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Preface 

During the last two decades the detection of anti-neutrophil cytoplasmic autoanti
bodies (ANCA) in the idiopathic small vessel vasculitides has renewed interest in the 
vasculitides in general. New concepts on classification, diagnosis and pathophysiol
ogy of this group of serious diseases have been presented. This has also stimulated 
clinical research on the treatment of the vasculitides. 

In the 1970s, the introduction of cyclophosphamide, given in addition to corti
costeroids, greatly improved prognosis of the necrotizing vasculitides. It became 
clear, however, that this regimen, in the long term, has limitations due to severe side
effects associated with its use. In recent years, gained insights into the pathogenesis 
of the vasculitides as well as the availability of new and more specific immunomod
ulatory drugs have opened new ways for treatment. 

In this volume current standard treatment of the vasculitides, with recent adap
tations, as well as new and more specific interventions are presented by authors who 
are in the forefront of vasculitis research. The work presents up-to-date information 
on treatment of vasculitides for the practical clinician, as well as considerations for 
future therapy. 

We are indebted to all the contributing authors. Their expert knowledge and 
experience in the field of vasculitis guarantees thoughtful and innovative approach
es to the present and future treatment of vasculitis. We are also grateful for the 
excellent secretarial assistance of Mrs. Kiki Bugter. 

We hope that this book may be useful to all those who are treating systemic vas
culitis for the benefit of patients suffering from these serious diseases. 

Cees G. M. Kallenberg 
Jan W. Cohen Tervaert 
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Introduction 

Vasculitis is a condition characterized by inflammation of blood vessels. Its clinical 
manifestations are dependent on the localization and size of the involved vessels as 
well as on the nature of the inflammatory process. Vasculitis can be secondary to 
other conditions or constitute a primary, in most cases, idiopathic disorder. Under
lying conditions in the secondary vasculitides are infectious diseases, connective tis
sue diseases, and hypersensitivity disorders. Immune complexes, either deposited 
from the circulation or formed in situ, are involved, in many cases, in the patho
physiology of the secondary vasculitides. Those complexes are supposedly com
posed of microbial antigens in case of underlying infectious diseases, autoantigens 
in the connective tissue diseases, and non-microbial exogenous antigens in the 
hypersensitivity disorders (Tab. 1). Although immune deposits can be demonstrated 
in the involved vessel wall by direct immunofluorescence of biopsy material, the 
specificities of the antigens and their corresponding antibodies have not been 
demonstrated in most of the cases. 

The primary vasculitides (Tab. 2) are idiopathic systemic diseases with a variable 
clinical expression [1]. Histopathologically, fibrinoid necrosis of the vessel wall is 
apparent [2]. With the exception of Henoch Schonlein purpura and cryoglobuline
mia associated vasculitis, the lesions are characterized by paucity of immune 
deposits, and the pathophysiology of vessel wall inflammation in those pauci
immune conditions is far from clarified. In the 1980s, however, autoantibodies to 
cytoplasmic constituents of myeloid cells were detected in patients with idiopathic 
necrotizing small-vessel vasculitis [3] (Tab. 2). Those anti-neutrophil cytoplasmic 
autoantibodies (ANCA), particularly those reacting with proteinase 3 and myelo
peroxidase, were shown to be sensitive and specific for the aforementioned condi
tions [4]. This suggests that the autoantibodies are involved in the pathogenesis of 
the associated diseases and positions those diseases within the spectrum of autoim
mune disorders. 

Disease-modifying Therapy in Vasculitides, edited by Cees G. M. Kalienberg and 
Jan W. Cohen Tervaert 
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Table 1 - Secondary vasculitides: antigens presumably involved 

Exogenous antigens 

microbial antigens 

non-microbial antigens 

Autologous antigens 

bacterial 

viral 

streptococci 

staphylococci 

mycobacterium leprae 
treponema pallidum 

others 

hepatitis B/C virus 

human immunodeficiency virus 

cytomegalovirus 

Epstein-Barr virus 

others 

protozoal plasmodia 

heterologous proteins 

allergens 

drugs 

tumor antigens (7) 

nuclear antigens (antinuclear antibodies) 

immunoglobulin G (rheumatoid factor, cryoglobulins) 

others 

Primary systemic vasculitis - classification and clinical presentation 

As stated before, a diagnosis of vasculitis is based on the presence of inflammation 
of the vessel wall. When other underlying conditions (Tab. 1) or direct infection of 
the vessel wall, either contiguous or via the blood stream, have been excluded [5], 
the vasculitis is idiopathic or primary. The primary vasculitides are classified based 
on the size of the vessels involved, the histopathology of the lesions, and the pres
ence of characteristic clinical symptoms. A classification scheme as well as defini
tions for the various vasculitic syndromes have been proposed by an International 
Consensus Group in 1993 [1] (Tab. 2). Those definitions were not intended to be 
used as diagnostic criteria although many practitioners today base their diagnosis 
on the so-called Chapel Hill Consensus Conference definitions. In clinical practice, 
however, many patients with histologically confirmed vasculitis do not fulfill those 
Chapel Hill definitions either because they present with incomplete or overlapping 
clinical syndromes, or because biopsies fail to demonstrate the pathognomonic 
lesions as described in the definitions. In order to classify patients with histological
ly or angiographically proven vasculitis the American College of Rheumatology 
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Table 2 - Primary vasculitides [1] 

Large vessel vasculitis 

Medium-sized vessel vasculitis 

Small vessel vasculitis 

Systemic vasculitides, an introduction 

Giant cell (temporal) arteritis 

Takayasu's arteritis 

Polyarteritis nodosa 

Kawasaki disease 

Wegener's granulomatosis' 

Churg Strauss syndrome' 

Microscopic polyangiitis' 

Henoch-Schonlein purpura 

Essential cryoglobulinemic vasculitis 

Cutaneous leukocytoclastic angiitis 

• associated with anti-neutrophil cytoplasmic autoantibodies. 

(ACR) has developed sets of criteria for the various vasculitides that are mostly 
based on clinical signs and symptoms [6]. Also those ACR-criteria have their limi
tations in terms of sensitivity and specificity. 

Large vessel vasculitides 

According to the Chapel Hill definitions [1] the vasculitic process in the large vessel 
vasculitides is confined to the aorta and its major branches. 

The most common form, particularly in the white population, is giant cell arteri
tis [7]. Its name is derived from the presence of many Langhans' giant cells in the 
lesions. Histopathologically, invasion of the vessel wall with macrophages, and, to a 
lesser extent, lymphocytes and plasmacells is seen. Giant cells are clearly present and 
the internal elastic membrane is disrupted. At some areas calcification of the inter
nal elastic membrane with focal accumulation of giant cells only has been observed 
[8], and it has been suggested that those foreign body giant cells are secondary to 
degeneration of the internal elastic membrane. Next, an autoimmune response 
would ensue as those giant cells present degenerated membrane structures to T lym
phocytes (see later). Clinically, the disease frequently presents with headache, ten
derness of the scalp, particularly of the temporal arteries (which has led to the syn
onymous designation of temporal arteritis), and claudication of the jaws. In addi
tion, symptoms related to ischaemia of arteries in the upper part of the body may be 
present, such as loss of vision due to vasculitis of the retinal artery and neurological 
defects due to vasculitis of the internal carotid artery, the vertebrobasilar artery, and 
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intracerebral arteries. Other systems may be involved as well. In addition, the syn
drome of polymyalgia rheumatica consisting of pain and stiffness of the proximal 
extremities is present in about 50% of patients. Systemic symptoms such as fatigue, 
malaise and fever with highly elevated ESR and anemia are almost invariably pre
sent. The disease generally occurs at older age, above 50 years, almost exclusively in 
whites, with an incidence of 17 per 100,000 persons above 50 years. 

Takayasu arteritis is a second form of large vessel vasculitis [9, 10]. It affects the 
aorta and its brachiocephalic branches but may also affect the pulmonary arteries, 
other visceral arteries, and the arteries of the lower extremities. Histopathological
ly, various stages may be present. Active lesions are characterized by a granuloma
tous giant cell arteritis with a lymphoplasmacytic infiltrate with eosinophils, histio
cytes and Langhans' cells. As a result of active inflammation segmental narrowing 
and dilatation with aneurysm formation may occur histopathologically character
ized by fibrosis and focal destruction of the musculoelastic layers. At the time of 
active inflammation systemic symptoms are present accompanied by an increased 
acute phase response. Later occurring symptoms are related to the localization and 
the extent of obstruction of the involved vessels and may include claudication of 
upper and lower extremities (so-called "pulseless" disease), cerebral symptoms, 
ischemic bowel disease, renovascular hypertension, aortic insufficiency, etc. The dis
ease occurs at a younger age than with giant cell arteritis, particularly in women 
between 15 and 45 years, is relatively rare with an incidence of 2-20 per million, 
and is more frequent in Orientals, Africans and Latin Americans. 

Medium-sized vessel vasculitis 

Classical polyarteritis nodosa (PAN), according to the Chapel Hill definitions [1], is 
a form of vasculitis confined to medium-sized arteries without involvement of small
er sized vessels [11]. Applying that definition, PAN is now a rare disease [12], and 
many cases formerly diagnosed as PAN are now classified as microscopic polyangi
itis (see below). The disease is histopathologically characterized by fibrinoid necro
sis of the vessel wall with, frequently, microaneurysm formation. Those microna
neurysms can be visualized by visceral angiography and may be a clue to diagnosis. 

Clinically, systemic symptoms including fever, fatigue, weight loss, arthralgia and 
myalgia are almost invariably present. Other symptoms are related to involvement 
of specific arteries such as renal insufficiency and malignant hypertension in case of 
renal vasculitis, ischemic bowel disease when the mesenteric arteries are involved, 
etc. The disease has been associated with Hepatitis B virus infection as well as with 
HIV-infection, albeit in a minority of the cases [13]. 

Another form of vasculitis of medium sized arteries is Kawasaki syndrome, also 
designated as mucocutaneous lymph node syndrome, a disease that particularly 
occurs in childhood [14]. The disease presents with fever, a polymorphous exanthe-
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ma especially on the palms and soles, reddening of lips and oral cavity, bilateral con
junctival injection, and cervical lymphadenopathy. These symptoms suggest an 
infectious etiology but no specific microorganism has been identified. Analysis of 
the T-cell repertoire showed selective expansion of T cells expressing T-cell receptor 
variable regions V~2 and V~8 suggesting bacterial superantigen stimulation [15]. In 
some 35% of cases vasculitis of the coronary arteries occurs. The disease is most fre
quent in Japan where its incidence is 150 per 100,000 children under the age of five 
years. 

Small vessel vasculitis 

Within the spectrum of vasculitis, the idiopathic small vessel vasculitides, that is 
Wegener's granulomatosis, microscopic polyangiitis, and Churg Strauss syndrome, 
are strongly associated with the presence of anti-neutrophil cytoplasmic antibodies 
(ANCA) as will be discussed later on [4]. Wegener's granulomatosis (WG) is char
acterized by the triad of granulomatous inflammation of, particularly, the respira
tory tract, systemic vasculitis, and necrotizing crescentic glomerulonephritis (Fig. 1) 
[16, 17]. Limited forms in which the kidney is not involved, may occur. The disease 
generally follows a biphasic course. Initially, inflammatory lesions of the upper res
piratory tract occur, such as chronic sinusitis, rhinitis, and/or otitis, with ongoing 
destruction resulting, for example, in a saddle nose deformity. Systemic symptoms 
such as malaise, arthralgias and myalgias, are frequently present. Later on, systemic 
vasculitis with rapidly progressive glomerulonephritis develops in many patients. 
Other organs including the lungs (focal granulomatous vasculitic lesions that may 
cavitate), the eyes, the skin, and the peripheral nervous system are frequently 
involved as well. The disease occurs somewhat more frequently in white men, with 
an onset around the fifth decade, and has a higher incidence in northern countries. 
As in other vasculitides relapses frequently occur. Without treatment prognosis is 
poor with a mean survival of less than 6 months. 

Microscopic polyangiitis (MPA) frequently presents as a renal-pulmonary syn
drome with pulmonary capillaritis and necrotizing crescentic glomerulonephritis 
together with systemic symptoms such as fever, malaise, arthralgia and myalgia [11, 
18]. In contrast to Wegener's granulomatosis granulomatous inflammation and/or 
destructive lesions of the upper respiratory tract are absent. Small vessel vasculitis is 
prominent whereas vasculitis in classical PAN is confined to medium sized arteries 
(see before). Besides lung- and kidney involvement, other organs such as eyes, skin 
and peripheral nervous system may be involved as well. A renal limited form has 
been described as idiopathic necrotizing crescentic glomerulonephritis. As in most 
of the idiopathic systemic vasculitides the lesions are characterized by absence or 
paucity of immune deposits. Age at onset and sex distribution are comparable to 
that in Wegener's Granulomatosis. 
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Figure 1 

Lightmicroscopy of lesions found in a renal biopsy from a patient with Wegener's granulo

matosis showing crescent formation, tuft necrosis, gaps in Bowman's capsule, and 
periglomerular infiltration. Methamine-silver with aniline red counterstaining (original mag

nification x 625). 

Churg-Strauss syndrome (CSS) differs from WG and MPA by the presence of 
asthma and hypereosinophilia [13, 19]. Patients, generally, have a long history of 
asthma and hypereosinophilia (> 1500/mm3) before they develop systemic vasculi
tis. Eosinophil-rich granulomatous inflammation occurs in the respiratory tract and 
clinically manifest as lung infiltrates and rhinitis with polyposis. Necrotizing vas
culitis of small and medium-sized vessels with infiltration of eosinophils underlies 
the clinical manifestations of mononeuritis multiplex, ischemic bowel disease, and 
purpura or nodules of the skin. Renal involvement occurs less frequently than in 
WG and MPA. Cardiomyopathy, occurring in about 50% of the patients, is a major 
cause of mortality. The disease presents at the age of 35-40 years, equally in males 
and females. 

Three other disease entities are included in the group of small vessel vasculitides 
according to the Chapel Hill classification. Henoch-Schonlein purpura, predomi
nantly occurring in children, is clinically characterized by attacks of purpura, 
arthralgia/arthritis, and gastrointestinal symptoms [20, 21]. Glomerulonephritis 
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occurs less frequently in children but is a frequent finding when Henoch-Schonlein 
purpura presents at older age. Skin and intestinal lesions are histopathologically 
characterized by leucocytoclastic vasculitis with IgA deposits in the vessel wall. 
Renal pathology varies from mesangial via focal-segmental to diffuse proliferative 
glomerulonephritis with sometimes also extracapillary proliferation. IgA deposits 
are primarily localized in the mesangium but may also be present in the capillary 
wall accompanied by C3 (but not C1q and C4) in most of the cases. Attacks fre
quently occur in association with (respiratory tract) infections but neither a 
causative agent nor a specific antigen have been identified. The disease, in most of 
the cases, is self limiting but proliferative glomerulonephritis may progress to end
stage renal failure. 

Essential cryoglobulinemic vasculitis [13, 22, 23] is a form of immune complex 
mediated vasculitis. Circulating cryoglobulins consist of polyclonal IgG and mono
clonal (type II) or polyclonal (type III) IgM with rheumatoid factor activity. IgG
and IgM deposits are detectable in the lesions. The disease is particularly associated 
with Hepatitis B- and C-virus infection. Clinically, purpura, arthralgia, and periph
eral neuropathy are most prominent, whereas renal involvement is less common. 

Cutaneous leukocytoclastic angiitis [24] in most cases is a form of secondary vas
culitis. As discussed before immune deposits are present within the vessel wall. It 
may, however, occur as an idiopathic variety with paucity of immune deposits. As 
the therapeutic strategy for isolated cutaneous angiitis should be less aggressive than 
for the systemic vasculitides, cutaneous angiitis has been included in the Chapel Hill 
classification as a separate category [1]. 

Serological findings in the primary systemic vasculitides 

As for the large vessel vasculitides, no disease-specific autoantibodies have been 
described until now. Also in medium-sized vessel vasculitis, specific autoantibodies 
are lacking. Anti-endothelial cell antibodies (AECA) have, however, been described 
in the primary vasculitides but also in secondary vasculitides, connective tissue dis
eases, and a variety of other (inflammatory) disorders [25]. AECA represent a het
erogeneous group of antibodies and their target antigens are, generally, poorly char
acterized [25, 26]. AECA are generally detected by enzyme-linked immunosorbent 
assays (ELISA) using as a substrate cultured human umbilical vein endothelial cells 
(HUVEC) [25,26]. AECA react with different endothelial antigens ranging in mol
ecular weight from 25-200 kDa [25]. As stated, AECA frequently occur in the sys
temic vasculitides but are clinically of little value due to lack of disease specificity. 
Possibly, full characterization of the target antigens will improve their diagnostic sig
nificance. In this respect, AECA from a patient with Takayasu arteritis proved to 
react specifically with large vessel endothelial cells and activate those cells in vitro 
[27]. 
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Anti neutrophil cytoplasmic antibodies (ANCA) were first described as sensitive 
and specific markers for active WG [3]. The autoantibodies in WG produce a char
acteristic cytoplasmic staining pattern (c-ANCA) by indirect immunofluorescence 
on ethanol-fixed neutrophils (Fig. 2). The target antigen of c-ANCA is proteinase 3, 
a third serine protease, besides elastase and cathepsin G, from azurophilic granules 
[28]. Shortly after the detection of c-ANCA in WG, it proved that many patients 
with related conditions, that is MPA, CSS, and idiopathic necrotizing crescentic 
glomerulonephritis (NCGN), had autoantibodies that produced a perinuclear stain
ing pattern (p-ANCA) on ethanol-fixed neutrophils. The target antigen of p-ANCA 
in those conditions is myeloperoxidase (MPO) [4]. P-ANCA do, however, occur in 
many other conditions as well [4, 29]. The target antigens in those, generally inflam
matory, conditions that differ from the idiopathic small vessel vasculitides, are very 
diverse and include lactoferrin, bactericidal permeability increasing protein, cathep
sin G, and many other antigens, many of which are not yet characterized. It should 
be stated that only anti-PR3 and anti-MPO antibodies are currently of diagnostic 
significance in the primary vasculitides. 

Three major studies on more than 200 patients have found a sensitivity of c
ANCNanti-Pr3 of 90% for extended WG characterized by the triad of granuloma
tous inflammation of the respiratory tract, systemic vasculitis, and necrotizing cres
centic glomerulonephritis [30-32]. The sensitivity of anti-Pd for limited WG, i.e. 
disease manifestations without obvious renal involvement, amounted to 75% [31]. 
Specificity of anti-Pr3 for WG or related small-vessel vasculitides was 98% when 
selected groups of patients with idiopathic inflammatory or infectious diseases were 
tested [30, 31]. The aforementioned studies were performed by groups highly expe
rienced in ANCA-testing. The high sensitivity and specificity of cANCA for WG 
have, however, been questioned [33]. Rao et al. [34] did a meta-analysis on the role 
of cANCA testing in the diagnosis of WG. Summarizing current literature, they 
found a sensitivity of 66% and a specificity of 98% of c-ANCA for a diagnosis of 
WG. Sensitivity rose to 91 % when patients with active disease only were consid
ered. Anti-Pr3 also occurs in primary vasculitides other than WG: 25-40% of 
patients with MPA, 20-30% of patients with idiopathic necrotizing and crescentic 
glomerulonephritis (NCGN), and a minority of patients with CSS test positive for 
anti-Pr3 (reviewed in [4]). Anti-Pr3 has only very incidentally been reported in other 
disorders [4]. 

Figure 2 

Staining of ethanol fixed neutrophils by indirect immunofluorescence by sera producing 

(A) a characteristic cytoplasmic staining pattern with accentuation of the fluorescence inten

sity in the area within the nuclear lobes (c-ANCA), 

(B) a perinuclear staining pattern (p-ANCA). 
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Whereas anti-Pr3 are primarily associated with WG, anti-MPO are found in pri
mary vasculitis patients with a more diverse presentation [35, 36]. In WG, most of 
the patients who test negative for anti-Pr3, are positive for anti-MPO. Also, some 
60% of patients with MPA, 65% of those with idiopathic NCGN, and 60% of 
those with CSS are positive for anti-MPO [34-36]. Anti-MPO have also been detect
ed in 30-40% of patients with anti-GBM disease [37]. Furthermore, anti-MPO have 
been reported in connective tissue diseases such as SLE and in various drug-induced 
disease states such as hydralazine-induced glomerulonephritis, vasculitis-like syn
dromes associated with propylthiouracil, other antithyroid medications, minocy
cline and penicillamine (reviewed in [29]). In view of the poor specificity of pANCA 
as detected by IIF for the systemic vasculitides testing for ANCA in patients sus
pected of vasculitis should include tests for both anti-Pr3 and anti-MPO. A large
sized, prospective European collaborative study has, indeed, analyzed the sensitivi
ty and specificity of anti-Pr3/anti-MPO for the idiopathic small vessel vasculitides 
[38]. This study found that the combination of cANCA by IIF and anti-Pr3 by 
ELISA or pANCA by IIF and anti-MPO by ELISA had a specificity of 98.4% in a 
group of 153 patients with either WG, MPA or idiopathic NCGN compared to 184 
disease controls and 740 healthy subjects. In that multi-center study the sensitivity 
of cANCA + anti-Pr3 or pANCA + anti-MPO for WG, MPA or idiopathic NCGN 
was 73%, 67%, and 82%, respectively; these numbers are somewhat lower than in 
other studies, possibly since patients with minor disease activity were included as 
well. 

In conclusion, anti-Pr3/anti-MPO, but not (p)ANCA alone, are highly specific 
and reasonably sensitive markers for the idiopathic necrotizing small vessel vasculi
tides. 

Pathogenesis of the systemic vasculitides 

Understanding the pathogenesis of the systemic vasculitides is important for the 
development of rational treatment modalities that specifically intervene with path
ways in the etiopathogenesis of those diseases. Unfortunately, we know hardly any
thing of the etiology of the vasculitides and we are only in the beginning of the elu
cidation of their pathogenesis although particular pathophysiological pathways 
have been unraveled. As a result causal treatment is not yet possible and current 
treatment modalities are generally based on non-specific immunosuppression (see 
the chapter by Cohen Tervaert et al. in this volume). Nevertheless, advances have 
been made, recently, in the understanding of the pathophysiology of the ANCA
associated vasculitides as well as in giant cell arteritis. 

What do we know about the pathophysiological role of ANCA in their associat
ed conditions? As already discussed, ANCA directed to either MPO or PR3 are close
ly associated with pauci-immune necrotizing crescentic glomerulonephritis, either 

10 



Systemic vasculitides, an introduction 

idiopathic or as part of WG, MPA and CSS [4]. Longitudinal observations point to 
a relationship between changes in level of the autoantibodies and changes in disease 
activity of the associated disorders. Rises in titres of ANCA appear to precede clini
cal disease activity [30] and treatment based on changes in ANCA titres resulted in 
the prevention of disease relapses [39]. These studies, generally based on small series 
of patients, used ANCA titration in the indirect immunofluorescence test for quan
tification, which, certainly, is not the most accurate way of quantitating levels of 
autoantibodies. Indeed, other authors could not confirm a strong correlation 
between rising titres and ensuing relapses [40]. Recently, Boomsma et aI., in a 2-year 
prospective study, have analyzed this relationship in 85 patients with anti-PR3 asso
ciated glomerulonephritis/vasculitis using ELISA for quantification of the autoanti
bodies. They found that 27 out of the 33 relapses that occurred during the study peri
od were preceded by a significant rise in PR3-ANCA levels, whereas 11 rises in PR3-
ANCA occurred that were not followed by a relapse [41]. In addition to those data, 
it has been proven that patients with anti-PR3 associated disease have an eight-fold 
increased risk for development of a relapse once tests for ANCA are persistently or 
intermittently positive after induction of remission [42]. Taken together, all these in 
vivo data suggest that ANCA are involved in the pathophysiology of PR3-
ANCNMPO-ANCA associated pauci-immune glomerulonephritis. What other data 
are available to support a pathophysiological role for ANCA? In vitro, ANCA are 
able to activate neutrophils to the production of reactive oxygen species and the 
release of lytic enzymes such as elastase and PR3 [43]. In order to get activated by 
ANCA neutrophils must be in a state of pre-activation ("primed"). Priming occurs 
in the presence of low amounts of pro-inflammatory cytokines such as tumor necro
sis factor-a (TNFa) or interleukin-1 (IL-1). During priming the target antigens of 
ANCA, that is PR3 and MPO, are expressed at the cell surface and, so, accessible for 
interaction with ANCA. This interaction followed by activation of neutrophils only 
occurs when neutrophils are adherent to a surface, a process in which ~rintegrins 
are involved [44]. In vivo, this process, thus, is assumed to occur at the endothelial 
surface. Indeed, activated neutrophils adherent to the endothelium are observed in 
renal biopsies from patients with ANCA-associated NCGN [45]. ANCA induced 
neutrophil activation involves not only binding of the antibodies via their F(ab1 h
fragments to surface expressed PR3 or MPO, but also interaction of their Fc-frag
ments with Fc-receptors on neutrophils, particularly with the Fcy RIIa-receptor [46]. 

In vitro studies using endothelial monolayers also have shown that neutrophils, 
in the presence of ANCA are able to adhere to and lyse endothelial cells [47,48]. 
Elegant studies by the group of Savage demonstrated that ANCA are able to induce 
stable adherence of rolling neutrophils to layers expressing adhesion molecules [49]. 
Whether endothelial cells themselves express ANCA-antigens such as PR3, has been 
a subject of controversy. Data from Mayet et ai. suggest that endothelial cells 
express PR3, particularly when activated, and that, subsequently, ANCA can bind 
to surface expressed PR3 resulting in upregulation of adhesion molecules and fur-
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ther activation of those cells [50]. Others, however, have not been able to confirm 
PR3 expression by endothelial cells [51] but demonstrated that PR3 binds to 
endothelial cells via a specific receptor [52]. 

More definite evidence for a pathophysiological role of ANCA may come from 
animal models. Unfortunately, fully satisfactory models for ANCA-associated 
glomerulonephritis are not (yet) available. Passive transfer of ANCA in primates or 
inducing an autoimmune response to MPO in rats did not result in renal lesions 
[53]. When, however, the products of activated neutrophils, that is lytic enzymes, 
MPO, and its substrate H 20 2, are perfused into the renal artery in rats immunized 
with MPO, severe pauci-immune NCGN develops [53]. The results of those studies 
suggest that, initially, cationic proteins, such as MPO and PR3, from activated neu
trophils adhere to the glomerular capillary wall and are bound by their cognate 
antibodies. The in situ formed immune complexes activate the complement system 
resulting, amongst others, in attraction of neutrophils. Those neutrophils are subse
quently activated by ANCA and degrade the immune complexes that were initially 
present. The potential of ANCA to augment in vivo an inflammatory reaction has 
been demonstrated by Heeringa et al. [54] in an animal model of anti-glomerular 
basement membrane (anti-GBM) disease. They injected a subclinical dose of het
erologous anti-GBM antibodies in rats which resulted in deposition of immunoglob
ulins along the GBM but did not induce severe glomerulonephritis. In rats immu
nized with human MPO, which led to the development of anti-MPO antibodies 
cross-reacting with their own MPO, however, severe necrotizing and crescentic 
glomerulonephritis developed after injection of this subclinical dose of anti-GBM 
antibodies. These experiments most convincingly show the phlogistic potential of 
ANCA. Nevertheless, a fully satisfying animal model for ANCA-associated vasculi
tis/glomerulonephritis does not yet exist [55]. 

Taken together, there are strong indications that ANCA are involved in the 
pathophysiology of the associated glomerulonephritides but definite proof is lack
ing (Fig. 3). 

Figure 3. 

Schematic representation of the immune mechanisms supposedly involved in the patho

physiology of ANCA associated vasculitides. 

(1) Cytokines released due to (local) infection cause upregulation of adhesion molecules on 

the endothelium and priming of neutrophils and/or monocytes. (2) Circulating primed neu

trophils and/or monocytes express the ANCA antigens on the cell surface. (3) Adherence of 

primed neutrophils and/or monocytes to the endothelium, followed by activation of these 
cells by ANCA. Activated neutrophils and/or monocytes release reactive oxygen species 

(ROS) and lysosomal enzymes, which leads to endothelial cell in;ury and eventually to 

necrotizing inflammation. (4) Degranulation of proteinase 3 and myeloperoxidase by these 
ANCA activated neutrophils and/or monocytes results in endothelial cell activation, endo-
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thelial cell injury or even endothelial cell apoptosis. Furthermore, bound Pr3 and MPO serve 

as planted antigens, resulting in in situ immune complexes, which in turn attrad other neu

trophils. (5) ANCA induced monocyte adivation leads to produdion of monocyte chemoat

tradant protein-1 (MCP-1) and interleukin 8 (/L -8) produdion by these cells. The release of 

these chemoattradants by these cells amplifies monocyte and neutrophil recruitment possi

bly leading to granuloma formation (6). (A) to (D) represent the four prerequisites for 

endothelial cell damage by ANCA; (A) the presence of ANCA, (8) expression of the target 

antigens for ANCA on primed neutrophils and monocytes, (C) the necessity of an interadion 

between primed neutrophils and endothelium via /32-integrins, and finally, (D) adivation of 

endothelial cells. 
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What do we know about the pathogenesis of giant cell arteritis, one of the most 
frequent systemic vasculitides? Giant cell arteritis (GCA), as discussed before, is a 
form of large vessel vasculitis generally occurring at older age. It is characterized by 
a granulomatous inflammatory reaction within the vessel wall with accumulation of 
Tcells, macrophages, and multinucleated giant cells. Its etiology is unknown but 
variations of incidence with grouping of cases in certain areas have suggested that 
environmental infections could playa role [56]. The predilection of the disease for 
white people from northern European countries and northern areas in the USA sug
gests that besides environmental also genetic factors are involved. HLA-typing has 
shown an association with HLA-DR4 and with HLA-DRB1 alleles, particularly 
with DRB"'04 [57,58] as in rheumatoid arthritis. This association was accompanied 
by corticosteroid resistance [58] suggesting a more severe variety of the disease 
which was, however, not confirmed in another study [57]. HLA associations may 
mechanistically be explained in different ways but point particularly to the involve
ment of antigen-specific T lymphocytes in the pathogenesis of the associated disor
der. To further investigate the nature of the antigen-specific Tcell response in GCA, 
Martinez-Taboada et al. [59] analyzed the presence of clonally expanded T cells in 
biopsies from temporal arteries. By systematical screening of the T-cell receptor ~ 
chain repertoire from eight biopsies they found clonally expanded T cells in 30% of 
the ~V-J combinations. Some of these clones were present at different sites in the 
biopsy but not in the peripheral blood. Sequencing showed a diversity of V~ chain 
sequences. One of the T-cell clonotypes showed proliferation when incubated with 
monocytes pulsed with temporal artery extracts from patients but not with extracts 
from control temporal arteries. These data point to an (auto)antigen-specific T-cell 
response in which a modified antigen may be involved. In this respect actinic ally 
degenerated elastic tissue has been suggested as the relevant auto antigen [60] 
although characterization of the precise antigenic structures and their modifica
tion(s) has not been accomplished. Further proof for the role of T cells in the patho
genesis of GCA was obtained by implanting diseased temporal artery specimens 
from GCA patients into SCID mice in order to study the T-cell dependency of the 
lesions [61]. The inflammatory infiltrate persisted after implantation with expan
sion of certain T cells producing interleukin-2 (IL-2) and interferon y (IFNy) so 
inducing the production of IL-1 ~ and IL-6 by monocytes/macrophages. The selec
tive expansion of those T cells in the context of diseased arteries suggest a locally 
expressed antigen and an ensuing Th-1 type reaction. 

Analysis of cytokine patterns in biopsies from patients with GCA also shows 
mRNA expression of IL-2 and IFNyas well as IL-1~ but not of IL-10 [62]. Inter
estingly, the presence of giant cells was associated with local synthesis of IFNy. 
Thus, in vivo data from patient material also point to a Th-1 type of response in 
which macrophages are important effector cells. Those macrophages and multinu
cleated giant cells produce platelet-derived growth factor (PDGF) A and B [63] 
which might, at least in part, be responsible for intimal proliferation and luminal 
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narrowing. Those activated macrophages also produce nitric oxide radicals and 
reactive oxygen species which, together, induce tissue damage by lipid peroxidation 
and peroxynitrite induced nitration of tyrosine residues on proteins [64]. 

In conclusion, T-cell based autoimmunity seems to underlie giant cell arteritis. 
Characterization of the relevant autoantigen(s) and epitopes, whether or not consti
tutive or modified proteins, is still a major challenge. 

Conclusion 

The primary systemic vasculitides constitute a group of clinically heterogeneous dis
orders characterized by idiopathic inflammation of the vessel wall. Classification, 
based on histopathological findings as well as clinical symptoms, is important in 
order to study clinical course, response to treatment, and outcome for the various 
disorders. Unfortunately, their etiopathogenesis has not been fully elucidated. Both 
exogenous, genetic, and, particularly, autoimmune factors seem to be involved in 
their pathogenesis. Autoimmune responses to myeloid lysosomal proteins, particu
larly proteinase 3 and myeloperoxidase, are involved in the pauci-immune small ves
sel vasculitides and a wealth of data now support their pathogenetic role. In large 
vessel vasculitides specific T-cell responses, possibly directed to modified vessel wall 
proteins, seem to underlie the disease process but, again, characterization of the tar
get antigens is still lacking. Elucidation of the precise pathogenetic mechanisms will 
allow more specific treatment for this group of diseases which still have a high 
degree of morbidity and mortality. 
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Introduction 

Necrotizing systemic vasculitis was described nearly 135 years ago as a fatal con
dition [1]. Early reports of these forms of vasculitis indeed documented a rapidly 
progressive course with death occurring within months of diagnosis [2, 3]. Treat
ment with corticosteroids reduced the l-year mortality, but after 3 years no differ
ence in mortality was found between treated and untreated patients [4]. Since the 
introduction of a combination of cyclophosphamide and steroids, however, the out
come of vasculitis has dramatically changed, and l-year survival has increased to 
70-99% [5-9]. Vasculitis has now become a chronic disorder with accumulating 
morbidity resulting in impairment of employability, functional status, and social 
activities [10, 11]. The costs for vasculitis-related hospitalizations in the USA were 
roughly calculated to be over $150 million per year [12]. There is a constant need 
to improve therapeutic protocols for vasculitis since current protocols are toxic, 
contribute to morbidity and mortality, and are not always effective. Novel 
approaches that recently became available include therapy with mycophenolate 
and/or 15-deoxyspergualin (see the chapter by Stegeman and Birck in this volume), 
intravenous immunoglobulin (see the chapter by Jayne), tumor necrosis factor a 
(TNFa) directed therapy (see the chapter by Stone), anti-thymocyte globulin and 
anti-CD52/anti-CD4 therapy (see the chapter by Schmitt et al.), and immunoabla
tion with or without stem cell rescue (see the chapter by Carruthers and Bacon). 
These novel approaches offer the possibility to treat patients with a less toxic 
and/or more effective treatment modality than with the therapeutic regimens that 
are currently used as "standard regimens". These latter will be reviewed in this 
chapter. 
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Standard therapy of primary vasculitides 

Relatively few randomized-controlled trials have been performed in vasculitis. 
Much of the evidence supporting therapeutic decisions comes from small prospec
tive or larger retrospective studies. In addition, consensus discussions have set some 
guidelines for treatment practice. 

Vasculitis affecting large-sized blood vessels 

Giant cell arteritis/temporal arteritis 
In giant cell arteritis/temporal arteritis (GCA) corticosteroids are very effective in 
suppressing clinical manifestations and immediate relief of symptoms supports the 
diagnosis of GCA . The purpose of treatment is not only to eliminate pain and other 
symptoms, but also to prevent blindness and other vascular complications. Recom
mendations on the initial dose of corticosteroids vary [13]. In an analysis of five 
prospective studies, Wilke found that symptoms were controlled in 95-97% of 
GCA patients with an initial dose of prednisone of 11-25 mg/day. Blindness 
occurred in less than 1 % of the patients. For the small group of patients who pre
sent with eye complications and/or severe vascular complications a starting dose of 
60 mg/day is recommended [14]. 

Dose reductions should be started after 1 or 2 weeks under careful monitoring 
of ESR and CRP. A dose of 15 mg must be reached within 2 months. Thereafter, the 
prednisone dose may be reduced with 2.5 mg/day every month until a maintenance 
dose of 5 mg (range, 2.5-7.5 mg) is reached [14]. Maintenance therapy could be 
stopped if patients are asymptomatic for 6 months on a maintenance dose of 
2.5 mg/day. After stopping treatment about 50% of the patients will experience a 
relapse that can be treated with restarting prednisone at a dose of 10-15 mg/day 
[14]. Relapses also occur frequently during the first two years after diagnosis when 
steroids are being tapered off. Weyand et al. [15] used a well-defined tapering pro
tocol, in which patients started on a regimen of 60 mg prednisone daily. The dosage 
is then tapered according to the following schedule: 10 mg every 2 weeks to 40 mg 
daily, then 2.5 mg weekly to 20 mg daily, then 2.5 mg every 2 weeks to 10 mg daily, 
and then 1 mg every month until the patient is no longer being treated. Using this 
well-defined tapering protocol, they found that only 10 of 25 (40%) patients 
remained clinically asymptomatic and were able to continue prednisone reductions 
without any deviation from the protocol [15]. Within a follow-up of 550 days, pred
nisone could be stopped in 16 patients (64%). Remarkably, IL-6levels remained ele
vated in 11 (69%) of these 16 patients despite the absence of clinical disease activ
ity. The high relapse rate and the persistence of elevated IL-6 levels found in this 
study reinforces the concept that corticosteroids only suppress symptoms but do not 
eradicate the vasculitic process. Weyand et al. concluded that alternative avenues of 
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treatment warrant exploration [15]. Azathioprine and MTX have been explored as 
steroid sparing agents. Only small randomized trials have been reported until now 
(reviewed in [13]). Whereas azathioprine proved to be corticosteroid-sparing in 
giant cell arteritis/polymyalgia rheumatica [16], 7.5 mg MTX per week was not 
shown to be significantly corticosteroid-sparing in a double-blind controlled trial in 
patients with GCNpolymyalgia rheumatica [17]. More recently, Jover et al. [18] 
reported a randomized, double-blind study in 42 patients with GCA who received 
corticosteroids, starting dose 60 mg/day followed by a quick-tapering schedule, in 
combination with either 10 mg MTX per week or placebo during a period of 24 
months. During the study, three of 42 patients were lost to follow-up. Relapses 
occurred more frequently in patients who received placebo (16 of 19 versus 9 of 20 
in the MTX group; p = 0.018). Furthermore, the mean cumulative dose of pred
nisone was significantly higher in the patients who received placebo (5.490 mg ver
sus 4.187 mg in the MTX group; p = 0.009). This study demonstrates that MTX is 
beneficial in GCA. A limiting factor of MTX, however, is its toxicity. Serious MTX
related adverse effects appear to occur in patients not receiving folic acid supple
mentation or in patients with elevated levels of serum creatinine. 

Takayasu arteritis 
In Takayasu arteritis (TA) glucocorticosteroids are also the first modality of treat
ment. Although it has been suggested in older reports that steroids are effective in 
most patients, it has become clear during the last several years that many patients 
do not achieve a remission despite high dose (1 mg/kg/day) prednisone and that 
most of the patients that initially respond will eventually relapse [13]. Since persis
tence of vascular inflammation in TA may result in severe atherosclerotic compli
cations there is a need to study whether corticosteroids in combination with cyto
toxic therapy improve outcome. Randomized trials have not yet been performed in 
TA. Several cytotoxic drugs such as MTX, azathioprine and cyclophosphamide 
have been used. A 20-year study from the NIH revealed that 45% of 60 patients 
had at least one relapse and 23% never achieved a corticosteroid-free remission 
[19]. In an open-label study in patients with TA, Hoffman et al. reported that MTX 
induced a remission in 13 of 16 patients, in whom treatment with corticosteroids 
had previously failed. However, seven of these patients had relapses as corticos
teroids were tapered or discontinued [19]. Since cyclophosphamide has relatively 
more severe short- and long-term side effects than MTX, it is felt that MTX should 
be preferred in patients with corticosteroid-resistant TA (see the chapter by Lang
ford and Hoffman). In patients with TA special attention must also be paid to risk 
factors for accelerated atherosclerosis such as hypertension, hypercholesterolaemia, 
diabetes, and smoking. Hypertension in these patients is often due to renal artery 
stenosis which can be treated with percutaneous transluminal angioplasty (PTCA) 
[20]. 
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Vasculitis affecting medium-sized vessels 

Kawasaki disease 
Kawasaki disease or mucocutaneous lymph node syndrome is a form of systemic vas
culitis that mainly affects infants and children under 5 years of age. There is clear 
ethnic bias towards oriental or Afro-Caribbean children (reviewed in [21]). The prin
cipal symptoms include persistent fever, reddening of palms and soles, a polymor
phous exanthema, injection of conjunctiva, lips, tongue and/or oral and pharyngeal 
mucosa, and cervical lymphadenopathy. About 32 % of the patients suffer from car
diovascular complications such as coronary artery dilatation, pericarditis and/or car
diac failure. The treatment of choice is low-dose aspirin in combination with high
dose (2 g/kg) intravenous gamma globulin. In patients with severe disease who do 
not respond to gamma globulin treatment, high-dose steroids are advised [21]. 

Polyarteritis nodosa 
Polyarteritis nodosa (PAN) as recently redefined according to the Chapel Hill Con
sensus Conference criteria is a form of vasculitis affecting medium-sized and/or 
small arteries, but not smaller vessels [22]. Consequently, renal failure in PAN is due 
to vascular nephropathy which may result in (malignant) hypertension. If vasculitis 
of medium-sized or small arteries is accompanied by glomerulonephritis and/or 
leukocytoclastic vasculitis of the skin a diagnosis of microscopic polyangiitis (MPA) 
or one of the other forms of small-vessel vasculitis must be made. PAN is an ANCA 
negative form of vasculitis and an acute disease in which flares occur in fewer than 
10% of the cases [23]. PAN may be attributable to hepatitis B virus infection in less 
than 10% of the cases [24]. Other well recognized causes of PAN that warrant spe
cial attention before choosing the right therapy include other virus infections such 
as HIV, hepatitis C, and parvovirus B infection, and rare conditions such as hairy 
cell leukemia and atrial myxoma. 

PAN can be treated with corticosteroids as the sole therapy if there is no major 
organ involvement (i.e., cardiac, gastrointestinal, central nervous, or kidney involve
ment) [25]. In patients with major organ involvement, cyclophosphamide has to be 
added [19]. Cyclophosphamide in PAN can be given as IV pulses. Usually doses 
between 0.5 g-1.5 g are used at intervals between 1-4 weeks. If IV pulse cyclophos
phamide fails to induce a remission a switch to oral cyclophosphamide (2.0-
2.5 mg/kg/day) is recommended. In case of HBV-related PAN, corticosteroids and 
immunosuppressive agents may enhance viral replication and may be deleterious. 
Treatment in HBV-related PAN consists of a short course of corticosteroids, plasma 
exchange, and anti-viral agents such as lamivudine, interferon ex and/or vidarabine 
[25]. Based on this treatment regimen Guillevin et al. [25] reported a 10-year sur
vival of 83% and a total clearance of HBV in 24% of the cases with HBV-related 
PAN (see the chapter by Guillevin). 
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Vasculitis affecting small-sized vessels 

ANCA-associated vasculitis and/or glomerulonephritis (AAV) 
Patients with Wegener's granulomatosis, Churg-Strauss syndrome, microscopic 
polyangiitis, and idiopathic necrotizing crescentic glomerulonephritis all belong to 
the AAV group [26]. It has been questioned whether all patients with AAV need the 
same strong immunosuppressive treatment. Whereas severe kidney involvement 
clearly needs to be aggressively treated, it has been known for decades that Wegen
er's granulomatosis that is limited to the respiratory tract may have an indolent 
course for years without any form of therapy [27, 28]. During the last decade the 
European Vasculitis Study Group (EUVAS) proposed a system of clinical subgroup
ing based on disease severity at presentation. The aim of this subgrouping was to 
start randomized clinical trials [29,30]. The following subgroups are recognized: (a) 
generalized with severe renal involvement, (b) generalized, (c) early systemic, (d) 
loco-regional, (e) refractory. 

Induction of remission 
Since induction and maintenance therapy for the different subgroups vary, we will 
discuss them separately (Tab. 1). 

Generalized with severe renal involvement 
Patients are treated with daily oral cyclophosphamide (2-3 mg/kg/day) in combina
tion with 1 mg/kg/day prednisone. In addition, when there is severe extrarenal 
involvement such as alveolar haemorrhage pulsed intravenous methylprednisone 
(usually three pulses of 1 g) with or without plasma exchange should be added [31]. 
In patients without severe extrarenal disease there is a potential benefit for the com
bination of plasma exchange, cyclophosphamide, and corticosteroids [32]. In an 
analysis of all published data, Levy and Pusey found that 44 of 58 (76%) dialysis
dependent patients who were treated with plasma exchange in combination with 
conventional treatment came off dialysis, whereas 87 of 151 (58%) patients came 
off dialysis when treated with corticosteroids and cyclophosphamide only [33]. 

At present, a prospective study is being performed in which pulses of methyl
prednisone are being compared with plasma exchange in patients with severe renal 
involvement ("the MEPEX study") [29]. 

Generalized disease 
Oral cyclophosphamide (2 mg/kg/day) in combination with 1 mg/kg/day prednisone 
has been the treatment of choice for more than two decades in patients with AAV 
with generalized disease. Since up to 50% of the patients may experience severe 
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infections that may account for a mortality rate of up to 26% during this form of 
therapy [34, 35], several studies have been performed in which the cumulative 
cyclophosphamide dose is reduced by using intravenous pulse therapy [25,35, 36]. 
None of these studies was sufficiently powered to make any firm conclusion. In a 
meta-analysis of these three randomized clinical trials it was concluded that pulse as 
compared to oral continuous cyclophosphamide is associated with an increased fail
ure to induce remission, with a higher relapse rate, and with less infectious compli
cations and/or leukopenia [37]. The question whether leukopenia and/or infections 
can be avoided by making adjustments of the oral cyclophosphamide dose long 
before the nadir of 3.0 x 109 leukocytes/ml is reached, by using lower doses of cor
ticosteroids, and by using co-trimoxazole as PCP prophylaxis is presently being 
studied in a randomized trial in which intravenous cyclophosphamide is compared 
with oral continuous cyclophosphamide (CYCLOPS) [30]. MTX can also be used 
in patients with generalized disease. Langford et ai. used MTX 20-25 mg/week in 
21 patients with generalized Wegener's granulomatosis [38]. All patients had active 
glomerulonephritis (serum creatinine levels < 2.5 mg/dl; 220 ~molll). One of 21 
patients died due to an opportunistic infection. The remaining 20 patients all 
responded well. After a median follow-up of 76 months (range, 20-108), renal func
tion improved in six, was stable in 12, and deteriorated in two patients. These lat
ter two patients were successfully switched to cyclophosphamide [38]. This study 
suggests that MTX can be used in patients with generalized AAV. Renal function in 
the patients treated by Langford et aI., however, was only mildly impaired (serum 
creatinine level < 120 ~mollL) in 12 of 21 patients (EUVAS subgroup "early sys
temic disease"; Tab. 1), whereas the remaining nine patients had mild to moderate 
renal failure (serum creatinine < 220 ~mol!L) (EUVAS subgroup "generalized dis
ease"; Tab. 1). 

Since it is at present not clear how safely MTX can be used in patients with more 
severe renal insufficiency (creatinine clearance < 50 mllmin) an alternative treatment 
for cyclophosphamide is clearly needed. Recently, it has been proposed that 
Mycophenolate Mofetil (MMF) can be used in patients with active vasculitis and 
renal insufficiency [39-43]. We recently treated 13 patients with active Wegener's 
granulomatosis with MMF (2 g/day) in combination with prednisone (0.5-1.0 mgt 
kg/day with successive tapering) [42]. All patients were intolerant to cyclophos
phamide. All patients responded but relapses occurred in three patients after 5-10 
months of follow-up. The other 10 patients came in complete remission during a 
median follow-up of 14 months (see the chapter by Stegeman and Birck). 

Early systemic disease 
1.5-2.0 mg/kg/day oral cyclophosphamide in combination with 1 mg/kg/day pred
nisone has been the standard treatment for early systemic, non-life-threatening dis
ease. While this regimen is often associated with potentially fatal opportunistic 
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Table 1 - Clinical subgrouping according to disease severity at presentation for ANCA-asso

ciated vasculitides 

Clinical subgroup 

localized 

early systemic 

generalized 

severe renal 

refractory 

Renal 

involvement 

no 

yes or no 

yes 

yes 

yes or no 

Serum 

creatinine 

(llmol/l) 

< 120 

< 120 

< 500 

> 500 

any 

Standard induction treatment 

trimethoprim-sulfamethoxazole 

cyclophosphamide or MTX + 
prednisone 

cyclophosphamide + prednisone 

cyclophosphamide + prednisone + 
plasma exchange or pulse 

methyl prednisone 

IVIg, anti-CD18, ATG, 

anti CD52/anti CD4, 

immunoablation with or without 

stem cell rescue ' 

IVlg,'il'ltravenous immunoglobulin; ATG, antithymocyte globulin 

infections (as already stated above) it is felt that patients with non life-threatening 
disease are "overtreated". Furthermore, cyclophosphamide treatment may be com
plicated by transitional cell carcinoma of the bladder, and the risk of developing 
such a cancer may be as high as 16% at 15 years after start of cyclophosphamide 
treatment [44]. This has led the group of Gross et al. to recommend oral Mesna 
(natrium-2-mercaptoethanesulfonate) to all patients who are treated with either IV 
or oral cyclophosphamide [9]. Also the risk of developing other malignancies is 
increased in patients with AAV that are treated with cyclophosphamide [45]. 

For these reasons, MTX has been investigated in Wegener's granulomatosis 
with the hypothesis that it is as effective as cyclophosphamide and less toxic. The 
results from two open-label studies show remission rates of 70-80% when MTX 
is used in combination with high-dose corticosteroids [46,47] and a remission rate 
of 59% when MTX is combined with lower doses of prednisone (median starting 
dose of 10 mg/day) [48]. The toxicity of MTX in combination with high-dose 
corticosteroids was found to be high since 24 % of the patients had elevated 
transaminase levels, 7% had leukopenia, 7% had pneumonitis and 4 % of the 
patients had a fatal PCP pneumonia [46]. Since then, PCP prophylaxis (160 mg 
trimethoprim/800mg sulfamethoxazole three times weekly) is advocated not only 
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to patients who receive cyclophosphamide but also in those who receive MTX 
[49]. Whether MTX therapy is complicated by a higher relapse rate than 
cyclophosphamide treatment has not yet been studied in a prospective randomized 
study. Such a study has been initiated by the EUVAS (the NORAM study) and will 
soon be completed [29]. 

Loco-regional or initial phase disease 
Initial phase Wegener's granulomatosis is defined by chronic granulomatous inflam
mation of the respiratory tract without glomerulonephritis and/or other signs of sys
temic vasculitis. This form of Wegener's granulomatosis can be treated with 
trimethoprim-sulfamethoxazole monotherapy (twice 960 mg/day) [50, 51]. A mat
ter of debate is whether patients with arthralgias and elevated levels of C-reactive 
protein benefit from such a treatment as well. During the last 7 years we treated 20 
patients with active loco-regional Wegener's granulomatosis with TS as the only 
drug. In 17 of 20 patients a remission could be induced. One patient did not 
respond, and in two patients trimethoprim-sulfamethoxazole had to be stopped due 
to intolerance. Nine of these 17 patients relapsed after a median follow-up of 14 
months, whereas eight patients had a sustained complete remission (unpublished 
observation). Importantly, nine of our 17 patients in whom a remission could be 
induced with trimethoprim-sulfamethoxazole monotherapy had elevated CRP levels 
at diagnosis and five of these suffered from migratory arthralgias, suggesting that 
patients with loco-regional Wegener's granulomatosis and signs of systemic inflam
mation can also be treated with this form of treatment. 

Maintenance therapy 
Seventy to 100% of patients with systemic vasculitis that are treated with 
cyclophosphamide and high-dose prednisone go into remission. 

Prednisone tapering schemes differ widely between centers [29]. To avoid infec
tious complications during the acute phase of the disease it is generally felt that low
ering doses of corticosteroids should be started soon after start of treatment, prefer
ably between 2-6 weeks after diagnosis. Furthermore, there is consensus that pred
nisone doses should not exceed 5-10 mg/day 3 to 6 months after diagnosis. 

Cyclophosphamide tapering: In the original NIH protocol it was recommended 
that cyclophosphamide is maintained at the starting dose for an additional year after 
achieving remission [52]. Patients at the NIH came into remission after a median of 
12 months [52]. After achieving complete remission cyclophosphamide dose was 
reduced by 25 mg every 2-3 months. To reduce cyclophosphamide toxicity, we use 
cyclophosphamide during a much shorter period. We start to reduce the dose of 
cyclophosphamide already 3 months after diagnosis and stop cyclophosphamide 
treatment 15-18 months after diagnosis [53]. 
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Figure 1 

Frequency of severe and life-threatening adverse effeds in the CYCAZAREM trial. Patients 

with ANCA-associated vasculitis were treated with oral cyclophosphamide in combination 

with prednisone during the indudion phase (0-3 months) and subsequently randomized for 

a maintenance therapy with either cyclophosphamide or azathioprine (3-18 months). From 

D. Jayne [6J, with permission. 

Alternative maintenance regimens have been recently proposed to reduce cyclo
phosphamide exposure. Firstly, a large EUVAS randomized clinical trial comparing 
azathioprine and continuous cyclophosphamide (CYCAZAREM) have been com
pleted and preliminary results have been reported [6, 30, 54]. One hundred and 
fifty-five patients entered the study. Following induction of remission with cyclo
phosphamide and prednisone, 147 patients were randomized to a tapering scheme 
of oral cyclophosphamide or azathioprine (starting at 150 mg/day) as maintenance 
therapy. At the end of the study, 18 months after starting therapy, no differences 
were found in relapse rate between both limbs. There was a trend, however, that 
serious adverse effects occurred less frequently in the azathioprine limb (Fig. 1). 

Cyclophosphamide for induction and MTX as maintenance therapy once remis
sion has been reached is another regimen that has been recently tested in patients 
with Wegener's granulomatosis. De Groot et al. reported that remission could be 
maintained in 19 of 22 patients who received MTX as monotherapy (median fol
low-up: 16 months), whereas remission could be maintained in 10 of 11 patients 
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who received MTX in combination with low-dose prednisone (median follow-up: 
22 months) [55]. In another open label trial, Langford et al. tested 20-25 mg/week 
MTX as maintenance therapy in 31 patients; in 84% of those patients remission 
could be maintained (median follow-up 16 months) [49]. Cyclosporin and/or MMF 
have also been tested in small studies as maintenance therapy. No relapses were 
observed in seven patients with AAV during low-dose cyclosporin (blood levels 
60-90 ng/ml) in combination with low-dose prednisone (median follow-up after 
cyclophosphamide discontinuation: 22 months) [56]. Finally, MMF in combination 
with low-dose steroids has been used as maintenance therapy in 11 patients with 
AAV after remission was induced with cyclophosphamide [57]. During a follow-up 
of 15 months one of these 11 patients suffered from a relapse [57]. In summary, 
recent studies with either azathioprine, MTX, cyclosporin, or MMF indicate that 
long-term use of cyclophosphamide can be avoided by using one of these drugs after 
a remission is induced with cyclophosphamide in combination with high-dose 
steroids. 

Another strategy in AAV patients could be to stop all immunosuppressive drugs 
12-18 months after diagnosis [53] and to treat only patients who are identified as 
"high risk" patients. During the last decade our group studied such a targeted pre
ventive approach [58-62]. In a randomized clinical trial we found that treatment 
with trimethoprim-sulfamethoxazole (960 mg b.i.d) for 24 months resulted in main
tenance of remission in 82% of patients whereas in only 60% of patients who 
received placebo a remission was maintained [61]. A drawback of trimethoprim
sulfamethoxazole treatment is that about 20% of patients cannot tolerate the drug. 
Furthermore, from this study it can be calculated that five patients (95% confidence 
interval, three to 31 patients) have to be treated for 24 months to prevent one 
relapse. So, trimethoprim-sulfamethoxazole maintenance therapy should be 
reserved for those patients who are at high risk to develop relapses (see the chapter 
by Boomsma et al.). 

Refractory cases 
IVIg 2g/kg infused over 4 to 5 days is the therapy of choice for Kawasaki's disease 
and has been used successfully in resistant cases of AAV and other forms of small
vessel vasculitis. Jayne et al. used IVIg as an additional agent to standard immuno
suppressive therapy in 26 patients with persistently active AAV; 50% went into com
plete remission and the remainder into partial remission [63]. Recently, Jayne et al. 
[64] reported the results of a randomized, placebo-controlled trial in 34 patients 
patients with AAV who suffered from persistently active vasculitis despite standard 
immunosuppressive treatment. A single course of IVIg induced more frequently a 
50% reduction of disease activity in patients who were treated with IVIg (14/17) 
than in those treated with placebo infusions (6117). After 3 months, however, no dif
ference was found in the occurrence of relapses: 5116 patients treated with IVIg 
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relapsed and 4115 treated with placebo. During IVIg therapy adverse effects were 
relatively frequently observed: 4117 patients had reversible rises in serum creatinine 
and one patient had aseptic meningitis. This study confirms earlier reports that IVIg 
is effective in AAY. Its effect, however, seems to be relatively weak (see the chapter 
by Jayne). 

For progressive disease resistant to standard therapy or where standard therapy 
is not tolerated lymphocyte depletion using antithymocyte globulin (ATG) or mon
oclonal anti-T cell antibodies has induced remissions in small series of patients [65-
68]. Recently, Van der Woude et al. reported that ATG induced a complete remis
sion in one of 10 patients with refractory Wegener's granulomatosis, a partial remis
sion in eight of 10 patients, and one patient died due to active disease [68]. Lock
wood et al. treated 17 patients with refractory Wegener's granulomatosis with mon
oclonal antibodies to CD52 followed by a non-depleting antibody to CD4 in 
courses lasting 5 days each [69]. The anti CD 52 antibody is lytic for alllympho
cytes except for natural killer cells. Remission was induced in 16 of 17 patients. 
During follow-up cytotoxic drugs could be stopped in responders. In 9 of 16 
patients, however, relapses occurred. Despite long periods of CD4 depletion in all 
patients none of the patients suffered from complications such as opportunistic 
infections or lymphomas [69] (see the chapter by Schmitt et al.). 

Another attractive approach for treatment of refractory cases is the use of drugs 
that inhibit adhesion of leukocytes to endothelial cells (reviewed in [70]). Lockwood 
et al. [71] recently reported the use of a humanized monoclonal anti-CD18 anti
body, genetically engineered to abrogate Fc interactions, in five patients with vas
culitic tissue injury that resulted in ulceration and/or limb/digital infarction with 
incipient gangrene. Remarkable prompt clinical healing of ulceration and restora
tion of limb function was noted in four of five patients [71]. Finally, immunoabla
tion using high-dose cytotoxic medication with or without stem cell rescue has led 
to prolonged remission in a few patients with refractory vasculitis [72] (see the 
chapter by Carruthers and Bacon). 

Henoch-Schonlein purpura (HSP) 
HSP is usually a self-limited disease with a good clinical outcome [73]. The aver
age duration of a HSP attack is 1 month. Joint pain is effectively treated with non
steroidal anti-inflammatory agents. In addition, corticosteroids may accelerate the 
resolution of arthritis and abdominal pain. Severe and/or recurrent skin lesions 
may be treated with oral corticosteroids or 50-100 mg/day dapsone (= diaphenyl
sulphone) [73-75]. In patients with renal disease a renal biopsy is useful for assess
ing prognosis and suggesting the need for treatment [73]. The treatment of HSP 
nephritis is controversial and recommendations are mostly based on small uncon
trolled series. Since severe crescentic HSP nephritis may progress to end-stage renal 
failure, treatment of these patients is warranted. Niaudet et al. [76] treated 32 

31 



Jan W. Cohen Tervaert et al. 

patients with severe HSP nephritis with methylprednisone pulse therapy followed 
by oral prednisone. Despite this treatment 13 % progressed to ESRD and 13 % had 
chronic renal failure [76]. Somewhat better results can probably be obtained by 
using a combination of cyclophosphamide and/or azathioprine and prednisone 
(reviewed in [73]). Interestingly, Hattori et al. used plasma exchange as the sole 
therapy of crescentic HSP nephritis in nine patients. They found a prompt improve
ment of renal function and proteinuria in combination with disappearance of pur
pura and abdominal pain in all patients. After stopping plasma exchange, three of 
nine patients showed a rebound of proteinuria that was accompanied by progres
sion to ESRD in two [77]. 

Mixed essential cryoglobulinaemia (MEC) 
MEC with type II cryoglobulins (polyclonal IgG and monoclonal IgM rheumatoid 
factor) is secondary to hepatitis C infection in the large majority of patients. The 
protocols designed for treatment of uncomplicated HCV infection, however, are 
inadequate for treating MEC secondary to HCV [78]. The end point of treatment 
of the latter should be complete clearance of both HCV and cryoglobulins. Since 
standard IFNa therapy (3 x 3 million U/week) is often unsuccessful, daily high 
doses are recommended [79]. Another approach that was recently reported by 
Zuckerman et al. [80] was treatment with a combination therapy of IFNa (3 x 3 
million U/week) and ribavirin (1000-1200 mg/day; dose adjusted to 400-600 
mg/day in patients with impaired renal function). Nine patients were treated and 
all showed clinical improvement in combination with disappearance of cryoglobu
lin (seven patients) or decrease in cryoglobulins (two patients). Complete and sus
tained virological (negative HCV-RNA) remission after 6 months of therapy was, 
however, observed in two patients only [80]. Calleja et al. [81] recently reported 
outcome of therapy in 18 patients with MEC due to HCV. Only five of 18 patients 
demonstrated a sustained response to standard IFNa therapy. During combined 
IFNa + ribavirin treatment seven of the 13 remaining patients had a sustained 
response [81]. Continuous administration of IFNa with pegylated IFNa is another 
available option [78]. 

In patients with severe vasculitic symptoms such as leg ulcers plasma exchange 
or cryofiltration with a cooling unit [82] is indicated. In addition, low-dose steroids 
are sometimes needed, although corticosteroids and immunosuppressives are rela
tively contraindicated because they may worsen HCV viraemia. 

When cryoglobulinaemia develops in a patient without hepatitis C infection but 
in association with a specific myeloproliferative disorder, then treatment must be 
directed at the underlying disorder. If neither HCV infection nor a myeloprolifera
tive disorder is present corticosteroids are useful for extrarenal symptoms. When 
glomerulonephritis is present the traditional approach is corticosteroids, cyclophos
phamide and plasma exchange [83]. 
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Idiopathic leukocytoclastic angiitis 
Most patients have only minimal or moderate discomfort and no systemic thera
py is required. In patients with severe skin lesions corticosteroids may be needed. 
In chronic cases, dapsone, thalidomide, antimalarials, colchicine, pentoxyfillin, 
and/or antihistamines may be tried [84]. Only occasionally azathioprine is indi
cated. 

Adverse effects 

Adverse effects of treatment are an extremely important contributor to morbidity 
and mortality in patients with vasculitis. Both immediate and late toxicity is signif
icant. Hoffman et al. reported that treatment toxicity contributed to permanent 
damage in more than 50% of their patients with Wegener's granulomatosis [52]. 
More recently, Jayne [6] reported that patients with either Wegener's granulomato
sis or microscopic polyangiitis who participated in the CYCAZAREM trial experi
enced an adverse effect frequency of 1.1 episodes per patient within the first 18 
months after diagnosis. In 26% of the patients side-effects were severe or life-threat
ening. Infectious adverse effects are the most common cause of death or severe mor
bidity. Their frequency is increased in patients of older age and is related to steroid 
doses. Patients are at increased risk of cytomegalovirus, aspergillus, candida, herpes 
zoster and pneumocystis carinii infection. In addition, nocardia and reactivation of 
tuberculosis may occur. Bacteria infections, especially due to staphylococcus aureus, 
are also frequently observed and may be severe. Routine prophylaxis with oral 
amphotericin B and low-dose sulphamethoxazole/trimethoprim is warranted. The 
role of prophylactic acyclovir and/or ganciclovir is not clear in patients with vas
culitis. In patients with a history of tuberculosis prophylactic isoniazide may be con
sidered. Late toxicities due to cyclophosphamide include haemorrhagic cystitis, 
bladder fibrosis and/or bladder carcinoma. To limit this toxicity, cyclophosphamide 
should be given in the morning and combined with a high fluid intake if renal func
tion allows such a policy. In addition, mesna should be administrated either intra
venously or orally [9] when high-dose pulsed cyclophosphamide is used or when the 
cumulative dose of oral cyclophosphamide is expected to become more than 100 g 
[44]. Whether patients with a short course of oral cyclophosphamide have also an 
increased risk of bladder carcinoma and should also receive mesna remains to be 
investigated. Immunosuppressive therapy also increases the risk of other malignan
cies [45]. Especially the risk of skin cancer is increased and it seems prudent to 
advise all patients to reduce sun exposure. Other important toxicities include infer
tility, steroid-induced osteoporosis, and accelerated atherosclerosis. Osteoporosis 
prophylaxis should include calcium supplementation and activated vitamin D. In 
addition, hormone replacement therapy may be considered in post-menopausal 
females. Finally, biphosphonates may be used in patients with an established 
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decrease in bone mineral density (renal function permitting). Accelerated athero
sclerosis did not receive much attention yet in patients with vasculitis. Accelerated 
atherosclerosis is not only due to persistent activity of vasculitis, but also to chron
ic treatment with steroids resulting in increased levels of cholesterol, higher blood 
pressure levels and weight gain [85]. Since no randomized trials have been conduct
ed that prove that aggressive anti-atherosclerotic regimens with cholesterol lower
ing drugs and ACE inhibitors are beneficial in patients with vasculitis, the European 
Vasculitis Study Group is currently planning such trials. 

Conclusions 

High-dose corticosteroids with or without cytotoxic drugs such as cyclophos
phamide and methotrexate are used to induce a remission in giant cell arteritis, 
Takayasu arteritis, PAN and the ANCA-associated vasculitides. If cyclophos
phamide is used for induction therapy it is recommended to use either azathioprine 
or methotrexate for maintenance therapy. For Kawasaki disease IVIg in combina
tion with acetylsalicylic acid is the first treatment option, whereas in hepatitis B 
and/or C associated vasculitis IFNa in combination with other antiviral drugs must 
be used. Finally, for loco-regional Wegener's granulomatosis trimethoprim-sul
famethoxazole monotherapy can be used, whereas for vasculitis localized to the skin 
dapsone monotherapy is often sufficiently effective. The current studies in which 
newer immunosuppressives are being tested offer exciting new possibilities for treat
ment of vasculitis patients. Many of these new approaches will be discussed in the 
next chapters. 
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Introduction 

Insight into the central roles of cytokines in many inflammatory disorders represents 
one of the major medical advances of the 1990s. During the last decade, molecular 
biology provided not only the techniques to investigate individual cytokines in 
inflammation, but also successful strategies for the inhibition of these cytokines. As 
described below, the identification of tumor necrosis factor (TNF) as a critical 
cytokine in the pathophysiology of rheumatoid arthritis (RA) and Crohn's disease 
has revolutionized the treatment of these diseases [1-10]. The extrapolation and rig
orous testing of cytokine modulation strategies in the vasculitides have enormous 
potential to improve therapies for this group of disorders. 

In this chapter, the biologic functions of TNF, the use of anti-TNF therapies in 
specific inflammatory conditions, the putative role of TNF in the pathophysiology 
of vasculitis, and current plans to investigate the role of TNF inhibition in the treat
ment of vasculitis (particularly Wegener's granulomatosis (WG)) are reviewed. 

Background 

"Tumor necrosis factor" derives its name from properties attributed to the molecule 
two decades ago: namely, its killing of tumor cells in vitro, and its ability to cause 
hemorrhagic necrosis of malignant growths in mice [11]. Several years later 
cachectin, a catabolic hormone produced by mouse macrophages, was sequenced 
and demonstrated to be the same molecule as TNF [12, 13]. The roots of the term 
"cachectin" (from the Greek kakos = "bad" and hexis = "condition") illustrate one 
of the myriad effects of TNF: mediation of the wasting syndromes associated with 
malignancy, chronic infections, and systemic inflammatory conditions. This TNF 
effect is achieved through the inhibition of lipoprotein lipase [14]. 

TNF received notice in the early 1990s for its role as an endogenous mediator of 
endotoxic shock [15, 16]. The relatively sudden, massive release of TNF character-
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istic of the sepsis syndrome disrupts the endothelium's inherent anticoagulant prop
erties, activates neutrophils, and induces the release of a host of additional inflam
matory cytokines, culminating in cardiovascular collapse. Consequently, the first 
therapeutic trials of TNF inhibition were directed at sepsis. 

Two basic approaches to TNF inhibition were employed in the sepsis syndrome 
[15-19]: (1) monoclonal antibodies to TNF; and (2) soluble TNF receptor fusion 
proteins. These two approaches met with similarly disappointing results in sepsis, 
failing to demonstrate convincing evidence of efficacy despite large studies being 
conducted. One major sepsis trial actually demonstrated a dose-response relation
ship between the trial medication and mortality for patients with infections caused 
by Gram-positive organisms [16]. 

The failure of TNF inhibition in sepsis probably reflects the tardiness of the 
intervention with respect to the disease process: because of the fulminant nature of 
sepsis, irreversible events are often in motion by the time anti-TNF therapy can be 
administered. In contrast to sepsis, inflammatory conditions such as RA and WG 
are associated with substantially lower (but chronically elevated) levels of TNE Fur
thermore, the TNF elevations in these conditions may be confined largely to isolat
ed tissue compartments (e.g., the synovium or kidneys), and levels of TNF may be 
unmeasurable in the serum. 

The consequences of dysfunctional TNF pathways in a wide array of organ sys
tems are now evident. In addition to its role in a variety of autoimmune and inflam
matory disorders, TNF contributes to syndromes of insulin resistance [20, 21], 
wasting [22], bone resorption [23, 24], fever [25], and congestive heart failure [26], 
among others. 

Molecular biology of TNF 

The pleiotropic functions of TNF are listed in Table 1. The molecule belongs to a 
large family of proteins known as TNF ligands. Other members of the TNF ligand 
family include Fas ligand, CD40 ligand, nerve growth factor, and a host of other 
proteins known currently (totaling around 20). All members of the TNF ligand fam
ily share important structural motifs. For example, most consist of three polypep
tide subunits [27]. With the exception of TNF, which exerts its principal effects after 
secretion by macrophages, most other members of the TNF ligand family are trans
membrane proteins, which exert their effects through cell-cell contact. Upon activa
tion, the receptors for these ligands initiate signals for cell proliferation and/or apop
to sis (see below), both of which are essential for normal immune system function. 

TNF is a homotrimer that is synthesized and expressed as a transmembrane pro
tein. Following expression on the macrophage surface, TNF is cleaved by a con
verting enzyme known as TACE (TNFa converting enzyme) to produce soluble TNF 
[28]. Soluble TNF exerts its physiologic and pathologic effects via two cell surface 
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Table 1 - In vivo functions of tumor necrosis fador 

Bloods vessels 

Cells 

Cytokines, chemokines 

and other inflammatory 

mediators: 

• Alteration of inherent anti-coagulant properties of endothelium 

• Up-regulation of adhesion molecules via NF-KB activation 

• Stimulation of angiogenesis 
• Activation of lymphocytes, neutrophils, and platelets 

• Enhancement of CD44's ligand-binding capacity 

• Maturation and migration of dendritic cells into lymphoid 

organs 

• Proliferation of fibroblasts/synoviocytes 

• Induction of pro-inflammatory 
- cytokines (IL-1, -6, GM-CSF) 

- chemokines (RANTES, IL-8, MIP-1_, MCP-1) 

- prostaglandins, leukotrienes, nitric oxide, reactive oxygen 

species 

receptors, p55 and p75 (these numbers correspond to the molecules' molecular 
weights, in kDa) [29]. Both receptors are found on virtually every cell type in the 
body, an indication of the importance of normal TNF pathway function. TNF binds 
to the extracellular domains of p55 and p75 with equal affinities. Like their TNF 
ligand, p55 and p75 are part of a larger TNF receptor family that includes approx
imately 20 presently-known receptors, all of which have similar structures. These 
receptors are classified into two basic groups based upon the presence or absence of 
a "death domain" on the cytoplasmic side of the membrane. It is through this death 
domain that the TNF receptor mediates apoptosis [30]. 

Of the two TNF receptors, only p55 contains a death domain. The p75 receptor 
(and other members of the TNF receptor superfamily that do not have death 
domains) transduces its signal through proteins known as TRAFs, or TNF Receptor 
Associated Factors [30]. TRAFs induce the production of inflammatory mediators 
and lead to the proliferation of T lymphocytes via activation of the gene transcrip
tion factor NF-KB [31]. 

Each TNF molecule, owing to its trimeric structure, contains three binding sites 
for the TNFRs. Signal transduction occurs when a molecule of TNF binds and 
cross links two TNF receptors on the surface of the target cell (some of the precise 
events in this interaction remain to be elucidated). In the absence of ligand attach
ment and receptor cross-linking, signal transduction does not occur. Soluble TNF 
receptors result from the proteolytic cleavage of this extracellular domain, an event 
that is also mediated by TACE. Soluble TNFRs participate in the down-regulation 
of TNF activity. 
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Details of the individual functions of the TNFRs p55 and p75 are still incom
pletely defined, but gene knockout studies in mice [32-34] and variations in the two 
receptors' cytoplasmic domains - particularly the p55 receptor's death domain [35, 
36] - suggest different (but overlapping) functions for these receptors in vivo. Sig
nal transduction by p55 leads principally to apoptosis. In contrast, the consequences 
of signal transduction by the p75 receptor include cellular proliferation and the pro
duction of inflammatory mediators, as well as apoptosis [30]. Triggering of the 
TNFRs leads to a multitude of pro-inflammatory effects, including the synthesis of 
IL-l, IL-6, and GM-CSF [31]. TNF also induces the production of matrix metallo
proteinases by neutrophils, fibroblasts, and chrondrocytes [37], the elaboration of 
chemokines (e.g., RANTES, IL-8, MCP-l, and MIP-la), and the upregulation of 
adhesion molecule expression [38] (see below). 

A closely-related TNF ligand family member that triggers virtually identical bio
logic responses is known as lymphotoxin-a (LTa, formerly TNF~). In contrast to 
the macrophage-derived TNF, LTa is produced exclusively by lymphocytes and nat
ural killer cells. The gene for LTa is tightly linked to the gene for TNF within the 
major histocompatibility complex, and the two genes share significant homology 
[39]. LTa binds with comparable affinities to the same two receptors as TNF. As 
described below, the overlaps in function of these two proteins are potentially rele
vant to the efficacy (and the side-effects) of specific anti-TNF therapies. 

Specific effects of TNF on blood vessels 

Among the earliest pathologic changes evident in some forms of vasculitis (e.g., 
WG) is evidence of an ongoing thrombotic process in the microvasculature [40]. In 
this regard, the effects of TNF may be directly relevant: the originally-described abil
ity of TNF to induce the necrosis of tumors is secondary to vaso-occlusive changes 
[11]. Endothelial exposure to TNF tips the delicately-balanced clotting system 
toward pro-coagulation, stimulating the production of tissue factor and the down
regulation of thrombomodulin. Activation of the gene transcription factor NF-KB 
leads to the expression of several endothelial adhesion molecules, including E
selectin, ICAM-l, and VCAM-l. TNF also alters the sulfation of adhesion receptor 
CD44 [41], facilitating the migration of circulating lymphocytes through the 
endothelium and into tissue [31]. In one study [42], treatment of RA with an anti
TNF monoclonal antibody (infliximab; see below) resulted in a dose-dependent 
decrease in ICAM-l and E-selectin within hours of medication administration. The 
reduction of adhesion molecules by this anti-TNF therapy led to decreased synovial 
infiltration of T lymphocytes [43]. These data indicate that a major disease mecha
nism of TNF in RA (and probably other diseases) is its activation of vascular 
endothelium. 
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Current strategies for the inhibition of TNF 

The monoclonal antibody approach: Infliximab 

Infliximab (formerly cA2; now Remicade; Centocor; Malvern, PA.) is a chimeric 
monoclonal antibody comprised of parts of a murine anti-TNF antibody (the vari
able regions) grafted onto a human IgG11C molecule (Fig. 1). Thus, the TNF-binding 
portions of infliximab are murine in origin. The resulting protein, which is approx
imately two-thirds human, inhibits both cell-associated and secreted TNF [44]. In 
addition to inhibiting TNF itself, infliximab achieves a multiplicative anti-inflam
matory effect by indirectly blocking the production of TNF-dependent cytokines 
and adhesion molecules [7]. Infliximab may also be cytotoxic to cells within the RA 
synovium that carry TNF on their cell surfaces, but evidence of massive cell lysis 
occurring after infliximab administration is absent [7]. 

Use of infliximab in RA 
Most of the anti-TNF trials in RA conducted to date have enrolled patients with 
severe, refractory disease. In a randomized, double-masked comparison of two dos
ing regimens of infliximab and placebo, 19 of 24 RA patients (79%) treated with 
high-dose infliximab (10 mg/kg) responded to treatment within 4 weeks of a single 
infusion, compared with only two of 24 patients (8%) treated with placebo (p < 
0.0001) [5]. Eleven of 24 patients (44%) treated with low-dose infliximab (1 mg/kg) 
achieved similar therapeutic responses, demonstrating a clear dose-response curve 
for this medication. In this trial, the maximum mean improvement in the number of 
tender or swollen joints was greater than 60% after only one dose of infliximab. 

In an open-label follow-up study to the randomized trial, eight patients received 
up to four additional infliximab treatments [6]. Although all patients demonstrated 
magnitudes of response similar to those achieved initially, the durations of response 
appeared to grow shorter with each successive dose. This observation was attributed 
to the development of HACA (human anti-chimeric antibodies). To address this 
problem, subsequent studies of infliximab were performed with methotrexate 
(MTX) as an adjunct treatment, with the intention of blunting the HACA response. 

In a 26-week, double-masked, placebo-controlled trial, 101 patients with active 
RA were randomized to one of seven groups [7]. The patients received infliximab at 
doses of 1, 3, or 10 mg/kg, with or without MTX (7.5 mg/week), or placebo plus 
MTX. Infliximab or placebo was infused at weeks 0, 2, 6, 10, and 14. A 70-90% 
reduction in the number of swollen and tender joints and in the C-reactive protein 
was observed throughout the trial for patients who received 10 mg/kg infliximab 
plus MTX. The co-administration of infliximab and MTX were synergistic at the 
lowest infliximab dose (1 mg/kg). In that group, MTX prolonged the duration of 
the ACR20 response [45] to a median of 16.5 weeks (p < 0.001 versus placebo; p = 
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Figure 1 

Infliximab is a chimeric monoclonal antibody (approximately two-thirds human) comprised 
of parts of the variable regions of a murine anti-TNF antibody (A) grafted onto a human 
IgG1 K: molecule (8). 

0.006 versus no MTX). Concomitant therapy with MTX, even at the low dose of 
only 7.5 mg/week, also dramatically diminished the appearance of HACA. Data on 
the immunogenicity of infliximab from this trial suggested that immunologic toler
ance to infliximab was induced by higher doses of the medication and potentiated 
by the simultaneous use of MTX. Among the patients treated with 10 mg/kg of 
infliximab plus MTX, no HACA responses were reported [7]. 

Further studies of infliximab, including the recently-completed ATTRACT (Anti
TNF Trial in Rheumatoid Arthritis with Concomitant Therapy) trial [46], have con
firmed the promise of infliximab in RA. Infliximab was approved by the United 
States Food and Drug Administration (FDA) for use in RA in November, 1999. 
Because of the synergistic effects of infliximab and MTX and the anti-HACA effect 
of MTX, the use of infliximab in an FDA-approved fashion is contingent on the 
simultaneous use of MTX. 

CDPS71 (Celltech Therapeutics, Ltd., UK), a humanized anti-TNF monoclonal 
antibody consisting of the complementarity determining regions of a murine anti
TNF antibody grafted onto a human IgG4K molecule, has also been tested in RA 
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[47]. This genetically-engineered antibody is 9S% human. Dose-dependent respons
es in tender joint counts and pain scores were evident after weeks 1 and 2 in patients 
receiving the highest CDPS71 dose (10 mg/kg). Head-to-head comparisons of inflix
imab and CDPS71 in RA have not been performed. 

Use of anti-TNF monoclonal antibodies in Crahn's disease 
Crohn's disease, a granulomatous disorder with many pathological similarities to 
WG, is a chronic inflammatory disorder of the gastrointestinal tract [48]. Infliximab 
and CDPS71 have both demonstrated effectiveness in the management of Crohn's 
disease, even in patients with treatment-resistant disease. In a trial of infliximab in 
treatment-resistant Crohn's disease, 6S% of the patients responded to a single intra
venous dose of infliximab within 1 month, compared with only 17% of patients in 
the placebo group (p = 0.001) [10]. One-third of the patients randomized to inflix
imab achieved remissions of their disease after only one dose. Infliximab was 
approved by the FDA for use in Crohn's disease in October, 1998. In a randomized, 
double-masked, placebo-controlled trial of CDPS71, the median Crohn's disease 
activity score declined by nearly SO% within 2 weeks of a single intravenous 
CDPS71 infusion (p = 0.0003) [8]. No significant change in disease activity occurred 
in the placebo group. 

Safety and tolerability of anti-TNF monoclonal antibodies 
In approaching the use of anti-TNF monoclonal antibody therapy, there were four 
issues of paramount concern: (1) the development of anti-HACA; (2) the occurrence 
of infections; (3) the evolution of autoimmune disorders; and, (4) the possibility of 
an increase in malignancies. The issue of the HACA response (substantially dimin
ished by concomitant MTX use) was addressed above. The last three concerns will 
be considered individually below. 

Because TNF plays a role in protection against infections [49], increased suscep
tibility to infections was a major concern about TNF inhibition strategies. In brief, 
however, more than S years of clinical experience with infliximab as a treatment for 
severe RA and Crohn's disease have demonstrated no such susceptibility, despite 
careful surveillance. The rate and type of infections that have occurred are similar 
to those expected in the populations under study. 

With regard to autoimmunity, seven of the first 69 RA patients enrolled in inflix
imab trials (10%) developed anti-dsDNA antibodies [4-6]. Upon follow-up, none 
of these seven patients developed other clinical features of systemic lupus erythe
matosus (SLE). In a subsequent multi-dose infliximab study, one patient developed 
pleuritis and an anti-dsDNA antibody response after the fourth infliximab infusion 
[7]. Her symptoms responded to moderate doses of corticosteroids, and it is possi
ble that her syndrome represented an SLE-like illness (or drug-induced lupus). The 
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observations of anti-dsDNA antibodies in infliximab-treated patients with RA is 
intriguing in light of NZBfW mouse studies demonstrating worsening of murine 
lupus by TNF blockade [50]. Subsequent trials of infliximab have provided reas
surance that the induction of classis SLE is not associated with this medication, even 
though the occurrence of auto-antibodies is fairly common. 

Finally, although the question of an increased long-term risk of malignancies can
not be answered with certainty for years to come, the data on this issue to date are 
encouraging. Among the hundreds of patients enrolled in infliximab trials to date, 
only a handful of cancers have occurred. The incidence of such malignancies is con
sistent with the patients' age and other demographic factors. In light of the known 
pre-disposition of patients with RA to develop particular forms of cancer [51], the 
failure to observe significant numbers of hematopoietic malignancies is reassuring. 

The soluble TNFR fusion protein approach 

The other major approach to TNF inhibition is the use of soluble recombinant TNF 
receptor fusion proteins. To date, these constructs have consisted of molecules cre
ated by fusion of the Fc portion of human IgG1 to two TNFR molecules, either the 
p75 receptor (etanercept; Enbrel; Immunex Corporation; Seattle, WA.) or the p55 
(lenercept; Ro-45-2081; Hoffman-LaRoche; Basel, Switzerland). 

Etanercept (Fig. 2) is a dimeric fusion protein produced by linking the human 
DNA encoding the p75 TNFR to the DNA template for the Fe portion of human 
IgG1. This DNA-linked product is then inserted into a mammalian expression vector 
[52]. The resulting protein (which, unlike infliximab, contains only human amino 
acid sequences), binds two TNF molecules. The dimeric nature of etanercept affords 
superior binding affinity (up to 50-fold) and TNF-neutralizing capacity (approxi
mately 1000-fold) compared to the native monomeric TNFR. The Fc moiety, which 
contains the hinge region as well as the CH 2 and CH 3 domains of IgG1, extends the 
molecule's circulating half-life from only a few minutes to approximately 96 h. 

Etanercept is postulated to exert its anti-TNF effects via several mechanisms 
[53]: 

• Competitive inhibition of binding by TNF to the native TNF receptors that reside 
on the surfaces of inflammatory cells 

• Acting as a cytokine "carrier" for TNF, rendering it biologically unavailable even 
though it prolongs the molecule's serum half-life 

• Modulation of biological events mediated by "downstream" molecules, whose 
functions are regulated by TNF. For example, in RA, etanercept decreases the lev
els of IL-1, IL-6, E-selectin, and ICAM-1 

• Finally, in addition to binding TNF, etanercept binds and disrupts the function of 
LTa [30]. 
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Tumor necrosis factor (TN F) inhibition in the treatment of vasculitis 

Etanercept is a dimeric fusion protein produced by linking the human DNA encoding the p75 

TNFR (A) to the DNA template for the Fc portion of human IgG1 (B). The resulting protein 

binds two TNF molecules. 

A 3-month trial of etanercept in 180 patients with refractory RA confirmed the effi
cacy of this medication [1]. Seventy-five percent of patients receiving the highest 
dose of etanercept (16 mg/m2) achieved at least a 20% ACR clinical response, com
pared with 14% in the placebo group (p < 0.001). The mean percent reduction in 
the number of tender or swollen joints was 61 % in the 16 mg/m2, compared with 
25% in the placebo group (p = 0.001). The time to response among patients treat
ed with etanercept was swift: generally 4 weeks in the 16 mg/m2 group. A dose
response curve was evident as etanercept doses increased from 0.25 mg/m2 b.i.w. to 
2 mg/m2 b.i.w. to 16 mg/m2 b.i.w. Following the cessation of therapy at 3 months, 
patients' inflammatory arthritis promptly returned. 

These findings were extended in a Phase III trial involving 234 RA patients who 
had failed a series of disease-modifying agents [2]. In that trial, the patients were 
randomized to receive either placebo or 10 or 25 mg of etanercept b.i.w. (the last 
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dose corresponding to 16 mg/m2 ). Ninety percent of the patients enrolled had failed 
MTX treatment before entering the trial, illustrating the severity of their disease. 
Nevertheless, at 6 months, 59% of the patients in the 25 mg etancercept group and 
51 % in the 10 mg etanercept group had responded, contrasted with only 11 % of 
the patients in the placebo group (p < 0.001). In the 25 mg etanercept group, the 
mean percentage reduction in the number of tender and swollen joints at 6 months 
was 56% and 47%, respectively, compared with 6% and -7% in the placebo group 
(p < 0.05). In open-label extension trials, durable responses to etanercept have been 
shown for up to two years. 

In an additional Phase III trial investigating patients with refractory RA, etaner
cept was proven to be safe when used in conjunction with MTX [3]. Seventy-one 
percent of the patients treated with etanercept/MTX responded to therapy (com
pared with 27% in the placebo/MTX group, p < 0.001). Using the more rigorous 
ACR50 standard, the response rates were 39% and 3% in the etanercept and place
bo groups, respectively (p < 0.001). 

Responses to etanercept were not confined to clinical measures of arthritis sever
ity. Rather, patients also reported dramatic improvements in quality of life, as mea
sured by the Health Assessment Questionnaire (HAQ) [54]. The Disability, Vitality, 
Mental Health, and General Health Status subdomains of the HAQ improved 
among etanercept-treated patients compared to controls. The perception of Gener
al Health Status among etanercept-treated patients, for example, improved by 50% 
over 12 months. Over the same time period, the General Health Status perception 
of placebo-treated patients declined by 2 % [3]. 

Use of etanercept in other rheumatic conditions 
The success of etanercept in the treatment of RA has been extended to other forms 
of inflammatory arthritis. The medication is efficacious in juvenile RA [55], and was 
approved by the FDA for that indication in 1999. A recently-completed randomized 
trial of 60 patients with psoriatic arthritis demonstrated results that are strikingly 
similar to those in RA with regard to the achievement of ACR20, ACR50, and 
ACR70 responses [56]. 

Safety and tolerability of etanercept 
Because etanercept contains only human amino acid sequences, concerns about 
immunogenicity of the medication are substantially fewer compared to the chimeric 
monoclonal antibody infliximab. Indeed, throughout Phase I, II, and III studies with 
the medication, clinically significant antibody formation against etanercept did not 
occur [1, 3]. Among the first 578 patients with RA tested in clinical trials of etan
ercept, antibodies to the medication were found in only six. None of the antibodies 
in those six patients had drug-neutralizing activity. 
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The inhibition of LTcx as well as TNF by etanercept has raised theoretical con
cerns regarding the possibility of increased side-effects compared to infliximab. 
However, with regard to specific potential adverse events (e.g., the risks of infection 
and malignancies), etanercept has demonstrated a safety record comparable to that 
of infliximab. No substantive problems have emerged to date. Post-marketing sur
veillance data detected the occurrence of 25 serious infections and six deaths due to 
infection in patients using etanercept, but close inspection revealed that most of 
these patients had multiple co-morbidities pre-disposing them to infections, and 
some had active infections of leg ulcers at the time etanercept was begun. The cur
rent FDA recommendation is that the use of etanercept be postponed or suspended 
in the presence of an active infection. 

A fusion protein failure: the case of lenercept 
During the mid-1990s lenercept, a glycosylated fusion protein consisting of two 
human p55 TNFRs linked to the Fc portion of human IgG1, was investigated for use 
in RA [57-59]. In contrast to the dramatic effectiveness of etanercept in RA, clini
cal trials of lenercept were halted because of the frequent occurrence of side-effects 
and reports of disease worsening [58, 59]. In one open-label extension trial, 30 of 
the 63 patients enrolled (48%) dropped out of the study (21 for lack of efficacy). 
The full implications of these strikingly different results with these different soluble 
fusion proteins remain unclear. 

Use of anti-TNF strategies in vasculitis 

The remarkable effectiveness of some anti-TNF strategies in inflammatory arthritis 
and Crohn's disease enhances their appeal as a treatment for vasculitis. Compelling 
evidence suggests that anti-TNF strategies may be effective in the vasculitides, par
ticularly in granulomatous forms of these diseases. 

Rationale for use in the vasculitides 
The following pieces of evidence suggest that TNF plays a major role in WG, and 
that an anti-TNF strategy may be effective in this disease: 

• Granuloma formation - the pathologic hallmark of the disease - is inhibited com
pletely by the absence of TNF [60]. 

• Active WG is associated with a dramatically upregulated Th1 cytokine pathway, 
a pathway in which the role of TNF is pivotal [61]. 

• Transcription of the TNF gene is enhanced in peripheral blood mononuclear cells 
from patients with WG [62]. CD4+ T cells from patients with WG produce ele-
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vated levels of TNF [61]. 
• Serum levels of both TNF and its soluble receptors, p55 and p75, are elevated in 

patients with active WG [63, 64]. Levels of p55, an excellent surrogate for TNF 
levels, correlate with WG activity as measured by the Birmingham Vasculitis 
Activity Score [63]. With the induction of remission, levels of these molecules nor
malize. 

• Immunohistochemistry, polymerase chain reaction, and in situ hybridization stud
ies of renal biopsies from patients with WG confirm that TNF-positive cells (now 
known to be macrophages) infiltrate histologically active renal lesions. Such cells 
are also present within the walls of arteries and arterioles in acute vasculitic 
lesions [65]. 

• Neutrophils are important in the pathophysiology of WG. In vitro priming of acti
vated neutrophils with TNF markedly enhances the ability of ANCA to stimulate 
neutrophil degranulation, fueling the leukocytoclastic vasculitis associated with 
this disorder [66-68]. 

• In most studies, a distinctive feature of WG is its strong association with the 
ANCA response to proteinase 3 (PR3), a constituent of neutrophil granules. TNF 
synergistically induces PR3 expression on both neutrophils (and possibly endothe
lial cells). TNF also facilitates the presentation of PR3 by macrophages [69-71]. 
These actions increase the accessibility of PR3 for binding with ANCA, and may 
therefore contribute directly to the pathophysiology of WG in most patients. 

A phase I trial in Wegener's granulomatosis 

Interim results of a 6-month, open-label trial of etanercept in WG are now available 
[72]. Between March and July 1999, 20 patients with active WG were enrolled in 
this preliminary study, designed to evaluate the safety of etanercept in WG. In addi
tion to standard medications for WG, etanercept was administered subcutaneously 
at a dose of 25 mg twice a week. Though not the principal aim of the trial, the effi
cacy of this approach was assessed by a WG-specific modification of the Birming
ham Vasculitis Activity Score (BVAS [73]) known as BVAS for WG [74]. 

Evidence of active WG included a diverse array of anatomic sites and clinical 
manifestations at trial entry (Tab. 2). Standard medications employed at the time of 
entry (administered according to severity of disease) included prednisone in 17 
patients (85%), cyclophosphamide in six (30%), MTX in 9 (45%), azathioprine in 
three (15%), and cyclosporine in one (5%). Etanercept was added as the only new 
treatment variable in 14 (70%) of the patients enrolled. 

An interim analysis was conducted at a mean of 21 weeks of treatment (range: 
9-28 weeks). At the time of this analysis, all 20 patients (100%) remained on etan
ercept. Without exception, the medication was well-tolerated. Injection site reac
tions, so common in trials of RA patients, were uncommon at the time of interim 
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Table 2 - Patient charaderistics at entry: open-label trial of etanercept in Wegener's granu

lomatosis (WG) (n = 20). 

Male: female ratio 

Mean age (years) 

Mean Birmingham vasculitis activity score for WG 

Sites of disease: 

Upper respiratory tract 

Arthritis 

Conductive hearing loss 

Glomerulonephritis 

Pulmonary nodules/endobronchial disease 

Orbital mass 

Mesenteric vasculitis 

Meningeal involvement 

Cutaneous vasculitis 

Alveolar hemorrhage 

Fever 

Overwhelming fatigue 

Conjunctivitis 

9: 11 

46.7 (25-73) 

3.7 (range 1-8) 

16 (80%) 

9 (45%) 

4 (20%) 

4 (20%) 

3 (15%) 

2 (10%) 

2 (10%) 

2 (10%) 

2 (10%) 

1 (5%) 

1 (5%) 

1 (5%) 

1 (5%) 

analysis (one patient had one injection site reaction). In addition, despite the sub
stantial use of concomitant immunosuppression, there were few infections. Only 
one major infection occurred - a case of pneumococcal pneumonia in a patient with 
severe subglottic stenosis and concomitant treatment with cyclophosphamide and 
corticosteroids. This patient's infection was uncomplicated, responding promptly to 
antibiotics. Etanercept was continued. Other adverse events, including all-cause 
hospitalizations, cytopenias, and hepato-renal dysfunction, have not occurred with 
unusual frequencies, and have not been attributed to etanercept. 

In terms of efficacy, the results at the interim analysis were as follows. The mean 
BVAS for WG at entry was 3.7 (range 1-8) (one point scored for a "minor" disease 
manifestation, three for a "major") [74]. Upon follow-up at a mean of 21 weeks of 
treatment, the mean BVAS for WG score was 0.9 (range 0-4) (p < 0.001; 95% con
fidence interval: 2.1-3.5). Comparing the first to the last BVAS for WG assessment, 
19 (95%) of the patients had improved, including 14 of 14 in whom etanercept was 
added as the only new treatment variable. 16 of the 20 patients (80%) achieved 
BVAS for WG scores of zero at some point during follow-up. Improvement in con
stitutional symptoms was nearly universal among patients in this trial. 
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Although responses to the treatment regimen (which included both etanercept 
and standard of care medications) were the rule, limited disease flares and persis
tent minor features of active disease were also common. Seven minor disease 
flares, principally upper respiratory tract manifestations, had occurred at the time 
of the interim analysis. One major disease flare occurred (a case of glomeru
lonephritis) . 

In this unrandomized trial in which standard medications were used simultane
ously with etanercept, it is not possible to objectively assess the effectiveness of etan
ercept in WG. However, results of the trial to date appear to confirm the safety of 
etanercept in WG (even when the TNF inhibitor is combined with immunosuppres
sive medications), and provide sound rationale for the conduct of a randomized, 
placebo-controlled trial of etanercept in this disease. 

Issues in the design of a randomized, multi-center trial in WG 

Experience with the treatment of WG over the past 30 years using the combination 
of corticosteroids and "cytotoxic" agents (e.g., cyclophosphamide or methotrexate) 
has repeatedly demonstrated several points [72, 75-77]. First, corticosteroids alone 
are insufficient to treat WG in most cases, and combined approaches consisting of 
corticosteroids plus a cytotoxic agent are required. Second, if used in a timely and 
judicious fashion, such conventional therapy is effective in inducing remission in a 
high percentage of cases (approximately 80% or higher). Third, this conventional 
approach to treatment, though effective, is associated with substantial toxicities that 
ultimately limit the doses that can be used safely. Fourth, WG has a propensity to 
flare as conventional therapies are tapered. In a large series of patients followed at 
the NIH, for example, only 38% of patients treated with corticosteroids and oral 
daily cyclophosphamide achieved durable remissions with their initial courses of 
treatment [75]. Thus, the most vexing issue today confronting patients with this 
form of vasculitis is the absence of a well-tolerated, effective medication for the 
maintenance of disease remission. 

A randomized, double-blind, placebo-controlled trial of etanercept in WG is now 
under way in the United States. The principal aim of the Wegener's Granulomatosis 
Etanercept Trial (WGET) is to test the efficacy of etanercept in the maintenance of 
disease remissions. In addition to either etanercept or placebo, all patients will 
receive standard medications for their disease at the time of trial entry. Those with 
limited WG will receive methotrexate and corticosteroids, and those with severe 
WG will receive cyclophosphamide and corticosteroids. After the patients' disease is 
controlled with therapy (i.e., the standard medications plus either etanercept or 
placebo), the standard medications will be tapered according to regimens designed 
to insure patient safety, diminish morbidity associated with the standard medica
tions, and test the efficacy of etanercept in sustaining disease remissions. The treat-
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180 patients 

Figure 3 

Randomization scheme for the Wegener's Granulomatosis Etanercept Trial. Following strat
ification by clinic (center) and disease severity (limited versus severe), patients are random
ized to receive either etanercept or placebo in a 1:1 ratio. All patients in the trial receive 

standard therapies for WG: those with limited disease receive methotrexate and cortico
steroids; those wih severe disease receive cyclophosphamide and corticosteroids. Standard 

therapies are tapered according to protocol after the achievement of remission. 

ment allocation scheme for this trial is depicted in Figure 3, and additional features 
of this trial are outlined below: 

Type of study 
• Randomized, parallel treatment design. 
• Placebo-controlled. 
• Multi-center (eight clinical centers in the United States). 
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Enrollment 
• 30 months enrollment period. Total enrollment goal (see sample size, below) will 

require an enrollment rate of nine patients per clinic per year. 

Length of treatment 
• Last patient enrolled to be followed for a minimum of 12 months on treatment. 
• Common closing date of trial on this date (i.e., all patients have the same com

pletion date). 

Masking 
• Patients and clinic personnel unaware of treatment assignments. 
• Data and Safety Monitoring Board and biostatisticians not masked. 

Stratification 
• By clinic. 
• By disease severity (limited versus severe). 

Treatment groups 
• Etanercept (25 mg/dose), injected subcutaneously twice a week. 
• Placebo, injected subcutaneously twice a week. 
• 1: 1 allocation ratio. 

Other medications 
• Corticosteroids plus either methotrexate or cyclophosphamide. 
• Standard medications tapered according to protocol based on published guide

lines. 

Outcomes 
• Primary: Rate of achievement and maintenance of remission in the two treatment 

groups. Remission assessed by BVAS for WG. 
• Pre-specified secondary outcomes related to disease- and treatment-specific 

events. 

Data collection schedule 
• Year 1: Trial entry; 6 weeks; then at 3, 6, 9, and 12 months. 
• Subsequently: every 3 months until the common closeout. 
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Sample size 
• Total sample size: 180 patients (90 patients in each arm). 
• Parameter assumptions: 

• Principal outcome measure is the percentage of patients who achieve sustained 
missions during followup. A sustained remission is defined as remission for at 
least 6 months, i.e., three consecutive visits with a BVAS score of O. 

• Two-sided chi-square tests. 
• ex = 0.05 (two-sided). 
• ~ = 0.20 (power = 80%). 
• Allowance for 15% decrease in sample size due to patient dropout, loss to fol

low-up, and heterogeneity of effect associated with disease severity. 
• Minimum detectable difference between groups ranges from 15% to 22%. 

Data analysis and monitoring 
• Primary analyses by original treatment assignment (intention-to-treat). 
• Include all randomized patients and all events occurring after randomization. 
• Secondary analyses consisting of all patients who complete trial. 
• Interim analyses for safety and efficacy planned. 

The future of anti-cytokine strategies for vasculitis 

Anti-TNF strategies may also have extensions to other forms of vasculitis, particu
larly those associated with granulomatous inflammation or ANCAs. The possible 
role of TNF in a wide variety of non-granulomatous, non-ANCA associated vas
culitides requires further study. The inflammatory process associated with vasculitis 
involves a complex array of cytokines, and optimal treatment may include combi
nations of anti-cytokine strategies. Testing of these approaches in a rigorous fashion 
will be challenging, and will probably require international collaboration. 

In addition to the currently available TNF inhibitors described in this chapter, 
additional TNF inhibitors are in earlier stages of clinical development. These 
approaches include inhibitors of TACE (the enzyme that cleaves TNF from the cell 
surface of macrophages), inhibitors of phosphodiesterase IV (which regulates TNF 
production), and gene transfer strategies, predicated upon manipulations leading to 
overexpression of TNF receptors [78-80J. 

The first decade of this millennium holds promise for significant advances in the 
treatment of the vasculitis. Developments in molecular biology will equip 
researchers with an expanding array of tools to investigate the etiology and 
immunopathogenesis of inflammatory disorders. In addition, growing interest in the 
vasculitides in recent years has fostered multi-center collaborations on an unprece
dented scale, both in Europe and in the United States. 
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Introduction 

The primary systemic vasculitides are a heterogeneous group of disorders which are 
characterized by inflammation of the blood vessel wall which may lead to compro
mise of the lumen and ischemia or attenuation of the vessel wall, aneurysm forma
tion, and possible hemorrhage. Although the pathophysiology of vasculitis is not 
well understood, support for an immunological mechanism has come in part from 
the effectiveness of immunosuppressive therapy in the management of many vas
culitic diseases. 

Glucocorticosteroids (CS) were the first immunosuppressive treatment applied to 
the treatment of vasculitis. For some entities, such as giant cell arteritis and Takaya
su's arteritis, CS alone have historically formed the foundation of treatment. While 
they have proved largely efficacious in such settings, the chronic and often relapsing 
nature of these diseases places patients at risk of significant short- and long-term 
toxicity from CS treatment. 

In other forms of vasculitis such as Wegener's granulomatosis, CS alone are inef
fective at treating active major organ disease manifestations, in particular glomeru
lonephritis. Wegener's granulomatosis had a universally fatal outcome until the 
introduction of combined therapy with CS and cyclophosphamide (CYC) [1, 2]. 
Although this regimen brought about a dramatic improvement in patient outcome, 
with the opportunity for long-term follow-up, we have gained a greater apprecia
tion of the potential long-term toxicity of CYC treatment. Of particular concern, 
transitional carcinoma of the bladder has been observed in 6% of patients treated 
with daily CYC and by Kaplan-Meier estimates may reach as high as 16% at 15 
years after first beginning CYC [3]. For these reasons, alternative immunosuppres
sive regimens have been investigated with the hopes of providing a safer option for 
treatment that is efficacious and yet minimizes the potential for long-term toxicity. 
Among these alternatives, the cytotoxic agent with which there has been the great
est degree of experience has been methotrexate. 
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Historical background 

Methotrexate (MTX) was first introduced in 1948 as an antineoplastic agent and it 
remains to this day the most widely used anti-metabolite for cancer chemotherapy 
[4]. During the 1960s, MTX began to be applied to the treatment of psoriasis. This 
remained a toxic treatment option for this disease until Weinstein and Frost, in 
1971, reported on the use of low-dose weekly MTX which produced far less toxic
ity than daily therapy or larger dose parenteral injections [5]. During the 1980's, this 
regimen was extensively studied and used in patients with rheumatoid arthritis. 
From this long-term experience, much has been learned about the properties and 
side-effects of low-dose weekly MTX which has greatly aided its application to the 
vasculitides. 

MTX is believed to have antineoplastic activity by inhibiting dihydrofolate 
reductase and interfering with DNA synthesis [4]. However, the mechanism of 
action of MTX in treating immune-mediated diseases remains unclear. MTX is 
thought to have a number of potential suppressive effects on both cellular and 
humoral immunity [6, 7]. In addition to its immunosuppressive properties, it has 
been postulated that MTX has anti-inflammatory activity that is related to its effects 
on adenosine metabolism. At pharmacologic concentrations, MTX has been found 
to increase adenosine accumulation and release from cultured fibroblasts and 
endothelial cells which in turn diminishes neutrophil adhesion to these cells [6, 7]. 
This has particular relevance to the treatment of vasculitis as neutrophil adhesion to 
endothelial cells may be an important step in the pathogenesis of these diseases. 

The initial investigation of MTX as a therapeutic agent for vasculitis was sup
ported by its theoretical mechanisms of action as well as encouraging results from 
early case reports. Prior to the first reported prospective studies with CYC and CS, 
MTX had been used to successfully treat a small number of patients with Wegener's 
granulomatosis [8-11] and polyarteritis nodosa [12-15]. Through this time, the 
experience with MTX in rheumatoid arthritis grew and beneficial results were also 
reported in individual patients who had cutaneous rheumatoid vasculitis [15-19]. 
With this background, standardized prospective trials were subsequently initiated to 
study the efficacy of MTX in vasculitis. The three forms of systemic vasculitis in 
which MTX has been investigated most extensively to date include Wegener's gran
ulomatosis, Takayasu's arteritis, and giant cell (temporal) arteritis. 

Wegener's granulomatosis 

Wegener's granulomatosis (WG) is histologically characterized by the presence of 
necrosis, granulomatous inflammation, and vasculitis of the small to medium sized 
vessels. Although classicially viewed as predominantly affecting the organ triad of 
the upper airways, lungs, and kidneys, WG is a multisystem disease than can involve 
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almost any organ. Untreated generalized WG runs a rapidly fatal course with a 
mean survival time of 5 months and a 93% mortality rate within 2 years [20]. 
Although CS alone have been found to delay mortality in some instances, they have 
not produced a sustained remission in patients with severe vasculitis [21]. The out
come for patients with WG dramatically improved with the introduction of treat
ment with daily CYC and CS [2,22]. In 133 patients treated with this regimen, 91 % 
of patients exhibited a marked improvement in their disease manifestations and 
75% achieved a complete remission [1]. Despite this, disease relapse was found to 
occur in 50% of this population and 42% experienced serious morbidity as a result 
of treatment. For this reason, alternative regimens which are effective and less toxic 
have continued to be actively investigated. 

MTX was first examined at the National Institutes of Health (NIH) for its abil
ity to induce remission in selected patients with active WG who had non-life-threat
ening disease [23-25]. Patients were not eligible for this treatment if they had a 
serum creatinine> 2.5 mg/dl or pulmonary compromise with an arterial P02 of < 70 
mmHg, and/or carbon monoxide diffusing capacity < 70% of predicted. Other 
exclusion criteria included ongoing alcohol use, chronic liver disease, pregnancy, 
infection with the human immunodeficiency virus, or an increase in immunosup
pressive therapy within 4 weeks prior to enrollment. In this treatment regimen, all 
patients initially received prednisone 1 mg/kg/day. This dose was continued for 1 
month after which time if there was evidence of disease improvement it was tapered 
to an alternate day schedule and then discontinued. Oral MTX was begun concur
rently with prednisone at an initial dose of 0.3 mg/kg/week not to exceed 15 mg/ 
week. After 1 to 2 weeks this was increased by 2.5 mg each week up to a dose of 
20-25 mg/week. In the absence of toxicity, this dose of MTX was maintained for 1 
full year past remission after which time it was decreased by 2.5 mg each month and 
discontinued. 

In this trial, 42 patients with WG were treated with MTX and CS. Although 
patients with rapidly progressive renal or pulmonary failure were excluded, 60% 
had active disease involving three or more organ systems and 50% had glomeru
lonephritis as defined by the presence of an active urinary sediment with red blood 
cell casts. Remission was induced in 33 of 42 patients (79%) at a median time of 
4.2 months (Tab. 1). Of these 33 patients who achieved remission, 19 (58%) expe
rienced a disease relapse at a median time to relapse of 29 months. The presence of 
glomerulonephritis at induction did not emerge as a risk factor for relapse. In 15 of 
19 patients (79%), relapses occurred either after MTX was discontinued or after the 
dose had been lowered to less than or equal to 15 mg per week. Thirteen of the 19 
patients who relapsed were treated with a second course of prednisone and MTX. 
Eleven (85%) achieved remission with the remaining two having smoldering dis
ease. MTX and CS were ineffective at controlling disease activity in only three (7%) 
patients, who were then treated with Cye on which they achieved remission. Three 
fatalities occurred in this study, two from Pneumocystis carinii pneumonia and one 
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Table 1 - Clinical response in 42 patients with Wegener's granulomatosis treated with an 

induction regimen of methotrexate and prednisone 

No. (%) surviving 

No. (%) achieving remission 

No. (%) with relapse after achieving remission 

No. (%) that relapsed after 1 full year of remission 

No. (%) off methotrexate at relapse 

No. (%) on less than or equal to 15 mg at relapse 

Median months to remission (range) 

Median months to tapering to alternate-day prednisone 

Median months to discontinuation of prednisone 

Data from [24, 25]. 

39 (93) 

33 (79) 

19 (58) 

12 (63) 

9 (47) 

15 (79) 

4(1-17) 

3 

7 

from a pulmonary embolism. Transient toxicities that resolved with dosage reduc
tion included elevated hepatic transaminase levels (24%), leukopenia (7%), and 
stomatitis (2 %). Pneumonitis occurred in three patients (7%) and resolved without 
sequelae following drug discontinuation. 

Since the publication of the NIH MTX trial, two other series have been report
ed using MTX for induction of remission in WG. In a series by DeGroot et ai., 19 
patients were treated with weekly intravenous MTX 0.3 mg/kg/week combined with 
low dose prednisone given at a median starting dose of 10 mg/day (range 5-50 mg! 
day) [26]. With this regimen, 10 patients (59%) achieved a complete or partial 
remission. Although fewer patients achieved remission in this series, it is possible 
that this was influenced by the relatively lower dose of CS used in their regimen. Sig
nificant side-effects, including opportunistic infections, did not occur. In a retro
spective series of 19 patients treated by Stone et ai., the combination of oral MTX 
and daily CS was found to effectively control disease with remission being achieved 
in 14 (74%) patients [27]. In their experience, the side-effect profile was extremely 
favorable, with fewer serious toxicities than those reported in the NIH series. 
Although a higher rate of relapse was observed, the interpretation of this is con
founded by the absence of prospectively defined outcome measures. 

The data from all of these reports provide support as to the effectiveness and 
comparative safety of using MTX and CS to induce remission in selected patients 
with WG who do not have life-threatening disease or who have a contraindication 
to CYC. With the exception of P. carinii pneumonia which can be prevented by pro
phylaxis, serious side-effects related to MTX have occurred infrequently and the 
overall risk of toxicity from MTX appears to be less than that from daily oral Cyc. 
Unfortunately, disease relapse continues to be problematic. Given the favorable side
effect profile, investigations are ongoing to study the role of prolongation of MTX 
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for 2 years after remission. As relapses have been observed to occur most frequent
ly when patients were receiving less than or equal to 15 mg, the MTX dose should 
be maintained above 15 mg weekly unless precluded by hematological or hepatic 
function testing abnormalities. 

MTX has also been investigated as a maintenance therapy once remission has 
been induced with CYe. Such an approach is attractive as it employs the use of 
CYC to achieve remission, but then uses the less toxic agent of MTX for remission 
maintenance. Another benefit of this regimen is that by using CYC for induction, it 
can be applied to all patients regardless of disease severity at presentation, provid
ed they are then eligible to receive MTX at remission. 

In a report by DeGroot et at., patients who received either intermittent pulse or 
daily CYC as induction therapy for WG were subsequently switched at partial or 
complete remission to intravenous MTX at a dose of 0.3 mglkglweek for an unstan
dardized length of time with or without concomitant prednisone [28]. A partial or 
complete remission was maintained in 86% of the 22 patients who received MTX 
alone followed for a median of 16 months, and in 91 % of the 11 patients who 
received MTX and prednisone followed for a median of 22 months. Adverse events 
were observed in 12 of 33 patients treated with MTX with the toxicities including 
nausea (18%), transient leukopenia (15%), stomatitis (9%), pneumonitis (3%). 

In an open label, standardized trial at the NIH, the role of MTX for remission 
maintenance after CYC induction was prospectively examined [29]. In this regimen, 
patients received prednisone 1 mglkglday tapered along an alternate schedule 
together with CYC 2 mglkglday given all at once in the morning. During CYC ther
apy, leukopenia was deliberately avoided by obtaining a complete blood count every 
1-2 weeks and adjusting the CYC dose downwards to maintain the total white 
blood count above 3000/mm3 (or a neutrophil count above 1500/mm3 ). Once remis
sion was achieved, cye was discontinued and MTX was given orally at a dose of 
20-25 mglweek. This was continued for 2 years and then tapered and discontinued. 

Thirty-one patients were entered into this study, of whom 17 (55%) had 
glomerulonephritis and 16 (52%) had severe disease defined by specific renal, pul
monary, or neurologic criteria. No patient deaths occurred during this study and 
remission was achieved in all 31 patients (100%) at a median time of 3 months 
(range 1-12 months) (Tab. 2). Disease relapse occurred in five (16%) patients, all of 
whom were on MTX alone at the time of relapse and had been off of prednisone a 
minimum of 6 months. Neither glomerulonephritis, nor the presence of severe dis
ease was associated with relapse. The median follow-up time since remission of the 
31 patients was 16 months (range 4-49 months). The toxicities observed during this 
study included MTX pneumonitis (6%), leukopenia (10%-CYC, 13%-MTX), cys
titis (6%), non-infectious CS toxicities (10%), bacterial pneumonia (6%), herpes 
zoster (13%). 

The results of this study support that patients with active WG can be safely and 
effectively treated with a regimen using CS and daily CYC to induce disease remis-
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Table 2 - Clinical response in 31 patients with Wegener's granulomatosis treated with a 
cyclophosphamide and glucocorticoid induction and methotrexate remission-maintenance 

regimen. 

Number (%) surviving 

Number (%) achieving remission 

Number (%) with relapse after achieving remission 

Median months from remission to relapse in five patients 

(range) 

Median months off prednisone before relapse occurred in 

five patients (range) 

Median months to remission (range) 

Median months to tapering to alternate-day prednisone (range) 

Median months to discontinuation of prednisone 

Data from [29J 

31 (100) 

31 (100) 

5 (16) 

13 (10-15) 

8 (6-10) 

3 (1-12) 

4 (2-8) 

8 (5-21) 

sion, followed by weekly MTX for remission maintenance. This regimen appears to 

provide a less toxic alternative to the standard CYC regimen, and can be used in all 
patients eligible to receive MTX at remission, regardless of initial disease severity. 

In summary, recent investigations with MTX have continued to expand the ther
apeutic options available to patients with WG. Although daily CYC combined with 
CS is the most effective treatment for active WG and should be used in any patient 
with immediately life-threatening disease, long-term use of this regimen can be asso
ciated with significant toxicity. For this reason, current therapeutic approaches have 
become increasingly based on regimens that address the severity of disease while 
minimizing the potential for long-term toxicity. Recent studies have suggested that 
in appropriate settings, MTX may be considered as an alternative to CYC either for 
the induction of non-immediately life-threatening disease or for the maintenance of 
remission in patients who have had remission successfully induced by Cye. In this 
manner, MTX has been found to be a useful medication in the therapeutic arma
mentarium for WG. 

Takayasu's arteritis 

Takayasu's arteritis (TA) is a systemic inflammatory disease that usually includes the 
aorta and/or its primary branches. It is a rare disease, estimated to occur in -2.6 per
sons per million per year. Young Asian females are disproportionately represented in 
most series, however, TA is becoming increasingly recognized in Caucasians, persons 
of African ancestry, males and individuals greater than 40 years of age [30-34]. TA 
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has often been viewed as a triphasic disease in which the onset is systemic and not 
vascular targeted, followed by a vascular inflammatory phase and then a burnt-out 
phase. However, long-term studies have questioned the simplicity of this concept as 
it ignores many in whom the course of disease is either one of recurrent episodes or 
chronic and persistent, with waxing and waning disease activity [30, 32]. The latter 
concept emphasizes that treatment includes a need for life-long surveillance. Mor
tality has been reported to range from as little as 3% to 35% in the first 5 years of 
disease [30, 35]. Morbidity from disease and treatment has been estimated to cause 
partial or complete disability in up to 75% of patients [30]. In spite of these sober
ing observations, current medical and surgical therapy, applied by experienced prac
titioners, has been successful in reducing morbidity and mortality in TA. 

Among the most difficult management problems in TA is recognition and treat
ment of clinically silent progressive disease. Inflammatory markers such as clinical 
features, erythrocyte sedimentation rate (ESR), or von Wille brand factor antigen are 
not sufficiently sensitive or specific to identify all patients with active disease [30, 
32,36,37]. Active disease in asymptomatic individuals has been recognized by peri
odic arteriographic studies, which have revealed new sites of stenosis or aneurysm 
formation. Still other individuals who are clinically "silent", but require bypass 
surgery for old critically stenotic lesions, may provide histopathologic evidence of 
unsuspected active disease from tissue obtained at the time of surgery [30, 36]. This 
inability to accurately assess disease activity has provided a critical limitation in 
evaluating therapeutic interventions both within the context of a clinical trial as well 
as in management of the individual patient. 

The ideal goal of medical therapy to prevent permanent vascular morphologic 
changes is often not achieved and patients with TA may experience clinical deterio
ration as a result of non-inflammatory disease. Hypertension is one of the leading 
causes of morbidity and mortality in TA and contributes more often to cerebro-, 
cardio- and reno-vascular organ failure than primary vascular stenotic lesions. 
Whenever feasible, anatomic correction of aggravating or causative lesions (e.g. 
renal artery stenosis) should be attempted. In addition to the treatment of renal 
artery lesions, vascular bypass procedures have been successful in diminishing mor
bidity and mortality in carefully selected patients with cerebral, coronary, and 
peripheral ischemic vascular disease [38]. Less often dilatation of the aortic root 
may lead to severe aortic regurgitation, requiring an aortic graft and aortic valve 
replacement. The usual limitations of vascular surgery are further complicated by 
the possibility of active arteritis leading to occlusion at the graft origin or insertion. 
These observations emphasize the importance of intraoperative biopsies in all 
patients with TA undergoing vascular surgery [38]. The finding of unsuspected 
active disease obligates CS therapy. It has been assumed, although not proven, that 
the likelihood of sustained graft patency is enhanced by decreasing inflammation. 
Similar reasoning has been applied to recommendations for suppression of any sus
picious signs of disease activity before surgery. 
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About 20% of patients with TA may have a monophasic and self-limiting illness 
that does not require immunosuppressive treatment. Most of these individuals are 
identified in the course of routine examinations at which pulse deficits, asymmetries 
or bruits are recognized. Subsequent vascular imaging studies may then reveal typi
cal patterns of stenoses and or aneurysms of the aorta and its primary branches. 
Other patients are identified because of symptoms of extremity claudication, other 
ischemic events and constitutional symptoms. Many of these patients that have 
symptoms or serologic markers (e.g. elevated ESR) of active disease, readily respond 
to CS therapy and some may be successfully tapered off this agent without disease 
relapse. A 20-year study from the NIH revealed that 80% of their 60 patients pre
sented with active disease and required treatment [30]. Therapy with prednisone 
1 mg/kg/day, followed by slow tapering of dosage, lead to 60% of patients being 
able to achieve CS-free remissions. However, 50% of CS treated patients relapsed in 
the course of tapering drug or shortly after its discontinuation. Retreatment includ
ed a cytotoxic agent. Forty percent of those treated with a cytotoxic agent (CYC or 
MTX) and CS achieved remission, but in time about half of these patients relapsed 
as well. Twenty-three percent of all treated patients had continuous disease activity 
regardless of therapy [30, 32, 39]. 

Hoffman et al. performed a prospective standardized trial investigating the utili
ty of MTX in TA in patients who failed to achieve remission with CS therapy alone 
or who relapsed shortly after tapering and discontinuation of CS [40]. In this proto
col, patients initially received MTX 0.3 mg/kg/week, not to exceed 15 mg/week. The 
dose was then gradually increased by 2.5 mg every 1-2 weeks, up to a maximum 
dose of 25 mg/week. Prednisone was begun concurrently at 1 mg/kg/day, which was 
tapered after 1 month, with the goal of achieving an every other day regimen (60 mg 
every other day) within 3-6 months. The use of combined CS and MTX led to remis
sions in 81 % of 16 patients. However, 44% again had relapses as CS were tapered 
to or were near discontinuation. Overall, 50% of patients sustained remissions that 
had not previously been possible. In 25% of the group, remissions were sustained in 
the absence of any therapy (mean follow-up = 11.3 months). P. carinii pneumonia 
occurred in one patient which was successfully treated. Other toxicities included ele
vated hepatic transaminase levels (28%), nausea (22%), and stomatitis (6%) all of 
which were eliminated by reduction in MTX dosage. The evidence from this study 
suggests that MTX is of value in patients with treatment-resistant TA. 

Anecdotal reports of attempts to achieve remission with new agents, after con
ventional therapies have failed, emphasize the limitations of medical therapy for TA. 
In a recent study, mycophenolate mofetil appeared to produce substantial improve
ment in three patients who had failed more conventional therapies [41]. The role of 
this agent in TA will have to be determined in larger trials. It has become clear that 
the effectiveness of medical therapy is not as great as once believed. Major break
throughs in the therapy of TA will require a much better understanding of disease 
etiology and pathogenesis than is currently available. 
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Giant cell arteritis 

Giant cell arteritis (GCA) affects about one in 600 patients over the age of 50 years 
[42]. Apart from a positive temporal artery biopsy, the most specific features of 
GCA are (1) new onset of an atypical headache, (2) jaw (masseter muscle) claudi
cation, (3) abnormalities of the temporal artery upon palpation [42, 43] and (4) 
amaurosis [44]. 

CS continue to be the most effective therapy for GCA. Prednisone -0.7-1 mg/ 
kg/day will reduce symptoms within one to two days and often eliminate symptoms 
within a week. One month after clinical and laboratory parameters, particularly the 
ESR, have normalized, CS tapering is usually begun. Unfortunately the ESR is not 
always abnormal at the time of diagnosis, nor does it always normalize with appar
ent disease control. Between 1.2-20% of patients with biopsy proven GCA have 
been reported to have ESR values of <20-30 mmlh [45-47]. Therefore the ESR or 
other imperfect surrogate markers of disease activity should not be relied on as the 
sole parameter to guide modifications in therapy. 

The dilemmas of treatment of GCA are further confounded by observations that 
patients may relapse as long as 10 or more years after successful therapy and dis
continuance of treatment [48]. In addition, an uncertain number of patients thought 
to be in remission have unexpected findings of histologically active GCA at the time 
of surgery for aortic aneurysms or at the time of post mortem examinations, again 
raising questions about whether GCA in some or all patients is ever fully controlled 
or "burns out" [49,50]. 

The morbidity of CS treatment for GCA can be profound. Rob-Nicholson et al. 
[51] noted a five-fold increase in fractures and a three-fold increase in cataracts in 
CS-treated patients compared to patients initially suspected, but not proven to have 
GCA, who were not treated (follow-up = 5 years). Other CS-related side-effects have 
been less carefully studied. They include Cushingoid habitus, new-onset diabetes 
mellitis, gastritis, peptic ulcer disease, hypertension, aggravation of heart disease, 
glaucoma, myopathy and opportunistic infections, to name but a few. Consequent
ly, physicians who treat GCA and other forms of vasculitis have been committed to 
minimizing CS toxicity, while maintaining disease control. Different authors have 
reported a wide range in frequency of relapse in the course of tapering CS after ini
tial improvement. This is no doubt in part related to marked variations in treatment 
protocols. Nonetheless, -30-60% of patients can be expected to relapse during CS 
reduction or withdrawal [46, 52-54]. In addition, under the best of circumstances, 
occasional patients may either not achieve complete remission or not be able to be 
tapered off CS. Cytotoxic and other immunosuppressive agents have been recom
mended for such individuals by some authors, but the utility of these agents, as 
demonstrated by controlled trials, has not been adequately addressed [55]. 

MTX has been among the most commonly evaluated adjuncts to CS treatment 
for GCA. There is difficulty in interpreting and comparing results of different MTX 
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studies because all suffer from at least one of the following limitations: (1) lack of a 
CS-only treatment group, (2) absence of blinding in study design, (3) small numbers 
of patients, (4) including both PMR and GCA within the study group or (5) having 
relatively brief follow-up periods. In addition, substantial differences in CS andlor 
MTX doses between studies preclude direct comparisons. In spite of these limita
tions, it is important to note that two randomized, double-blind controlled studies 
did not find MTX to be a useful adjunct to CS in GCA [56, 57]. 

Treatment toxicity 

The side-effects that can occur with MTX are outlined in Table 3 [58,59]. Because 
of its specific side-effects, MTX is contraindicated in patients with pre-existing liver 
disease or chronic severe pulmonary impairment. In addition, as the drug is elimi
nated by the kidneys, MTX should not be given to patients with renal insufficien
cy as increased drug levels can occur and result in acute bone marrow suppression 
[60]. 

Infection remains a major cause of morbidity and mortality in immunosup
pressed patients. Treatment with CS and a cytotoxic agent broadly suppresses pro
tective host factors and can predispose patients to the development of infection with 
bacterial and opportunistic pathogens [61, 62]. P. carinii pneumonia is a particu
larly important opportunistic infection in immunosuppressed WG patients and was 
the most frequent severe toxicity observed in the NIH MTX induction study [24]. 
Because of the high incidence of this infection, it has become our practice to provide 
prophylaxis with trimethoprim 160 mglsulfamethoxazole 800 mg (TIS) three times 
a week to all non-sulfa allergic vasculitis patients who are on daily CS in addition 
to a cytotoxic agent. Although increased hematologic toxicity has not been observed 
in these patients who have received TIS at a lesser dose for P. carinii prophylaxis, 
TIS should not be given at a therapeutic dose (trimethoprim 160 mg/sulfamethoxa
zole 800 mg twice a day) to patients receiving MTX as pancytopenia has been 
reported to occur [63-68]. 

Adjunctive folate therapy is often used to mitigate some of the side-effects of 
MTX that may be influenced by folate depletion [69, 70]. Studies in rheumatoid 
arthritis suggest that folate replacement may lessen gastrointestinal symptoms, 
mucositis, and bone marrow suppression, but does not affect hepatotoxicity or 
pneumonitis. The most frequent replacement regimens include the use of folic acid 
1 mg daily or calcium leukovorin 5-10 mg once a week given 24 h after MTX. 
Because leucovorin is a reduced folate that can bypass the metabolic block created 
by MTX, there have been concerns that it may negate drug effectiveness. A biolog
ically active leucovorin dosage of up to half of the MTX dose has been administered 
without an apparent change in efficacy although exacerbations of rheumatoid 
arthritis have been observed when the folate to MTX ratio exceeded this level [70]. 
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Table 3 - Methotrexate side-effect frequency and strategies for prevention and monitoring 

Toxicity Frequency Prevention, monitoring, or treatment 

strategy 

Nausea 2-50% Split dose to two or three portions over a 

24 h period 

Administer by subcutaneous or intramuscular 

injection 

Use of mild anti-emetic; folic or folinic acid 

may be helpful 

Mucositis 5-30% Folinic acid 5-10 mg once a week 24 h after 

methotrexate or folic acid 1 mg OD 

Bone marrow suppression 5-30% Monitor CBC weekly while adjusting dose 

every 4 weeks thereafter 

Increased transaminase levels 10-70% Contraindicated in hepatitis or past/ongoing 

(Hepatic fibrosis) (1 %) heavy alcohol use 

Monitor liver function tests and albumin 

every 4 weeks 

Liver biopsy based on criteria established by 

the American College of Rheumatology for 

the use of methotrexate in rheumatoid arthritis 

Pneumonitis 5-7% Consider in patients with cough, fever, dyspnea 
and interstitial pulmonary infiltrates 
Must be differentiated from disease or infection 

If occurs: stop methotrexate, if severe 

prednisone 40-160 mg/day 
Methotrexate contraindicated in severe chronic 

pulmonary impairment 

Infection 5-10% Prophylaxis for Pneumocysitis pneumonia * 

Teratogenicity Yes Contraception 

*Trimethoprim 160 mg/sulfamethoxazole 800 mg three times weekly or trimethoprim 80 

mg/sulfamethoxazole 400 mg daily. For sulfa allergic patients inhaled pentamidine 300 mg 

every 3-4 weeks or atovaquone suspension 1,500 mg daily may be used. 
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Conclusion 

Over the last 10 years, MTX has become increasingly investigated as an alternative 
therapy to traditional immunosuppressive regimens in the treatment of systemic vas
culitis. Although MTX remains a potent cytotoxic agent which has the potential to 
cause drug-induced morbidity and even mortality, the overall side-effect profile has 
compared favorably to other treatment options. By providing a less toxic therapeu
tic option, it is a valuable agent in the treatment of certain vasculitic diseases. 
Despite potential efficacy and relatively low toxicity of MTX, disease relapse con
tinues to be a significant problem in most of the vasculitides. Further investigations 
are needed to explore new ways of using currently available agents as well as devel
oping new therapeutic modalities. 
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Background 

Although developed for the treatment of humoral immunodeficiency, pooled normal 
human immunoglobulin suitable for intravenous use (IgIV) has a wide range of 
immunoregulatory properties and has, since the early 1980s, excited interest as a 
therapy for autoimmune disease. Attention has focused on the mechanisms of the 
therapeutic effects of IgIV and the contribution an understanding of these mecha
nisms has made to knowledge of the immunopathogenesis of autoimmunity. There 
has been widespread clinical use of IgIV as a second line treatment for many autoim
mune diseases with relatively few randomised studies demonstrating its clinical 
effectiveness. 

Several factors have led to the investigation of a role for IgIV in the treatment of 
vasculitis to improve on the inadequacies of current immunosuppressive treatments. 
IgIV has been proven to reduce the incidence of coronary artery aneurysms in the 
childhood vasculitis, Kawasaki disease [1]. The frequent association of primary sys
temic vasculitis with autoantibodies to neutrophil cytoplasmic antigens (ANCA) 
confirmed the autoimmune basis for these vasculitides and provided a target for 
immunomodifying therapy [2]. Lastly, infections or infectious agents are aetiologi
cal factors in certain vasculitides and can be neutralised by IgIV [3, 4]. 

Intravenous immunoglobulin 

Intravenous immunoglobulin is prepared from over 10 thousand pooled plasma 
donations using a multiple stage fractionation process [5]. Commercial products dif
fer in the details of these stages, in the additives used to prevent auto aggregation of 
IgG and to stabilise the preparation, and in their viral depletion or inactivation pro
cedures. All products conform to a World Health Organisation standard, which 
assesses IgG subclass distribution and antibody titre to certain microbial antigens 
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[6]. There is no direct evidence of differing therapeutic potential between products 
in autoimmune disease but the toxicity and safety of IgIV may depend in part on the 
preparative process. 

Viral transmission and IglV 

Infusion of a blood product from a large donor pool necessarily raises concern over 
the risk of viral transmission [7]. Following epidemics of hepatitis C related to IgIV 
products, this risk has been minimised by optimising the fractionation process itself, 
which incidentally removes viral particles, by the screening of plasma donations for 
viral infection and by the introduction of specific viral removal stages, such as ultra
filtration, pepsin digestion or the use of detergents [8]. One patient with systemic 
vasculitis being studied for parvovirus B19 infection had a change in parvovirus 
genotype immediately following IgIV, which was attributed to viral contamination 
of the immunoglobulin [9]. More recently, the potential for the transmission of pri
ons by blood products has led to further restrictions on donors and has contributed 
to a worldwide shortage of IgIV limiting the development of newer indications [10]. 

IglV and autoimmune disease 

Following initial observations in idiopathic thrombocytopaenic purpura (ITP) there 
has been extensive testing of IgIV across the spectrum of autoimmune disease [11]. 
The most convincing evidence for therapeutic improvement is in ITP, Kawasaki dis
ease, dermatomyositis, Guillain-Barre syndrome and inflammatory bowel disease 
[1,12-14]. Pathogenetic mechanisms differ between these and other IgIV responsive 
diseases, which has hindered the development of a unifying hypothesis to explain its 
effect. 

The immunomodifying effects of intravenous immunoglobulins 

Of necessity, studies exploring potential therapeutic mechanisms of IgIV have 
focused on individual aspects of the disease process. Their conclusions may not be 
generalisable to the effects of IgIV in the clinical setting or in other autoimmune dis
eases. Also, multiple mechanisms can be operative simultaneously; it is this multi
factorial property of IgIV that has frustrated a clear understanding of its 
immunomodifying potential. Early experience in ITP indicated a rapid effect in the 
majority of patients; subsequently demonstrated to result from blockade of Fc 
receptor clearance of autoantibody tagged platelets [11]. While the disease subse
quently relapsed in some, others enjoyed long-term remissions. 
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These observations highlighted several aspects of use of IgIV in autoimmunity 
that recur across the field: firstly, the clinical response is variable between patients, 
particularly over the long-term [15]. Secondly, attempts have been made to interpret 
mechanisms of IgIV immunomodulation as being dependent on either the constant, 
Fc, region; or to result from binding of the variable, F(ab')2, region, implying cer
tain antigenic specificities within the IgIV pool. Finally, mechanisms have been 
divided into immediate effects, for example, falls in inflammatory mediators, and 
later effects, such as the reduction in autoantibody secretion. The experimental evi
dence for immunoregulatory effects of IgIV and their relevance to vasculitis is dis
cussed below (Tab. 1). 

T cells 

T-cell proliferation to alloantigens and T-cell cytotoxicity is reduced by IgIV in vitro 
[16]. This has been linked to the post-translational inhibition of interleukin (IL)-2 
in the mixed lymphocyte reaction and to modulation of the production of many T
cell cytokines, including interferon y (IFNy) and tumor necrosis factor (TNF) by 
activated T cells [16, 17]. The inhibition is accompanied by a fall in IL-2-receptor 
production and an increase in IL-l receptor antagonist activity [17]. In contrast, 
synthesis of the monokine IL-8 is significantly increased [17]. Similar results have 
been observed by studying cytokine mRNA levels from circulating mononuclear 
cells after IgIV infusion in vivo. Such non-specific actions on T-cell activity do not 
influence immune responses to exogenous antigens and have not been directly 
linked to reductions in T-cell autoreactivity. 

T-cell subpopulations 

The interaction between counter-regulatory T-cell subpopulations has been manip
ulated by IgIV to prevent disease in experimental encephalomyelitis, uveoretinitis 
and adjuvant arthritis by a switching from a predominant Thl to a Th2 phenotype 
[18, 19]. These observations have been linked to clinical evidence of improvement 
following IgIV in the autoimmune T-cell disorders multiple sclerosis and birdshot 
retinopathy [20-22]. Patients with Guillain-Barre syndrome treated with IgIV have 
falls in TNF and IL-l without changes in the Th2 regulatory cytokine, IL-I0; how
ever, elevated levels of IL-I0 in Kawasaki disease fall rapidly after IgIV [23]. An 
opposing imbalance in favour of Th2 activity accompanies vasculitis and glomeru
lonephritis in the Brown-Norway rat after mercuric chloride [24]. IgIV reduced IgE 
and pathogenic autoantibody levels as well as tissue injury, in terms of proteinuria 
and vasculitis, in this model, when administered before or at the time of mercury 
injection but had no effect once the disease was induced [25, 26]. A bias of the 
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Table 1 - Immunomodulatory mechanisms of intravenous immunoglobulin 

Target for effect 

T cell 

Nature of effect 

Inhibition of cytokine release 

Release of cytokine antagonists 

Reversal of counter-regulatory 

sub-sets imbalance 

Inhibition of T-cell activity through 

binding to cell surface antigens 

B celli Autoantibody Reduction in autoantibody secretion 

Stimulation of natural antibody 

secretion 

Cytokines 

Complement 

Fc receptor 

Endothelial cell 

Blockade of autoantibody binding 

Inhibition of effect 

Inhibition of monocyte TNF secretion 

Inhibition of complement-mediated 

injury 

Increased Ig catabolism 
Blockade of autoantibody-mediated 

cytotoxicity 

Inhibition of TNF or IL-1 induced 

adhesion molecule expression 
Inhibition of leucocyte adhesion 

Reducution in thromboxane A2 and 

endothelin release 

Evidence in vasculitis 

Brown-Norway rat model 

Falls in ANCA after IglV 

Increase in IgM and natural 

antibody levels 

Inhibition of ANCA induced 

neutrophillL-1 release 

Fall in CRP and anti-inflamma

tory effect in vasculitis? 

Henoch-Schonlein purpura? 

Infectious agents Neutralisation of superantigen-induced Kawasaki disease, 

Nerves 

Fas (CD95) 

84 

T-cell activation Wegener's granulomatosis? 

Control of viral infection 

Promotes myelination 

Promotes apoptosis 

Parvovirus B19? 

Vasculitic neuropathy? 

Churg-Strauss angiitis? 
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cytokine repertoire away from a Th2 phenotype has been observed following incu
bation of IglV with staphylococcal superantigen induced T-cell cytokine release, 
where IL-4 secretion was inhibited while IFNy and TNF were unaffected [27]. 
Imbalances in T-cell subpopulations are less distinct in human vasculitis, although 
Churg-Strauss angiitis has features of a Th2 response and current evidence points to 
a Th1 phenotype in Wegener's granulomatosis [28]. There is normalisation of 
deranged circulating lymphocyte subsets after IglV in Kawasaki disease, with 
increases in CD4+ and CD8+ T cells, and CDY B cells; consistent abnormalities of 
these subsets have not been found in other vasculitides [29]. 

T-cell surface antigens 

IglV contains antibodies reactive with various T-cell surface receptors, including 
CD4, CDS and the MHC class I receptor [30-32]. Biological effects of these inter
actions include inhibition of the mixed lymphocyte reaction and of CD8+ T-cell
mediated cytotoxicity [31, 32]. Although they have proved difficult to isolate, 
autoreactive CD4+ T cells are strongly implicated in vasculitis and their depletion 
abrogates disease and lowers autoantibody levels [33,34]. Firmer evidence supports 
the contribution of autoreactive CD8+ T cells to vascular injury in giant cell arteri
tis [35]. 

B cells and autoantibodies 

Antibody production by lymphocytes is depressed in vitro through ligation by IglV 
of the B-cell receptor and B-cell FcyRII receptors [36, 37]. This mechanism would 
also account for idiotypic suppression of B-cell activity by IglV as such ligation 
induces anergy or apoptosis of activated B cells [37]. Experimental and clinical evi
dence from in vivo studies shows a different picture with increases in B-cell activity 
manifested by rises in both IgG and IgM antibody production and circulating IgM 
levels (Fig. 1) [38,39]. The increase in antibody levels is accompanied by a bias in 
antibody repertoire towards non-pathogenic autoantibodies. These observations 
have been explained by idiotype network theory to represent stimulation by anti
bodies in IglV of "natural antibody" activity [40]. Natural antibodies are proposed 
to have regulatory functions, through idiotype:anti-idiotype interactions, such as 
suppressing pathogenetic autoantibody production. The IgM fraction of normal 
plasma is enriched in natural antibody activity and the increase in total IgM seen in 
patients with vasculitis after IglV has been linked with concurrent falls in ANCA 
levels (Fig. 2) [39]. 

Elegant experiments demonstrated a blocking effect of IglV on autoantibodies in 
acquired anti-factor VIII disease which was dependent on the F(ab')2 rather than Fc 
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Figure 1 
Inhibition of PR3-ANCA (n = 18) and MPO-ANCA (n = 20) binding by IglV F(ab')2 frag
ments (median ± SO) [91J. 

portion of IgIV [41]. This suggested binding of the variable region of IgIV molecules 
to idiotypes on the autoantibodies. Subsequent studies showed the same phenome
non in vasculitis: IgIV F(ab')2 fragments blocked the binding of ANCA to solid 
phase antigens, ANCA autoantibodies were preferentially adsorbed onto columns 
of immobilised IgIV, and in a reverse experiment, the ANCA inhibitory activity 
within IgIV could be enhanced by adsorption against ANCA rich immunoglobulin 
(Fig. 3) [42-44]. Inhibition of ANCA binding by IgIV was also found in the major
ity of a panel of 21 sera tested indicating the presence of a public idiotype on ANCA 
recognised by immunoglobulin from other individuals [42]. Functional effects of 
ANCA inhibition have been confirmed with the reduction in neutrophil IL-1 release 
in vitro [45]. 

An idiotype on PR3-ANCA, 517id, has been determined by a monoclonal anti
body [46]. The 517 id is detectable in the immunoglobulin of 50% of patients with 
vasculitis and anti-517 id antibodies inhibit the binding of PR3-ANCA to PR3; how-
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Changes in totallgG and IgM levels after IglV infusion in systemic vasculitis [39J. 

ever, it is not known to what extent the 5/7 id is involved in IgIV-mediated interac
tions with ANCA [46]. A similar approach using the monoclonal antibody 7F2Cll 
has identified a common idiotype on MPO-ANCA, which also inhibits binding of 
MPO-ANCA to MPO [47]. This study additionally showed restricted clonotypes of 
MPO-ANCA using iso-electric focusing [47]. The apparent restriction in ANCA 
idiotypes would increase the frequency of idiotypic interactions between IgIV and 
ANCA and has raised the possibility of monoclonal anti-idiotypic therapy. 

Post-recovery, ANCA-negative, sera also contains antibodies that inhibit ANCA 
and sequential studies have revealed an inverse relationship between levels of ANCA 
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Figure 3 

Change in ANCA level after IglV infusion [88]. 

and ANCA anti-idiotype antibodies between active disease and remission [48]. Thus 
there appear to be public, common idiotypes on the majority of PR3 and MPO
ANCA which interact with physiological anti-idiotype antibodies present in normal 
and post-recovery sera. This evidence supports, but does not confirm, a role for 
idiotypic regulation in the control of ANCA expression that would be amenable to 
influence by IgIV. Most of these studies have involved the IgG fraction of sera, how
ever preliminary evidence points to greater ANCA anti-idiotype activity in the IgM 
fraction. For example, the purified IgG from certain ANCA negative post-recovery 
sera has exhibited ANCA activity indicating a non-IgG factor preventing ANCA 
detection in whole sera [42]. 

Cytokines 

The secretion of cytokines from peripheral mononuclear cells, including mono
cyte/macrophages is influenced by IgIV, but the pattern varies between the in vitro 
systems tested [17, 49]. The release of TNF and IL-l by stimulated mononuclear 
cells is inhibited by IgIV and there is a selective increase in transcription and secre
tion of the IL-l inhibitors IL-lra and sIL-lrII and IL-8 [50, 51]. Circulating levels 

88 



Intravenous immunoglobulin as immuno-modifying treatment 

of TNF and IL-1 fall after IgIV in Guillain-Barre syndrome [52]. In vivo effects of 
IgIV in immunodeficiency have been contradictory with decreases in IL-1 activity in 
hypogammaglobulinaemia and increases in TNF and IL-2 in combined variable 
immune-deficiency when given in replacement doses, 0.2-0Ag/kg [51, 53]. The 
reduction in IL-1 activity following IgIV in Kawasaki disease appears to be related 
to anti-IL-1 antibodies in IgIV rather than a fall in IL-1 production [54]. 

IgIV contains immunoglobulin that binds to other cytokines and is capable of 
neutralising their biological effects, including TNF, GM-CSF, IFNa, IFNy, IL-2 and 
IL-6, and leads to reduced anti-viral activity of post-IgIV sera [55-57]. Antibodies 
purified from IgIV have potent anti-IL-6 activity interfering both with binding of IL-
6 to surface IL-6 receptors and with the formation of high affinity complexes medi
ated by IL-6 receptor beta chains [58]. Staphylococcal toxins are potent stimulators 
of monocyte TNF release and anti-toxin antibodies in IgIV reverse this effect [59]. 
The in vivo effects of IgIV on TNF induced inflammation has been studied in a 
hepatic microvascular model, where endothelial adhesion molecule expression and 
leucocyte adhesion was completely blocked [60]. Alternative mechanisms are also 
involved because the prevention of TNF-induced cytotoxicity by IgIV can occur 
after removal of TNF from the system, suggesting actions by IgIV on intracellular 
signalling [61]. 

Complement 

Complement-mediated injury is abrogated by IgIV due to the absorption of activat
ed complement fragments by antibodies in IgIV [62]. This mechanism appears to pre
vent endothelial complement deposition in dermatomyositis [13, 63]. The role of 
complement in vasculitides without immune complex deposition is controversial. 
However, sensitive techniques have detected the presence of activated complement 
and the C5-9 terminal attack complex on endothelium, polymorphisms of C3 are 
associated with the presence of vasculitis, and complement breakdown products pro
mote neutrophil degranulation [64-66]. The interruption of complement activity 
through these mechanisms together with the impairment of complement's wider role 
in promoting immune responses are further candidate roles for IgIV in vasculitis [67]. 

Fc receptors 

Monocyte phagocytosis via both FcyrI and FcyRII receptors is decreased by intact 
IgIV without major reductions in Fc receptor expression [68]. Fc receptor blockade 
explains the early rise in platelet levels following the use of IgIV in ITP, which has 
been reproduced by the use of Fc fragment infusions [11]. Fc receptor blockade by 
monoclonal antibodies impedes ANCA induced neutrophil activation, a process 
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that may be mimicked by IgIV [45]. A newer proposed mechanism for reduction in 
autoantibody levels following IgIV is due to down regulation of the FcRn receptor. 
In health, this receptor recycles immunoglobulin from the intracellular compart
ment into the extracellular space; saturation of the receptor by IgIV promotes intra
cellular IgG catabolism hence reducing autoantibody levels [69]. This mechanism 
has not been thoroughly explored in autoimmune disease and does not explain con
tinued reduction in autoantibody levels after levels of total IgG have returned to pre
IgIV concentrations. 

Endothelial cell 

The endothelium may be regarded as the target organ in vasculitis and changes in 
endothelial function contribute to leucocyte adhesion, thrombosis and distal infarc
tion. The effect of IgIV on adhesion molecules and endothelial cytokine and 
chemokine expression was studied in vitro where it was demonstrated that intact 
immunoglobulin inhibited TNF and IL-1 induced adhesion molecule expression but 
did not influence basal levels of adhesion molecule, cytokine or chemokine mRNA 
[70]. These results help to explain the reduction in leucocyte-endothelial adhesion 
seen by in vivo microscopy in hepatic inflammation induced by endotoxin and are 
of potential significance to vasculitis [71]. IgIV also contains antibodies which dis
rupt intercellular adhesion through binding to ~ integrins [72]. The secretion of 
thromboxane A2 and endothelin by human umbilical vein endothelial cells is inhib
ited by IgIV F(ab')2 fragments without reducing prostacyclin release which would 
contribute to an anti-inflammatory and anti-thrombotic effect of IgIV [73]. Binding 
of IgIV to other endothelial receptors results in the blockade of thrombin induced 
calcium translocation and nitric oxide release [74]. 

Microbial infection and superantigens 

Widespread T-cell stimulation by bacterial super antigens contributes to the patho
genesis of Kawasaki disease and has been proposed to explain the link between 
staphylococcal infection and vasculitis in Wegener's granulomatosis [3, 75, 76]. IgIV 
blocks T-cell proliferation, blast transformation and T-cell cytokine release induced 
by streptococcal super antigens and reverses the relative expansion of V~3+ and 
V~17+ bearing T cells induced by staphylococcal enterotoxin B [17, 77-79]. These 
effects have been attributed to antibodies in IgIV which compete with bacterial 
superantigens for binding to the T-cell receptor or directly neutralise circulating 
superantigens [59, 77, 78, 80]. Chronic infection with parvovirus B19 is linked with 
vasculitis and the improvement following IgIV has been accompanied by control of 
viral activity [4]. 
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Other mechanisms 

Non-pathogenic autoantibodies in IgIV promote myelination in models of multiple 
sclerosis after binding to oligodendrocyte surface receptors [19, 81]. Clinical 
responses in multiple sclerosis are detectable but objective evidence for re-myelina
tion in humans is lacking. IgIV also inhibits microglial phagocytosis, through both 
F(ab')2 and Fc dependent mechanisms, and retards fibrosis [22, 82]. Nervous sys
tem involvement occurs in more than 20% of cases of systemic vasculitis and an 
intriguing observation of IgIV clinical studies has been the unexpected improvement 
in peripheral neuropathy [83, 84]. 

Apoptosis of lymphocytes and macrophages is promoted by anti-fas (CD95) 
activity in IgIV and this activity is greatly enhanced by affinity-purification of IgIV 
against immobilised fas antigen [85]. This mechanism explains the actions of IgIV 
in toxic epidermal necrolysis where there is over-expression of CD95 on ker
atinocytes and is of interest due to the recent demonstration of impaired CD95 func
tion in Churg-Strauss angiitis [86, 87]. Removal of auto reactive cells by apoptosis 
will contribute to resolution of autoimmunity but there is no evidence that IgIV 
influences this process in vivo. 

Clinical studies 

ANCA associated vasculitis 

Initial experience with IgIV in Wegener's granulomatosis and microscopic polyangi
itis used IgIV as an additional agent to standard immunosuppressive therapies in 
patients with poor disease control [43, 88-91]. Individual cases have shown dra
matic clinical improvement, while others have not; response rates following IgIV in 
published series have varied from 40 to 75% [43,91-93]. Studies have varied in the 
number of courses of IgIV and it is unclear whether multiple courses are effective 
where a single course has failed [43, 89]. Remissions have also been reported fol
lowing IgIV in less common presentations, including recurrent thromboses in pae
diatric disease and central nervous system involvement, both in the context of 
Wegener's granulomatosis [94, 95]. 

The difficulty of divorcing the effect of IgIV from that of continuing immuno
suppressive therapies prompted a prospective study of six cases where IgIV was 
used as sole therapy for untreated disease without threatened vital organ failure 
[96]. Four exhibited a sustained improvement in disease activity with falls in CRP 
and ANCA, two of whom relapsed after 1 year, while two had only a transient 
response (Fig. 4) [96]. More recently a double-blind, placebo-controlled trial of 
IgIV for persistent ANCA associated vasculitis has been completed [84]. Thirty
four patients with grumbling or relapsing disease despite conventional treatments 
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received IgIV, 2 g/kg or placebo; the doses of immunosuppressive drugs were kept 
unchanged for 3 months at which time the primary end-point was a 50% reduc
tion in the Birmingham Vasculitis Activity Score (BVAS) [97]. Fifteen of seventeen 
IgIV treated patients reached the end-point as compared to six of 17 in the place
bo limb, and reductions in disease activity were mirrored by falls in eRr (Fig. 5), 
but were not sustained after 3 months [84]. Adverse-effects were frequent in the 
IgIV treated patients, with rises in serum creatinine of > 20% occurring in four, 
aseptic meningitis in one and headaches with constitutional disturbance in seven. 
No differences in continued immunosuppressive exposure or relapse rate was seen 
after 3 months. 
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Figure 5 

BVAS and CRP levels after IglV or placebo in ANCA-associated vasculitis [84]. 

Circulating ANCA levels fall in some, but not all, patients after IgIV and have 
remained suppressed for at least 3 months [88, 89, 98]. The fall of ANCA in vivo 
has been compared to the in vitro ANCA-inhibitory activity of IgIV and to clinical 
responses; a preliminary study showed a correlation but confirmatory data is lack
ing [43, 84, 88]. 

The data above have led to protocols using intermittent IgIV at intervals of 3 
months to maintain remission [99]. Five of the responder patients from the ran
domised study have continued on such a regimen with good effect [84]. Other IgIV 
responder patients have responded again when vasculitis has relapsed (Fig. 6) 
(D.R.W. Jayne, personal communication). 
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Figure 6 

Repeated IglV for relapsing ANCA-associated vasculitis. PRED, prednisolone mglday, CYC, 

cyclophosphamide mglday; CRp, C-reactive protein mgll; BVAS, Birmingham Vasculitis 

Activity Score. 

Churg-Strauss angiitis 

A small number of case reports have demonstrated a therapeutic response to IgIV in 
Churg-Strauss angiitis [98, 100, 101]. This vasculitis is associated with eosinophil
ia, a feature of Th2 dominant immune responses analogous to that seen in the 
Brown-Norway rat model of vasculitis [26]. 

Henoch-Schonlein purpura 

In contrast to primary systemic vasculitis, Henoch-Sconlein purpura (HSP) is asso
ciated with immune complex deposits that are related to dysregulation of IgAl 
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production and circulating IgA immune complexes. Two prospective studies 
involving 24 patients with IgA nephropathy (IgAN), the renal-limited variant of 
HSP, or HSP have found improvements in nephritis accompanied by reductions in 
IgA and ~1 microglobulin levels, and glomerular IgA and C3 deposition following 
prolonged immunoglobulin therapy [102, 103]. The protocols used monthly IgIV, 
2 glkg for 3 months followed by intra-muscular IgG (IMIg), or IMIg alone for the 
less severe subgroup. Other, single case studies have reported improvements after 
IgIV in HSP with gut and renal involvement, and in steroid resistant HSP 
[104-106]. These results suggest an influence of exogenous IgG on IgA dysregu
lation in IgANIHSP with consequent reductions in IgA mediated inflammation 
and injury. The nature of the interaction between therapeutic IgG and IgA pro
duction is not known but may be similar to that found in systemic lupus erythe
matosus where reduced immune complex deposition has been found after IgIV 
[107]. 

Polyarteritis nodosa 

Recurrent, cutaneous polyarteritis nodosa refractory to immunosuppression has 
been controlled by IgIV in case reports [108-110]. A further treatment resistant 
case exhibited improvement during monthly IgIV treatment but relapsed subse
quently [92]. Single cases of primary angiitis of the central nervous system and 
hepatitis B associated polyarteritis nodosa have shown dramatic responses to 
IgIV [111]. Paediatric polyarteritis, which is related to streptococcal infection in 
some cases, has been controlled by IgIV after the failure of other treatments 
[112-114]. 

Cryoglobulinaemia 

There is a theoretical risk of exacerbating cryoglobulinaemic vasculitis with IgIV 
supported by the observation of severe leukocytoclastic vasculitis and acute renal 
failure developing after IgIV [115, 116]. The sequential combination of IgIV after 
plasma exchange is potentially safer because the cryoglobulin level is reduced by 
physical removal; such a procedure has been used in five cases of cryoglobulinaemic 
vasculitis (DRW Jayne, personal communication). Two Hepatitis C positive cases 
refractory to IFNa had prolonged treatment free remissions (Fig. 7), while in three 
hepatitis C negative cases, one showed no response and two enjoyed a partial 
response with improvements in constitutional symptoms, and reductions in 
immunosuppressive medication and requirement for plasma exchange. Another 
patient with hepatitis C associated cryoglobulinaemia failed to respond to IgIV and 
colchicine [92]. 
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Figure 7 
Ig/V in hepatitis C positive cryoglobulinaemic vasculitis with glomerulonephritis. 

Other vasculitides 

Improvement in non-Ieucocytoclastic, ANCA-negative, severe skin vasculitis was 
found in 717 previously resistant cases with full remissions in five at a dose of 0.5 g/ 
kg every 4 weeks [117]. One from this series was withdrawn due to probable 
nephrotoxicity of IgIV. Further anecdotal reports attest to benefit with IgIV in 
chronic leukocytoclastic vasculitis and livedo vasculitis (atrophie blanche) [118, 
119]. 
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Figure 8 
Consensus IglV protocol for the addition of IglV to conventional therapy in ANCA-associat

ed vasculitis [99J. 

Administration of intravenous immunoglobulins 

The dose of IgIV used in autoimmunity, typically 2 glkg, has been higher than 
replacement doses for immunodeficiency, and approximates the size of the in vivo 
IgG pool. Dose ranging studies in Kawasaki disease have supported the 2 glkg dose 
[120-122]. In ITP 1 glkg is more effective than 0.5 glkg [123] . Dosage frequency 
has varied from single courses for an acute indication to monthly or longer inter
vals. The European Study Group has developed a consensus protocol for the addi
tion of IgIV to conventional therapy in new patients with ANCA-associated vas
culitis, which awaits evaluation (Fig. 8) [99]. It has a tapering dose of IgIV at three 
monthly intervals and additional doses at 1.5 and 4.5 months for persistent disease. 
The clinical use of IgIV is limited by cost, at least US$ 20 per gram, and requires a 
cost benefit argument, as has been performed for IgIV in IgA nephropathy and HSP 
[124] . 

Toxicity 

Nephrotoxicity 

There have been over 100 reports of acute renal failure after high dose IgIV and it 
has become clear that this is not due to a hypersensitivity reaction but is a pre
dictable result of administering large doses of immunoglobulin to patients with 
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Acute renal failure after IglV for systemic vasculitis in a patient with pre-existing renal 

impairment [84J. 

impaired renal function [84, 125, 126]_ Many of the reports have involved products 
using sucrose as an additive to prevent aggregation of IgG prior to infusion, but it 
is not clear whether this bias is accounted for by the frequency by which these 
preparations are used_ Sucrose is known historically to be nephrotoxic, causing very 
similar renal tubular abnormalities to those seen in renal biopsies performed after 
IgIV use [127]. However other factors may be important, including changes in plas
ma protein concentration and oncotic pressures after high dose IgIV or the presence 
of nephrotoxic IgG fragments filtered by the glomeruli. 

In a placebo-controlled trial of a sucrose containing IgIV in vasculitis, four of 17 
IgIV treated cases had marked rises in serum creatinine, observed in none of the 
placebo treated group (Fig. 9) [84]. Those manifesting a rise in creatinine all had 
baseline glomerular filtration rates below 40 ml/min. It is therefore probable that 
nephrotoxicity of IgIV is related to renal function and those with depressed function 
should either avoid IgIV or should receive lower doses over a longer period of time. 
Whether alternative or newer IgIV products are safer requires assessment. 

IglV and inflammation 

Rises in ANCA were reported after IgIV using indirect immunofluorescence and 
these have been related to self-limiting flares in inflammatory activity [88, 93]. 
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More serious inflammatory reactions, including vasculitis have been rarely report
ed [128-130]. Earlier ANCA assays used crude neutrophil extracts containing 
many antigens, and IgIV preparations have subsequently been shown to contain 
antibodies to such autoantigens, including bacterial permeability increasing protein 
and lysozyme which explains the apparent ANCA rise seen in previous studies [89]. 
Consequently, high dose IgIV infusion can lead to a "false positive" C-ANCA test 
although the pattern of fluorescence is usually atypical [131]. The presence of 
MPO-ANCA and PR3-ANCA was sought in 20 different batches of IgIV from one 
manufacturer and was undetectable in all (DRW Jayne, personal communication). 
Neutrophil activation leading to superoxide release can be caused by IgIV, and is 
inhibited by antibodies to FcyRII and FcyRIII [132]. This property is enriched in the 
dimeric fraction of IgIV and has been attributed to the binding of the Fc region [58]. 
The increase in IL-8 activity after IgIV is also pro-vasculitic as IL-8 is a potent 
inducer of neutrophil recruitment and antibodies to IL-8 abrogate experimental 
vasculitis [133]. 

Blood rheology 

Blood viscosity rises sharply after IgIV particularly when given in high dose for 
immunoregulation [134]. Thrombotic complications of IgIV for these indications 
appear rare, with reported stroke and peripheral thrombosis in one case each, and 
myocardial infractions in four [135-137]. All had existing risk factors for vascular 
disease, and it would be reasonable to either reduce the IgIV dose or slow the rate 
of infusion together with offering anti-platelet drugs to such patients. Changes in 
blood viscosity may account for the retinal microinfarctions, which have been noted 
more frequently [93]. 

Future developments 

The ANCA inhibitory activity of IgIV varies between IgIV batches and between 
manufacturers; selection of IgIV batches, or of plasma donors prior to IgIV purifi
cation has the potential to improve its efficacy in vasculitis [44]. The proportion of 
dimeric IgG is increased as the size of immunoglobulin pools increases and the 
dimeric fraction is enriched with self-reactive "natural" antibodies with high 
immunomodulatory potential [138]. This has been demonstrated after purification 
of the dime ric fraction in IgIV by size exclusion chromatography [139]. As discussed 
above, the IgM fraction of normal sera also contains variable region dependent 
inhibitory activity to ANCA and other autoantibodies [140]. The suppression of 
autoantibody activity by IgMIV is greater or equal to IgIV and also prevents exper
imental autoimmunity [141,142]. Reductions in IFNyand IFNy-induced monocyte 
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TNF and IL-6 release were found with IgIV but not IgIV in one model [143]. IgMIV 
is also superior to IgIV in blocking complement activity [144]. 

The synchronisation of plasma exchange with IgIV has also been advocated to 
promote the immunoregulatory effects of IgIV [145]. Plasma exchange increases 
autoreactive B-cell activity and removes the diluting effect of the recipient's IgG pool 
[146]. Seven of 11 consecutive patients with severe autoimmunity responded to this 
procedure including one with Wegener's granulomatosis [145]. Further studies in 
vasculitis have combined immunoabsorption with IgIV [147]. 

Conclusions 

The wide availability, relative safety and experience of IgIV in immunodeficiency 
have facilitated its testing in vasculitis. Also, academic interest in the immunoregu
latory properties of IgIV, particularly idiotypic regulation, and the desire for non
immunosuppressive treatments in vasculitis, have provided a theoretical rationale. 
However, the lack of a clear understanding of the immunoregulatory activity of IgIV 
in vasculitis, its expense and the paucity of positive randomised trials have impeded 
its development as a routine therapy. 

The immediate effects of IgIV are characterised by falls in CRP mediated by falls 
in inflammatory cytokines either as a direct action or indirectly by a reduction in 
lymphocyte and monocyte activity through Fc receptor binding, blocking comple
ment or ANCA. Subsequent reductions of inflammation are likely to result from 
reduction in leucocyte/endothelial interaction, endothelial cell activation and com
plement deposition. The later fall in autoantibody levels, if it occurs, and mainte
nance of remission indicates control of B-cell and T-cell autoreactivity which can be 
explained by idiotypic regulation, restoration of physiological cytokine networks or 
abrogation of microbial superantigen stimulation. 

Treatment of vasculitis with IgIV has not lead to sustained, drug free remissions 
in the majority of recipients but it has tended to be used in refractory or persistent 
disease where its evaluation is complex. However, the dramatic response in certain 
patients after IgIV and the insights IgIV might offer into immunoregulatory mecha
nisms has demanded further study. In particular, study of IgIV in autoimmunity has 
exposed novel mechanisms of cytokine and T-cell regulation by antibodies [15]. 

The existing clinical data makes a good case for further clinical trials of IgIV in 
vasculitis to assess efficacy in different subgroups of vasculitis and to determine the 
optimal dose and dose frequency. In particular, there is little data on its use in newly 
diagnosed patients where it may be most effective. 

It is equally important to find factors predictive of a good response to IgIV and 
to start the evaluation of other immunoglobulin products, such as, IgMIV, the 
dime ric fraction of IgIV or IgIV prepared from plasma screened for anti-ANCA 
activity. Current immunosuppressive protocols have a high rate of adverse-effects of 
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which infection is the most serious. IgIV offers the possibility of reducing immuno
suppressive doses while maintaining or improving therapeutic efficacy. This is par
ticularly relevant to the elderly or pregnant patients in whom the adverse conse
quences of immunosuppression are more serious. 
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Introduction: T cells and ANCA associated vasculitis 

Untreated, Wegener's granulomatosis (WG) and microscopic polyangiitis (MPA), 
the most important ANCA-associated systemic vasculitides (AASV), commonly take 
a lethal course or result in severe permanent organ damage. Although the majority 
of cases does respond to daily oral cyclophosphamide and corticosteroids [1], the 
standard induction therapy fails to induce remission in about 5% to 10% of 
patients. Furthermore, relapses occur in 10% to 20% of patients within 12 months 
after successful induction of remission and indicate a poorer long-term prognosis. 
The usual therapeutic management of such cases is prolonged administration or re
administration of cyclophosphamide. In frequent relapsers this will often lead to 
high cumulative doses. The risk for severe side-effects of cyclophosphamide, e.g., 
malignancies, bone-marrow toxicity and hemorrhagic cystitis, increases dramatical
ly in patients with a cumulative dose higher than 100 g [2]. There is a definite need 
to replace cyclophosphamide in these refractory cases. In other patients, standard 
treatment has to be avoided because severe side-effects already developed. Few 
patients have been reported to have responded to Cyclosporin A [3], intravenous 
immunoglobulins [4] or humanized antibodies against lymphocyte antigens (CAM
PATH) [5,6]. However, the number of reported patients is low, and these drugs have 
never been studied in controlled trials. 

There is increasing evidence for a pathogenetic role of T cells in AASV, espe
cially in anti-proteinase 3 positive WG, recently summarised by Franssen et al. [7] 
and Harper and Savage [8]: In both WG and MPA, T cells have been demonstrat
ed in active vasculitic lesions in renal, lung and nasal biopsies [9, 10], and there is 
evidence for a bias towards a TH1 cytokine profile [10]. Enhanced expression of 
chemokines and adhesion molecules involved in T-cell recruitment has been 
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demonstrated in active vasculitic lesions (for an overview see [8]). There is evi
dence from in vitro studies that T-helper cells and peripheral blood mononuclear 
cells from patients with WG proliferate on stimulation with proteinase 3 [11-13]. 
The antigen-specific T cells persist in the peripheral blood during periods of remis
sion [12]. In contrast to anti-PR3 associated vasculitis, only one [13] of three stud
ies [11-13] has reported T-cell proliferation in response to myeloperoxidase in 
anti-myeloperoxidase positive patients. It has been speculated whether such T cells 
participate in the pathogenesis of vasculitis at initiation and effector stages of the 
immune response, but formal proof is lacking. The presence of antigen-specific T 
cells at vasculitic tissue sites has not yet been demonstrated. However, elevated lev
els of T-cell activation markers such as soluble interleukin 2 receptor and soluble 
CD30 have been described in WG and Churg-Strauss syndrome and were shown 
to correlate with clinical disease activity. Levels remain elevated in remission, 
although conventional sero-markers of disease activity may have returned to the 
normal range [14-17]. Relapses in patients with WG are often associated with or 
preceded by rising levels of these markers [14, 17]. In active anti-MPO-ANCA 
positive patients, plasma levels of sCD30 were described to be lower than in the 
anti-PR3 positive subgroup [18]. Furthermore, T-cell activation implies involve
ment of MHC molecules: In most cases of T-cell dependent autoimmune diseases 
there are clear positive or negative associations with HLA class II antigens. In 
AASV, a protective effect of HLA DR6IHLA DR13 for both PR3- and MPO
ANCA positive cases is the only confirmed finding [19,20]. Otherwise, the search 
for associations of HLA class II alleles with AASV has produced conflicting 
results. 

Finally, also in non-ANCA-associated vasculitis such as giant cell arteritis, there 
is strong evidence for the involvement of T cells as demonstrated by studies of tem
poral arteries from giant cell arteritis patients that were implanted into SCID mice. 
Again, a THI cytokine pattern was demonstrated [21, 22]. 

In summary, there is enough evidence for a pathogenetic role of T cells in sys
temic vasculitis to justify anti T-cell directed experimental therapeutic designs in 
patients with refractory AASV or patients who cannot be treated with standard 
therapy due to severe side-effects. 

Anti-thymocyte globulin (ATG) 

Polyclonal anti-lymphocyte globulin and anti-thymocyte globulin (ATG) prepara
tions have been available for more than 20 years and have been used successfully 
for reversing acute allograft rejections [23-25]. ATG is produced by injecting ani
mals, usually horses or rabbits, with human T cells to prepare purified gamma glob
ulin fractions of the resulting immune sera. The sources of antigens differ: thymic or 
thoracic duct cells or continuous T-cell lines (e.g. Jurkatt cells) are used as immuno-
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gens. In vivo, administration of ATG is followed by a profound lymphocytopenia of 
rapid onset [26]. Although lymphocyte counts recover within days to weeks after 
cessation of treatment, T cells that reappear are functionally impaired and their pro
liferative response remains reduced so that immunosuppression lasts on. Mecha
nisms of action of ATG include classic complement-mediated lysis of lymphocytes, 
clearance of lymphocytes due to reticuloendothelial uptake, masking of T-cell anti
gens, or expansion of negative regulatory cells [27]. However, ATG always repre
sents a heterogeneous group of antibodies, only a minority of which are specific for 
T cells, and different preparations may vary considerably with respect to their 
immunosuppressive properties. 

Published experience with ATG in vasculitis 

Although there is a convincing rationale to use ATG in vasculitis, published experi
ence is restricted to two case reports and one pilot study: The pilot study published 
by Hagen et al. in 1995 consisted of five patients with severe, refractory active 
Wegener's granulomatosis [28]. Previously, all patients had been treated with 
cyclophosphamide and steroids, two of them for more than 5 years. Three patients 
were unresponsive to standard therapy, and two had developed severe side-effects. 
Rabbit-anti-human ATG (Rijksinstituut voor Volksgezondheit en Millieuhygiene, 
Bilthoven, The Netherlands) was given for up to 10 days at an initial dose of 
5 mg/kg body weight. The peripheral blood lymphocyte count was monitored daily 
to assess the effect of treatment and to adjust subsequent doses of ATG. Four of five 
patients showed a favorable response, with partial (n = 3) or complete (n = 1) remis
sion of disease activity, during a follow-up period of 5 to 12 months. Interestingly, 
granulomatous lesions such as orbital pseudotumors and nasal/sinus granulomata 
(improvement at one of three sites of active disease) did not respond as good as vas
cular lesions (episcleritis and glomerulonephritis; improvement at five of five sites of 
active disease). Subsequent steroid doses could be reduced in all four responders, 
and all except two patients were free of other immunosuppressive agents. The 
cANCA became negative in three of four responders. A subsequent case report on 
one of these five patients showed that this particular patient finally remained free of 
active disease for 5.5 years, and was off any immunosuppressive treatment for about 
3.5 years [29]. 

Another case report described a leucocytopenic patient suffering of severe 
pANCA associated microscopic polyangiitis (pulmonary renal syndrome, dialysis 
dependent), who was successfully treated with corticosteroid pulses and ATG (clin
ical remission, off dialysis) [30]. In addition to these cases, ATG has been success
fully administered in patients with refractory SLE, systemic sclerosis, rheumatoid 
arthritis and autoimmune haemolytic anaemia. However, published experience in 
these disorders is restricted to two case reports [31, 32]. 
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The SOLUTION protocol of the EUVAS group: ATG in refractory ANCA 
associated SV 

In order to identify patients who are likely to respond to ATG-treatment, the Euro
pean Vasculitis Study Group (EUVAS) launched an open, multicentre study (SOLU
TION protocol) to investigate the efficacy and side-effects of ATG-treatment in 
patients with AASV, who cannot receive standard therapy. Two groups of patients 
qualify for this trial: (1) patients with progressive AASV unresponsive to or intoler
ant of standard treatment with cytotoxic agents and systemic corticosteroids. The 
primary endpoint is induction of remission. (2) patients with constant grumbling 
disease who tend to relapse after reduction or omission of cytotoxic agents and who 
experienced severe side-effects due to these drugs. Maintenance of remission after 
ATG and dose-reduction of other immunosuppressants are the primary end-points. 
Active disease as well as partial and complete remission are diagnosed according to 
predefined definitions. 

Patients initially receive 2.5 mg/kg body weight of rabbit anti-human ATG (Thy
moglobulin Merieux, Lyon, France). During a 10-day regimen, further doses are 
adjusted to lymphocyte counts. To prevent allergy, all patients receive 100 mg 
methylprednisolone before the first administration of ATG, and azathioprine 
(2 mg/kg) is given throughout the ATG-treatment. After the course of ATG, the fur
ther use of immunosuppressive drugs follows clinical demands and local practice. 

The study is still going on, and further patients can be included. So far, 11 cases 
all suffering of severe, histologically proven Wegener's granulomatosis have been 
treated within or according to the protocol. Six were unresponsive to daily oral 
cyclophosphamide, and five were intolerant of this regime (hemorrhagic cystitis in 
three, leucopenia in one, hepatotoxicity in one). Before ATG administration, 
patients had received a mean of four (two to six) different therapeutic approaches 
including oral cyclophosphamide in all and multiple experimental therapies in four 
(mycophenolate mofetil in four, intravenous immunoglobulin in three, deoxysper
gualin in two), without control of disease activity (3.5 ± 2 relapses during a disease 
duration of 73 ± 54 months). When ATG was given, all patients had active disease 
involving a mean of 2.5 (one to four) organ systems (Tab. 1). Patients received a 
mean of two (two to five) infusions of ATG with a total dose of 340 mg 
(190-500 mg). Nine out of 10 patients showed a favorable response to ATG with 
partial (n = 9) or complete (n = 1) remission of disease activity (Tab. 1). After ATG 
administration, remaining disease activity was restricted to one (zero to two) organ 
system. Although further immunosuppressive treatment was required in all, a dose 
reduction or a change to a less aggressive regime could be achieved in nine cases. 
Noteworthy is that in all six patients who were treated with cyclophosphamide 
directly before ATG administration this drug could be stopped thereafter. However, 
it should be stressed that the response to ATG in some patients occurred only after 
an interval of several weeks. This is in concordance with previous experience [28]. 
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Table 1 - Patients treated with ATG within the SOLUTION protocol (EUVAS group) 

Patient Disease extent Disease extent Therapy2 Therapy2 Duration Clinical 

No. at ATG after ATG directly after of remis- relapse 

administration administration before ATG sion (ELK-

(ELK- (ELK- ATG (months) classifi-

classification)1 classification)1 cation)1 

1 E, L, B L unchanged CYC,T/S,GC MMF, GC 2 Ey 

2 Ey, P Ey better, P -7 CYA, GC MMF, GC 24 none 

3 E, L, B L improved DSG, GC MMF, GC 5 none 

4 K K improved CYC,GC MMF, GC 12 none 

5 L, B L improved MMF, GC MMF, GC 2.5 5, A 

6 L L improved CYC,GC TIS, GC 15 none 

7 K, A, P K improved CYC AZA,GC 29 K 

8 L, K, B died L CYC,GC 

9 E,L,K,B E + L improved CYC, GC AZA, GC 12 none 

10 L, K L + K improved IVIG CYA, GC 14 L 

11 K, A, P none MMF,GC MMF, a-TNF, 6 none 

GC 

1 ELK-classification to assess disease extent: E, ENT region; L, lungs; K, kidneys; P, polyneu-

ropathy; A, arthritis, arthralgia, myalgia; B, constitutional symptoms; -7 = unchanged 

2Therapies: CYC, cyclophosphamide; Gc, glucocorticosteroids; IVIG, intravenous immuno-

globulins; AZA, azathioprine; MMF, mycophenolate mofetil; DSG, deoxyspergualin; CYA, 

cyclosporin A; TIS, trimethoprimlsufamethoxazole; a- TNF, anti- TNFa directed therapy (eter-
nacept) 
EUVAS, European Vasculitis Study Group 

Currently, six patients are free of relapse for 10 (3-28) months. ANCA became neg
ative in three, and titers were reduced in three further patients (no data on five 
cases). One patient died due to active WG 3 days after ATG administration (pul
monary hemorrhage). During a follow-up of 17 ± 11 months, four patients relapsed 
after 12 (2-29) months. Two of the four relapses occurred at sites not affected by 
active vasculitis/granuloma formation at the time of ATG administration. CD4 
counts remained reduced (data available for six patients only). It could be argued 
that concomitant treatment with glucocorticosteroids added to the favorable 
response. However, it is known that moderate doses of corticosteroids alone (up to 
20 mg in the cases of this study) are not capable to induce or maintain remission in 
WG. Therefore, treatment with ATG must have contributed to the significant 
improvement seen in these cases of refractory disease. 
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Table 2 - Adverse effects of ATG treatment 

Adverse effects 

Fever, chills, headache during first infusion 

Serum sickness 

Anaphylactoid reactions 

Mild thrombocytopenia, granulocytopenia 

Increased incidence of opportunistic infections, 

especially cytomegalovirus and herpes simplex 

Malignancies 

Acute renal failure 

Side-effects of ATG treatment 

Frequency 

>90% 
10-20% 
associated with previous 

application of foreign globulin, 

exclude pre-sensitisation by 

intradermal testing 

common 

frequency increased with 

profound lymphocytopenia 

and aggressive immuno

suppressive therapy 

increased incidence of 

lymphoma and Kaposi's 

sarcoma 

rare 

Reference 

[27,28] 

[23,24,28] 
[27,28] 

[27] 

[27,28,34] 

[36] 

[37] 

Side-effects of ATG treatment are summarized in Table 2. As known from previous 
experience [28], all patients treated within the SOLUTION protocol experienced 
fever and chills associated with the first application of ATG. Further side-effects 
were restricted to a minority of cases: One patient suffered of serum sickness, clini
cally manifested with arthralgias, purpura and fever 13 days after the first ATG 
administration. The condition dramatically improved after two plasma exchanges 
without any further immunosuppressive therapy. The patient was positive for IgM 
rheumatoid factor, which is frequently present in active WG and may cross react 
with rabbit IgG [33]. Serum sickness was previously observed in two of five WG 
patients treated with ATG [28] and is known to occur in about 10% of renal trans
plant patients after ATG administration [24]. Further side-effects associated with 
unwanted antibodies to polyclonal antibody medications include thrombocytopenia 
and granulocytopenia. Because of the development of host antibodies to the non
human globulin, anaphylactoid reactions can occur [27]. Therefore, the use of rab
bit ATG is contraindicated in patients who previously received rabbit immunoglob
ulins. The application of horse ATG may be an alternative in these cases. A pre-sen
sitization of the patient against rabbitlhorse globulin must be excluded by 
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intradermal testing with ATG in advance of systemic ATG administration to avoid 
severe anaphylactoid reactions. 

Although no life-threatening infections were seen in AASV patients treated with 
ATG, opportunistic infections associated with ATG therapy have been of major con
cern especially in transplant recipients. Cytomegalovirus (CMV) infection occurred 
in only one of the patients treated within the SOLUTION protocol but is frequent
ly associated with ATG treatment after transplantation of allografts. Furthermore, 
it is known that the course of CMV disease is aggravated after ATG administration, 
and failure of ganciclovir prophylaxis to eradicate CMV has recently been associat
ed with ATG in renal transplant recipients [34]. One of the patients treated within 
the SOLUTION protocol developed an abscess of a labium majus (Staphylococcus 
aureus) 3 weeks after ATG administration that required surgical drainage. A causal 
relationship to ATG treatment seems likely, and abscess formation has been 
described previously in association with this form of therapy [35]. Furthermore, fol
low-up studies after kidney transplantation demonstrate that ATG treatment 
increases the risk for malignant disorders such as lymphoma and Kaposi's sarcoma 
[36]. Recently, a single high dose regimen of ATG (9 mg/kg) has been successfully 
employed in renal transplantation [37]. However, it is unknown whether this regime 
is applicable in AASV, and it remains to be confirmed whether side-effects can thus 
be reduced. 

Conclusion 

Although experience with ATG in patients with refractory AASV is still limited, 
summarized data obtained from previous studies and from the larger group of 
patients treated within the SOLUTION protocol indicate that ATG may be a treat
ment option for patients who do not respond to or tolerate standard therapy. Of a 
total of 17 patients treated so far, 15 responded, and further immunosuppressive 
therapy could be reduced in 13 (Tab. 3). Some of these patients experienced long 
lasting periods of remission although a minority later relapsed. With few exceptions, 
ATG treatment was well tolerated, and life-threatening side-effects did not occur. 
The response to ATG further supports the concept that T cells playa pathogenetic 
role in AASV. This is in line with other case reports demonstrating sustained 
improvement of various vasculitides such as microscopic polyangiitis and Beh<;et's 
disease after anti-T-cell directed treatment with anti-CDw52 anti-CD4 monoclonal 
antibodies [5, 6]. In contrast to these antibodies, which could only be used by a few 
centers with the necessary expertise to manage the side-effects, renal physicians are 
well acquainted with the usage of ATG for prophylaxis or treatment of renal-trans
plant rejections. ATG could therefore become a wider-spread therapeutic approach 
for AASV patients who cannot be treated by conventional means, and it seems jus
tified to further study the effects of ATG on this disorder. As the SOLUTION pro-
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Table 3 - Summarised experience with ATG in refractory AASV 

Reference Number Diagnosis Remission: Dose reduction of 
of cases partial complete immunosuppressants 

(n) (n) (n) (n) 

[28] 5 allWG 4 none 4 
[29], follow WG yes 
up of [28] 
[30] MPA 1 ? 
EUVAS group 11 allWG 9 9 
(SOLUTION) 

WG, Wegener's granulomatosis; MPA, microscopic polyangiitis; EUVAS, European Vasculitis 

Study Group 

tocol of the European Vasculitis Study Group is still recruiting patients, patients in 
whom ATG is considered should receive this drug in a standardized controlled fash
ion in order to define the place of ATG treatment in patients with refractory AASV. 
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Introduction 

Primary or idiopathic vasculitic syndromes are a group of inflammatory disorders 
of presumed autoimmune origin characterized by inflammation of blood vessels 
leading to vessel wall necrosis and (partial) obliteration or thrombosis of the vascu
lar lumen. Clinical signs and symptoms are caused by disruption of adequate macro
and microcirculatory blood flow of organs or tissues by the vascular inflammatory 
proces. The classification of these idiopathic systemic vasculitic syndromes is based 
on the size and localization of the vessels predominantly involved and certain char
acteristics of the histopathology of the inflammatory process [1]. Several different 
classification schemes have been proposed, the latest modification being the scheme 
set up by a Consensus Conference in Chapel Hill in 1992 (Tab. 1) [2]. The factors 
involved in the pathogenesis of primary vasculitides are as yet unidentified. The pos
sible autoimmune origin of these diseases is supported by the strong association of 
the presence of autoantibodies directed against neutrophil cytoplasmic antigens, so
called anti-neutrophil cytoplasmic antibodies (ANCA), in some of the primary small 
vessel vasculitides [2, 3]. 

Standard treatment of primary vasculitis 

In addition to supportive therapy, treatment of primary vasculitic syndromes is 
based on immunosuppressive therapy with corticosteroids with or without alkylat
ing or anti-metabolite compounds such as cyclophosphamide, chlorambucil, aza
thioprine or methotrexate. Although individual exceptions occur, some of the pri
mary vasculitic syndromes generally respond adequately to (high dose) corticos
teroids only and remission can be maintained with low doses of corticosteroids. In 
giant cell arteriitis, Takayashu's arteriitis and cases of Henoch-Schonlein purpura 
that are not self-limiting, additional therapy is usually not needed [4, 5]. In classic 
ANCA and hepatitis B negative polyarteritis nodosa addition of cyclophosphamide 
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Table 1 - Classification of systemic idiopathic vasculitides according to the Chapel Hill Con

sensus Conference [2] 

I. Large vessel vasculitis 
1. Takayasu's arteritis 
2. Giant cell arteritis/temporal arteritis 

II. Medium-sized vessel vasculitis 
1. (Classic) polyarteritis nodosa 
2. Kawasaki disease 

III. Small vessel vasculitis 
1. Wegener's granulomatosis 1 

2. Churg-Strauss syndrome 1 

3. Microscopic polyangiitis 1 

4. Henoch-Schonlein purpura 
5. Essential cryoglobulinemic vasculitis 
6. Cutaneous leukocytoclastic vasculitis 

1strongly associated with anti-neutrophil cytoplasmic autoantibodies 

does not improve survival, but does improve disease control [6, 7]. In addition, 
Kawasaki's disease responds to pooled intravenous gammaglobulin and acetylsali
cylic acid [8, 9]. However, especially the ANCA related small vessel vasculitic syn
dromes do not respond to corticosteroids alone and standard therapy in these dis
eases includes the use of substantial doses of the alkylating agent cyclophosphamide 
for induction and maintenance of disease remission [10-13]. Given the high ten
dency for relapse in ANCA associated vasculitis with frequencies up to 50% or 
more within 5 years after diagnosis, cycloposphamide related short- and long-term 
toxicity is a substantial problem [13, 14]. Serious long-term sequelae of cyclophos
phamide toxicity such as infertility and gonadal failure, bladder cancer, bone mar
row failure, and the development of haematological or other malignancies develop 
after months or years of follow-up and are related to the cumulative dose of cyclo
phosphamide [13, 15-20]. Therefore, strategies to reduce this cumulative dose are 
being investigated. 

Strategies to reduce treatment toxicity in ANCA related vasculitis 

The actual and cumulative cyclophosphamide dose and related toxicity can be 
reduced by using intravenous pulse therapy. A meta-analysis of three published 
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randomised clinical trials in active ANCA-related vasculitis shows that pulse as 
compared to continuous oral therapy is associated with an increased frequency of 
failure to induce remission and with a higher relapse rate, but with less infectious 
complications and leucopenia [21-24]. In less extensive cases of Wegener's granu
lomatosis without severe pulmonary or renal involvement remission induction with 
methotrexate and corticosteroids has been achieved [25-27]. In patients with 
Wegener's granulomatosis with disease activity limited to the upper or lower air
ways without signs of systemic vasculitis, some will respond to monotherapy with 
trimethoprim-sulfamethoxazole [28]. 

Another approach to reduce the amount of cyclophosphamide needed in 
patients with ANCA-related vasculitis is to limit its use to the induction phase. 
The early treatment schemes used daily oral cyclophosphamide in dosages of 1.5 
to 2.0 mg/kg for 1 to 2 years [10, 11]. A recent prospective, randomized Euro
pean study involving 155 newly diagnosed patients with Wegener's granulomato
sis and microscopic polyangiitis showed that switching cyclophosphamide to aza
thioprine 3 to 6 months after remission induction is safe and does not lead to 
more relapses during follow-up for 2 years [29]. Whether this comparable effica
cy is sustained during longer follow-up, or whether prolonged therapy with aza
thioprine is able to reduce the number of relapses is unclear. Others have 
described beneficial effects of maintenace therapy with methotrexate, cyclo
sporine A, or the addition of trimethoprim-sulfamethoxazole to reduce the fre
quency of relapses [30-32]. 

Potential new immunosuppressive drugs for treatment of active 
ANCA-related vasculitis 

Currently, many patients with active ANCA-related vasculitis cannot be treated 
without cyclophosphamide despite its known toxicity. As a consequence of im
proved diagnosis and treatment of necrotizing small vessel vasculitis in the 1970s 
and 1980s, more patients in whom renewed treatment with cyclophosphamide is 
impossible due to cumulative toxicity survive to experience new episodes of active 
vasculitis. Physicians following these patients face the daunting task to treat these 
patients once disease activity relapses. Successful use of the alkylating agents 
chlorambucil or etoposide has been described in case reports [17, 33]. Since these 
latter drugs have toxicity profiles partly overlapping that of cyclophosphamide 
their potential is limited. Therefore, other immunosuppressive drugs with differ
ent toxicity profiles are needed. The newly (re-)discovered drugs 15-deoxysper
gualin and mycophenolic acid may be candidates in this respect and the profiles 
of these drugs and data on its use in primary vasculitis will be discussed here in 
detail. 
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15-deoxyspergualin 

Drug characteristics 

15-Deoxyspergualin (DSG; 1-amino-19-guanidino-11hydroxy-4,9,12-triazanona
decane-10,1 3-dione; generic name gusperimus, Fig. 1) is a synthetic analogue of 
spergualin, a natural product of the soil bacterium Bacillus laterosporus. Spergualin, 
a peptidomimetic compound containing the polyamine spermidine within its struc
ture was discovered in 1981 by Umezawa et al. in a culture filtrate while screening 
for natural products that inhibit the transformation of chicken embry fibroblasts 
through Rous sarcoma virus [34,35]. The first preclinical studies with DSG focused 
on its antitumor properties in a variety of animal tumor models [36, 37] leading 
finally to phase I clinical trials at the National Cancer Institute in the late 1980s. 
DSG arrested the growth of leucemic cells, but no antitumor effects were observed 
in late stage solid tumours. In these phase I studies it was found that DSG is well 
tolerated at doses up to 2000 mglm2/day [37]. 

Subsequently, strong immunosuppressive properties of DSG were discovered in 
several animal models. In vivo studies demonstrated prolongation of transplant 
allograft survival [38-40], induction of transplant tolerance [41], reversal of ongo
ing allograft rejection [42], and inhibition of autoimmune disease development 
including models of systemic lupus erythematodes and anti-GBM-nephritis [43], 
blocking of antibody responses [44-46] as well as suppression of delayed-type 
hypersensitivity [47]. 

Between 1988 to 1994,436 patients experiencing acute renal allograft rejection 
were treated with DSG in Japan. In 76% of the cases rejection was successfully 
reversed, and based on these data registration was granted 1994 in Japan. Since then 
2250 cases of acute rejection have been treated with DSG in Japan showing 73% 
efficacy, the major side-effect being transient leucopenia [48]. 

Mechanism of action: in vitro studies 

DSG exerts its immunosuppressive effects by a mode of action not yet completely 
understood. The interaction with the immune system is not comparable with other 
immunosuppressants such as the immunophilins cyclosporine A or tacrolimus, or 
nucleotide synthesis inhibitors like azathioprine, mycophenolate mofetil or Ie flu
namide. 

Despite rather poor inhibition of T-cell proliferation in vitro in response to mito
gens or alloantigens, DSG can inhibit mixed lymphocyte reactions even when added 
up to 48 h after the initiation [49]. DSG also blocks the development of cytotoxic 
T lymphocytes, but does not affect the effector phase of CTL-assays [49]. Interest-
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ingly, Nemoto et al. recently reported that DSG was found to induce apoptotic cell 
death [50]. 

A consistent finding is the potent inhibition of both primary and secondary 
humoral immune responses by DSG. Immunoglobulin synthesis by B cells triggered 
by T-cell dependent and T-cell-independent antigens is inhibited [45,46]. However, 
DSG does not inhibit B cell proliferation [51] or the secretion of immunoglobulins 
in B cell myelomas or hybridomas [52]. The effect on antibody production may be 
explained by the inhibition of B-cell differentiation and lC light chain expression at 
a transcriptional level by blocking nuclear translocation of the transcription factor 
NF-lCB by DSG [53]. In addition, in mice DSG leads to an arrest of T-Iymphocyte 
maturation in the thymus during CD4-CD8- to CD4+CD8+ transition as well as to 
an arrest in B lymphocytes during pre-B-cell differentiation in the bone marrow 
when the prereceptor complex containing the immunoglobulin heavy chain is 
expressed, while mature T or B cells appeared unaffected [54]. From these data it 
appears that DSG rather affects differentiation than proliferation of lymphocytes. 

In monocyte/macrophage/antigen presenting cells DSG has been shown to 
decrease the generation of reactive oxygen species and hydrolytic enzymes [55]. 
Immunhistological staining shows that expression of MHC class I and II antigens 
[56] as well as proliferation and antigen processing/presentation are qualitatively 
affected [57, 58]. 

A major breakthrough was the recent discovery that DSG binds to an intracel
lular chaperone, the constitutively expressed cytoplasmic member of the heat shock 
protein family Hsc70 [59]. The binding constants for Hsc70 have been shown to be 
within the range of pharmacologic levels of DSG in vivo. Moreover, the immuno
suppressive activity of DSG and related analogues correlates with their binding 
affinities for Hsc70 in vitro [60]. Since heat shock proteins act as molecular chap
erones for intracellular polypeptides [61] and may be necessary for antigen process-
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ing as well as for translocation of nuclear transcription factors [62], these findings 
provide a clue for the understanding of the action of DSG at the molecular level. 

Pharmacokinetics and toxicology 

The pharmacokinetics of DSG have been studied in various preclinical animal 
experiments [63, 64] as well as in patients with advanced cancer [37], renal trans
plants [65], multiple sclerosis and rheumatoid arthritis [66, 67]. No pharmacoki
netic differences could be detected between Caucasians and Japanese [68]. DSG 
exhibits a bi-exponential decay in plasma with an initial half-life of 5-60 min and a 
terminal elimination half-life of approximately 2 h (range 0.75-14 h) and is metab
olized to several metabolites which are neither immunosuppressive nor toxic [69, 
70]. Only 10% of the administered drug is eliminated unchanged in the urine [69]. 
The unmetabolized drug fraction does not accumulate in the presence of impaired 
renal function [71, 72], or during prolonged administration four times weekly of 
0.25 mg/kg s.c. for 16 weeks [73]. Since the oral availability of DSG is only 3-6% 
[71], the drug has to be given either i.v. or s.c. The average bioavailability after s.c. 
administration is consistently greater than 90% [74]. 

Preclinincal toxicology studies used for registration in Japan (1994), reveal no 
mutagenicity [75-83], teratogenicity [84-88] or cancerogenicity [89]. However, 
the drug is myelostatic to bone marrow stem cells leading to a transient, non
cumulative reversible bone marrow suppression in preclinical and clinical studies 
[63,64]. 

Phase I studies in patients with advanced cancer showed no real antitumor 
properties, but important toxicological data were obtained. DSG was given as 
monotherapy in 190 patients in doses up to 2-75 mg/kg/day delivered by a 3- or 
24-h infusion for 5 days. The main adverse effects were reversible hypotension and 
transient perioral numbness at the higher dose ranges. Mild myelosuppression was 
also observed. Importantly, DSG showed no diabetogenic, hepatoxic or nephro
toxic properties in this setting [37, 64]. In renal transplant patients with acute rejec
tion, who receive DSG in doses of 3 to 5 mg/kg i.v. for 5 to 14 days, the drug is tol
erated well. The most notable side-effect has been reversible leucopenia with a 
nadir occuring between 14 and 21 days after initiating DSG therapy. In an adverse 
side-effect report on 385 cases of acute renal allograft treated with DSG in 1998 to 
the Japanese health authorities leucopenia was reported in 35%, thrombocytope
nia in 35%, anaemia in 14% [48]. A total of 38 infections without severe sep
ticemia were observed in these patients [48]. In a randomized double-blind con
trolled study in multiple sclerosis in Germany and Switzerland, 236 patients were 
given DSG in doses of 2 mg/kg or 6 mg/kg i.v. in five 4-day courses at 4-week inter
vals. Despite a lack of efficacy, during the follow-up of 2 years the number and 
severity of adverse effects did not significantly differ from the placebo treated 
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groups_ During the treatment phases, a mild and transient myelosuppression with 
anemia and leucopenia was noted [90]. 

Clinical experience with DSG 

Relevant experience in humans has been obtained in transplantation. DSG has 
shown an efficacy rate of 77% to 82 % in the reversal of acute renal transplant 
rejection. In combination with methylprednisolone even an 94% efficacy rate was 
reported [91]. In steroid-resistant renal transplant rejection DSG was as effective as 
the monoclonal antibody OKT3 [92]. DSG was licensed in Japan in 1994 for treat
ment of acute renal allograft rejection. Since 1994 an estimated 2250 cases have 
been treated. In addition, DSG has been reported to be useful as part of induction 
therapy regimens in sensitized patients [93] and in ABO-incompatible combina
tions [94]. Anecdotal reports exist describing the succesful use of DSG in liver 
transplantation [95]. Furthermore, DSG succesfully prevented the production of 
antibodies (HAMAS) during administration of the mouse anti-colon-cancer anti
body L6 during treatment raising the therapeutic response from 30% to greater 
than 90% [96]. 

Clinical data in ANCA-associated vasculitis 

Since DSG is a potent immunosuppressant with a favorable side-effect profile, we 
decided to use it in patients with ANCA-associated vasculitis who do not tolerate or 
respond to standard treatment. Initially, in a pilot study two patients were treated, 
and after preliminary promising results [97], an ongoing open label multi center trial 
was initiated. Although several patients have been included in this study the follow
up is as yet too short to draw any conclusions. Therefore data from the first two 
patients treated in Mannheim will be discussed. Both patients suffered from biopsy 
proven Wegener's granulomatosis and were c-ANCNanti-proteinase 3 positive. 

The first patient, a 32-year-old male, was diagnosed with Wegener's granulo
matosis in 1994. Initial presentation included pansinusitis, otitis media, arthralgias 
and myalgias. Unfortunately, 4 weeks after initiating therapy with cyclophos
phamide and steroids, severe toxic hepatitis developed rendering further treatment 
with cyclophosphamide impossible. He was switched to azathioprine and despite 
short periods of improvement in between, the disease progressed relentlessly pre
dominantly in the ENT region despite several immunosuppressive regimens includ
ing anti-thymocyte globulins. In May 1998, the patient showed progressive disease 
activity with new subglottic granulomata, hoarseness and constitutional symptoms 
under maintenance treatment with methotrexate and steroids. After obtaining 
informed consent, the patient was switched to DSG. 
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The second patient, a 48-year-old female, suffered from WG since 1995. She ini
tially presented with otitis media, sinusitis, mononeuritis multiplex and necrotizing 
glomerulonephritis. She was treated with cyclophosphamide and steroids, but 
attempts to taper the cyclophosphamide dose resulted in frequent flare-ups of dis
ease activity. Finally she was switched to mycophenolate mofetil, but in November 
1998 she developed a new peroneal palsy and parethesias as well as progressive con
stitutional symptoms. Since she refused further treatment with cyclophosphamide 
we switched her to DSG after obtaining informed consent. 

DSG (0.5 mg/kg/d) was given in both patients until a leucocyte nadir of 3.0 x 
109/1 was reached, adopting a therapeutical regime that had been used for treat
ment of various forms of proliferative glomerulonephritis by Hotta et al. [98]. Sub
sequently, DSG treatment was discontinued for 2 weeks to let leucocytes recover 
and the cycle was repeated. After the first week of i.v. DSG administration in hos
pital, treatment was continued s.c. in the same dosage to facilitate therapy in an 
outpatient setting. DSG treatment induced complete remission in both patients 
after three, respectively two treatment-cycles and was well tolerated. The patients 
remained in remission under maintenance therapy with DSG during the follow-up 
of 16 respectively 10 months so far. Besides reversible leucopenia no adverse 
effects were observed. Leucopenia occurred between day 14 and 20 of DSG treat
ment and followed in each patient a regular, almost predictable pattern during the 
cycles. 

We conclude that DSG is able to induce and maintain complete remission in 
patients with active WG. Treatment was well tolerated and the expected main side
effect, leucopenia, was transient and foreseeable. No signs of cumulative toxicity 
after repeated cycles were seen as the pattern and duration of leucocyte depression 
did not change over time in the patients. Further studies are warranted to investi
gate DSG as secondary or even primary induction agent in patients with WG. 

Mycophenolate mofetil 

Drug characteristics 

Mycophenolate mofetil is an organic synthetic derivate of the natural fermentation 
product of several Penicillium species' mycophenolic acid [99-101]. Mycophenolic 
acid is a potent, noncompetitive, reversible inhibitor of the enzyme inosine mono
phosphate dehydrogenase (IMPDH). In normal mammalian cells guanine and ade
nine nucleotides are produced from smaller precursors (de novo pathway), or by 
recycling of purine bases (salvage pathway) [102]. In the de novo pathway ribose 5-
phosphate is converted in several steps involving 5-phosphoribosyl-l-pyrophos
phate to inosine monophosphate (IMP). IMP is then converted to xanthine 
monophosphate by the enzyme IMPDH. The enzyme IMPDH exists in two iso-
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forms, encoded by different genes_ In contrast to many other cells, lymphocytes 
depend primarily on the de novo pathway for purine synthesis. Lymphocytes deplet
ed of guanosine nucleotides become fixed in the S phase of the cell cycle and cannot 
proliferate [103]. In resting T and B lymphocytes the type I isoform of IMPDH is 
expressed, while activated proliferating T and B lymphocytes predominantly express 
the type II isoform. As mycophenolic acid has a five-fold higher binding affinity for 
IMPDH type II over type I, the result of the IMPDH inhibition is a rather selective 
inhibition of T and B lymphocyte proliferation with minimal effects on other sys
tems [103-105]. Given these properties mycophenolic acid is an immunosuppressive 
drug with potentially a very favorable therapeutic window. 

Pharmacokinetics and toxicity 

Mycophenolate mofetil is an ester prodrug of the active compound mycophenolic 
acid necessary to increase bio-availability [100] (Fig. 2). After oral administration 
mycophenolate mofetil is rapidly and essentially completely absorbed [106, 107]. 
Once absorbed mycophenolate mofetil is rapidly hydrolized to mycophenolic acid 
[106] (Fig. 2). Following oral administration mycophenolate mofetil plasma levels 
are consequently below the limit of detection, while following intravenous adminis
tration the half-life time of mycophenolate mofetil is a few minutes [106, 107]. Oral 
bioavailability is > 90% and plasma peak levels of mycophenolic acid are reached 
within 1 h after administration [107]. Bioavailability is decreased with use of mag
nesium and aluminium hydroxide antacids and with cholysteramine. In plasma 
mycophenolic acid binds strongly to albumin (protein binding - 97%) and therefore 
the potential for drug interactions exists [108]. Mycophenolic acid is conjugated to 
glucuronide and is thereby inactivated. Mycophenolic acid glucuronide is eliminat
ed in the urine, but is also partly excreted in the bile with subsequent enterohepat
ic recirculation following deconjugation in the intestinal tract resulting in a small 
rise in plasma levels of mycophenolic acid 8 to 12 h after administration [106, 109]. 
Around 70% of the dose of mycophenolate mofetil is recovered in the urine as 
mycophenolic acid glucuronide, while < 1 % of the administered dose is recovered in 
the urine as mycophenolic acid. The terminal elimination half-life from plasma of 
mycophenolic acid is 17 h [107]. Although plasma levels of mycophenolic acid are 
not substantially influenced by renal failure, patients with compromised renal func
tion have elevated levels of mycophenolic acid glucuronide. High plasma levels of 
mycophenolic acid glucuronide may increase the free fraction of mycophenolic acid 
by competing for the binding to plasma proteins, and thereby increase toxicity [110, 
111]. 

Long-term use of mycophenolic acid is limited to 85 patients with psoriasis treat
ed for up to 13 years [112]. Gastrointestinal side-effects including nausea, diarrhea, 
and cramping occurred in up to 75% of patients receiving 3 g mycophenolic acid 
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Figure 2 

Chemical structure of mycophenolate mofetil and mycophenolic acid. 

per day. With prolonged therapy the frequency of these side-effects dropped to 20%. 
Adverse effects observed in studies in renal transplant recipients involved the gas
trointestinal tract and leukopenia and anaemia [113-116] Thrombocytopenia is 
very rare [116]. In a pooled analysis of the results of three randomized, double-blind 
clinical studies in renal transplant recipients adverse effects led to discontinuation of 
the study drug within the first year in 5.2%,8.7%, and 14.7% in the placebo/ aza
thioprine (n = 492), mycophenolate mofetil 2 g/day (n = 501), and mycophenolate 
mofetil 3 g/day group (n = 490), respectively [116]. The frequency of opportunistic 
infections during the first year was slightly increased in the mycophenolate mofetil 
groups compared to placebo [113, 114], as was the case for tissue-invasive 
cytomegalovirus disease in patients treated with 3 g/day mycophenolate mofetil 
[109, 116, 117]. Although the studies do not have adequate power with respect to 
numbers and duration of follow-up to draw definite conclusions, at 3 years of fol
low-up the frequencies of lymphoproliferative disorders or other malignancies were 
not increased with mycophenolate mofetil therapy as compared to azathioprine 
[117]. 
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Clinical experience with mycophenolate mofetil 

Although mycophenolic acid is not a new drug, large scale clinical experience first 
dates from the second half of the 1990s. Randomized clinical trials have proven the 
efficacy of adding mycophenolate mofetil to standard therapy with cyclosporine A 
and corticosteroids in reducing the frequency and severity of acute rejection in renal 
transplantation with grafts both from cadaveric or living donors [113-118]. In this 
respect mycophenolate mofetil is more effective than azathioprine at the costs of 
only marginally increased incidences of treatment related gastrointestinal side
effects and opportunistic infections [114-117]. Moreover, in renal transplantation 
mycophenolate mofetil 2 g/day has been proven to have the superior treatment pro
file, as 3 g/day does not lead to further significant reductions in acute renal allograft 
rejection while increasing treatment related toxicity [116, 117]. 

As mycophenolate mofetil is a rather cell selective immunosuppressant with 
potent activity on both activated T and B lymphocytes (and probably monocytes), 
while lacking the broad, nondiscriminant toxicity towards proliferating cells inher
ent in most alkylating agents and anti-metabolites, it is an attractive drug for treat
ment of (presumed) autoimmune diseases. Fueled by positive results in animal mod
els [119-121], and anecdotal reports in transplant recipients with concomitant 
glomerulonephritis [122], cases and small series of results of mycophenolate mofetil 
treatment in various diseases such as autoimmune skin disorders [123-125], biliary 
disease [126], inflammatory bowel disease [127, 128], glomerular disease [129, 
130], and lupus nephritis [131] have been reported. 

Clinical data on mycophenolate mofetil therapy in primary vasculitis 

Mycophenolate mofetil is mentioned as a very promising alternative to alkylating 
agents in the treatment of primary vasculitic syndromes in several reviews [132-
134]. Firm data to claim and substantiate a role for mycophenolate mofetil in the 
standard treatment of primary vasculitis are as yet lacking. As is usually the case, 
new treatment options are first attempted in patients in which current standard ther
apy has proven ineffective or cannot be used. The limited data obtained so far, how
ever, are promising. A recent report documented the successful treatment of active 
Takayasu's arteritis in three patients not responding to steroids and cytotoxic agents 
[135]. As especially in ANCA-related vasculitis such as Wegener's granulomatosis 
the need for less toxic therapies is high, cases with active disease refractory or intol
erant to standard therapy with cyclophosphamide have been treated. Successful 
treatment in a patient with severe active Wegener's granulomatosis, intolerant to 
cyclophosphamide with mycophenolate mofetil combined with corticosteroids has 
been recently reported [136]. Some groups have reported on small series of patients 
with active ANCA-related vasculitis, either Wegener's granulomatosis or micro-
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scopic polyangiitis, treated with mycophenolate mofetil for different reasons [137-
139]. In 13 of 20 patients with active vasculitis remission was achieved with 
mycophenolate mofetil 1 to 2 g/day in combination with corticosteroids, while four 
could not tolerate mycophenolate mofetil due to gastrointestinal side-effects and 
three did not respond. No serious hematological toxicity or serious opportunistic 
infections were encountered [137-139]. 

We have recently treated 13 patients with a relapse of ANCA positive Wegener's 
granulomatosis who were intolerant to cyclophosphamide with oral mycophenolate 
mofetil (2 g/day) in combination with prednisolone (0.5-1.0 mg/kg/day with suc
cessive tapering) [140]. Active glomerulonephritis at the moment of diagnosis of 
relapse was present in seven (in five cases proven by renal biopsy). Cyclophos
phamide treatment was precluded due to hemorrhagic cystitis, locally treated blad
der cancer, bone marrow failure, or relapse during maximal tolerated cyclophos
phamide therapy. The majority of patients were on azathioprine maintenance ther
apy (1-2 mg/kg/day) in combination with low-dose corticosteroids at the moment 
of relapse. All patients responded to treatment with mycophenolate mofetil and 
prednisolone with complete and partial remission of disease activity in 11 and two 
patients, respectively. Relapses during treatment occurred in three patients after 5 to 
10 months, while 10 are still in complete remission for a median of 14 months since 
the start of treatment with mycophenolate mofetil. Gastrointestinal side-effects and 
anaemia were observed in two patients each, all responding to reducing the 
mycophenolate mofetil dose. Otherwise therapy was well tolerated without serious 
infectious complications [140]. The limited data so far suggest that mycophenolate 
mofetil combined with corticosteroids is a viable option in the treatment of patients 
with active ANCA-related vasculitis unresponsive or intolerant to cyclophos
phamide. In addition, mycophenolate mofetil in combination with low dose steroids 
has successfully been used for maintenance therapy in small series of patients fol
lowing a relapse of ANCA-associated Wegener's granulomatosis and microscopic 
polyangiitis with renal involvement after remission was induced with cyclophos
phamide [137, 141]. 

The future role of 15-deoxyspergualin and mycophenolate mofetil in 
treatment of primary vasculitic syndromes 

The optimal place of 15-deoxyspergualin and mycohenolate mofetil in the thera
peutic armamentarium for remission induction and maintenance therapy in prima
ry vasculitis and especially the ANCA-related syndromes is currently unclear. Pre
liminary data available so far suggest that both 15-deoxyspergualin and mycophe
nolate mofetil can be of potential value in a range of situations. Whether these drugs 
are an adequate alternative or may even be superior to drugs like cyclophosphamide 
and methotrexate for induction therapy or azathioprine for maintenance therapy 
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can only be answered by adequately powered, well-designed, controlled studies. 
These studies are, given the low incidence of primary vasculitic syndromes, only 
possible with extensive collaborative efforts by the patients and their treating physi
CIans. 
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Introduction 

Interferon-a (lFNa) is now widely used to treat virus-associated vasculitides. This 
treatment is based on different mechanisms and is indicated for different purposes: 
(1) a specific antiviral treatment in virus-related vasculitides; (2) an immunomodu
lating therapy specifically or non-specifically targeting the vasculitic process and not 
its etiology; (3) a treatment that reduces liver fibrosis progression [1]. Only IFNa 
has been prescribed for vasculitis and we will concentrate in this chapter on its indi
cation in virus-related vasculitides: polyarteritis nodosa (PAN) related to hepatitis B 
virus (HBV) and cryoglobulinemia as the consequence of hepatitis C virus (HCV) 
infection. We will not comment here on the treatment of non-viral vasculitides with 
IFNa. Two types of IFNa are commonly prescribed, IFNa 2a and IFNa 2b. They 
differ by one amino acid but no difference in efficacy has been shown. The other 
types of IFN, that is, IFN~ and IFNy, are not prescribed for virus-associated vas
culitides. 

Interferon therapy in virus-associated vasculitis 

Treatment of HBV-related PAN 

Main characteristics of HBV-related PAN 
The main clinical and biological characteristics of HBV-related PAN have been 
extensively described elsewhere [2] and we focus here only on some points which 
will facilitate the understanding of the therapeutic section. Without any ambiguities, 
HBV-related PAN should be considered as a strict form of classical PAN. The clini
cal manifestations fit perfectly with the American College of Rheumatology (ACR) 
classification criteria for PAN [3] and with the Chapel Hill Nomenclature [4]. When 
nephropathy is present, it is exclusively ischemic with a typical angiogram showing 
multiple microaneurysms, stenoses and renal infarcts. This vascular nephropathy 
explains the high frequency of severe and malignant hypertension [5]. Orchitis is 
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also a frequent symptom, observed in 26% of patients [2]. With a well-adapted 
treatment the outcome is now better than in the past when patients were treated 
with cyclophosphamide and steroids [6]. The 7-year survival rate is 83% and relaps
es are infrequent. In a long-term study [7] concentrating on the outcome of PAN, 
microscopic polyangiitis and Churg-Strauss syndrome, we observed that only 7.9% 
of the patients relapsed, a rate significantly lower than in other vasculitides. This 
explains why this "one-shot" disease might best be treated with a short and inten
sive therapeutic regimen focused on the etiology and acute manifestations of the dis
ease, without continuing with a maintenance treatment which seems unnecessary. 

HBV-PAN is an acute post-infectious disease that occurs within 6 to 18 months 
after infection, in case this point in time can be determined. Vasculitis rarely devel
ops after or concomitantly with acute hepatitis. Hepatitis is asymptomatic and jaun
dice extremely rare. Hepatic cytolysis is mild and transaminases are two to four times 
above the normal range, rarely more. Liver biopsy can be normal or show the pres
ence of subacute or chronic hepatitis. Liver biopsy rarely demonstrates vasculitis. 

Treatment 
For many years, HBV-related PAN was treated in the same way as non-virus-relat
ed PAN, and patients received steroids, sometimes combined with cytotoxic agents, 
mainly cyclophosphamide. This treatment was often effective in the short-term, but 
careful analysis of long-term results showed the occurrence of relapses and compli
cations related to viral persistence resulting in chronic hepatitis or liver cirrhosis. In 
the paper by McMahon et al. [8], in which PAN was observed in Eskimos, four 
patients (31 %) died during the course of PAN. In our first randomized study [9] in 
which patients were not selected according to their viral status, 14 out of 71 patients 
with PAN were HBV positive; 84% of them recovered from PAN but two subse
quently died of liver cirrhosis. Antiviral drugs were prescribed for viral hepatitis and 
showed their effectiveness. 

In 1988 [10, 11] in conjunction with Christian Trepo who described HBV as 
underlying the development of PAN [12], we decided to treat HBV-related PAN 
with a combination of antiviral treatment and plasma exchanges, after short-term 
steroid treatment. An abrupt stopping of steroids or cytotoxic agents was essential 
for the efficacy of antiviral treatment, because steroids and other immunosuppres
sants stimulate virus replication. An alternative therapy was also needed to reduce 
the mortality of PAN and to improve prognosis. In a retrospective study, we showed 
that when steroids and immunosuppressants were prescribed to HBV-related PAN, 
the outcome was poorer than in non viral-PAN [6]. 

Based on the efficacy of antiviral agents in chronic hepatitis [13] and of plasma 
exchange in PAN, we combined both therapies to treat HBV-related PAN. The ratio
nale of the therapeutic approach was as follows: initially corticosteroids to rapidly 
control the most severe life-threatening manifestations of PAN which are common 
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during the first weeks of the disease, and then abrupt discontinuation to enhance 
immunological clearance of HBV-infected hepatocytes and favor seroconversion of 
HBe antigen (Ag) positivity to anti-HBe antibody (Ab) positivity; during this phase 
plasma exchange to control the course of PAN. 

When this therapeutic strategy was first applied, the only available antiviral 
agent was vidarabine. 33 patients were treated, 24 newly diagnosed patients and 
nine who had failed to respond to steroids and cytotoxic agents. After a 3-week 
course of vidarabine, administered after 1 week of steroids (1 mg/kg/day) combined 
with plasma exchange, a full clinical recovery was obtained in three-quarters of the 
patients and HBe Ag to anti-HBe Ab seroconversion was observed in nearly half of 
the patients. HBs Ag to anti-HBs Ab seroconversion was obtained in 18% of the 
group only. This low rate of seroconversion was attributed to the limited efficacy of 
vidarabine and by early integration of the viral genome into hepatocytes. 

Interferon-a 
In an attempt to improve therapeutic outcome, vidarabine was replaced by IFNa. 
IFNa is a powerful agent, against both DNA and RNA viruses. It is the recom
mended treatment for HBV hepatitis and has been shown to be effective. Practical
ly, IFN offers the advantage to be administered subcutaneously and, therefore, a 
shorter hospital stay can be expected. Among the first six patients included in the 
study [14], seroconversion of HBeAg to anti-HBeAb was observed in four patients 
(66.7%) and that of HBsAg to anti-HBsAb in 3/6 (50%). The treatment has now 
been extended to 12 patients (unpublished data) and the initial seroconversion rate 
has been confirmed. One patient died of infectious side-effects (septicemia via an 
indwelling catheter). IFNa should therefore be recommended as the first-line treat
ment for HBV-related PAN. Also on the long term, treatment was effective and 
relapses were rare, 5.6% [2]. 

The dose of IFNa is comparable to that prescribed for hepatitis B, i.e., 3 million 
units, three times a week. When no seroconversion is observed, the dose can be 
increased to 6 million units, three times a week. Treatment is, in fact, better toler
ated than expected. During the first days of administration, fever, myalgias, malaise 
and fatigue may occur. They are usually transient and disappear over the following 
weeks. The simultaneous administration of paracetamol is recommended. The long
term side effects of IFNa include hypothyroidism, which was never observed in our 
patients, mainly because the duration of the prescription did not exceed 6 months 
for the majority of patients. In only rare cases, it was necessary to administer IFNa 
for more than 1 year in order to obtain seroconversion, even though PAN had been 
cured for several months. 

Although this approach appears suitable, it has not been confirmed in a ran
domized study comparing this pathophysiological strategy to conventional treat
ment. Nevertheless, it is not reasonable to propose such a trial in light of the good 
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results obtained under antiviral therapy which is also able to cure PAN in a few 
weeks. In addition, the efficacy of this approach has been confirmed by others who 
treated patients with IFNa alone [15, 18]. IFNa has also been combined with fam
ciclovir [16] or lamivudine, another powerful drug against DNA viruses [17]. 

Plasma exchanges 
In a few cases [15, 18] the antiviral agent was prescribed alone. In our opinion, even 
if it is possible to obtain good clinical results in some patients, the severity of the 
disease in most patients requires therapy able to immediately control the severe or 
life-threatening manifestations of PAN. Plasma exchanges are able to rapidly clear 
the immune complexes responsible for the disease. This rapid intervention is most 
appropriate to control the disease. In our protocol, steroids are also prescribed for 
a few days at the start of treatment to control the clinical manifestations as quickly 
as possible while waiting for the effect of IFNa. In our opinion, plasma exchange is 
not indicated because of its superiority to other regimens, but because it is in com
bination with antiviral drugs equivalent in efficacy to other deleterious therapies 
that are commonly used in virus-associated vasculitides. 

The optimal schedule of plasma exchange is as follows: four sessions/week for 3 
weeks, then three sessions/week for 2 to 3 weeks, followed by tapering of the fre
quency of plasma exchange. One plasma volume (60 ml/kg) is usually exchanged 
using 4% albumin replacement fluid. The circuit can be primed with starch. During 
the first weeks of treatment the high number of plasma exchanges can decrease the 
level of clotting factors and thereby lead to bleeding. Should bleeding occur, fresh 
frozen plasma can be used instead of albumin as replacement fluid. Usually, PE is 
excellently tolerated, although some of our patients have experienced minor side
effects [19]. 

The simultaneous use of plasma exchange on the one hand and vidarabine or 
IFNa on the other could clear the latter drugs more rapidly. We examined this pos
sibility for vidarabine [20] and demonstrated that, even when vidarabine was 
administered simultaneously with plasmapheresis, only a minor amount of the drug 
was cleared, and thus no extra drug supplementation was required. Because subcu
taneously administered IFNa is generally given in the evening following plasma 
exchange, measurement of serum IFNa levels does not seem necessary. This was not 
the case for intravenous IFNa treatment, which was prescribed to treat cryoglobu
linemia (see below). 

Outcome and follow-up 
The short- and long-term outcomes of the patients have been previously described 
and showed progressive improvement of seroconversion rates for patients receiving 
IFNa. We can expect that new antiviral therapies and novel drug combinations will 
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bring further improvement in terms of definitive suppression of the virus. One of the 
major advances obtained under this antiviral strategy was the very rapid cure of 
PAN, even in its most severe forms. The majority of patients received the antiviral 
drug for a few weeks or months and plasma exchange, which was specifically given 
to control the acute manifestations of the disease, was stopped after 2 months. It 
was sometimes possible to eliminate all signs of vasculitis even more quickly, with 
patients recovering within 3 weeks. 

In the days following treatment onset, transaminase levels decreased. They usu
ally returned to normal within a few days or weeks. When patients were treated 
with vidarabine, a second increase of transaminase levels was observed prior to 

seroconversion. This immunological response was considered normal and reflected 
the patient's ability to attack the virus within the hepatocytes. This response was 
usually mild and expected in the patients as it confirmed the recovery from the dis
ease. Nevertheless, an enhanced response can occur and fulminant hepatitis can be 
observed simultaneously with seroconversion, as was the case in one of our patients 
[21] who died of fulminant hepatitis in the days following HBe/anti HBe serocon
version. The response observed on IFNa is markedly different. Levels of transami
nase normalize insidiously and there is no rebound in their level after stopping treat
ment, even when seroconversion has not been obtained. 

When antibodies directed against the virus are detected, plasmapheresis should 
be stopped in order to avoid the clearance of the newly synthesized antibodies. In a 
few cases, levels of antibodies fluctuated, sometimes being present and sometimes 
absent. In the latter case treatment should be continued. In such cases, it is more reli
able to monitor viral load by quantitative measurements of viral DNA. 

After recovery from the symptoms of the disease, the clinician potentially faces 
two different virological situations. First, replication is still present, as demon
strated by the absence of HBe Ab and by the positivity of viral DNA. Although 
remission of PAN has been obtained relapses may then still occur. We therefore 
recommend continuing IFNa administration to 6 or 12 months according to the 
viral response as measured by quantitative viral DNA assessment and to focus on 
treatment of viral hepatitis and not on PAN which is in remission. Second, anti
bodies to HBe, at least, or to HBs, at best, are present and the patient can be con
sidered cured. Relapses will never occur. If, despite the presence of antibodies to 
HBs, new manifestations of PAN develop, the clinician should consider the possi
bility that vasculitis occurred coincidentally with HBV infection but was not 
linked to it. 

Treatment of HCV cryoglobulinemia 

Clinical characteristics of HCV-related cryoglobulinemia 
Mixed cryoglobulinemia of type II and more rarely type III are the consequence 
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of HCV infection in more than 80% of the patients [22]. Cryoglobulinemia is 
asymptomatic in most patients but persists for decades. Disease duration is asso
ciated with the occurrence of clinical symptoms, not always coinciding with the 
onset of cryoglobulinemia. When symptoms are present, the most frequent symp
toms are purpura, peripheral neuropathy, glomerulonephritis, leg ulcers, arthritis 
and sicca syndrome. Relapses are usual, and the disease is chronic even under 
treatment. 

Treatment: general principles 
Only 15 to 20% of the patients with chronic hepatitis C achieve a sustained viro
logical response [23]. For the majority of cases, no treatment is able to cure mixed 
cryoglobulinemia definitively and the therapeutic strategy has not yet been clearly 
defined. Steroids and immunosuppressive drugs are commonly used to treat severe 
forms, but they stimulate virus replication and can accelerate the development of 
chronic hepatitis and cirrhosis, conditions which facilitate the occurrence of liver 
cancer. We therefore devised a strategy comprising antiviral drugs and plasma 
exchange for some patients [24]. In asymptomatic patients, there is no argument to 
treat, and monitoring could be sufficient. In patients with moderate symptoms 
(arthralgias, purpura, sensory peripheral neuropathy, for instance), IFNa. alone or 
in combination with ribavirin should be tested. The probability to sustain long-term 
disappearance of the virus and cryoglobulinemia remains low, less than 25% of 
patients, despite good initial responses [24, 25]. 

Interferon-a and other antiviral agents 
Treating cryoglobulinemia with IFNa. is based on the regimen prescribed for HCV 
hepatitis, a disease in which half of the patients are found to have more-or-Iess 
asymptomatic cryoglobulinemia, when it is systematically looked for. We also 
know, from extensive experience with hepatitis, that virological results are poor [23] 
and that the virus remains present in approximately 80% of the patients. Mixed 
cryoglobulinemia with clinical symptoms seems to be a disease that develops after a 
decades-long chronic infection, and, although there are no data to support a corre
lation between the time of infection and disease activity, we hypothesize that it is 
more difficult to obtain viral clearance and recovery from the disease during the 
chronic phase of cryoglobulinemia. 

Clinical prospective trials using IFNa. alone [25], or in combination with plasma 
exchange and/or low-dose steroids [24] showed that the majority of patients 
improved clinically on treatment and that the viral replication rate decreased in the 
majority of the patients [24], but that a relapse occurred in 83% of the patients 
immediately after stopping treatment. In prospective trials [24, 25] patients were 
treated for 6 months only, which is obviously insufficient to obtain satisfactory 
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results. This period was, however, the recommended treatment duration for hepati
tis at the time of the studies on cryoglobulinemia, and no new prospective trials have 
been proposed in this field for the last 5 years. However, this unsatisfactory result 
could be accepted if the disease was clinically controlled and liver function 
improved. Maintenance therapy could be proposed with prolonged IFNa adminis
tration at the same or lower dose in order to "control" disease progression and clin
ical symptoms, while waiting for more effective treatment regimen that are able to 
clear the virus and to cure cryoglobulinemia. 

At present, combining two antiviral drugs, IFNa and ribavirin is indicated. Rib
avirin alone is not able to completely suppress viral replication but, in conjunction 
with IFNa, viral replication was no longer detectable in 48% of the patients [23] 
receiving this combination for 12 months. We can expect that suppression of viral 
replication can also be obtained in cryoglobulinemia. 

A correlation between viral load and cryoglobulinemia also needs to be con
firmed. Although the majority of the patients seen for symptomatic cryoglobuline
mia have virus-positive polymerase chain reactions (PCR), reflecting viral replica
tion, a few of them remain serologically positive but become PCR negative, reflect
ing past contamination. We also observed, in two of our patients who presented 
with very severe vasculitis, disappearance of the virus under antiviral treatment and 
plasma exchange, but persistence of clinical symptoms necessitating a prolonged 
symptomatic treatment with plasma exchange. 

In order to be more effective against the virus, we recently tried to treat patients 
with intravenous IFNa. The rationale for this treatment was based on the expected 
effect of sequential treatment on hepatocyte receptors for the virus. IFNa was 
infused at a dose of 1 million units/m2, every 12 h. The dose was adapted every week 
to the virological response. The dose can be increased by 0.5 million units/m2 up to 
a maximum dose of 2.5 million units/m2 every 12 h. Once the optimal dose able to 
induce the disappearance of the virus as measured by PCR was obtained, IFNa was 
administered for another 4 to 5 weeks. In case of side-effects, for example moder
ate thrombocytopenia or renal insufficiency, the IFNa dose can be lowered or IFNa 
withdrawn. Only three patients were treated and treatment had to be stopped 
because of side-effects: one patient developed atrial arrhythmia and all of them 
experienced intense fatigue with myalgias and fever. The treatment was definitively 
stopped when thrombocytopenia occurred in one of these three patients. This latter 
side-effect is not rare in this disease because patients simultaneously present chron
ic liver hepatitis or cirrhosis and portal hypertension with hypersplenism. Never
theless, the virological results were excellent, with lower PCR values being obtained 
in all the patients in the first hours after starting the infusion. Complete suppression 
of viral replication was observed in 113 patients, by 5 weeks of treatment. Unfortu
nately, sustained suppression was never obtained, and viral replication increased 
rapidly several days after stopping intravenous IFNa despite subcutaneous mainte
nance therapy (three million units, three times a week). 
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The results obtained with IFNa emphasize the need for more powerful agents, 
or antiviral combinations, to combat HCV infection. 

Plasma exchange 
The indication for plasma exchange in HCV-related cryoglobulinemia is controver
sial. We recommend the combination of plasma exchange and antiviral drugs based 
on the effectiveness observed in our patients who failed to respond to other treat
ments and on the publication of several failures of IFNa to have an effect on severe 
mixed cryoglobulinemia [26]. Plasma exchange should not be prescribed systemati
cally for every newly diagnosed case of cryoglobulinemia because the majority of 
patients present no or very few symptoms, and we do not know at present whether 
or not treatment is indeed indicated in these pauci- or asymptomatic forms of cryo
globulinemia. Plasma exchange is indicated for patients with symptoms requiring 
medical intervention. Purpura and sicca syndrome are not indications for plasma
pheresis: the former regresses spontaneously and the latter is refractory to this treat
ment. In the case of glomerulonephritis due to cryoglobulinemia, plasma exchange 
combined with IFNa can be effective, but randomized controlled trials are needed 
to assess their contribution. Plasma exchange is mainly indicated to treat rapidly 
progressive peripheral neuropathy and leg ulcers. The latter manifestation is often 
very severe and accompanied with pain that can require intensive treatments, 
including morphine. Under plasma exchange, arteriolar ulcers regress quickly and 
complete healing can be obtained in a few weeks. Plasma exchange should be 
tapered slowly to avoid a rebound phenomenon due to the increased production of 
cryoglobulins as a consequence of the stimulation of the B-cell clone responsible for 
their production. Several patients remain plasma exchange-dependent: clinical 
symptoms re-occur or worsen while tapering or after abrupt discontinuation of the 
sessions. Maintenance treatment should therefore be prescribed and the clinician 
has to try to determine the minimal number of sessions able to control the disease. 

The number of sessions is, however, not clearly established. We propose the fol
lowing schedule: three sessions a week for 3 weeks, then two sessions a week for 2 
to 3 weeks, then one session every week or every 10 days until clinical symptoms 
disappear or the optimal clinical result is obtained. Adjuvant treatment remains 
mandatory to avoid or reduce the intensity of the rebound phenomenon. 

The technical aspects of plasmapheresis are of major importance. Conventional 
plasma exchange is performed by centrifugation or filtration and the same princi
ples as described above for HBV-PAN are applied. In addition, the extracorporal cir
cuit should be heated to avoid precipitation of cryoglobulins. Immunoadsorption is 
not recommended at present due to the risk of precipitation of the cryoglobulins in 
the column. New advances in this field would probably enable the use of this tech
nique, which offers the advantage of clearing more globulins than conventional 
plasmapheresis. 
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Other treatments 
Chronic treatment is frequently prescribed for mixed cryoglobulinemia_ Steroids 
and/or immunosuppressive drugs are indicated for severe cases which do not 
respond to IFNa and plasma exchange. They are prescribed as a last resort because 
no other option exists. They are effective on clinical symptoms and the patient 
improves. Long-term treatment is more problematic and liver function should be 
carefully monitored. 

Interferon-induced side effects 

In rare cases, IFNa has been described as being responsible for vasculitis [27], in 
cases where it had been prescribed for viral hepatitis. A putative relationship 
between IFNa treatment and the development of vasculitis was postulated. Never
theless, unlike autoimmune diseases that can exacerbate under IFNa treatment [28], 
the occurrence of vasculitis remains rare and should not limit IFNa use when it is 
indicated. 

Conclusion 

IFNa is now part of the standard treatment of virus-associated vasculitis and should 
be prescribed in stead of steroids and cytotoxic agents. This therapeutic approach, 
whether or not with plasma exchange, is logical and adapted to the etiology of the 
disease. Although its superiority has been demonstrated in prospective studies [2, 
24, 25], its limitations are also obvious, and IFNa alone is not able to cure the 
majority of the patients_ The combination of several antiviral agents, or new antivi
ral drugs will probably improve patients' outcome. It is also probable that plasma 
exchange will remain a major part of the therapeutic regimen. Technological 
improvements and the development of immunoadsorption could accelerate patient 
recovery. 
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Introduction 

Stem cell transplantation (SCT) has been proposed as a potentially highly effective 
therapy for a variety of autoimmune diseases. In this group of diseases a disturbed 
immune response results in an attack by the immune system on host antigens with 
B- and T-cell components involved in the process. The hypothesis behind SCT in 
autoimmune disease is that a vigorous immuno-ablative preparation regimen ("con
ditioning") can delete the patient's immune system with subsequent haemo- and 
lymphopoietic reconstitution from infused pluripotent progenitor stem cells (sq. 
Success would thus require that both pathogenic auto-aggressive T-cell clones are 
deleted from the host and that the triggering "environmental" factor be no longer 
present once the immune system is reconstituted from SC precursors. Such triggers 
may be particularly likely to persist, or be produced by the local inflammatory 
microenvironment. Alternatively, the newly developed immune system may develop 
tolerance to the antigenic trigger allowing an effective cure of the autoimmune dis
ease. However, more simply, a third explanation is that prolonged remission is 
induced through immune response modulation secondary to the intensive condi
tioning immunosuppression. 

In this chapter we will discuss the rationale behind, approaches to and issues sur
rounding the possible mechanisms of action of high dose immunosuppression fol
lowed by SCT. Many of the questions that have arisen from the use of this proce
dure in autoimmune disease and their probable relevance in systemic necrotizing 
vasculitis (SNV) will be highlighted. Firstly, however, we will consider the reasons 
for suggesting that SNV patients may present potentially suitable candidates for 
such therapy. 
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Rationale for stem cell transplantation in systemic vasculitis 

Immunological abnormalities in systemic vasculitis 

Several pathogenic mechanisms and cell types contribute to vessel damage in SNV, 
but exactly how the inflammatory process is initiated or perpetuated is unknown. 
Endothelial cells, which form the barrier between the blood stream and vessel wall, 
playa critical role [1]. Immune complexes (IC) and anti-endothelial antibodies may 
be involved in initiation of the disease, with IC deposition in the vessel wall acti
vating complement and attracting neutrophils via chemotactic factors. Necrotizing 
vasculitis ensues with thrombosis, occlusion, haemorrhage and secondary ischaemia 
of local tissues. Endothelial damage is also induced by activated neutrophils which 
infiltrate and degranulate at the vessel wall. These neutrophils may have been 
primed by low levels of circulating pro-inflammatory cytokines which can arise sec
ondary to local infection. Further activation of primed neutrophils by IgG anti-neu
trophil cytoplasmic antibody (ANCA) results in the release of lytic enzymes and 
reactive oxygen species, products which induce inflammation in the vessel wall at 
the sites of neutrophil adhesion [2]. 

In addition, there is increasing evidence for the role of the T cell in the patho
genesis of vasculitis. This is particularly well documented in giant cell arteritis where 
there is evidence of a local antigen driven process [3]. In ANCA-related vasculitis 
there may be T-cell reactivity against either the vessel wall or antigenic components 
of proteinase 3 (PR3) and myeloperoxidase (MPO) which have been released from 
activated neutrophils and become adherent to the endothelium [4]. There is also evi
dence of a Th1 pattern of cytokine production from peripheral blood (PB) T cells in 
active Wegener's granulomatosis (WG), perhaps promoting a cell mediated response 
in this disease [5]. However, the precise role played by the T cell in the production 
of ANCA, anti-endothelial antibodies and destructive granuloma in WG is unclear. 
Thus, in SNV there is a complicated interaction between activated neutrophils, T 
and B cells and the endothelium. The effects of cyclophosphamide (Cy) on each of 
these cell types may be critical for its therapeutic effect, making it the most appro
priate drug for use both as standard therapy and as part of a conditioning protocol 
prior to SCT in patients with SNV. 

Cyclophosphamide therapy for systemic vasculitis 

Cyclophosphamide is the most effective drug for the therapy of SNV, with argu
ments now focusing on not whether, but how best to use it. The 5-year survival of 
patients treated with Cy is now 80%, transforming the prognosis of SNV from dis
eases with high acute mortality to chronic relapsing diseases with high morbidity [6, 
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7]. Although remission is induced in greater than 90% of patients, the response to 
continuous oral Cy (2 mg/kg/day) is often slow with up to 2 years Cy therapy need
ed in some cases and relapse occurring in almost 50% of patients [8]. In this large 
study, these factors combined to give a total disease free period of less than half the 
patient months of follow-up, increasing the need for prolonged courses of Cy and 
therefore an increased risk of drug toxicity. When the cumulative dose of Cy is 
> 100 g, the risk of serious bladder problems, including cancer, are clearly unac
ceptable [9]. In addition, a slow response to therapy causes early morbidity and 
long-term complications secondary to serious tissue damage. In one controlled trial 
standard pulse Cy regimens (15 mg/kg/pulse) did not reduce disease activity scores 
any faster than continuous oral Cy (2 mg/kg/day) but pulse therapy may have been 
associated with less toxicity [10]. An early response to therapy with complete sup
pression of disease activity would be ideal, reducing both the need for prolonged Cy 
therapy to induce remission and the risk of organ damage that occurs secondary to 
grumbling disease activity. This damage accrues maximally during the 6 months 
after first presentation [11] and thus the first flare of disease is the ideal time to 
attempt to reduce long-term problems by early remission induction. 

High-dose cyclophosphamide therapy for systemic vasculitis 

We proposed that more intense immunosuppression for a flare of disease activity 
would be beneficial, reducing the morbidity that results from accumulation of items 
of organ damage. Using oncological data from the therapy of haematological malig
nancy [12, 13] we devised short, high-dose pulse Cy regimens that were given for 3 
months only and delivered the same total dose of Cy as is given with 3 months daily 
oral Cy (-14 gms). Doses of Cy which were up to four times the size of individual 
standard Cy pulses were given in our new high-dose protocols. Six pulses were given 
at 3 weekly intervals, either as two cycles of three pulses in descending doses (max
imum dose 2.5 g/m2), or as six equal size pulses (1.4 g/m2) (Carruthers et aI., sub
mitted). Remission was induced rapidly, achieving a reduction in the validated dis
ease activity score, BVAS [14], to zero by 2 months in nine out of 13 patients treat
ed, a rate of response not seen in any other published series [10]. In some instances 
neutropenia « 1 x 109/1) occurred after the highest doses of Cy and this may partly 
explain the good early response seen with these high-dose protocols as neutrophils 
are intimately involved in the inflammatory vascular lesions. Relapse following 
remission induction, even during the series of six pulses, was common and may have 
been driven by infection that occurred in association with the severe immunosup
pression. We have since modified the pulses to diminish the infection risk. Howev
er, this limited study does provide proof of concept that disease activity can be 
rapidly suppressed in SNV by intensive immunosuppression. 
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High-dose cyclophosphamide in therapy of autoimmune disease 

Others have used high-dose chemotherapy without SC rescue for the therapy of 
rheumatoid arthritis (RA) and aplastic anaemia. When intensified dose Cy (4 g/m2) 

was used for SC mobilisation for two RA patients who had associated scleritis and 
rheumatoid vasculitis there was complete and persistent clearance of these extra
articular manifestations, but the synovitis, though improved initially, later relapsed 
[15]. In seven out of 10 patients with aplastic anaemia an apparent cure was 
achieved with 180 mg/kg Cy given over 4 days [16]. Here it was proposed that the 
immuno-ablative high dose Cy may have destroyed auto-aggressive lymphocyte 
clones that were driving the autoimmune disease and a de novo regenerating im
mune system did not remember the antigenic properties of previous clones. The 
same group have applied a similar approach to 11 patients with SLE where 
200 mg/kg Cy was given without SC rescue [17]. These patients had all previously 
failed conventional immunosuppressive therapy and they were able to achieve com
plete remission in five of them with this high-dose approach. As SC are resistant to 
high-dose Cy they argue that SCT is unnecessary as BM recovery will occur and in 
fact lessens the chance of disease relapse as there is no infusion of potentially autore
active T cells. Their longest follow-up was 20 months, so we will have to wait and 
see if prolonged remission can be induced with Cy alone. A critical feature when 
aiming for such prolonged remissions in autoimmune disease relates to the effect of 
Cy on host lymphocyte populations. 

Effects of cyclophosphamide on the immune system 

Cyclophosphamide is a pro-drug for one or more bifunctional alkylating agents 
with phosphoramide mustard being the most biologically active product after 
oxidative activation. Cells may be acted on at any stage of the cell cycle, but most 
of the effect occurs when the cell enters S phase with progression through the cell 
cycle blocked at G2. The amount of DNA alkylation is a function of the dose of 
drug administered, with the likelihood of cell death related to the degree of alkyla
tion. Rapidly dividing cell populations such as hair follicles, gastrointestinal epithe
lium and bone marrow are most affected. High-dose pulse Cy induces a fall in 
platelet count with recovery occurring after 3 weeks while neutropenia is induced 
7-10 days after administration, with full recovery generally also occurring by day 
21. This neutropenia, which is related to the dose of Cy given and is presumably sec
ondary to acute cell death, may confer a beneficial response in SNV. During flares 
of activity in SNV there is significant neutrophil infiltration in the vessel wall and 
surrounding tissues, the extent of which has been associated with the degree of dis
ease activity [18], and is likely to contribute to organ damage. Rapid elimination of 
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these cells may enhance the rate of remission induction and reduce the morbidity 
and damage that occurs during prolonged flares of disease activity. 

Both continuous oral and bolus Cy produce a depression in circulating B- and T
cell numbers. It appears that mature (memory) cell populations, compared with 
naIve cells, are less sensitive to continuous low dose oral Cy than they are to high 
dose pulse Cy [19]. If SNV are antigen driven diseases, then for an effective cure it 
will be important to delete the circulating memory T cells that are driving the dis
ease process. Therefore, as memory T cells are more resistant to conventional doses 
of immuno-suppressants, high-dose chemotherapy, chemo-radiation or other lym
pholytic agents may be required for complete ablation of anti-self reactive immune 
T cells. If this can be achieved then newly developing lymphocytes from uncommit
ted progenitor cells may be re-educated, with the hope that they acquire tolerance 
to self antigens [20] or come more effectively under control by peripheral tolerance 
mechanisms. 

If such intense immunosuppression is given that all bone marrow derivatives, 
including activated neutrophils and auto-aggressive T-cell clones are deleted then a 
"cure" in SNV, or at least long-term clinical remission, is feasible provided that mar
row recovery is possible. As Cy appears to have a SC sparing effect, irreversible mar
row aplasia after boluses as high as 250 mglkg rarely occurs, but there is often a 
long delay until full marrow recovery [12]. In this situation, and specially if addi
tional myeloablative therapy is given, SC rescue with previous harvested cells is like
ly to be necessary to repopulate the marrow and hasten the regeneration of a func
tioning immune system. 

Approach to stem cell transplantation 

Haemopoietic stem cells 

Haemopoietic SCs are bone marrow (BM) cells that are capable of self renewal and 
differentiation, leading to the production of all cells of the immune system. Com
mon lymphoid and myeloid progenitors as well as erythroblasts and megakary
ocytes are derived in the marrow from this rare pluripotent population of cells 
(Fig. 1). Human SC, thought to reside in a small fraction (1-3%) of the BM cells 
that express the CD34 antigen, lead to long-term marrow recovery after SeT. How
ever, more developmentally restricted progenitor cells which are already primed to 
undergo rapid proliferation and development lead to recovery in the short term. 
These CD34+ SCs can be obtained either directly from the BM or from the peri
pheral blood (PB) after appropriate mobilisation regimens with colony stimulating 
factors (CSF) alone or in combination with chemotherapy. A theoretical advantage 
in using SCs obtained directly from BM in the therapy of autoimmune diseases is 
that the graft will contain fewer T cells, which include potentially autoreactive ones. 
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However, peripheral se harvest has several practical advantages. In particular it is 
a far simpler and more comfortable procedure for the patient. se harvested from PB 
after mobilisation regimens contain a higher number of committed progenitor cells 
leading to a faster and more complete haemopoietic recovery in the host, especially 
of platelets. This beneficial effect can be combined with purification of harvested 
donor se to remove mature T cells thus reducing the risk of relapse. 

Donor se used to repopulate the marrow may be syngeneic (identical twin), allo
geneic (HLA identical sibling) or autologous (SC harvested from the individual who 
is to receive the transplant at a later date). Much of the early experience of seT in 
patients with autoimmune disease came from allogeneic transplants needed primar
ily to treat associated malignancy. However, mortality from complications related to 
allogeneic transplant is high (15-35%) [21], mainly from graft versus host disease 
(GVHD). The use of autologous SC for marrow re-population, where transplant 
related mortality is < 3% [22], has become the recommended choice for therapy 
directed at autoimmune disease [21]. 
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Stem cell mobilisation regimens 

The SC mobilisation regimens used in the treatment of autoimmune diseases do not 
differ from those used for the therapy of haemopoietic malignancy. Mobilisation of 
SC into the PB for subsequent harvesting involves the use of either subcutaneous G
CSF (10 Jlglkglday) alone or in combination with pulse Cy «4 glm2), which is fol
lowed by G-CSF. There is a rapid increase in functionally normal neutrophils after 
G-CSF administration [23]. 

After mobilisation therapy, the number of CD34+ cells in the PB is used as a sur
rogate marker for the optimal time for PB SC harvest. To achieve an adequate har
vest of CD34+ SC, three to four apharesis sessions are generally required after the 
circulating white cell count is> 1 x 109/1. However, a single dose of Cy (4 glm2 ) can 
increase the number of circulating CFU-GM by 14-fold, thus reducing the number 
of apharesis sessions needed. A target SC dose for reinfusion into the host is 2:: 2.5 X 

106 CD34+ cells/kg, however if the graft is to be manipulated ex vivo, then> 3 x 106 

CD34+/kg need to be harvested [21]. With these levels of PBSC, the reconstitution 
of haematopoiesis is very likely, though long-term studies are needed as there are 
some reports of incomplete engraftment and a slow recovery of the platelet count 
[24]. 

In patients who have had high cumulative doses of Cy for previous episodes 
of disease activity, SC mobilisation may be limited by marrow hypofunction, 
necessitating repeated SC harvests after further mobilisation therapy [25]. We 
have confirmed the ability to mobilise stem cells in two SNV patients despite such 
previous therapy. Also, we have harvested adequate numbers of CD34+ PBSC 
from two other SNV patients after they had received 2.5 glm2 Cy (+ G-CSF) as 
part of our high-dose protocols for active disease. Colony stimulating factors, 
used in five of our SNV patients, have not resulted in a flare in disease activity, 
contrary to the situation in RA where recurrence of synovitis has been reported 
after its use [26]. 

Mobilisation with G-CSF without prior Cy can produce a good yield of SCs, but 
this may not be an appropriate approach in patients with SNV where the disease is 
likely to be active when SCT is considered. In this situation high-dose pulse Cy will 
have a dual role in the acute suppression of disease activity and SC mobilisation. 
Our experience with the high-dose pulse Cy regimens demonstrated proof of con
cept that remission in SNV could be induced rapidly with a more aggressive 
approach, albeit at an increased risk of early relapse. On this basis it is possible that 
remission may be induced in SNV after a single SC mobilisation regimen, although 
appropriate maintenance therapy is likely to be required. However, in one WG 
patient who was treated with high dose Cy, an excellent early clinical response for 
over 3 months was followed by a relapse. This flare in disease was controlled by full 
conditioning therapy and SCT. 
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Graft enrichment 

One of the major theoretical limitations of PBSCT for autoimmune disease is that 
infusion of non-manipulated PBSC grafts allows the potential for re-infusion of a 
large number of immune cells, including autoreactive T cells which may restart the 
disease process. Therefore we believe that it is important to purify the SC before 
their re-infusion. Manipulation should aim to reduce the number of T cells within 
the graft to < 1 X 105 cells/kg body weight [21, 27]. Such SC enrichment can be done 
using positive selection in a column where CD34+ cells are bound by monoclonal 
antibodies linked to either microbeads or biotin, but there can be a significant loss 
of CD34 cells in the process requiring a larger initial SC harvest. Graft enrichment 
is an expensive, labour intensive process that is only worth doing if the condition
ing therapy is sufficiently intensive to prevent regeneration of the aberrant immune 
system by residual cellular effectors. However, there is a risk of generating low grade 
immunodeficiency which increases the risk of infection and death, but it does have 
greater potential to suppress the autoimmune disease. 

Conditioning regimens 

The goal of applying high-dose chemotherapy prior to PBSCT in autoimmune dis
ease is for the elimination of host immune lymphocytes, not tumour cells or host 
stem cells, so that only lymphocytotoxic agents such as Cy ± anti-lymphocyte anti
bodies:!: total body irradiation (TBI) are indicated for conditioning. A variety of reg
imens have been proposed which include (i) Cy 50 gm/kg for 4 days ± anti-thymo
cyte globulin (ATG), (ii) Cy 60 mg/kg for 2 days + TBI, (iii) Busulphan 16 mg/kg 
over 4 days + Cy 60 mg/kg for 2 days, (iv) combination chemotherapy, BEAM (car
mustine, etoposide, cytarabine, melphalan) [21]. 

It is unclear which myeloablative regimen achieves more complete immunoabla
tion, including deletion of resting memory cells. Busulphan is also a bifunctional 
alkylating agent which is myeloablative at high doses, inducing prolonged suppres
sion of CFU and granulocyte and macrophage precursors. It is therefore an anti
stem cell agent without immediate immunosuppressive properties and thus com
bines well with Cy. Anti-thymocyte globulin, with Cy, may be a more successful 
approach as it has immediate lytic effects on mature lymphocytes producing pro
found lymphopenia within 24 h of infusion, with recovery of the lymphocyte count 
by 1-3 weeks. It is therefore frequently used post PBSC infusion, in order to purge 
the T cells in the preparation (in vivo SC purging), and is a potential alternative to 
SC selection ex vivo. Total body irradiation is lympholytic and very effective at 
clearing progenitor cells but it is generally considered too risky to use in patients 
with autoimmune disease, although TBI has previously been utilised directly for the 
therapy of RA [28]. 
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Effect of stem cell reconstitution on the immune system 

The role of thymic dependent and independent T-cell regeneration 

The aim of myelo-ablation and autologous PBSC graft enrichment is to allow gen
eration of a new T-cell repertoire from the SC via the thymus. However, the ability 
of the thymus to regenerate T cells in adults after chemo or radiotherapy is in doubt 
and peripheral expansion of either T cells infused with the graft or the existing T
cell repertoire in the host may account for the major increase in T-cell number after 
SCT [29, 30]. Profound immuno-deficiency may therefore develop in adult patients 
with a poorly active thymus who have received high-dose T-cell ablative chemother
apy with a highly purified PBSC graft [31]. An upper age limit of 40 years for SCT 
is usually proposed for this reason. 

Thymic independent regeneration of BM progenitors can occur in the gut, BM 
and liver but significant expansion of pre-existing mature T-cell populations can 
also occur in the periphery. This latter process is antigen driven so that most T cells 
will be recently activated and very few will be naive. If there is a diverse antigen 
milieu in the host, T cells with a wide T-cell receptor V~ family diversity and multi
ple specificities are generated. However, in the presence of limited antigenic stimu
lation a reduced expansion of the full TCR repertoire occurs with V~ family skew
ing [29, 32, 33]. This results in decreased complexity of the T-cell compartment 
which has been correlated with the level of host immuno-competence [34, 35]. 

Immune reconstitution after stem cell therapy 

After SCT, reconstitution of the myelomonocytic, megakaryocytic and erythroid lin
eages are directly related to the number of CD34+ cells in the graft [34], and in gen
eral the numbers of white cells, red cells and platelets are near normal 100 days after 
an allogeneic SCT [36-38]. However, as discussed above, the contribution of the SC 
graft to lymphoid engraftment is less clear and there are several factors which may 
contribute to a delay in immune reconstitution (Tab. 1) [39]. Functional reconstitu
tion will occur if adequate maturation of lymphoid progenitors and pluripotent SCs 
into antigen specific T and B cells occurs within thymic and BM compartments [34], 
or if adequate numbers of antigen specific T and B cells remain in the graft or host 
after conditioning therapy [34, 38]. 

The phenotypic composition of the reformed T-cell population is also altered. 
There is a more rapid reconstitution of CD8+ than CD4+ T cells, leading to an 
inverted CD4/CD8 ratio in PB that approaches normal by 12 months [36, 38]. In 
addition, early (within 2 months) after SCT there is a high frequency of T cells 
expressing the memory CD45RO+ phenotype, but later the percentage of naive, 
CD45RA T cells increases [34]. This suggests that the increase in circulating T cells 
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Table 1 - Reasons for delayed immunological reconstitution 

Inverted CD4/CD8 ratio 

Decreased N K cell activity 

Decreased in vivo and in vitro cell mediated immunity 

Decreased production and response to IL2 

Decreased in vivo and in vitro antibody response to T-cell dependent antigen 

Decreased T-cell VI3 repertoire 

in the early period after SCT is due to the proliferation of either mature T cells that 
were present in the graft or residual T-cell populations in the host that were not 
eliminated by the conditioning therapy. T cells that appear later may be from SC 
that differentiated either in the residual thymus or at an extra thymic site of T-cell 
development during the post transplant period [34]. 

When functional responses are examined, T-cell proliferation is lower for up to 
12 months in the recipients of T-cell depleted grafts, after which time proliferation 
equals those receiving conventional BMT [38]. This early functional impairment 
may be associated with an increase in infectious complications in the post transplant 
period [37]. 

Therefore, thymic function is limiting in adults and thymic independent path
ways are probably insufficient for restoring full host immunocompetence. When 
considering PBSCT for autoimmune disease, a balance needs to exist between deple
tion of the autoaggressive T cells from both the graft and the host and the risk of 
severe immunodeficiency that will occur secondary to poor T-cell reconstitution. 

Stem cell transplantation in autoimmune disease 

Several animal models have shown prolonged remission of autoimmune disease 
after myeloablative treatment followed by autologous or syngeneic SC rescue. In 
particular, models of adjuvant arthritis and experimental allergic encephalomyelitis 
have been effectively cured after TBI followed by SCT [40,41]. Additional evidence 
supporting the use of SCT as a primary therapy for autoimmune disease comes from 
patients where SCT was performed for haematological malignancy in the presence 
of a coincidental autoimmune disease. 

Allogeneic SeT in patients with coincidental autoimmune disease 

The beneficial response in autoimmune disease after allogeneic SCT may either be 
an effect of the intensive immunosuppression given as conditioning therapy or the 
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effects of allogeneic immune reconstitution where the graft plays a role in suppres
sion of abnormal host immune populations. Observations of patients with autoim
mune disease who received unpurged allogeneic SC grafts showed that long-term 
remission is possible [42], though several patients eventually relapsed [42, 43] sug
gesting that this approach was unlikely to cure all autoimmune disease. It may be 
that the conditioning chemotherapy is the important factor for remission induction 
in patients with autoimmune disease but other factors may be more important in 
remission maintenance following the SCT. In particular, GVHD after allogeneic 
transplant may contribute to prolonged remission because of either the depression 
of the immune system that it causes or because of the mild immunosuppressive ther
apy that is needed to treat it. Low intensity, non-myeloablative regimens that per
mit engraftment of allogeneic SCs may reduce the mortality from allogeneic trans
plants and then use a "graft vs. auto-immunity" effect to treat the underlying 
autoimmune disease (this is done using HLA matched sibling donors) [44]. 

However, the mortality rate associated with allografting makes this procedure 
unacceptable when used primarily as a treatment for autoimmune disease, despite 
the encouraging results seen in some cases. For this reason, clinical studies have used 
the safer autologous grafts for haemopoietic rescue after high dose immunoablative 
chemothera py. 

Autologous SeT as primary therapy for autoimmune disease 

When used as primary therapy for an autoimmune disease, SCT should only be con
sidered when the underlying condition is severe enough to have an increased risk of 
mortality, but needs to be carried out before irreversible organ damage has 
occurred. Several autoimmune diseases have been considered to be appropriate for 
therapy with SCT (Tab. 2). In this broad group of diseases the theoretically most 
efficient approach to therapy is to use stronger myeloablation and greater T-cell 
depletion from the graft. However, this approach is associated with a higher mor
tality from ensuing immunodeficiency and a careful balance therefore exists 
between the clinical benefits and potential toxicity. By March 1999 there were 150 
patients on the register for patients with autoimmune disease receiving a SCT. Most 
had received an autologous SCT (62 rheumatic disease, 47 neurological disease, 
eight haematological), with a response in 66% of patients and progressive disease 
in 22%. The treatment related death rate was 8% at 2 years [44], higher than that 
seen generally for other indications. 

The key issues surrounding autologous PBSCT in RA were illustrated by a recent 
series of papers where a total of 16 patients were treated [15, 45, 46]. Each of the 
three groups used a slightly different approach to (a) SC mobilisation, (b) SC purifi
cation and (c) conditioning treatment prior to PBSC reinfusion. In the first study, a 
dramatic improvement in disease activity was seen after SC mobilisation with 4 glm2 
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Table 2 - Conditions considered suitable for stem cell transplantation 

Rheumatic diseases 

Systemic sclerosis 
Rheumatoid arthritis 

SLE 

Systemic vasculitis 

Antiphospholipid syndrome 

Cryoglobulinaemia 

Juvenile idiopathic arthritis 

Neurological disease 

Myasthenia gravis 

Multiple sclerosis 

Haematological disease 

Autoimmune thrombocytopenia 

Autoimmune haemolytic anaemia 

Autoimmune neutropenia 

Aplastic anaemia 

Cy alone, but partial disease relapse occurred in all patients, reaching a peak at 4-6 
months [15]. This group did not proceed to SCT. A comparison of 100 mg/kg and 
200 mg/kg Cy as conditioning therapy, with reinfusion of unpurged PBSC grafts, led 
to relapse in all patients treated with the lower Cy dose by 3-4 months [45]. Patients 
treated with 200 mg/kg Cy had a better and longer response, though recurrence of 
disease activity still occurred, suggesting that graft purging is not the only factor in 
relapse. Where T-cell depleted PBSC were reinfused into four patients after condi
tioning with Cy (200 mg/kg) and ATG (90 mg/kg), a sustained response was seen in 
two but disease recurred in the other two at 6 and 9 months [46]. 

There are important differences in the approaches used in these studies, but the 
overall results suggest that cure in RA is unlikely to be achieved by these approach
es. This does not mean that when optimised, PBSCT does not have the potential to 

induce either a prolonged remission in RA or a cure in other autoimmune disease 
where the immunopathogenetic mechanisms are likely to differ. Importantly, 
rheumatoid synovitis, unlike SNV, is a particularly persistent form of autoimmune 
inflammation with very rare remissions, so that lessons from one disease will not 
necessarily apply to another. 

Others have used high-dose immunosuppressive therapy (200 mg/kg Cy over 4 
days) without SCT for the treatment of autoimmune disease (e.g. systemic lupus ery
thematosus (SLE), aplastic anaemia, pemphigoid) and have induced complete remis
sion in their patients [16,47,48]. They found that haemopoietic recovery was sim
ilar to that seen after autologous PBSCT and hypothesised that the risks of disease 
relapse were reduced by not infusing a SC graft that may have contained auto-reac
tive T cells. Others have added ATG (90 mg/kg) to their conditioning Cy (200 mg/ 
kg) and followed this up with a CD34+ve selected PBSCT for patients with refrac
tory SLE. A total of seven patients have been treated in this way and all have 
achieved remissions of > 1 year duration [49, 50]. The more favourable rate of 
remission induction in these SLE studies compared to those where the conditioning 
therapy was with Cy alone without SC rescue [17] may reflect the additional use of 
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ATG as conditioning therapy. Long-term follow-up will show what the risk of 
relapse is with the two approaches. 

Thus, multi-centre trials with a well defined patient population and a standard
ised protocol acceptable to all participating units would be one approach if clear 
answers as to the utility of this therapy in autoimmune disease are to be obtained. 
However the large scale randomised controlled trial is not the ideal tool for uncom
mon diseases or therapies. 

Why may relapse occur in autoimmune disease? 

There are many possible explanations why an autoimmune disease may relapse 
after a SCT (Tab. 3). Persistence of autoreactive T cells in the host despite high-dose 
chemotherapy may precipitate relapse, as may the local persistence of other cell 
lines, such as monocyte/macrophages in the local (synovial) environment in RA. 
The latter act as antigen presenting cells, capable of immediately re-triggering an 
immune response unless the inflammation and associated auto-antigens can be 
completely cleared before immune reconstitution. If persistence of host autoreac
tive T cells is the mechanism for relapse then longer remissions may be induced by 
more aggressive conditioning immediately prior to the SCT. Alternatively, post 
transplant immunosuppression may also be necessary. In recipients of allogeneic 
grafts where there has been a degree of GVHD, a "graft vs. autoimmunity reac
tion" may cause ongoing inhibition of the host autoimmune reactivity thereby pro
longing remission. 

Relapse may also occur because of re-infusion of autoreactive T cells with the SC 
graft. However, there is no evidence for adoptive transfer of autoimmune disease 
when allogeneic BM transplants were given from patients with RA or SLE [51, 52]. 
Regeneration of the immune system leading to relapse of autoimmune disease (pso
riasis) has been seen in a patient with a previous thymectomy, suggesting that trans
plantation of T cells with the graft was a possible mechanism for relapse [53]. Clin
ical responses may therefore be improved by post transplant immunomodulation to 
destroy low level residual disease and maintain remission. On the other hand an 
alternative, more sophisticated view of clinical auto-immunity is as a balance 
between "disease inducing" aberrant immune responses provoked by exogenous 
antigens and "disease suppressing" peripheral tolerance mechanisms. The "graft 
versus autoimmune disease" effect after allografts may be seen as an enhancement 
of such peripheral effects. Thus the effect of continued immunosuppressant therapy 
on this aspect needs elucidation, if selective immune-stimulation is really the aim. 

Inherent defects in central or peripheral tolerance in the host may also be rele
vant as may the SC themselves if they provide intrinsic susceptibility to the autoim
mune disease. As HLA type is involved in susceptibility to autoimmune disease, re
exposure to an exogenous or endogenous antigenic trigger could result in re-emer-
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Table 3 - Possible reasons for relapse of autoimmune disease 

Re-population by host auto-aggressive T cells 

Re-population by other cell lines in host 

Re-infusion of auto-aggressive T cells with SCT 

Inherent susceptibility to autoimmune disease in stem cells 

Re-exposure to antigenic stimulus 

gence of auto-reactivity in a susceptible immune system. Thus if the putative anti
genic trigger and/or defective host factors persist then relapse is inevitable, even after 
effective myeloablation and graft manipulation. 

Stem cell transplantation in systemic vasculitis 

The clinical experience of SCT in patients with SNV is limited, but additional indi
rect information is available from patients with RA who had associated vasculitis at 
the time of their SCT, probably reflecting the difference in microenvironment of syn
ovium and blood vessel wall [15]. We believe that the questions surrounding the 
methodological approach used for SCT in SNV are the same as those raised for 
autoimmune disease in general. We must first ask why we would consider SNV 
patients for this aggressive, expensive approach to therapy? In some ways this can 
be seen as the ideal set of autoimmune diseases in which to try SCT. These are poten
tially lethal diseases, yet can respond well to therapy. This indicates that they are not 
as intrinsically persistent as the synovitis of RA. The local inflammation can be 
more completely suppressed and thus can be expected to go into prolonged remis
sions with more aggressive therapy. However, SNV has profound effects on mor
bidity and patient quality of life which we must aim to improve as well as survival. 

Patient selection for autologous SC transplantation 

It is also important to consider which patients with SNV may be suitable for such 
an aggressive approach to therapy. SNV are characteristically relapsing conditions, 
but fewer items of damage accumulate for each subsequent flare of activity, perhaps 
reflecting earlier presentation and institution of appropriate therapy after relapse 
[11]. We have turned to carefully structured high dose pulse Cy treatment with the 
aim of achieving a more rapid remission induction and therefore reduction of early 
disease related morbidity [54]. Most studies with standard Cy protocols induce 
remission, but the rate at which this is induced is variable with relapse still a major 
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problem for some sub groups of SNY. However, recent European collaborative stud
ies have shown that once remission is achieved in ANCA-associated vasculitis, aza
thioprine is as good as continuous oral Cy at maintaining it, without the long-term 
problems of drug toxicity [55]. In those SNV patients where remission can be suc
cessfully induced with short courses of Cy and maintained with milder consolida
tion therapy, then the costs and risks associated with high-dose immunosuppression 
followed by SCT would be unacceptable. Early recognition of disease activity and 
institution of appropriate therapy will help reduce the long-term morbidity that is 
still seen in this group. 

Patients who have disease activity that is either unresponsive to standard Cy 
regimes or where frequent relapse occurs may be considered for SCT if other thera
peutic avenues have been pursued. Intensification of Cy induction therapy, followed 
by suitable consolidation therapy, may be an effective first line option in those 
patients with persistent disease activity. Maintenance therapy can be improved to 
reduce rates of relapse by optimum use of methotrexate, azathioprine or cyclosporin 
(alone or in combination) and successful eradication of nasal Staphylococcus aureus 
in WG patients [56]. Those patients that fail appropriate modifications of their ther
apy may be suitable for autologous PBSCT if it is considered that they have life
threatening active disease that has not yet resulted in significant irreversible organ 
damage (e.g. renal failure). A BVAS score at first presentation of > 20 has been 
shown to be predictive of patients with a poor prognosis [14], perhaps identifying a 
group where a more aggressive approach to therapy is indicated. However, these 
patients are also more likely to have multiple critical organ impairment, adding to 
the risks of the procedure. Unfortunately there is no reliable way to identify SNV 
patients who are going to have relapsing disease, though the incidence of relapse 
does appear to be disease specific. Flares of disease activity are rare in classical pol
yarteritis nodosa [57, 58] and some data suggests that within the ANCA-associated 
group of vasculitidies microscopic polyangiitis is less likely to relapse than WG. This 
latter disease therefore seems the most likely to be considered for SCT for relapsing 
disease. 

Approach to stem cell transplantation in vasculitis 

In general, SCT for an autoimmune disease should not be performed until consul
tation by two independent experts in the field has taken place and the protocol has 
been approved by a research ethics committee [21]. The high dose Cy doses that are 
used for SC mobilisation (4 g/m2 ) may in fact be sufficient to induce remission with
out the need for conditioning chemotherapy and SC rescue, but experience with our 
cases suggests that this cannot be maintained without further treatment, at least in 
some cases. An expectant approach to treatment could be taken with SC harvesting 
and cryopreservation of purged CD34+ cells for later use if further relapse or pro-
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gression of disease occurs. Under these circumstances appropriate conditioning ther
apy could be used followed by SC rescue. However, the delay between harvesting 
and conditioning may reduce the likelihood of success of a PBSCT as the additive 
therapeutic effect on the local inflammatory microenvironment of the Cy used for 
mobilisation will be lost. Our experience with high-dose pulse therapy for remission 
induction shows that it is highly likely that the patient will have inactive disease 
when conditioning therapy is given. This clinical state is desirable as the risks of the 
procedure will be reduced as vital organ function will be stable. Conditioning with 
high-dose Cy and ATG would seem to provide the best theoretical chance of delet
ing all auto-reactive T cells, and in the presence of a T-cell purged graft, to provide 
the best chance of a cure. This approach is supported by the recent reports of ASCT 
in SLE where similar conditioning therapy was given with good 1 year results [49, 
50]. 

If an autologous PBSCT, with graft purging and intensive conditioning, is per
formed for a patient with SNV then maintenance therapy is probably best avoid
ed. Post-transplant immunosuppressive therapy will not only add to the risks of 
long-term drug toxicity but may paradoxically increase the risk of relapse. If high
dose conditioning therapy has actually achieved selective immunosuppression of 
the aberrant disease inducing immune function, and relative promotion of disease 
suppressing immune function, then post transplant immunosuppression may in 
fact increase the risk of relapse. In addition, strict attention should be paid to 
eradication of S. aureus from all bodily sites, perhaps reducing the risk of relapse 
[56]. 

Current experience of stem cell transplantation in vasculitis 

We have personal experience of autologous PBSCT in two patients with WG, and 
the literature contains a small number of other case reports [20, 59]. In both Wegen
er's cases, recurrent relapsing disease over a number of years had lead to the accu
mulation of several items of organ damage. At the time of relapse in one patient 
there was evidence of skin, joint, sinus, lung and renal disease with both active dis
ease and chronic scarring seen on renal biopsy. This flare was brought under rapid 
control by high-dose Cy but early relapse occurred and, as the patient had previ
ously received high cumulative doses of Cy, SCT was considered. This approach was 
supported by the patient, his family and two independent experts and he proceeded 
to SC mobilisation. Two separate boluses of 5 g of Cy followed by G-CSF were nec
essary to achieve adequate collection of CD34+ cells which were purified on a 
CD34+ column to leave < 0.7 x 104 CD3+ cells/kg. His previous chemotherapy may 
have been the explanation for this poor mobilisation. Further flares in activity did 
not occur prior to his conditioning therapy 1 month later which was with Cy 
(100 mg/kg over 2 days) and Busulphan (16 mg/kg over 4 days). Two years after his 
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transplant with 1.4 x 106 CD34+ cells/kg he is still in complete clinical remission on 
no therapy. However he maintains cANCA positive, at a titre of 1:100 and is PR3 
positive with a titre of 121 EU/ml (normal < 10). Although he had taken up full-time 
employment, his post transplant course has been complicated by persistent throm
bocytopenia (platelets - 60 x 109/1), an episode of haemorrhagic cystitis which is 
under regular urological follow-up and avascular necrosis of his hip, presumably 
secondary to his previous high dose steroid therapy. The other, older WG patient 
was in remission for 2 years following his transplant. This was associated with a 
marked improvement in his quality of life as shown by a return first to sporting 
activities and then to work. His PB SC collection was not manipulated in vitro but 
he did receive ATG to purge the graft of T cells. Despite this approach he has recent
ly relapsed requiring further standard dose pulse Cy. 

Despite induction of a prolonged remission in the first patient, his ANCA titre 
has remained positive. PR3 specific ANCA has been proposed as the key putative 
auto-antibody in WG and its persistence has been associated with disease relapse. In 
contrast, lupus patients who have received successful ASCT have had a dramatic 
reduction in titres of auto-antibodies. This suggests that in WG, ANCA are either 
not the sole initiators of disease flares or that disease suppressing peripheral toler
ance mechanisms, rather than central tolerance, has been enhanced by the proce
dure. 

Other reports of high-dose immunosuppression in vasculitis include one patient 
with autoimmune mixed cryoglobulinaemic vasculitis with renal involvement who 
was treated with myeloablative doses of immunosuppressives (Cy 200 mg for 8 days 
+ azathioprine 100 mg + prednisolone 30 mg) [20]. Pancytopenia developed by 9 
days with immune regeneration by 21 days without the need for a SCT. Mainte
nance treatment with low dose azathioprine and cyclophosphamide was necessary 
to maintain remission. Allogeneic SC from a sibling were used as rescue therapy in 
a patient with microscopic polyangitiis after high dose chemotherapy. Remission 
was successfully induced but the patient was dialysis dependent because of renal 
damage [59]. 

Summary 

On one hand, patients with SNV would appear to be the ideal candidates for PBSCT 
as lasting remissions can be induced. This is in contrast to other autoimmune dis
eases such as RA and SLE where lasting remissions are rarely achieved. However, 
with earlier diagnosis and institution of appropriate therapy, many vasculitic 
patients may be successfully controlled without the need for a higher risk approach. 
It must be remembered, however, that SNV is still associated with appreciable long
term mortality and morbidity with reduced quality of life. High-dose immunosup
pression followed by SCT has the potential to provide a cure in SNV, given the right 
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combination of graft enrichment and conditioning therapy, but this needs to be care
fully balanced against the risks of transplant related morbidity and mortality. Iden
tification of the group of individuals at highest risk of recurrent flares in activity, 
where accumulation of organ damage is inevitable, would allow selection of those 
most at risk of a poor outcome for consideration for seT. 
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Introduction 

Within the spectrum of primary vasculitic syndromes, the anti-neutrophil cytoplas
mic antibody (ANCA) related syndromes form a distinct group with overlapping 
features. ANCA related small-vessel vasculitides are potentially life-threatening dis
eases with high mortality. Prolonged immunosuppressive therapy (> 1 year) with 
cyclophosphamide and steroids is effective in inducing disease remission and pre
venting early relapses in most vasculitic disorders [1-6]. Continuous use of 
cyclophosphamide to sustain remission cannot be recommended, however, since this 
treatment regimen is associated with severe and potentially lethal adverse effects 
such as the occurrence of opportunistic infections and the development of malig
nancies [7, 8]. Therefore, cyclophosphamide is tapered or stopped once remission is 
achieved to prevent adverse effects. Alternatively, azathioprine may be used as main
tenance therapy after a remission is induced with cyclophosphamide and steroids 
[5]. Azathioprine is considered less effective in inducing remission than cyclophos
phamide, but its long-term toxicity is much lower [9, 10]. The potential of azathio
prine as maintenance therapy was recently investigated and compared with 
cyclophosphamide in a large randomized trial (CYCAZAREM) [11-13]. Following 
induction therapy with oral cyclophosphamide and steroids, maintenance treatment 
with azathioprine was as effective as the continued use of cyclophosphamide in the 
prevention of disease relapse during a IS-month follow-up period in this study. 
Other alternative maintenance therapy regimens, such as methotrexate [14], 
cyclosporin A [15], or mycophenolate [16] have been described but have not been 
tested adequately until now. 

Since relapses may occur after azathioprine is stopped, prolonged prophylactic 
treatment with few adverse-effects is desirable. The potential of azathioprine as 
long-term maintenance therapy after remission is induced is currently investigated 
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in a large randomized controlled trial (REMAIN) in which azathioprine is compared 
with a strategy in which the patients do not receive any maintenance therapy after 
15 months [11]. 

A major disadvantage of prolonged maintenance therapy is that this therapy may 
expose a substantial number of patients to the unnecessary risk of drug-related mor
bidity. Some patients do not suffer from a relapse, whereas in patients with a relapse 
the interval between remission and occurrence of first relapse may vary from 3 
months to 16 years [4]. A cost-benefit argument for exposure to this treatment is, 
on the other hand, the observation that relapses are associated with substantial mor
bidity and mortality [17]. Risk-adjusted treatment by successful prediction of 
relapses and prevention of relapses by pre-emptive therapy could be of great clini
cal importance. In this chapter we will review the relevant literature on this subject. 

What is a relapse and what is a remission? 

Vasculitides are an extraordinary heterogeneous group of inflammatory disorders 
with diverse clinical manifestations. The vasculitic process can affect blood vessels 
of any type, size or location, and therefore can cause dysfunction in virtually any 
organ system. Thus, scoring systems for assessing disease extent and activity are 
clearly wanted. The purpose of the Disease Extent Index (DEI) [18] is to assess the 
extent of vasculitis involvement, rather than its activity per se. At least three groups 
created indices for measurement of vasculitis activity. We proposed an activity score 
to measure activity in Wegener's granulomatosis [19]. Subsequently, the Birming
ham Vasculitis Activity Score (BVAS) [20] and the Vasculitis Activity Index (VAl) 
[21] were designed to measure the level of activity in patients with all forms of active 
systemic necrotizing vasculitis. All three indices are valuable in assessing the extent 
and severity of disease, but have their limitations in defining a relapse or remission. 
In the literature, the definition of a relapse of vasculitis varies between studies. In 
many studies, no [2,4] or only a rough description is given such as "re-emerging of 
clinical symptoms of vasculitis after a period of complete remission" [22-26]. In 
only a few studies precise and well-defined criteria for the definition of a relapse 
have been given [27-32]. 

The occurrence of relapses 

In many studies data on relapses in patients with various forms of ANCA associat
ed small-vessel vasculitis have been published [2,4,22-29,31-34]. The number of 
patients suffering from one or more relapses during follow-up, after achieving com
plete remission, ranges from 25-81 %. Differences in patient selection, duration of 
follow-up, definition of disease activity, and immunosuppressive treatment proto-
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cols may underlie the large variability in relapse rates. Hoffman et ai. performed the 
largest observational study [4]. In this study, 158 patients with Wegener's granulo
matosis were studied from diagnosis, during a follow-up of up to 24 years. 
Cyclophosphamide was continued for at least 1 year after the patient achieved com
plete remission, and then tapered every 2 to 3 months. With this treatment regimen, 
66% of the patients with Wegener's granulomatosis with over 5 years of follow-up 
after diagnosis experienced at least one relapse, whereas more than 80% of the 
patients with over 10 years of follow-up experienced one or more relapses. In a 
recent study by Reinhold-Keller et aI., 99 out of 155 (64%) patients with Wegener's 
granulomatosis with a median follow-up of 7 years (ranging from 0.3 to 27.3 years) 
suffered from one or more relapses during follow-up, SO after complete remission, 
49 after partial remission [26]. In this study, after partial or complete remission was 
achieved, cyclophosphamide treatment was switched to long-term maintenance reg
imens with co-trimoxazole in patients with normal renal function who were not tak
ing steroids, methotrexate in patients in partial remission with restored renal func
tion or azathioprine in patients with impaired renal function. Gordon et al. studied 
150 consecutive patients with various forms of systemic vasculitis presenting over a 
10-year period [22]. The follow-up ranged from 1 month up to 9.75 years. Twenty
seven patients died within 3 months of diagnosis. Of the remaining 123 patients, 42 
(34%) had one or more relapses during follow-up. Gordon et al. found that the 
relapse risk was diagnosis dependent. Patients with limited Wegener's granulomato
sis (without renal disease) and generalized Wegener's granulomatosis (with renal dis
ease) showed a higher risk of suffering from a relapse than patients with other forms 
of vasculitis such as microscopic polyangiitis. The relapse rates of patients with lim
ited Wegener's granulomatosis and generalized Wegener's granulomatosis were 52 % 
(median time to relapse 18 months) and 44% (median time to relapse 42 months), 
respectively, whereas the relapse rate of patients with microscopic polyangiitis was 
only 25% (median time to relapse 24 months). Nachman et ai. studied 97 patients 
with microscopic polyangiitis and idiopathic necrotizing crescentic glomeru
lonephritis for a mean of 2.7 years [29]. Of the 75 patients that went into remission, 
22 (29%) suffered a relapse which occurred within 18 months of the end of thera
py. Guillevin et al. studied 96 patients with Churg-Strauss syndrome [24]. Of their 
86 patients coming into remission, 22 (26%) suffered a relapse that occurred after 
a mean interval from remission to relapse of 5.8 years. 

Geffriaud-Ricourd et al. studied the course of the disease in 76 patients with var
ious forms of ANCA associated vasculitis for a mean period of 2.5 years [35]. 
Relapses occurred in 36% of patients with Proteinase-3 (PR3)-ANCA PR3-ANCA 
and 20% of patients with myeloperoxidase (MPO)-ANCA. Franssen et al. studied 
92 patients with ANCA associated vasculitis and in this study patients with PR3-
ANCA associated vasculitis had a significantly higher relapse rate (22%) than 
patients with MPO-ANCA associated vasculitis (7%) (follow-up not stated) [36]. 
Westman et al. studied 123 patents with Wegener's granulomatosis and microscop-
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Table 1 - The occurrence of relapses in patients with ANCA associated vasculitis 

Reference n. Patients with Number of Follow-up (years) Relapses/ 
(a) relapse(s) relapses Median (range) years 

[27] 35 12 (34%) 17 1.3 (1.3) 0.26/year 
[28] 57 23 (40%) 32 3.5 (1.2-3.5) 0.18/year 
[32] 100 37 (37%) 48 2.9 (1.1-3.0) 0.18/year 

ic poly angiitis with biopsy proven renal involvement for a mean of 5.3 years and 
they also found a tendency to higher relapse rates in patients with PR3-ANCA than 
in those with MPO-ANCA, however this was not statistically significant [31]. 

At our institution, several studies were published with data on relapses in 
patients with Wegener's granulomatosis (Tab. 1). In these studies, patients were 
included when remission was induced after initial diagnosis or relapse [27, 32], or 
inclusion occurred irrespective of disease activity [28]. Therefore, these data are not 
comparable with studies described above, in which patients were studied from onset 
of disease. 

Risk factors for relapses 

The literature pertaining to risk factors and preventive treatment strategies for 
relapses is largely restricted to patients with ANCA associated vasculitis, especially 
to patients with (PR3-ANCA positive) Wegener's granulomatosis. Whether findings 
are also applicable to patients with MPO-ANCA positive vasculitis or other forms 
of vasculitis remains largely unknown. 

Anti neutrophil cytoplasmic antibodies (ANCA) as a risk factor for relapses 

ANCA were first described in 1982 by Davies et al. in a few patients with necrotiz
ing crescentic glomerulonephritis [37]. In 1985, van der Woude et al. showed that 
ANCA producing a cytoplasmic staining pattern on ethanol-fixed neutrophils using 
the indirect immunofluorescence technique (IIF) are a sensitive marker for Wegen
er's granulomatosis [38]. Subsequently, ANCA producing a perinuclear cytoplasmic 
staining pattern (P-ANCA) by IIF were described in patients with idiopathic necro
tizing crescentic glomerulonephritis, microscopic polyangiitis, and Churg Strauss 
syndrome [39, 40]. PR3 and MPO were identified in these patients as the principal 
target antigens of C-ANCA and P-ANCA, respectively, in those diseases [39, 40]. 
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ANCA during the study (n = 54). The time of disease-free interval was counted from the 

beginning of the most recent period of disease activity (either initial diagnosis or relapse). 

(C-ANCA-negative versus intermittently and persistently C-ANCA-positive, p < 0.001). 

Dashed line = C-ANCA-negative (n = 21); broad line = intermittently C-ANCA positive (n = 
21); thin line = persistently C-ANCA-positive (n = 12). Reprinted from [28J with permission 

of the publisher. 

Although there is clinically considerable overlap, PR3-ANCA associated vasculitis 
predominantly relates to patients who have vasculitis that is associated with upper 
respiratory tract disease (Wegener's granulomatosis), whereas MPO-ANCA associ
ated vasculitis mainly relates to patients with idiopathic necrotizing crescentic 
glomerulonephritis and microscopic polyangiitis with limited extrarenal organ 
involvement [41]_ 

Van der Woude et aL suggested in 1985 that levels of C-ANCA as measured by 
lIF parallel disease activity [38]. Indeed, in patients with newly diagnosed disease 
high levels are observed and these levels decline during immunosuppressive treat
ment and become undetectable in many cases [27]. In some patients, however, 
ANCA levels are persistently detectable without any sign or symptom of active dis
ease. The persistence of ANCA has been identified as a risk factor for an ensuing 
relapse by several groups (Fig. 1) [28,34,42]. Persistent positivity may also be a risk 
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Table 2 - Relationship between relapses and rises in ANCA as detected by indirect immuno
fluorescence (ifF) 

Reference n. ANCA staining Relapse preceded by Rise in ANCA 
pattern (IIF) a rise in ANCA followed by a relapse 

[27] 35 C-ANCA 100% 77% 
[44] 10 C-ANCA 100% 75% 
[45] 58 C-ANCA 90% 82% 
[46] 10 N.R. 82% 65% 
[33] 68 C-ANCA 24% 56% 
[23] 37 c/P-ANCA 43% 23% 
[25] 19 C-ANCA N.R. 57% 
[32] 85 C-ANCA 52% 57% 

N.R., not reported; C-ANCA, cytoplasmic staining pattern; P-ANCA pattern, perinuclear 

staining pattern 

factor for the development of end stage renal failure in the absence of signs of a 
relapse of disease as was found in patients with MPO-ANCA associated necrotizing 
crescentic glomerulonephritis [43]. 

Furthermore, we noted that rises in C-ANCA titer as detected by IIF often pre
cedes disease activity when ANCA levels are serially measured. In our first study, 17 
relapses in 35 patients were observed and all (100%) were preceded by a significant 
rise in C-ANCA titer [27]. Furthermore, out of 22 C-ANCA rises, 17 (77%) were 
followed by a relapse. These early findings suggested that serial measurement of 
ANCA titers is useful in the follow-up of patients with Wegener's granulomatosis. 
After this study, several other groups have reported on the clinical utility of serial 
measurements of ANCA as detected by IIF (Tab. 2). Differences in frequency of 
ANCA testing, use of immunosuppressive maintenance therapy, and methodology 
of ANCA testing may underlie the large variability in results. In a pooled analysis 
of published data from the studies listed in Table 2 [23,25,27, 32, 33, 44-46], 59% 
of relapses were preceded by rising titers, whereas only 48% of rises in ANCA titers 
as measured by IIF were followed by a relapse. In our recent prospective study on a 
large cohort of 85 patients with C-ANCA positive Wegener's granulomatosis, 33 
relapses were observed and 17 (52%) were preceded by a significant rise in C
ANCA titer (IIF). Furthermore, of the 30 significant rises in C-ANCA (IIF), 17 
(57%) were followed by a relapse (Fig. 2) [32]. 

The IIF technique has the disadvantage that levels of ANCA are difficult to quan
tify precisely [33,47]. Solid phase assays using purified antigens are better suited to 
quantify specific antibody levels. Four studies using serial determination of ANCA 
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Figure 2 
Percentage of patients with Wegener's granulomatosis who did not experience disease 
relapses in the indicated time period after a rise in antineutrophil cytoplasmic antibodies as 

measured by either indirect immunofluorescence (.IIF; n = 30) or antigen-specific enzyme
linked immunosorbent assay (0 ELISA; n = 38). The numbers above the horizontal axis indi
cate the number of patients who were still at risk for a relapse at 6, 12, 18, 24, and 30 
months after the rise in antibody levels as detected by ELISA (upper numbers) or IIF (lower 

numbers). Reprinted from [32J with permission of the publisher. 

by ELISA have been published and are listed in Table 3 [25, 32, 34, 42]. Substan
tial differences are noted in the methodology of ANCA testing. De'Oliviera et al. 
[34] used an extract of azurophilic granules as antigen to measure ANCA levels, 
whereas in the other studies purified antigens (PR3 or MPO) were used [25, 32,42]. 
Furthermore, patients with different forms of ANCA-associated vasculitis were 
studied, i.e., either only patients with Wegener's granulomatosis [32], patients with 
Wegener's granulomatosis and microscopic polyangiitis [42], patients with Wegen
er's granulomatosis, microscopic polyangiitis and renal limited vasculitis [25], or 
patients with Wegener's granulomatosis, microscopic polyangiitis, renal limited vas
culitis and Churg-Strauss syndrome [34]. Jayne et al. found rises in ANCA prior to 
or at the moment of a relapse in 74% of the patients; in 45% of the cases those rises 
preceded clinical symptoms [42]. In this study, patient follow-up was restricted to 
the first year after diagnosis. In the study of Kyndt et aI., 73 % of MPO-ANCA pos
itive patients had a rise in ANCA prior to or at the moment of relapse (in 55% of 
the cases rises preceded clinical symptoms), whereas only 33% of the PR3-ANCA 
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Table 3 - Relationship between relapses and rises in ANCA as detected enzyme linked 
immunosorbent assay (ELISA) 

Reference n. ANCA specificity Relapse preceded by Rise in ANCA 
a rise in ANCA followed by a relapse 

[34] 56 Extract 41% 62% 
[42] 60 N.R. 74% 79% 
[25] 17 PR3 33% 59% 

19 MPO 73% 79% 
[32] 85 PR3 81% 71% 

15 MPO 75% 100% 

N.R., not reported; PR3, proteinase 3; MPO, myeloperoxidase; extract, extract of azurophilic 

granules 

positive patients had a rise in ANCA as detected by ELISA prior to or at the moment 
of relapse (preceding clinical symptoms in 20%) [25]. Unfortunately, in this latter 
study no precise definitions were given for ANCA rises and inter-assay variation was 
not reported. Furthermore, the patients were sampled with intervals as long as 3 
months, which might explain why many rises in ANCA were found at the time of 
the relapse instead of prior to the relapse. In our study, we found that 82% of the 
patients with PR3-ANCA associated Wegener's granulomatosis had a rise in ANCA 
as detected by ELISA prior to or at the moment of a relapse (preceding clinical 
symptoms in 66%), and that 71 % of the PR3-ANCA rises were followed by a 
relapse (Fig. 2) [32]. Furthermore, 75% of the relapses in patients with MPO
ANCA associated Wegener's granulomatosis were preceded by a rise in MPO
ANCA, and all MPO-ANCA rises were followed by a relapse. There is, however, 
great variability in time lag between the detection of a rise in ANCA and the occur
rence of a relapse. In the study of Jayne et aI., a rise in ANCA preceded the clinical 
relapse by 7.8 weeks (standard deviation 6.5 weeks) in 57% of the patients with a 
relapse, and in 17% of their patients ANCA rose at the time of a relapse [42]. 
Although, during extended follow-up, a relapse occurred in 71 % of patients after a 
rise in PR3-ANCA (ELISA) in our prospective study, only 39% of the patients with 
such a rise had a relapse of their disease within 6 months after the rise, and 59% of 
the patients within 12 months [32]. The median time between the detection of a rise 
in PR3-ANCA and a relapse was 167 days (range 0-616 days) and the interval 
between a rise in MPO-ANCA and a relapse ranged from 121 to 217 days. 

Overall, it can be concluded that relapses are frequently preceded by increases of 
ANCA, and that ELISA is a more sensitive method than IIF in predicting disease 
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Area under the curve (AUC) of C-readive protein (CRP) levels (mgll) and erythrocyte sedi
mentation rate (ESR) (mmlhour) during a 3-month period in patients with a rise in PR3-

ANCA (T+) not followed by a relapse of disease adivity as compared to matched patients 
without a rise (T-). Patients with a rise in PR3-ANCA had slightly higher C-readive protein 

levels (p = 0.08) and erythrocyte sediment rates (p = 0.06) as compared to the controls. 

activity. However, ANCA increases are not invariably followed by a relapse (Tabs. 
2 and 3). Why are rising ANCA titers not always followed by a relapse? It has been 
reported that switching from cyclophosphamide to azathioprine therapy may result 
in a rise in ANCA that is not followed by a relapse [42]. Another explanation could 
be that patients with a rise in ANCA may have subtle signs of disease activity but 
do not fulfill the criteria for a relapse. In our study, we observed a rise in PR3-
ANCA (ELISA) that was not followed by a relapse in 11 patients [32]. These 11 
patients had slightly higher C-reactive protein levels and erythrocyte sedimentation 
rates during the first 3 months after an ANCA rise than 11 age and sex matched 
patients with Wegener's granulomatosis without a rise in ANCA in the same period 
(Fig. 3) (unpublished data). Therefore, we hypothesize that these patients may have 
suffered from low-grade disease activity after an ANCA rise. 

Since high ANCA levels may be found in patients during clinical remission, we 
postulate that differences in qualities of antibodies may be important with respect 
to the development of a relapse. Previously, it was found that IgG isolated from 
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serum samples of patients with active generalized Wegener's granulomatosis, when 
incubated with donor granulocytes, induced significantly higher levels of the respi
ratory burst compared with IgG isolated from patients in remission [48]. Changes 
in the capacity to induce the respiratory burst were not related to ANCA levels as 
measured by IIF and/or ELISA, but were related to the IgG3 ANCNtotal IgG 
ANCA ratio. Furthermore we demonstrated in a small retrospective study that rises 
in IgG3 subclass of ANCA as measured by ELISA were a more specific predictor of 
relapses than rises of C-ANCA as measured by IIF [49]. However, in our recent large 
prospective study we found that additional measurement of levels of IgG3 subclass 
of PR3-ANCA was of little benefit [32]. Rises in levels of IgG3 subclass of PR3-
ANCA increased the positive predictive value of a rise in ANCA, but decreased the 
sensitivity for a relapse. Anti-PR3 antibodies interfere with the complexation of PR3 
with (X-1 antitrypsine [50]. In a longitudinal study it was shown that disease activi
ty in patients with Wegener's granulomatosis correlates with the capacity of the anti
bodies to inhibit complexation rather than with the titer of the anti-PR3 antibodies 
as detected by either IIF or ELISA [51]. Anti-PR3 antibodies also interfere with PR3 
elastinolytic and proteolytic activity [50]. Inhibitory activity of the antibodies 
changes during the course of the disease, reflecting disease activity better than the 
absolute anti-PR3 titer [52]. All these studies support the idea that not only the 
quantity, but also the quality of ANCA might influence the pathogenic potential of 
the antibodies. 

Infections as a risk factor for relapses 

Patients with Wegener's granulomatosis frequently have symptoms of respiratory 
tract infections at the time of an ANCA rise [45], at the onset of the disease, or pre
ceding the occurrence of a relapse [37, 53, 54]. So, does infection trigger relapses in 
Wegener's granulomatosis? Previously, we found that nine out of 23 patients with 
a relapse had an upper-airway infection during a 6 months period preceding the 
relapse. However, infections were not specifically associated with relapses since 
many infections were not related to a relapse [28]. This was also found in another 
longitudinal study of 81 patients with Wegener's granulomatosis [30]. We conclude 
from these studies that infections are not important triggers for relapses although it 
is possible that self-limiting viral or bacterial infections have been missed in 
patients. 

However, virtually every patient with Wegener's granulomatosis has a low-grade 
chronic infection of the nasal mucosa, predominantly caused by Staphylococcus 
aureus (S. aureus). Our group demonstrated that there is an association between 
chronic nasal carriage of S. aureus and an increased frequency of relapses during fol
low-up (Fig. 4) [28]. Others also found an association between nasal carriage of S. 
aureus and activity of Wegener's granulomatosis in the upper respiratory tract [55]. 
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Other possible risk factors 

Various other risk factors have been identified_ Previous studies have produced con
flicting findings about the association between renal function and relapses in 
patients with Wegener's granulomatosis_ Previously we found that a creatinine clear
ance above 60 mVmin is an independent risk factor for relapse [28]. We could not 
confirm this finding in our recent study [32] and, on the other hand, Hogan et al. 
found that a high serum creatinine level at the end of therapy is associated with a 
higher risk of relapse [56]. Thus, the relation between renal function and risk fac
tors for relapses is presently not clear. Another risk factor relates to functional poly
morphism in receptors for the Fe-fragment of IgG (Fey receptor). Analysis of poly
morphisms in phenotype of Fcy receptors demonstrated that patients with Wegen
er's granulomatosis were more prone to disease relapse in the first 5 years after 
diagnosis if they were homozygous for both the R13I form of Fcy receptor IIa and 
the F158 form of Fcy receptor IlIa (relative risk 3.3, 95% confidence interval 1.6-
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6.8) [57]. These polymorphisms are both associated with decreased Fc-receptor
mediated clearance, which may be relevant to the persistence of nasal carriage of s. 
aureus. Finally, Hogan et al. also identified upper respiratory tract involvement in 
small-vessel vasculitis as a risk factor for the development of relapses [56]. 

Prevention of relapses 

Antibody directed treatment 

Since many patients with a rise in ANCA will suffer from a relapse, one may ques
tion whether treatment based on changes in ANCA levels might be justified. In 
1990, we reported that treatment with steroids and cyclophosphamide based on 
rises in C-ANCA (IIF) could prevent the occurrence of relapses [45]. Over 24 
months, C-ANCA rose in 20 out of 58 patients. Nine patients were randomly 
assigned to receive a 9-month course of cyclophosphamide and a 3-month course of 
steroids at the time of the C-ANCA rise. Six of the 11 untreated patients relapsed 
within 3 months of the C-ANCA rise and three of the remaining five patients 
relapsed after 3 months during long-term follow-up. There were no early or late 
relapses in patients randomized for treatment. Furthermore, patients randomized 
for treatment based on an ANCA rise used less cyclophosphamide and steroids than 
the patients randomized for not being treated at the time of a rise. 

In our recent study, we showed that measuring ANCA by ELISA is superior to 
measuring ANCA by IIF for the prediction of an ensuing relapse [32]. This impli
cates that treatment based on rises in ANCA as measured by ELISA could be more 
useful than treatment based on IIF titers. However, starting treatment with 
cyclophosphamide and steroids in patients with an ANCA rise exposes a number of 
patients to the unnecessary risk of drug-related morbidity since ANCA rises are not 
always followed by a relapse. Another important drawback of preventive treatment 
is that the time between an ANCA rise and a relapse is very variable. To address the 
question whether ANCA based treatment is beneficial, we recently started a large 
multi-center randomized study in which we evaluate whether treatment with a 9-
month course of azathioprine and a 4.5-month course of steroids based on rises in 
ANCA levels as measured by ELISA is efficacious in preventing relapses in patients 
with Wegener's granulomatosis, and whether this prophylactic therapy outweighs 
the risk of unnecessary exposure to immunosuppressive drugs in some patients. 

Prevention of relapses by anti-bacterial directed treatment 

Several anecdotal reports have noted beneficial results on sulphamethoxazole-tri
methoprim (co-trimoxazole) in the treatment of refractionary Wegener's granulo-
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Disease free interval (vertical axis) counted from the start of the study medication in patients 
with Wegener's granulomatosis treated with co-trimoxazole (-, n = 41) or placebo (0, n = 
40) during 24 months. The difference in disease free interval of patients allocated to co-tri

moxazole as compared to placebo is statistically significant by log rank test at 24 months 
(relative risk 0.40,95 percent confidence interval, 0.17 to 0.98), but not at 36 months (rel
ative risk 0.55, 95 percent confidence interval, 0.27 to 1.14) and 48 months (relative risk 
0.63, 95 percent confidence interval, 0.32 to 1.24). The numbers above the horizontal axis 
indicate the number of patients disease free at risk at 12, 24, 36, and 48 months in the group 
allocated to co-trimoxazole (upper number) and placebo (lower number). Reprinted from 
[30J with permission of the publisher. 

matosis, or limited Wegener's granulomatosis localized to the respiratory tract 
[58-61]. In a controlled prospective study, we demonstrated that prolonged prophy
lactic treatment with co-trimoxazole (800 mg sulphamethoxazole/160 mg tri
methoprim) twice daily for 24 months leads to a reduced incidence of relapses as 
compared to placebo treatment in patients with Wegener's granulomatosis in whom 
remission is induced with cyclophosphamide and steroids (Fig. 5) [30]. Based on an 
intention to treat analysis, 82% of the patients remained relapse free with co-tri
moxazole as compared to 60% with placebo. Adjusted for the only other factor 
found to be predictive of relapse, a positive ANCA titer at the start of the study, the 
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relative risk for a relapse was 0.32 with co-trimoxazole treatment (95% confidence 
interval, 0.13-0.79). Furthermore, chronic co-trimoxazole treatment resulted in a sig
nificant reduction in the number of respiratory and non-respiratory infections. Final
ly, co-trimoxazole provides prophylaxis against infections with Pneumocystis carinii, 
which has been reported to be one of the most frequent and serious opportunistic 
infections during immunosuppressive therapy for Wegener's granulomatosis [62]. 

How co-trimoxazole exerts its beneficial effect on Wegener's granulomatosis is 
presently unclear. It is tempting to postulate that co-trimoxazole reduces the fre
quency of relapses by eliminating or suppressing the presence of S. aureus in the 
upper airways. Another possibility is that co-trimoxazole exerts anti-inflammatory 
effects and that the beneficial effects of this drug are not disease specific [63]. To fur
ther study this issue, a randomized controlled study has recently started in which 
intermittent use of mupirocine nasal ointment, which is an effective eradicator of 
nasal S. aureus carriage, is evaluated as maintenance therapy in Wegener's granulo
matosis (MUPIBAC) [11]. 

A drawback of co-trimoxazole treatment is that about 20% of patients cannot 
tolerate this therapy due to adverse effects [30]. The adverse effects of co-trimoxa
zole treatment, however, are generally mild and fully reversible, and occur within 
the first few months after treatment has been started. Severe adverse effects have, 
however, been described [64]. Additionally, a substantial proportion of patients will 
not develop relapses of the disease, not even after prolonged follow-up. Overall, co
trimoxazole treatment reduces the absolute risk for a relapse during a 2-year follow
up period by 22%. This means that five patients (95% confidence interval, 3-31) 
have to be treated with co-trimoxazole for 24 months to prevent one relapse [65]. 
Thus, many patients will be unnecessarily exposed to long-term co-trimoxazole 
treatment. Furthermore, it is at present not known whether co-trimoxazole is also 
effective if used for longer periods than 24 months. Further studies are needed to 
address the issue of which patients are the best candidates for co-trimoxazole main
tenance treatment. 

Conclusion 

Relapses occur in more than 50% of patients with ANCA associated vasculitis dur
ing follow-up. Within the spectrum of these vasculitides, relapses seem to occur 
more frequently in patients with Wegener's granulomatosis than in other forms of 
vasculitis. Nasal carriage of S. aureus is an important risk factor for relapses in 
Wegener's granulomatosis. Prolonged prophylactic treatment with co-trimoxazole 
results in a reduced incidence of relapses in these patients. The second risk factor for 
a relapse that has been identified is ANCA. Persistence of ANCA or the reappear
ance of ANCA are important risk factors for the development of a relapse. In addi
tion, rising ANCA levels are associated with recurrence of the disease in many cases. 
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Theoretically, quantification of ANCA can be used as a therapeutic guideline in 
antibody directed treatment of patients with ANCA associated vasculitis. ANCA 
levels may either be used to institute "pre-emptive" therapy, or to adopt an 
approach in which reductions of immunosuppressive treatment are postponed in 
those patients who remain ANCA positive. At present, too few studies have been 
performed to draw any conclusion about whether one of these approaches should 
be used. Therefore, it is advised to use serial measurement of ANCA levels as an 
adjunctive to closely monitor patients for signs of disease relapse. 
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