stranded YA
induced by TNF-alpha blocking agents: possible mechanisms
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4.5.3. Anti-phospholipid autoantibodies induced by anti-TNF-a treatment

One possible explanation for the induction of aCL positivity in patients treated with TNF-
a blocking agents is that the down-regulation of TNF-a leads to the up-regulation of IL-
10, which in turn activates autoreactive B cells and thus induces autoantibody production
[96]. Alternatively, lower TNF-a levels may lead to a generalised increase in Th2 activity
which, albeit through other cytokine pathways, may lead to B cell activation and
autoantibody formation [96]. Ferraccioli et al. [12] have shown that the appearance of
these autoantibodies correlates with bacterial urinary or upper respiratory tract infections,
and that antibiotic treatment restores normal aCL antibody levels. One possible
explanation as to why the infection can lead to the appearance of aCL can be found in
bacterial DNA, which is enriched in unmethylated CpG motifs that can activate CD86

expression, and the synthesis of IL-6 by B cells and IFN-y by NKT and Th 1 cells




[97,98]. These motifs, which are expressed by both Staphylococcus and E coli DNA, may
well activate B cells once TNF-a is blocked by the biological agent (see Fig.8) [12].

Most of the anti-dsDNA and aCL antibodies detected during anti-TNF-a treatment are of
the IgM isotype [2]. Natural autoreactive autoantibodies may suppress autoimmunity by
inducing B cell tolerance and, thus, the negative selection of autoreactive B cells. The
larger pool of autoantibodies observed during anti-TNF-a treatment may be due to higher
autoreactive IgM production, but could also be an induced population that can further
switch IgG and give rise to a well-known pathogenic effect [99]. The high frequency of
IgM may also be a result of TNF blockade, as it has been demonstrated in a murine
model of collagen-induced arthritis that monoclonal anti-TNF-a antibodies reduce

isotype switching to IgG in the local draining lymph node.
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4.5.4. Rheumatoid arthritis-related autoantibodies (such as RF and anti-cyclic
citrullinated peptides) and anti-TNF-a agents

Over the last few decades, a number of autoantibody systems have been described as
being associated with RA [100-103,24]. RF, the oldest and most widely known of these
autoantibodies, is directed to the Fc part of IgG molecules and can be detected in up to
80% of RA patients, but it is also found in various other diseases and healthy controls.
The antibodies against citrulline-containing epitopes (anti-CCP) have the greatest clinical
potential in RA [100]. Citrulline is a non-standard acid insofar as it is not incorporated
into proteins during protein synthesis, but it can be generated via the post-translational
modification of arginine residues by peptidylargimine deimanase enzymes. The
conversion of arginine into citrulline involves the replacement of an amine group by an
oxygen atom in the side chain of the amino acid, and is associated with the loss of a
positive charge (at neutral pH). Although this conversion leads to a relatively small
chemical alteration in the protein involved, the reactivity of the autoantibodies that react
with citrulline-containing epitopes seems to be critically dependent on the presence of a
citrulline residue [100].

Anti-CCP antibodies have shown a high degree of specificity (96-98%) and reasonable
sensitivity for the diagnosis of RA [100-103]. The fact that they can often be detected
years before the manifestation of the disease suggests that the initial trigger for the
development of RA may occur long before the appearance of RA symptoms [102]. On
the basis of these data, Visser et al. [104] developed a set of diagnostic criteria for early
arthritis that can immediately discriminate self-limiting, persistent non-erosive and

erosive arthritis. It is also known that a greater prevalence of anti-CCP antibodies is




associated with the development of severe radiological damage, and that high serum RF
levels independently predict worsening damage [103].

The mechanisms by which anti-TNF-o agents may decrease the generation of
autoantibodies such as anti-CCP and RF are not understood, and any attempted can only
be speculative (see Fig.9). However, it has been known that TNF-a blocking agents can
down-regulate the production of various inflammatory cytokines and mediators, and that
these anti-inflammatory effects may reduce autoantibody generation, particularly in the
synovial compartment. It has also been shown that citrullination is a post-translation
modification of proteins in the apoptotic process, and that citrullinated fibrin is one of the
major citrullinated proteins in rheumatoid synovia, and thus represents a major antigenic
target of anti-filaggrin antibodies [105]. Another possibility (but one that needs further
study) is that the changes in serum anti-CCP levels during anti-TNF-a treatment are

related to modulations in apoptotic cell death [64].
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5. HYPOTHESIS




The introduction of TNF-a inhibitors has been a major advance in the treatment of
patients with inflammatory arthritis and bowel disease. However, clinical trials have
shown that TNF-a blocking agents lead to the development of autoantibodies, such as
ANAs, anti-DNA and aPL: infliximab has led to the development of ANAs in 63.8% of
RA patients and 49.1% of CD patients, and to anti-dsDNA antibodies in 13% of RA
patients and 21.5% of CD patients, and adalimumab has led to the appearance of ANAs
and anti-dsDNA autoantibodies in respectively 12.9% and 5.3% of RA patients [29,32].
However, despite the development of ANAs and anti-dsDNA antibodies in a fairly high
proportion of patients during anti-TNFa therapy, the incidence of lupus-like syndrome is
low: one case has been described during adalimumab trials, and some cases induced by
infliximab and etanercept have been reported, but it is difficult to determine whether they
were actually related to the anti-TNF-o agents [1-10, 33-35]. Many post-marketing
studies have evaluated the frequency of these autoantibodies and their correlation with
the efficacy and duration of treatment, but the data are very controversial. Some authors
have found a correlation between the appearance of aCL and a worse clinical outcome
and/or bacterial infection in RA patients treated with infliximab or etanercept, and
Vermeire et al. [4] found more skin-related adverse symptoms in CD patients who
developed autoantibodies, and also a clearly association between ANAs and female
gender [11,12,4].

On the basis of these data, the hypothesis of the present thesis is that the clinical use of
anti-TNF-a agents in patients with autoimmune diseases is associated with the

development of a variety of autoantibodies due to an imbalance of the immune system.




6. OBJECTIVES




6.1. Main objectives

To determine: 1) the frequency and correlation of autoantibody development at
standardised timepoints in refractory/inflammatory and fistulising CD patients in a
routine clinical setting; 2) the relationships between the presence of autoantibodies,
adverse clinical events and responses to anti-TNF-a therapy; and 3) whether non organ-
specific autoantibodies are induced by adalimumab, as has been reported in the case of

other TNF-a blocking agents

6.2. Objectives of first paper:

Adalimumab clinical efficacy is associated with rheumatoid factor and anti-cyclic
citrullinated peptide antibody titre reduction: a one-year prospective study.
Arthritis Res Ther. In press

To evaluate prospectively: 1) the clinical efficacy of adalimumab; 2) whether the
prevalence and titres of RA-associated autoantibodies such as RF and anti-CCP correlate
with treatment effect; and 3) whether non organ-specific autoantibodies are induced by

adalimumab as reported in the case of other TNF-a blocking agents.

6.3. Objectives of second paper:
Autoantibody profile during short-term infliximab treatment for Crohn's disease: a
prospective cohort study.

Aliment Pharmacol Ther 2005;22:453-61.




To determine the frequency and correlation of autoantibody development at
standardised points in refractory/inflammatory and fistulising CD patients in a routine
clinical setting;

To relate the findings to disease status before the start of infliximab treatment;

To investigate the relationships between the presence of autoantibodies, adverse

clinical events and responses to infliximab.




7. ORIGINAL PAPERS




ADALIMUMARB CLINICAL EFFICACY IS ASSOCIATED WITH IN
RHEUMATOID FACTOR AND ANTI-CYCLIC CITRULLINATED PEPTIDE
ANTIBODY TITRE REDUCTION: A ONE YEAR PROSPECTIVE STUDY
Atzeni F, Sarzi-Puttini P, Dell” Acqua D, de Portu S, Cecchini G, Cruini C, Carrabba M,
Meroni PL.

Arthritis Res Ther 2005; In press.
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ABSTRACT

Studies on autoantibody production in patients treated with tumor necrosis factor
(TNF)-a inhibitors reported contradictory results. We investigated in a prospective
study the efficacy of a treatment with the human monoclonal anti-TNF-a antibody
(adalimumab) in rheumatoid arthritis (RA) patients and we evaluated the relationship
between treatment efficacy and incidence and titres of disease-associated and non
organ-specific autoantibodies. Fifty seven RA patients not responsive to methotrexate
and treated with adalimumab were enrolled. Antinuclear, anti-double stranded
(ds)DNA, anti-nuclear extractable antigens (ENA), anti-cardiolipin (aCL), anti-beta
2 glycoprotein (B2GPI) antibodies, rheumatoid factor (RF) and anti-cyclic citrullinated
peptide (CCP) antibodies were investigated at baseline and after 6 and 12 months
of follow-up. Comparable parameters were evaluated in further 55 patients treated with
methotrexate only. Treatment with adalimumab induced a significant reduction of RF
and anti-CCP serum levels, and the decrease in antibody titres correlated with the clinical
response to the therapy. A significant induction of ANA and IgG/IgM anti-dsDNA
autoantibodies was also found in 28% and 14.6% patients respectively, while aCL and
anti-B2GPI antibodies were not detected in a significant manner. No association
between ANA, anti-dsDNA, aCL and anti-B2GPI antibodies and clinical manifestations
was found. Clinical efficacy of adalimumab is associated with the reduction of RF and
anti-CCP serum levels that was detected after 24 weeks and remaining stable till the 48th
week of treatment. Antinuclear and anti-dsDNA, but not anti-phospholipid
autoantibodies, can be induced by adalimumab but at lower extent in comparison to

studies with other anti-TNF blocking agents.



Keywords: adalimumab, rheumatoid factor, anti-cyclic citrullinated peptide
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INTRODUCTION

Clinical trials in rheumatoid arthritis (RA) have demonstrated that tumor necrosis factor
a (TNF-a) blocking agents are highly beneficial for most patients refractory to classic
treatment with disease-modifying anti-rheumatic drugs [1-4]. However, a significant
proportion of patients is still relatively resistant to such a therapy [5]. No reliable
markers predictive for the clinical response have been identified, although a recent
report suggests that rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-
CCP) antibody titre reduction might be a useful adjunct in assessing the efficacy of
treatment [6]. Reduction of I[gM-RF titres was initially described by Charles et al. in
a small series of patients receiving infliximab [7], but then inconsistent findings were
reported [8-11]. Recently, two papers showed a decrease in RF and anti-CCP antibody
titres in RA patients treated with infliximab [6,8]. In both studies the decrease paralleled
with the disease activity score improvement; but one group reported a return to baseline
titre levels by prolonging the follow-up to 54 and 78 weeks [8]. On the other hand,
autoantibodies against non organ-specific auto-antigens have been reported during
treatment with TNF-a blocking agents. Thus, antinuclear antibodies (ANA) and anti-
double-stranded DNA (anti-dsDNA) antibodies have been respectively described in up to
86% and 57% of RA patients treated with the TNF-o blocking agent infliximab

[3,7,12-16]. Lower percentages were reported in patients treated with etanercept



[17]. Interestingly, these autoantibodies were only anecdotally associated with clinical
manifestations suggestive for a drug induced systemic lupus erythematosus (SLE) [17].
Regarding anti-dsDNA antibodies, the occurrence of low affinity antibodies of the IgM
or IgA isotype was thought to explain the lack of such an association in contrast with
the widely accepted relationship between high affinity antidsDNA IgG antibodies and
SLE [13]. Although anti-nuclear and anti-dsDNA antibodies have been reported at
higher prevalence in patients treated with infliximab than with etanercept and in
spite of the lack of any flare in a patient with previous infliximab-induced SLE when
etanercept therapy was started, the occurrence of these autoantibodies has been
considered a drug class related side effect [17,18].

Finally, anti-phospholipid antibodies - mainly detectable by the anti-cardiolipin assay
(aCL) - were also reported in RA patients receiving TNF-a blockers. In some cases their
appearance was related to concomitant infectious processes [19], but again contrasting
results were reported and no correlation with the clinical manifestations specific for the
anti-phospholipid syndrome was clearly found [8,9,16]. However, a paper suggested that
they might be predictive of a poor clinical outcome [20].

Adalimumab, a fully human anti-TNF-o monoclonal antibody was recently approved for
the treatment of both moderate and severe RA [4,21,22]. The present 1-year study
was planned to evaluate in a prospective manner: 1) the clinical efficacy of adalimumab,
ii) whether the prevalence and titres of RA associated autoantibodies such as RF
and anti-CCP antibodies correlate with treatment effect, and iii) whether non organ-
specific autoantibodies are induced by adalimumab as reported for other TNF-a blocking

agents.



MATERIALSAND METHODS

Patient sera.

Fifty-seven patients (53 women and 4 men; mean age at baseline 56 years [range 28-
83]) with refractory RA, were included in the study. The patients were selected
according to the inclusion criteria of the Adalimumab Research in Active RA
(ReAct), an open-label multicenter, multinational phase IIIb study conducted
primarily in Europe. In the ReAct study, patients were assigned to receive single self-
injections of adalimumab subcutaneously at 40 mg every other week in addition to
their pre-existing but inadequate therapies [22]. All patients fulfilled the 1987
American College of Rheumatology (ACR) classification criteria for RA [23] and were
treated with methotrexate (mean dosage 10 mg/week [range 7.5-20 mg] ) and
adalimumab (40 mg every other week as a single dose by sc injection). Additional 55
RA patients treated with methotrexate only were followed up and evaluated with
comparable parameters at 6-months’ intervals.

Written informed consent was obtained from all patients and the study was approved by
the Research and Ethics Committee of the L Sacco University Hospital in Milan.
Demographic and clinical data are presented in Table 1. During the study, 42 patients of
the adalimumab group received concomitant corticosteroids (7,5mg/day), 48 non
steroidal antiinflammatory drugs (NSAIDs), and/or analgesics and 6 other drugs.
Patients were followed clinically by the same physician during this period at regular
intervals and in particular when they were receiving adalimumab. Clinical assessment

included number of tender and swollen joints, duration of morning stiffness,



erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) (Table 2). Clinical
features suggestive of infections or autoimmune disorders were also recorded. ESR and
CRP and significant concomitant clinical features suggestive of infections or autoimmune
disorders were recorded accurately (Table 2). The DA28 criteria [24,25] were
applied to assess clinical efficacy. Eighteen patients discontinued adalimumab treatment
before the end of the study, between 3 and 12 months, because of adverse events,
treatment inefficacy or severe infectious disease.

Blood was drawn between 08:00 and 09:00 in the morning when the patients visited
the outpatient clinic on day 0 (screening evaluation), and after 6 and 12 months of

treatment. The blood was immediately centrifuged and the serum was stored at — 80°C

Detection of rheumatoid factor and anti-cyclic citrullinated peptide antibodies.

Tests for IgM RF and anti-CCP antibodies were performed at baseline and after 6 and
12 months of adalimumab treatment. IgM RF was measured by
immunonephelometry using the quantitative N Latex RF system (Dade Behring,
Marburg, Germany). Rheumatoid factor titres higher than 15 IU/ml were considered
positive. Anti-CCP antibodies were tested using a second generation commercially
available enzymelinked immunosorbent assay (ELISA) kit (Menarini Diagnostics,
Florence, Italy) as described [26]. Briefly, 100 ul anti-CCP standards (0, 2, 8, 30 and 100
U/ml), controls and patient samples (1:100 in PBS) were distributed into the appropriate

wells. The microtitre plates were coated with highly purified synthetic cyclic peptides



containing modified arginine residues. After incubation for 60 min, the wells were
washed three times with 200 ul wash buffer (borate buffer, 0.8% sodium azide).

The microplates were then incubated for 30 min at room temperature with alkaline
phosphatelabelled murine monoclonal antibody to human IgG and washed again three
times. A chromogenic substrate solution (Mg2+ phenolphthalein monophosphate
buffered solution) was added to each well. After 30 min the reaction was stopped
using sodium hydroxide-EDTA—carbonate buffer. The absorbance was read at 550 nm.
Serum samples were evaluated in triplicate, and the upper normal limit (15 arbitrary units
[AU] /ml) was assumed according to the manufacturer's recommendations. In order to
follow the changes in antibody levels during therapy, all serum samples displaying
a high concentration (> 100 AU/ml) were evaluated after a further 10 x dilution and then
corrected for this additional dilution factor. To avoid any plate-to-plate variation of anti-
CCP measurements, plates from the same batch (batch n. 470094) have been used; inter-
and intra-assay variability was < 9%.

Detection of antinuclear antibodies.

Anti-nuclear antibodies were performed at baseline and after 6 and 12 months of
adalimumab treatment, by indirect immunofluorescence technique (IIF) using HEp2
cells as described [27]. Titres > 1:160 were considered positive. Sera positive for
ANA by IIF were further analysed for the presence of anti-extractable nuclear
antigens (ENA) by the Addressable Laser Bead Immunoassays (Menarini
Diagnostics, Italy) according to the manufacturer's instructions [28].

Tests for anti-dsDNA IgG autoantibodies were performed at baseline and after 6

and 12 months of adalimumab treatment by EIA (Pharmacia Diagnostics, Friburg,



Germany); positive samples were also evaluated by Farr assay and by IIF using C.
Luciliae (CLIFT) as described [29]. Anti-dsDNA antibodies of the IgM isotype have
been also detected by CLIFT with a specific antihuman p chain antiserum (MP
Biomedicals, Aurora, USA).

Detection of anti-phospholipid antibodies.

Anti-phospholipid antibodies (aPL) were detected as anti-cardiolipin (aCL) and as anti-
beta 2 glycoprotein I (B2GPI) by ELISA as described [30]; values were expressed as
IgG/IgM aPL Units (GPL/MPL respectively and considered positive when >10 GPL or
MPL) for aCL and as OD values for anti-B2GPI antibodies (results higher than the 95th
percentile of 50 normal healthy controls were considered positive: >0.130 for IgG and
>0.280 for IgM respectively) [30]. Anti-cardiolipin and anti-B2GPI autoantibodies were
evaluated at baseline and after 6 and 12 months of adalimumab treatment. The sera of
the control RA patient group were analyzed twice with a 1-year interval.

Statistics

Statistical analysis (95% and 99% confidence interval) was performed with the x2 test for
when applicable and with Fisher's exact test in other conditions (when the expected
value under null hypothesis was <5 ). Wilcoxon’s test was applied in comparisons
of continuous variables. Correlations were expressed using Spearman's rank
correlation coefficient. Probability (p) values less than 0.05 were considered statistically
significant. Data were analyzed with SPSS statistical software 10.00 for Windows
(SPSS, Inc, Chicago, IL, USA). Statistical analysis was calculated according to last

observation carried forward (LOCF)



RESULTS

Response to therapy.

ACR20 response was achieved by 88% of patients at 24 weeks, and by 80% at 48 weeks.
ACR50 and ACR 70 percentages were 51, 54 and 14, 26 at 24 and 48 weeks respectively.
Table 2 reports the decrease of DAS 28 values, the tender and swollen joint counts and
the ESR and CRP values during the study. Patients’ group treated with methotrexate
alone displayed a stable disease activity during the study with no significant changes
in all the clinical assessment parameters (data not shown).

M odification of anti-CCP antibody and RF titres during adalimumab treatment.

At baseline, 46 out of the 57 RA patients (80.7%) were positive for anti-CCP antibodies,
and 43 out of 57 (75%) were positive for RF. A strong correlation between anti-CCP and
RF at baseline was observed (%2, p< 0.001). Though no patients who were positive for
anti-CCP or RF at baseline became negative after anti-TNF-a treatment, both RF serum
titres and anti-CCP antibodies decreased significantly at week 24 (p<0.01 and p<0.01,
respectively) and 48 (p<0.01 and p<0.01, respectively) (Table 2). When we grouped the
patients on the basis of their clinical response (ACR improvement criteria) to
adalimumab, a significant decrease in anti-CCP antibodies and RF serum titres was
observed in those who were clinically improved according to ACR 20 ACR 50 and
ACR 70 criteria at week 48 (Table 3, 4). The Spearman ‘s correlation coefficient of
the improvement in the DAS-28 with the reduction of RF titre at week 48 was 0.316
(p=0.018), and for the anti-CCP antibodies titer was 0.33 (p=0.013). No significant
change in RF and anti-CCP titres was observed in patients treated with methotrexate

alone (data not shown).



Occurrence of antinuclear antibodiesin patientstreated with adalimumab.

At baseline, 4 out of 57 (7%) adalimumab-treated RA patients, and 5 out of 55
(9%) methotrexate-treated RA patients tested positive for ANA (Table 5). After 12
months of therapy, the induction of ANA was observed in 16 out of 57 (28%)
adalimumab-treated RA patients, and in 8 out of 55 (14.5%) with methotrexate only
(Table 5). The difference in ANA positivity before and after the end of the follow up
was statistically significant for the adalimumab-treated group only (p<0.01). All the
induced ANAs were still positive at the end of the study, including 6 out of 18 patients
who discontinued the treatment. Furthermore, ANA titres increased up to twofold in 4 out
of the 16 sera of adalimumab-treated RA patients positive at baseline, being the titres at
the baseline lower than at the end of the follow up but without any statistically significant
difference. No patient was positive for IgG or IgM anti-dsDNA autoantibodies
either in the adalimumab-treated and in the methotrexate-treated group at baseline. By
solid-phase ELISA, the presence of IgG anti-dsDNA autoantibodies was observed in 2
out of 57 (3.5%) adalimumab-treated RA patients after 6 months of treatment and in 4 out
of 57 (7%) after 12 month treatment (Table 5). All the positive samples displayed low
antibody titres (< 25 AU/ml, normal values = 17 AU/ml, mean values + 5 SD of
100 normal blood donors, age and sex matched). The positive samples displayed
low titres (< 1/80) at the CLIFT assay and were negative at the Farr assay (data
not shown). Immunoglobulin G anti-dsDNA autoantibodies were associated with the
positivity for ANA, and remained positive until the end of the study, including 3 out of

4 positive patients who discontinued the treatment.



Five out of 57 (5.1%) and 7 out of 57 (14.6%) patients receiving adalimumab were
positive for IgM anti-dsDNA antibodies after 24 and 48 weeks of treatment respectively.
The occurrence of IgM anti-dsDNA antibodies was associated with the presence of IgG
anti-dsDNA only in 2 patients at the 24th week and in 4 patients at the 48th week after
treatment. None of the RA patients treated with methotrexate only displayed IgG or IgM
anti-dsDNA antibodies during the follow up . Regarding anti-ENA antibodies, three
patients were positive for anti-Ro (52 and 60 kDA) before adalimumab and two
additional patients became positive during treatment. Four patients were positive for
anti-Ro (52 and 60 kDA) antibodies before methotrexate treatment and an

additional one became positive for anti-Ro at the end of the follow up (Table 5).

The formation of anti-nuclear and anti-dsDNA autoantibodies was not associated to

any clinical event.

Occurrence of anti-phospholipid antibodies in RA patients treated with
adalimumab.

No RA patients were positive for aCL or for anti-B2GPI autoantibodies at baseline. At
the end of the study, aCL were detected at low titres (< 20 GPL or MPL units) in two
patients in both groups; anti-B2GPI autoantibodies were found in one patient in the
adalimumab-treated group at low titres (IgG 0.201 and IgM 0.312 O.D. values
respectively) and in none of the patients treated with methotrexate only. All aCL and
anti-B2GPI autoantibodies were detected in patients positive for ANA. No correlation
was found between aPL and the clinical status (including lupus-like symptoms or

thrombosis) or the occurrence of side effects (including infections).



DISCUSSION

Anti-TNF-a agents, such as infliximab and etanercept, have been reported to be
beneficial for RA patients not responsive to the conventional treatment [1-3,5]. Our
study confirms that adalimumab, a new fully human anti-TNF-a monoclonal antibody,
is also effective in improving the clinical scores in RA patients. Reduction of RF and
anti-CCP antibody titres has been recently correlated with clinical improvement
after infliximab therapy in RA patients [6-8]. It has been suggested that TNF-a
blocking might display an inhibitory effect on the production of antibodies closely related
with RA disease activity [6]. Actually, besides their diagnostic value, high RF serum
levels were shown to be an independent predictor for deteriorating radiological
damage, and a greater prevalence of anti-CCP antibodies was found in patients who
develop severe radiological damage [31-36]. However, while RF titre reduction was also
reported by other groups after infliximab and etanercept therapy [7,8,10,11,37-39]
contrasting results were found regarding anti-CCP antibody levels [7,8,10,11,37-39].
Such a discrepancy might be, at least in part, related to the different periods of follow-up
and to the modalities to measure the antibody levels in the different studies. In fact,
most of the enrolled patients displayed an aggressive form of the disease with high anti-
CCP antibody titres; but, not all the studies carried out serial serum sample dilutions and
tried to reduce the batch to batch variability in performing the solid phase assays for
anti-CCP detection. This could have made the laboratory tests not sensitive enough to
detect variations in the antibody titres during treatment.

Our results show a significant decrease in anti-CCP antibodies and RF titres both after 6

and 12 months of adalimumab therapy. Thus, serial evaluation of these antibodies



appears to be useful in monitoring the clinical course of RA patients undergoing therapy
with adalimumab as previously suggested for infliximab [6]. It is possible that anti-
CCP- positive RA patients might display a more active disease associated with a higher
response to therapy in comparison to patients negative for anti-CCP antibodies. An
additional study with a larger series of anti-CCP negative RA patients would be
necessary to evaluate such a hypothesis, because of the too small number of anti-CCP
negative patients in the present study.

On the other hand, results of studies on the association between conventional RA
treatment response and decrease in RF and/or anti-CCP autoantibodies have been
inconsistent. A decrease in serum RF levels has been reported in association with
successful treatment with methotrexate and gold salts [40]. A more recent study
confirmed the association between RF titre decrease and treatment response; in
contrast, shorter disease duration but not a specific treatment was associated with a
decline in anti-CCP levels [39]. We did not find any variation in RF and anti-CCP
antibody serum levels in the group of RA patients treated with methotrexate alone.
However, it must be pointed out that these patients did not display the same clinical
characteristics of the RA patients selected for the adalimumab treatment. Moreover, they
were already in treatment with methotrexate when included and displayed a stable
clinical course of the disease. Thus, it is likely that a possible antibody titre reduction
could have already taken place with no additional effect of treatment being detectable.
The mechanisms by which TNF-a blocking agents could lead to a decrease in
titres of autoantibodies closely related to RA is still matter of speculation. Either the

down-regulation of pro-inflammatory processes and/or the modulation of apoptosis have



been suggested to play a role in autoantibody production or in protein citrullination
that eventually might trigger the B cell responses [17,41,42]. On the other hand we
confirmed the development of ANA and anti-dsDNA autoantibodies in  our
adalimumab-treated patients. While the prevalence of IgG anti-dsDNA was
comparable to that recently reported by Keystone et al., the number of ANA positive
patients was little bit larger at the end of the treatment [43]. However, both
autoantibodies occurred at lower frequency than those reported in series of patients
treated with infliximab or etanercept [17]. As previously reported in patients treated
with different anti-TNFa blocking agents an increased frequency of anti-dsDNA

antibodies of the IgM isotypes have been also found in our patients treated with
adalimubab [7]. Clinical monitoring of the subgroup of patients positive for ANA
and anti-dsDNA autoantibodies did not show any manifestation potentially related to
a full-blown lupus disease. Accordingly, IgG anti-dsDNA autoantibodies appeared
to be at low titres and to display low affinity, as demonstrated by their negativity at
the Farr assay. We did not find aPL at baseline in our RA patients. Anti-cardiolipin
autoantibodies were induced in 3,5% (2 out of 57) and 1,8% (1 out of 55) of our RA
patients, treated respectively with adalimumab or methotrexate only while only one
patient in the adalimumab group became positive for IgG and IgM anti-B2GPI
antibodies. Moreover, the titres were all low and no clinical manifestations
potentially related to the anti-phospholipid syndrome were recorded. Previous
studies reported higher aPL frequencies both at baseline [44,45] and after anti-
TNF-o therapy [8,9,16,19]. The difference with our results is likely related to the

specificity of the assays we used as demonstrated in a recent multicenter study [30].



Although at lower frequency than that reported with other TNF-a blocking agents,
antinuclear antibodies as well as aPL were clearly associated with adalimumab
treatment. It has been suggested that a complex series of events related to TNF-a
blockage might play a role in favouring the appearance of these autoantibodies. A
dysregulation of apoptosis seems to be the most likely mechanism. Apoptotic cells
do actually expose nuclear antigens on their surface and apoptotic blebs were
reported to expose anionic PL (mainly phosphatidylserine) that in turn are able to bind
circulating B2GPI; both phenomena might act as persistent immunogenic stimuli
which could end into an antibody response against the self molecules [46,47]. In
line with such a hypothesis is the recent demonstration that plasma levels of plasma
nucleosomes were higher after infliximab treatment [48]. However, dysregulation
and/or the inhibition of cytotoxic T lymphocyte response normally suppressing
autoreactive B-cells might be involved [17,49].

Conclusion

In conclusion, our results confirm the clinical efficacy of adalimumab, a new fully
human anti-TNF-a monoclonal antibody, in improving the clinical score in active
RA patients not responsive to the conventional treatment. Such an effect is associated
with the reduction of serum levels of RF and anti-CCP antibody levels that was detected
after 24 weeks and remained stable until 48 weeks of treatment. Induction of ANA, low
titre IgG/IgM anti-dsDNA but not aPL appears to be a drug class-related effect,
since increased antibody levels were found during treatment; however no related
clinical manifestations were recorded and antibody frequency was found in a lower extent

than is own from studies with other TNF blocking agents.
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Table 1. Clinical and demographic char acteristics of the patients

RA patient group

Number of patients 57
Mean age, years (range) 56 (28-83)
Sex (F/M) 53/4
Disease duration, years (range) 8 (1-27)
Adalimumab treatment 57

Concomitant medications

NSAIDs 48
Corticosteroids 42
Methotrexate 57

Other 6

RA control group

55
63 (30-83)
45/10
6 (1-25)
0

34
30
55



Table 2. Mean clinical characteristic of patients with RA at baseline and after 24 and 48

week s of adalimumab treatment

Variable Week 0 Week 24 P value Week 48 P value

DAS 28 5.4(1.3) 3.6(1.2) <0.01 2.7(0.9) <0.01
Tender Joint count 12.4 (4.7) 5.1(3.5) <0.01 4.9 (3.5) <0.01
Swollen Joint count 10.4 (3.8) 3234 <0.01 3.12(3.4) <0.01
ESR (mmv/h) 35(17) 26 (16) <0.01 24 (15) <0.01
C-reactive protein (mg/dl) 42(22.7) 21 (15.2) <0.01 15 (14.8) <0.01
Anti-CCP (AU) * 116.9 (43.6) 100.5 (46.5) <0.01 78.5 (43.9) <0.01
(46)

RF (UI) 121.7 (120.6) 81 (90) <0.01 70.2 (82.7) <0.01

* Only patients who were anti-CCP positive at baseline were included in the evaluation.




Table 3. Decr ease of RF titresin patientstreated with adalimumab: correlation with the
clinical responseto treatment (at 24 and 48 weeks)

ACR ACR

response Week 0 | Week 24 P value response Week 0 | Week48 | Pvalue

week 24 week 48
<20% *130.5 116.5 NS <20% 89 60.3 ND°
(n=6) (97.9) (88.6) (n=3) (73) (49.2)

ACR 20 155.3 109 <0.0001 ACR 20 164.5 105.7 <0.0001
(n=22) (147.5) (123) (n=23) (141.3) (112.6)

ACR 50 94.1 57.3 <0.0001 ACR 50 96.4 51.6 0.0001
(n=21) (60.9) (36.2) (n=16) (73.2) (41)

ACR 70 94.8 40.4 NS ACR 70 89.5 37.5 0.018
(n=8) (164.2) (54) (n=15) (123.4) (40.7)

* mean (£S.D)

° ND: not done




Table 4.

Decr ease of anti-CCP titresin patientstreated with adalimumab: correlation with

theclinical responseto treatment (at 24 and 48 weeks) (only patientswith anti CCP

positive at baseline were included in the evaluation- n pts = 46)

ACR ACR response

response Week 0 | Week24 | Pvalue week 48 Week 0 | Week48 | Pvalue

week 24
<20 % *118.4 111.8 NS <20 % 107 68.4 ND°
(n=6) (34.9) (48.8) (n=3) (14.1) (23.3)

ACR 20 111.5 104.3 NS ACR 20 121.8 88.6 0.001
(n=21) (45.9) (48.5) (n=21) (48.2) (52.6)

ACR 50 121.9 93.9 0.001 ACR 50 119.6 73.5 0.001
(n=16) (45.1) (46.4) (n=13) (45.8) (36.2)

ACR 70 126.8 85.9 NS ACR 70 105.3 65.3 0.003
(n=3) (51.9) (43.5) (n=9) (37.7) (35.5)

* mean (£S.D)

° ND: not done




Tablebs.

Antinuclear antibody detection during adalimumab treatment

Week ANA* Anti-dsDNA * Anti-ENA *
N.of positive sera (%) N.of positive sera (%) N.of positive sera (%)
Adalimumab
(n=157) 0 4 (7%) 0 (0%) 3 (5,2%)
24 9 (16%) 2 (3,5%) 0
48 12 (21%) 4 (7 %) 2 (3,5%)
Total 16 (28%)° 4 (7 %)°° 5 (9%)
P value <0.01 <0.05 NS
Control RA 0
(n=>55) 5(9%) 0 4 (7 %)
24 2 (3,5%) 0 0
48 3(5,2%) 0 1(1,7%)
Total 8 (14.5%)° 0 (0%)°° 5(8,7%)
P value NS NS

* ANA: antinuclear autoantibodies; anti-dsDNA: anti-double-stranded DNA autoantibodies; anti-ENA:

anti-nuclear extractable antigens.




RESULTS AND COMMENTS:

This prospective study investigated the efficacy of adalimumab, a human monoclonal
anti-TNF-a antibody, in the treatment of RA, and its relationship with the incidence and
titres of RF, anti-CCP and non organ-specific autoantibodies.

Fifty-seven RA patients (53 women and four men) who satisfied the 1987 American
College of Rheumatology (ACR) criteria for RA were treated with methotrexate (mean
dose 10 mg/week) and adalimumab (40 mg every other week in a single dose s.c.
injection); a further 55 RA patients were treated with MTX alone and evaluated using
comparable parameters at 6-month intervals [106].

At baseline, ANAs were tested by means of indirect immunofluorescence (IIF) using
Hep-2 cells, anti-extractable nuclear antigens (ENAs) by means of addressable laser bead
immunoassays, and anti-DNA by means of EIA; the positive samples were also evaluated
using Farr’s assay and IIF with C. luciliae (CLIFT). Anti-phospholipid antibodies were
detected as anti-cardiolipin (aCL) and anti-beta 2 glycoprotein I (32GPI) antibodies by
means of an enzyme-linked immunosorbent assay (ELISA); IgM RF by means of
immunonephelometry using the quantitative N Latex RF system, and anti-CCP by means
of a second-generation commercially available ELISA kit [107-110]. Clinical response
was evaluated on the basis of the American College of Rheumatology (ACR) and
European League Against Rheumatism (EULAR) response criteria for RA.

An ACR20 response was achieved by 88% of the patients after 24 weeks, and by 80%
after 48 weeks; the ACR50 and ACR70 percentages were 51% and 54% after 24 weeks,
and 14% and 26% after 48 weeks [111-112]. There was a close correlation between

baseline serum anti-CCP and RF levels (y2, p<0.001). Though no patients who were




positive for anti-CCP or RF at baseline became negative after anti-TNF-a treatment, both
RF serum titres and anti-CCP antibodies decreased significantly at week 24 (p<0.01 and
p<0.01, respectively) and 48 (p<0.01 and p<0.01, respectively). When we grouped the
patients on the basis of their clinical response (ACR improvement criteria) to
adalimumab, a significant decrease in anti-CCP antibodies and RF serum titres was
observed in those who were clinically improved according to ACR 20 ACR 50 and
ACR 70 criteria at week 48. Spearman’s correlation coefficient between the improvement
in DAS-28 and the reductions in RF and anti-CCP titres at week 48 were respectively
0.316 (p=0.018) and 0.33 (p=0.013). A significant induction of ANA and IgG/IgM anti-
dsDNA autoantibodies was found in respectively 28% and 14.6% of the patients, whereas
the number of detected aCL and anti-B2GPI antibodies was not significant. There was no
association between ANA, anti-dsDNA, aCL or anti-B2GPI antibodies and clinical
manifestations.

It was concluded that the clinical efficacy of adalimumab is associated with reductions in
serum RF and anti-CCP levels that are detectable after 24 weeks and remain stable until
the 48™ week of treatment. Antinuclear and anti-dsDNA (but not anti-aPL) antibodies
can be induced by adalimumab, but to a lesser extent than that reported in the case of

other anti-TNF blocking agents.
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SUMMARY

Background: The potential clinical implications of auto-
immunity during treatment with infliximab are unclear.
Aim: To determine the frequency and correlation of
autoantibody formation in patients with Crohn’s disease
treated with infliximab in a routine clinical setting.
Methods: Sixty-three patients with refractory/inflamma-
tory (31) and/or fistulising Crohn’s disease (32),
received an infliximab infusion at a dose 5 mg/kg in
weeks 0, 2 and 6, and were evaluated for the
development of antinuclear, anti-double-stranded
DNA, anti-Sm, anti-RNP, anti-SSA, anti-SSB and anti-
histone antibodies. The correlates with pharmacological
treatments, the response to infliximab and adverse
events were evaluated.

Results: Antinuclear antibodies were found in five of the
63 patients (8%) at baseline and in 26 (42%) after

10 weeks (P < 0.001). Of the 26 antinuclear antibody-
positive patients who were further subtyped, nine of 63
(17%) had double-stranded DNA (P = 0.003), and
1.5% were extractable nuclear antigen (ENA) and
antihistone-positive. Five patients were initially positive
for anticardiolipin antibodies and two more patients
became positive during infliximab treatment. New
autoantibody formation was more frequent in the
patients with inflammatory/refractory disease than in
those with fistulising disease (17 vs. 7; P = 0.02). One
patient developed drug-induced lupus without major
organ damage.

Conclusions: Autoantibody formation occurs in 42% of
patients (8% of these patients were positive before
infliximab treatment) with Crohn’s disease receiving
induction treatment with infliximab, but the clinical
significance of this remains to be determined.

INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory disease
of the gastrointestinal tract whose variable clinical
is characterized by segmental, transmural
inflammation and granulomatous changes, the origin
of which is unknown.

Laboratory and clinical research suggests that tumour
necrosis factor (TNF)-o acts as a pivotal inflammatory

course
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mediator, and that its specific inhibition interrupts the
major mechanisms of mucosal inflammation in CD.!
Infliximab (Remicade, Centocor, Inc., Malvern, PA, USA)
is a chimaeric IgG; monoclonal antibody to TNFo and it
represents a significant advance in the treatment of CD
patients. Controlled clinical trials have demonstrated its
efficacy in rapidly inducing and maintaining remission in
patients with moderate/severe refractory CD, healing
endoscopic lesions and in the short-term and long-term
treatment of draining perianal (PA) fistulae.”™®
Moreover, audit data from North America and Europe
have shown that its efficacy in clinical practice are
comparable with that observed in clinical trials.” >
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The concern for safety when CD patients are treated
with infliximab is particularly important. The devel-
opment of antinuclear (ANAs) and antidouble-stran-
ded DNA (dsDNA) antibodies has been described in CD
and rheumatoid arthritis (RA) trials. In particular,
according to the reported safety data, 63.8% of RA
patients and 49.1% of CD patients developed newly
positive ANAs during
respectively 13% and 21.5%, respectively, developed
newly positive anti-dsSDNA antibodies.’®> Also there
have been rare reports of lupus-like syndrome of the
beginning infliximab treatment for CD.'*'°
important papers outlined previously the risk of
immunogenicity induced by infliximab treatment in
CD patients. Baert et al.'” described that the develop-
ment of antibodies against infliximab leads to infusion
reactions and a reduced duration of response to
treatment. Concomitant immunosuppressive therapy
reduces the magnitude of the immunogenic response
and therefore it is important to associate methotrexate
(MTX) and infliximab in order to reduce the risk of the
appearance of anti-idiotypic autoantibodies. Vermeire
et al.'® described a cumulative ANA incidence at
24 months in 71 of 125 (56.8%). Almost half of these
patients developed ANAs after the first infusion, and
>75% became ANA-positive after fewer than three
infusions. However, only two patients (both anti-
histone and dsDNA-positive) developed drug-induced
lupus without major organ damage, and one devel-
oped autoimmune haemolytic anaemia.'”

Given the limited available data concerning the
potential clinical implications of autoimmunity during
treatment with infliximab, we carried out this prospect-
ive cohort study of patients treated with infliximab for
refractory/inflammatory and fistulising CD in a routine
clinical setting with the aim of determining the
frequency and correlation of autoantibody development
at standardized time points. The findings were related to
disease status before the start of infliximab treatment,
and the relationship between the presence of auto-
antibodies, adverse clinical events and infliximab
responses were investigated.

infliximab treatment, and

Two

MATERIALS AND METHODS

The study was conducted at L. Sacco University Hospital
(Milan, Italy) by members of the Department of
Gastroenterology, the Rheumatology Unit, and a ter-
tiary care medical centre for the treatment of CD.

Patient selection

The study population was a previously described®>
cohort of 63 patients with a firm diagnosis of CD
attending our Gastrointestinal Unit, who were treated
with infliximab for refractory/inflammatory and/or
fistulising CD between June 1999 and February 2002.
Concurrently, 19 ankylosing spondylitis (AS) patients
who started infliximab (5 mg/kg; infusions at weeks 0,
2, 6, 14, 22 and 30) gave blood samples at baseline and
at week 30 as controls for autoantibody production.
Demographic, clinical and laboratory data at baseline
are presented in Table 1.

Refractory/inflammatory disease was defined as a
Crohn’s Disease Activity Index (CDAI)'® of 150-400
at the time of infusion, an inability to reduce the steroid
dose or a lack of response to at least two courses of
corticosteroids in the previous 6 months; fistulising CD
was defined as the presence of single or multiple
draining abdominal or PA fistulae for
3 months.®

The criteria excluding infliximab treatment were hep-
atic disease, renal dysfunction, clinically significant lung
disease, systemic infection, pregnancy or a desire to
become pregnant, a wish to father a child during the
study, and a history of cancer or tuberculosis. Before
treatment, the patients were screened for tuberculosis by
means of a tuberculin skin test and chest X-ray, and those
showing signs of previous tuberculosis were prescribed
prophylactic therapy with isoniazide. Patients with
symptomatic intestinal stenosis and/or intra-abdominal
abscesses were also excluded, as were those needing
emergency or elective surgery during the study.

at least

Scheduled visits

The patients were prospectively registered on the day of
their initial infusion, when data were collected con-
cerning their demographic characteristics, the extent
and duration of CD, extraintestinal manifestations,
previous CD-related surgery, previous and concomitant
medical treatment(s), and smoking habits.

All of the patients received a 2-h infusion of infliximab
5 mg/kg (and were subsequently observed for a further
2 h) in weeks O, 2 and 6 according to a titration
schedule recommended by Centocor, Inc.;*? after the
first infusion, the clinical assessment was repeated in
weeks 2, 6 and 10. Serum samples for detection of
autoantibodies were collected, and stored at —70 °C,
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Table 1. Demographic and baseline clinical )
L Ankylosing
and, laboratory characteristics of the Inflammatory CD Fistulising CD spondylitis
patients (n =31) (n = 32) (n = 19)
Females, n (%) 21 (67.7) 11 (34.4) 9 (47)
Age (years)
Median (range) 30 (14-69) 35 (20-69) 29 (23-64)
Mean (s.d.) 31.2-10.3 39.2-13.2 34-11.7
Duration of CD (months)
Median (range) 48 (1-204) 122.5 (12-216) ND
Mean (s.d.) 49.8-43.2 110.2-65.0
Previous surgery, n (%) 7 (22.6) 18 (56.3) ND
Intestinal CD location, n (%)
Small bowel only 3(9.7) 1(3.1) ND
Colon only 6 (19.4) 6 (18.8)
Small bowel and colon 21 (67.7) 25 (78.1)
Stomach and colon 1(3.2) 0
Concomitant medications, n (%)
Aminosalicylates 7 (22.6) 7 (21.9)
Sulfasalazine 2 (6.5) 6 (18.8) 6 (31.5)
Corticosteroids 19 (61.3) 8 (25.0)
AZA/MP 7 (22.6) 8 (25.0) 6 (31.5)
Antibiotics 0 7 (21.9) 7 (36.8)
Methotrexate, n (%)
None 4 (12.9) 5 (15.6)
CDAI
Median (range) 240 (155-400) 180 (70-340) ND
Mean (s.d.) 238.2-61.5 171.7-60.5
Autoantibodies at baseline
ANA (21:80) 3 2 1
Anti-dsDNA IgG and IgM 0 0 0
Anti-ENA 1 0 0
aCL IgG and IgM 1 1 1
CRP (hg/mL)
Median (range) 2.7 (0.1-30) 1.3 (0.1-14.4) 2.8 (0.3-21)
Mean (s.d.) 5.2-6.7 2.7-3.1 4.1-4.4
ESR (mm/h)
Median (range) 32.0 (12-91) 32.0 (1-112) 28 (15-98)
Mean (s.d.) 39.4-24.8 39.3-29.1 37-23.5

CD, Crohn'’s disease; AZA, azathioprine; MP, mercaptopurine; CDAI, Crohn’s Disease Activity
Index; ANA, antinuclear antibody; dsDNA, double-stranded DNA; IgG, immunoglobulin G;
ENA, extractable nuclear antigen; aCL, anticardiolipin; CRP, C-reactive protein; ESR, eryth-
rocyte sedimentation rate.

just before the first infliximab infusion and at 2, 6 and
10 weeks of therapy. Serological investigations were
carried out, blindly, at the end of the study in all serum
samples taken at the different time points.

In the case of the patients with refractory CD, ‘clinical
remission’ was defined as a CDAI of < 150 at each
scheduled visit, and a ‘clinical response’ as a reduction
from baseline of >70.

In the case of the patients with PA or enterocutaneous
(EC) fistulae, response was classified into three categor-
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ies: a ‘complete response’ was defined as the closure of
any draining fistulae at week 10, with closure being
defined as no draining despite gentle finger compression;
a ‘partial response’ was defined as a reduction of 50% or
more from baseline in the number of fistulae at week 10;
all of the other outcomes were defined as a non-response.

The patients on steroids were followed up in order to
check whether their dose could be tapered or had to be
increased. The patients receiving azathioprine, mercap-
topurine (MP) (6-mercaptopurine), sulfasalazine or
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mesalazine (mesalamine) were required to maintain the
same dose during the study.

Autoantibody detection

The ANAs were tested by a standard indirect immuno-
fluorescence (IIF) technique as previously described,
using a BX 51 Olympus fluorescence microscope
(Olympus Optical Co., Hamburg, Germany) at 40x
power. Serum was first diluted 1:80 in phosphate-
buffered saline (PBS) and overlaid onto fixed Hep2 cell
slides (Immuno Concept, Sacramento, CA, USA) in a
moist chamber for 30 min at room temperature. The
positive samples (titre = 1:80) were then evaluated at
increasing dilutions in PBS up to 1:640.

Anti-double-stranded DNA antibodies

Anti-dsDNA antibodies were determined by IIF. IIF was
performed at 1:10 serum dilution in PBS using Crithidia
luciliae as substrate (Inova, San Diego, CA, USA) and
antihuman immunoglobulin G (IgG; y-chain specific) as
fluorescence conjugate (Delta Biologicals, Miami, FL,
USA).

Autoantibodies to extractable nuclear antigens

Autoantibodies to extractable nuclear antigens (ENA;
both screening and individual antigen profile) were
evaluated using an enzyme-linked immunosorbent
assay (ELISA). The specimens were tested on the
individual antigen ELISA regardless of their results on
the initial screening ELISA, because both assays were
set up at the same time. Specificity for each of the main
ENA antigens [Sm, RNP, SSA(Ro), and SSB(La), SCL-70,
Jo-1] was determined. The test procedures were per-
formed according to the directions supplied in the
manufacturers’ package inserts (Orgentec Diagnostika,
Mainz, Germany).

Anticardiolipin, anti-f2-glycoprotein antibodies and
antihistone antibodies

Commercially available ELISA kits (Orgentec Diagnos-
tika) were used to detect IgG anticardiolipin (aCL) and
IgM aCL, by means of a peroxidase conjugate solution of
either polyclonal rabbit antihuman IgG (heavy and light
chains) or polyclonal rabbit antihuman IgM (heavy and
light chains) according to the manufacturer’s instruc-

tions. The absorbance was read at 450 nm. The upper
normal limits were 10 U/mL for IgG aCL and 7 U/mL
for IgM aCL. Anti-f2-glycoprotein I (52-GPI) antibodies
and antihistone antibodies was analysed by ELISA
(Orgentec Diagnostika [Mainz, Germany] and Bio-Rad
[Redmond, WA, USA], respectively).

Safety evaluation

The adverse events occurring during the course of the
study were recorded, including infusion reactions and
all of the subsequent adverse events potentially related
to infliximab. An ‘infusion reaction’ was defined as
any adverse event occurring during the infusion or
the 2-h postinfusion observation period, and a ‘severe
infusion reaction’ as an infusion complicated by a
significant change in vital signs or the development of
chest pain, wheeze, dyspnoea, vomiting, abdominal
pain or rash.

Data analysis

The data were statistically analysed using the t-test for
quantitative variables and the chi-square or Fisher’s
exact test for qualitative variables. The descriptive
statistics included mean and median values, and ranges.
The data used for the efficacy analysis were expressed
on both an intention-to-treat (ITT) and per-protocol
basis. A P-value of <0.05 was considered statistically
significant. We also made simple and multiple logistic
regression analyses in order to assess whether the ANAs
were associated with any of the demographic or clinical
variables.

RESULTS
Patient characteristics

The study population consisted of 31 men and 32
women (median age 33 years; range: 14-69); the
indication for treatment was inflammatory/refractory
disease in 31 and fistulising disease in 32. The
demographic, clinical and laboratory characteristics of
the patients are shown in Table 1.

Clinical response

Refractory Crohn’s disease. An ITT analysis of the
2-week data showed that 14 patients (45.2%) were
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Table 2. Clinical response and clinical remission in inflammatory/refractory CD

Intention-to-treat evaluation (weeks)

Per-protocol evaluation (weeks)

2 6 10

2 6 10

Clinical response 14/31 (45.2%) 25/31 (64.5%)

(CDALI decrease >70)
Clinical remission

10/31 (31.3%)  17/31 (54.8%)

20/31 (80.6%)

22/31 (71.9%)

14/29 (48.3%)  20/29 (71.4%)  25/27 (92.6%)

10/29 (34.5%)  17/28 (60.7%)  22/27 (81.5%)

CD, Crohn’s disease; CDAI, Crohn’s Disease Activity Index.

clinical responders, with a median reduction in the
CDAI of 111 in comparison with baseline, and 10
(31.3%) were in clinical remission. Six weeks after the
first infusion, 20 patients (64.5%) achieved a reduction
of 270 in the CDAI, and 17 (54.8%) were in clinical
remission. Four weeks after the third infusion (week
10), 25 patients (80.6%) were clinical responders, and
22 (71%) were in clinical remission (Table 2). Two
patients received only one of the scheduled infusions,
and two received only two; if these are excluded from
the week 10 analysis, the response and remission rates
were respectively 92.6% and 81.5% (Table 2).

Fistulising Crohn’s disease. After 10 weeks, 15 of the 32
patients with fistulising CD (46.9%) were complete
responders, eight (25%) partial responders and nine
(28.1%) non-responders. Four patients who did not
complete the scheduled infusions showed complete
(three cases) or partial fistula closures (one patient).

Safety. The adverse effects recorded at the times of
infusion and 4 weeks after the last infusion affected 10
patients (15.9%).

Seven of these discontinued treatment: two because of
severe infusion reactions to the first or second infusion,
three because of the development of liver, PA or intra-
abdominal abscesses after the second infusion, and two
because of pneumonia or intestinal occlusion after the
first infusion. The pneumonia developed in a male
patient who had a peripheral white blood cell count of
16 000/mL, a chest X-ray revealed an area of infiltra-
tion involving less than a full segment in the right lung,
and Streptococcus pneumoniae was isolated in sputum;
treatment with oral amoxicillin/clavulanic acid 1 g b.d.
for 10 days led to a complete recovery. The case of
intestinal occlusion occurred in an asymptomatic
female patient whose mild intestinal stenosis without
obstructive manifestations at baseline worsened after
the first infusion and required ileal resection.
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The other three patients experienced mild infusion
reactions in two cases, and an episode of nausea in one;
none of them required treatment discontinuation.

Four of these 10 patients (40%) experiencing adverse
events were receiving concomitant immunosuppressive
therapy, along with 11 of the 53 patients (20.7%) who
did not experience any adverse effects. Two patients
discontinued the treatment after the first or second
infusion for reasons unrelated to adverse events.

Autoantibody frequencies, titres and correlates. The ANAs
were found in five of the 63 patients (8%) at baseline,
and in 26 (42%) after 10 weeks. The five patients who
were ANA-positive at baseline remained so at all of the
subsequent time points, but only two had titres of
>1:80; two patients became ANA-positive after only
one infusion and 19 after receiving induction treatment
with infliximab (Table 3). The ANA fluorescence pat-
tern after infliximab treatment was homogenous in 75%
of the cases. Twenty of the 26 ANA-positive patients
had ANA titres of >1:80 at week 10.

None of the patients was IIF-positive for anti-dsDNA
antibodies at baseline, but nine (17%) were positive
after 10 weeks (P = 0.003).

The frequency of the other autoantibodies did not
significantly change during the study (Table 3). None of
the patients was positive for ENA antibodies at baseline,
and only one (1.5%) became positive for anti-SSA(Ro)
and antihistone during treatment.

Anticardiolipin antibodies (ACA), mostly of IgM iso-
type, were found in five of the 63 patients (8%) at
baseline, and in seven (12%) after 10 weeks. The five
patients who were aCL-positive at baseline remained so
at all of the subsequent time points.

Only one patient developed a lupus-like syndrome with
arthralgia affecting the small joints, non-itching crops of
purple skin lesions and a clear butterfly facial rash, but
without any major organ damage.'® This patient was
ANA-negative before infliximab treatment but, after the
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Table 3. Autoantibody profile before and after treatment with infliximab (63 CD patients) and 19 AS patients

Number of Baseline Baseline Week 2

positive sera

Week 6
(CD patients) (AS patients) (CD patients) (CD patients) (CD patients) (AS patients) (CD patients) (AS patients)

Baseline vs.  Baseline vs.

ANA (=21:80)
Anti-dsDNA (=10)
Anti-ENA
Anticardiolipin IgM
Anticardiolipin 1gG
Anti-f2-GPI IgM
Anti-f2-GPI 1gG
Antihistone

S OO N UTO O Ut
S OO HRKFHOOH
S OO UL DN
O OO =N

Week 10 Week 30 week 10 week 30
26* 6 P < 0.001 P = 0.045

9 2 P =0.003 N.S.

1 1 N.S. N.S.

7 2 N.S. N.S.

2 2 N.S. N.S.

0 0 N.S. N.S.

0 0 N.S. N.S.

3 2 N.S. N.S.

* 20 with a titre of >1:80.

N.S., non-significant; ANA, antinuclear antibodies; AS, ankylosing spondylitis; dSDNA, double-stranded DNA antibodies; ENA, extractable nuclear
antigen antibodies; /2-GPI, 2-glycoprotein I antibodies; IgM, immunoglobulin M; CD, Crohn'’s disease.

first infusion, laboratory investigations found positivity
for ANA (an IIF 1:640 speckled pattern), anti-dsDNA
(1:80 by IIF) and anti-ENA (by ELISA); the antihistone
antibodies tested by ELISA, and lupus anticoagulant
(LAC) and anticardiolipin antibodies (aCL) were negat-
ive. A diagnosis of infliximab-induced lupus was made,
and the treatment was stopped. However, 3 months
after the withdrawal of infliximab, and despite treat-
ment with prednisone 25 mg/day, the patient still
showed clinical and laboratory symptoms of systemic
lupus erythematosus (SLE), and was therefore treated
with prednisone 20 mg/day for SLE and oral mesalazine
2.4 mg/day for CD. Six months later, the SLE-related
symptoms had disappeared and anti-dsDNA levels had
returned to normal. No correlation between the pres-
ence of antibodies and other adverse events, such as
infusion reactions, was found.

Simple logistic regression identified only one variable
associated with the presence of ANA: new autoantibody
formation was more frequent in the patients with
inflammatory/refractory disease than in those with
fistulising CD (17 vs. 7; P = 0.02).

No other treatment or disease characteristic discrim-
inated the patients who developed antibodies from those
who did not. In particular, no correlation was found
between the development of autoantibodies and under-
lying disease activity, concomitant medication or the
clinical response to infliximab.

DISCUSSION

The introduction of TNF blockade has been a break-
through in the management of severe refractory or
fistulising CD." © Infliximab has also been found to be

effective in other immune-mediated diseases, such as
RA and, recently, psoriasis and spondyloarthropathy
(AS).21 22

However, two major problems associated with this
treatment are immunogenicity and autoimmunity; as
the induction of ANAs and anti-dsSDNA antibodies
during treatment with anti-TNFoa agents has been
highlighted by clinical trials and postmarketing surveil-
lance.?>™?7 Charles et al.?> described the induction of
anti-dsDNA antibodies in 7% of RA patients treated with
infliximab (with or without MTX), and noted that their
isotype differed from IgG, and De Rycke et al.>* confirmed
the high prevalence of ANAs and anti-dsDNA antibodies
in RA patients treated with infliximab. Increased ANA
titres and the induction of anti-dsDNA antibodies are
more pronounced in AS than in RA,*® but ANAs may be
more likely in cases of untreated RA that in those of
untreated AS, and the absence of associated MTX
therapy in AS may contribute to the observed difference.

We found that 26 (42%) of our 63 infliximab-treated
CD patients developed new autoantibodies: ANAs were
present in only five patients (8%) at baseline and in 26
(42%) at 10 weeks. Our findings are very similar to those
reported by Vermeire et al.;'® after treatment seronega-
tivisation of ANA was observed in only 5% of patients.
The shorter existence of antibodies in RA patients than
in those with CD may be explained by the use of MTX in
RA patients, but there are no data to prove this;
however, it is interesting that Boehm et al.>® found that
MTX therapy can lead to a decrease in circulating
autoantibodies in patients with cutaneous lupus.

The aCL and anti-2-GPI may be associated with CD.*’
aCL was found in one study, in half of the patients with
CD who had active disease.”’ Two later studies, each
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comparing more than 100 IBD patients and healthy
controls, showed no correlation between aCL and anti-
f2-GPI cofactor levels, disease activity and the number
of thromboembolic events.’” 3! In a recent paper,
frequencies of both IgM and IgG aCL positivity increase
in patients treated with TNF-o antagonists for 3 months
or longer. Increasing age, a greater number of prior
disease modifying antirheumatic drugs (DMARDs) and a
greater disease activity at baseline are predictors for the
development of aCL. In our cohort of patients, five were
aCL-positive at baseline and two more patients devel-
oped these autoantibodies during infliximab treatment
but with no apparent clinical effect.??

The exact mechanism by which infliximab treatment
induces ANAs is still unknown. Infliximab is an IgG;
antibody that binds TNF-« on the cell surface, fixes
complement, and induces the lysis of TNFa-producing
cells by means of antibody-dependent cell-mediated
cytotoxicity. Vermeire et al.'® speculated that this may
release intracellular particles whose subsequent expo-
sure to the immune system drives a sustained ANA
response, and so mechanisms other than antibody-
dependent cell-mediated cytotoxicity may play a role. It
has been shown in mice that a lack of serum amyloid P
(the murine analogue of acute-phase C-reactive protein)
decreases the clearance of chromatin.>® The profound
downregulation of C-reactive protein in humans treated
with infliximab may lead to a similar decrease in
nuclear clearance and prolonged immune system
exposure of excessive amounts of intracellular material,
which could potentially induce and maintain an ANA
response as a result of repeated stimulation.>*¢

The ELISA and IIF did not detect anti-dsDNA antibod-
ies in any of our patients before therapy, but in nine
(17%) after infliximab. As expected, they were associ-
ated with clinical manifestations of SLE in only one
case.'® The diagnostic and prognostic value of anti-
dsDNA antibodies remains controversial because lupus-
associated anti-dsDNA antibodies are classically of the
IgG isotype, whereas IgM or IgA anti-dsDNA antibodies
may also occur in other diseases (mixed connective
tissue disease, primary Sjogren’s syndrome, scleroder-
ma, RA, AS, chronic active hepatitis, primary biliary
cirrhosis). None of our patients was anti-ENA-positive at
baseline, and only one (1.5%) developed anti-ENA and
antihistone antibodies during treatment. This occurred
without any clinical manifestations.

We found that new autoantibody formation was
clearly more frequent in patients with inflammatory/
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refractory disease than in those with fistulising CD (17
vs. 7; P = 0.02), despite the majority of these patients
being in concomitant treatment with steroids and/or
immunosuppressive drugs. It is very difficult to establish
what may have caused this difference. Although this
finding may depend by chance, hypothetically, several
other factors may be involved, such as different patterns
of cytokines in the two subsets of disease. The 10-week
evaluation of the 31 patients with refractory/inflam-
matory CD (4 weeks after the end of the third infusion)
showed that 25 (80.6%) were clinical responders, 22
(71%) were in clinical remission and 14 (74%) had
discontinued steroid treatment; at the same time point,
15 of the 32 patients with fistulising CD (46.9%) were
complete responders, eight (25%) partial responders and
nine (28.1%) non-responders. Our data provide further
evidence that infliximab is effective in inducing the
rapid remission of CD, and that ANA formation is not
related to the clinical response. In a controlled trial,
Baert et al.'” found that the presence of autoantibodies
was a risk factor for the development of adverse effects,
but our results clearly show that there was no
correlation between these antibodies and adverse
events.

We did not measure anti-TNF-« antibodies, but the low
incidence of infusion reactions suggest that they were
probably rare.!” Infliximab therapy can lead to the
formation of anti-infliximab antibodies, whose presence
has been associated with infusion reactions in 6.9-19%
of patients. Infusion reactions are important immuno-
logical events induced by the presence of substantial
serum concentrations of such antibodies, after which
infliximab rapidly disappears from the serum and
becomes undetectable within 4 weeks.’” ** Once an
infusion reaction has occurred, the duration of the
response to subsequent infusions decreases but,
although there was a clear relationship between the
duration of response and infliximab concentrations, it
was no stronger than the correlation with antibody
concentrations.

In conclusion, ANA formation is frequently seen in CD
patients receiving induction treatment with infliximab,
especially in those with inflammatory/refractory
disease. Most patients develop autoantibodies early after
the first infusion, and most remain ANA-positive (only a
minority become seronegative); however, only one of
our patients developed a lupus-like syndrome with
clinical symptoms of polyarthritis, a clear butterfly facial
rash and anti-dsDNA antibodies, and without any
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major organ damage.'® The clinical significance of
autoantibody formation therefore remains to be deter-
mined.
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RESULTS AND COMMENTS:

This study investigated the development of non organ-specific autoantibodies (ANA,
anti-dsDNA, ENA, antiphospholipid antibodies) in a cohort of CD patients treated with
infliximab (a chimeric monoclonal autoantibody), their frequency, and their correlations
with disease status before the start of infliximab treatment, adverse events, and responses
to infliximab at stardardised timepoints.

The study involved a cohort of 63 patients (31 men and 32 women) with a diagnosis of
CD who were treated with infliximab for refractory/inflammatory disease (31 patients) or
fistulising disease (32 patients): the former was defined as a Crohn’s Disease Activity
Index (CDAI) of 150-400 at the time of infusion, an inability to reduce the steroid dose,
and a lack of response to at least two courses of corticosteroids in the previous six
months; the latter was defined as the presence of a single or multiple draining abdominal
or perianal (PA) fistulae for at least three months [20,113]. ANAs were tested by means
of indirect immunofluorescence (IIF), anti-dsDNA antibodies by means of IIF with C.
luciliae (CLIFT), and anti-aPL antibodies (detected as aCL and anti-B2GPI) by means of
enzyme-linked immunosorbent assay (ELISA). All of the patients received a 2-hour
infusion of infliximab 5 mg/kg in week 0, 2 and 6 according to a titration schedule
recommended by Centocor Inc. [20].

The 10-week clinical response and remission rates in the patients with
inflammatory/refractory disease were respectively 92.6% and 81.5%; of the 32 patients
with fistulising CD, 15 (46.9%) were complete responders, eight (25%) partial
responders, and nine (28.1%) non-responders. ANAs were found in five of the 63 patients

(8%) at baseline, and in 26 (42%) after 10 weeks. None of the patients was CLIFT-




positive for anti-dsDNA antibodies at baseline, but nine (17%) were positive after 10
weeks (P=0.0003). aCL antibodies (mainly of the IgM isotype) were found in five of the
63 patients (8%) at baseline, and in seven (12%) after 10 weeks. Only one patient
developed lupus-like syndrome, with prevalent skin involvement and without any major
organ damage. The most relevant (and totally new) finding was that new autoantibody
formation was more frequent in the patients with inflammatory/refractory disease than in
those with fistulisng CD (17 vs7; P=0.02).

In conclusion, ANA formation is frequent in CD patients receiving induction treatment
with infliximab, especially in those with inflammatory/refractory disease, although the
reason for the difference is very difficult to establish Although many of the CD patients

developed autoantibodies, only one developed lupus-like syndrome.




8. DISCUSSION




The development of neutralising and non-neutralising autoantibodies in patients treated
with anti-TNF-a agents has been reported in clinical trials, but the reported frequencies
of ANAs, anti-dsDNA and aPL antibodies, as well as their correlations with disease
status and adverse events, are conflicting [29,1-12]. Further studies in this field will
demonstrate whether autoantibodies can be used as markers of resistance to biological
agents, and what is necessary to do in clinical practice [12].

Our studies have concentrated on the efficacy of adalimumab and infliximab in two
major inflammatory diseases: RA and CD; the frequency of autoantibody production; and
whether autoantibodies are induced by adalimumab as has been reported in the case of
other TNF-a blocking agents. We have also investigated the relationship of the
autoantibodies induced by adalimumab and infliximab with disease status and adverse
events.

In particular, we have evaluated the development of autoantibodies in RA, the prevalence
and titres of RA-associated autoantibodies (such as RF and anti-CCP antibodies), and the
correlations between them and anti-TNF-o treatment. RA patients treated with
adalimumab and achieving a clinical improvement on the basis of the ACR20 and
ACRS0 criteria show a significant decrease in serum CCP antibody and RF titres: after 48
weeks of treatment, Spearman’s correlation coefficients between the improvement in
DAS-28 and the reduction in RF and anti-CCP titres were respectively 0.318 (p=0.018)
and 0.33 (p=0.013). This demonstrates that these autoantibodies can be useful in
monitoring the clinical course of RA patients undergoing therapy with adalimumab, as

has been previously suggested in the case of infliximab [25,26,93].




The mechanism(s) by which TNFa blocking agents decrease the titres of RA-related
autoantibodies is still a matter of speculation. However, it has been suggested that the
down-regulation of pro-inflammatory processes and/or the modulation of apoptosis may
play a role in autoantibody production or protein citrullination, and thus eventually
trigger B cell responses [64]. Other groups have reported reduced RF titres after
infliximab and etanercept treatment, but their findings in relationship to anti-CCP
antibody levels are conflicting, possibly because of differences in the duration of follow-
up and the methods used to measure autoantibody levels [3,25,26]. Most of the enrolled
patients had aggressive disease with high anti-CCP antibody titres, but not all the studies
carried out serial serum sample dilutions or tried to reduce batch variability when
performing the solid assays. This may have meant that the laboratory tests were not
sensitive enough to detect variations in antibody titres during treatment.

We have confirmed that, like other anti-TNF agents, adalimumab induces ANA and anti-
dsDNA, but less frequently than reported in series of patients treated with infliximab. As
previously reported in patients treated with different anti-TNF-a agents, our adalimumab-
treated patients showed an increased frequency of anti-dsDNA antibodies of the IgM
isotype, but those positive for ANA and anti-dsDNA antibodies did not experience any
manifestation related to lupus-like syndrome[2]. aPL (as aCL) antibodies were found in
only 3.5% of the patients treated with adalimumab, and the titres of IgG and IgM anti-
B2GPI antibodies were low and did not lead to any clinical manifestations. Previous
studies have reported higher aPL frequencies both at baseline and after anti-TNF-a
therapy, but the differences in comparison with our results is probably due to the

specificity of the assays we used as demonstrated in a recent multicentre study [11, 110].




On the other hand, 42% of 63 CD patients treated with infliximab developed ANAs. The
higher rate of ANA positivity in CD patients than in those with RA may be explained by
the use of methotrexate (MTX) in the latter. Boehm et al. [31] found that MTX therapy
can decrease circulating autoantibodies in patients with cutaneous lupus (aCL antibodies
— mainly of the IgM isotype — were found in five patients at baseline and seven after
infliximab treatment, but had no apparent clinical effect). Our aCL results were similar to
those found in RA patients, and it is very interesting to note that new autoantibody
formation was clearly more frequent in patients with inflammatory/refractory disease
than in those with fistulising CD (17 vs 7; P=0.02), despite the fact that the majority of
these patients were receiving concomitant treatment with steroids and/or
immunosuppressive drugs.

The results of these studies confirm that anti-TNF-o agents are effective in patients with
chronic inflammatory diseases such as RA and CD.

We have found that the frequency of ANAs and anti-dsDNA antibodies is higher in CD
patients than in those with RA, which may be explained on the basis of: 1) the structure
of the monoclonal drugs; 2) the concomitant use of MTX in RA patients; and 3) the
duration of follow-up.

Like infliximab and etanercept, adalimumab induces autoantibody production, but less
frequently than infliximab. Adalimumab is efficacious, and this effect is correlated with
decreases in RF and anti-CCP titres.

A long follow-up is necessary to evaluate whether the pathogenic role of the
autoantibodies induced by biological agents changes, and whether patients become

resistant to treatment.




There are still a number of unanswered questions.
1. Can autoantibodies be used as markers of resistance to biological agents?
2. What is the role (if any) played by aPL antibodies in patients treated with

biological agents?




9. CONCLUSIONS




9.1. CONCLUSIONS OF THE FIRST STUDY

1. The clinical effect of adalimumab is associated with reduction in the serum levels of
RF and anti-CCP antibodies in responsive patients.

2. The induction of ANAs and low-titre IgG/IgM anti-dsDNA (but not aPL) antibodies
seems to be a drug class-related effect as increased antibody levels were found during
treatment; however no related clinical manifestations were recorded and the
frequency of antibody detection was less than that observed in the case of other TNF-
a blocking agents.

3. Adalimumab, a new fully human anti-TNF-o monoclonal antibody, improves clinical
scores in active RA patients unresponsive to conventional treatment.

9.2. CONCLUSIONS OF THE SECOND STUDY

1. ANA formation is frequently seen in CD patients receiving induction treatment with
infliximab, especially in those with inflammatory/refractory disease.

2. Most patients develop autoantibodies soon after the first infusion, and most remain
ANA positive

3. However, only one patient developed a lupus-like syndrome, with clinical symptoms
of polyarthritis, a clear butterfly facial rush and anti-dsDNA antibodies, and without
any major organ damage.

9.3. FINAL CONCLUSIONS

TNF-o agents improve clinical scores in active RA and CD patients unresponsive to

conventional treatment. However, most patients develop autoantibodies, but only

occasionally related to clinical manifestations.
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