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Immunosuppressants have dramatically improved the prognosis

of systemic vasculitides. The survival outcome of patients in the

polyarteritis nodosa group 5 years before the treatment era was

13%, whereas half of the patients survived when steroids were

prescribed [1]. However, the benefit provided by immunosup-

pressants in PAN and Churg-Strauss syndrome was not so clear:

Cohen et al. [2] did not observe any benefit from cyctotoxic

agents, but Leib and colleagues [3] reported an 80% survival at
5 years. In contrast, for systemic Wegener's granulomatosis the

benefit of treatment with cyclophosphamide has been clearly

established. In fact, while immunosuppressants may be

beneficial to a large number of patients, their prescription does

not respond to a common rule and standardization should take

into account some principles determined from prospective

trials.

In this paper, under the term `̀ immunosuppressants'' we will

consider cytotoxic drugs and not steroids, which also possess

the power of immunosuppression, especially when adminis-

tered in high dose intravenous pulses or over several months.

They decrease the total number of B and T cells and the

production of antibodies. Given alone or in association with
cytotoxic drugs, they facilitate the occurrence of infectious side

effects, especially viruses (herpes zoster virus for instance) or

Pneumocystis carinii infection [4].

When deciding on treatment, it is crucial that the clinician

carefully evaluate the respective immunosuppressive power of
steroids and cytotoxic agents. Differences in the strategies

adopted by specialists in the field frequently derive from a

different appreciation of the respective roles of steroids and

cytotoxic drugs. In the United States, the usual practice is to

treat patients with alternate-day steroids following short

intensive oral treatment. In many European countries, steroids

are administered daily but rapidly tapered to reduce the number

and severity of side effects. In France, the clinical practice for
decades was to administer steroids at an initial dose of 1 mg/kg/

day for one month [5] and then to progressively and very slowly

taper the treatment. These different strategies indicate that

treatment with cytotoxic agents differs from one country to

another: in the USA, patients received high and prolonged

doses of oral cyclophosphamide [6], while in many European

countries, CYC was given orally but within shorter periods and

maintenance treatment consisted of fewer cytotoxic drugs [7]. In

France, the intensity of CS treatment facilitated the adminis-

tration of lower dose cyclophosphamide and a general

recommendation to use pulses as the first cytotoxic treatment

[8]. As with all things, the `̀ truth'' probably lies somewhere in

the middle. In this paper, we will try to establish recommenda-
tions that could become a consensus.

CYC and CS in medium-sized artery

vasculitides

Cyclophosphamide is not recommended for every medium-sized

vasculitis. In Kawaski's disease, the recommended treatment

comprises high dose immunoglobulins [9]. In PAN, the

administration of CYC depends on the etiology of the disease.

When PAN is the consequence of hepatitis B virus infection,

immunosuppressants are contraindicated as the first-line

treatment [10] and the reference treatment is a combination

of antiviral treatment (lamivudine, interferon gamma) and
plasma exchange [10].

Initial therapeutic choice

It is now considered feasible to adapt the initial treatment to

the severity of the vasculitis, instead of routinely proposing a

standard treatment. To help the clinician choose the most

effective therapy and to avoid over-treatment, we have

established [11] a five-factor score that has significant

prognostic value and whose parameters were responsible for a

higher mortality. These parameters include: proteinuria > 1 g/

day, renal insufficiency (creatininemia > 140 mmol/L), cardio-
myopathy, gastrointestinal manifestations, and central nervous

system involvement. Mortality at 5 years was 12% when FFS = 0,

26% when FFS = 1, and 46% when FFS = 2 or more. In a recent

study of 278 patients presenting with PAN, microscopic

polyangiitis or Churg-Strauss Syndrome, we demonstrated that
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the association of cyclophosphamide and corticosteroids was

beneficial for patients with a FFS of 2 or more. The patients who

died from severe vasculitides had more often been treated with

CS than with the association of CS and CYC. Other criteria, like
the Birmingham vasculitis activity score [12], are also used to

determine the intensity of treatment and are currently being

tested in prospective trials conducted by the European

Vasculitis (EUVAS) group.

Association of CS and CYC

The indications of prolonged treatment with CS and cytotoxic

agents are limited to the vasculitides that are not due to viral

infection.

. Steroids

The initial management of PAN without hepatitis B infection

could include high doses of CS. The use of methylprednisolone

pulses (usually 15 mg/kg IV over 60 min repeated at 24 hour

intervals for 1±3 days) at the initiation of therapy for severe

systemic vasculitis is popular because of its rapid action and

relative safety, especially in the presence of life-threatening

organ involvement or the extension phase of mononeuritis

multiplex. Dosing of pulse methylprednisolone is empiric and
doses below 1,000 mg may be as effective. CS is given at a dose

of 1 mg/kg/day prednisone or its equivalent of methylpredniso-

lone. CS can be prescribed in a single morning dose or in two

daily doses. After 1 month of the full dose the prednisone dose

should be progressively decreased and, in the absence of

relapse, CS can be stopped after 9±12 months. When combined

with CYC, prednisone dose tapering should be more rapid to

reduce the number of infectious complications. The EUVAS
group recommends that all vasculitides would benefit from the

rapid tapering of the prednisone dose.

Decreasing treatment intensity while maintaining the ther-

apeutic effect is now a major concern for clinicians, since some

patients may have been over-treated. It is likely that patients

without factors of poor prognosis (FFS = 0) at the time of

diagnosis could be successfully treated with prednisone alone,
with CYC administered only as second-line treatment in the

case of persistent disease activity or relapse despite CS therapy.

A similar therapeutic scheme was tested in one of our previous

trials [13] and in one of our ongoing trials devised for good-

prognosis vasculitides. Despite the high relapse rate observed

in patients treated with prednisone alone, the 7 year survival

rate was 79%, very similar to that observed in other patients

also receiving immunosuppressive agents.

. Cyclophosphamide

CYC is indicated in patients with factors of poor prognosis

(FFS51). An IV bolus is preferred to oral administration since

the IV route enables a more rapid clinical response than oral

CYC and is important in patients with active disease. When

compared [14], the two CYC regimens were equally effective at

controlling disease activity. Oral CYC was successfully intro-

duced when IV pulses failed to control disease activity or in the

case of relapse within the first 6 months of treatment [15].

Treatment duration with CS and CYC should not exceed 1 year.
To reduce toxicity resulting from prolonged CYC therapy, further

studies (not published) evaluating shorter therapeutic protocols

were undertaken and, for severe PAN/MPA, a regimen compris-

ing 12 pulses of CYC was deemed preferable. Pulse CYC therapy

is now being used increasingly for systemic necrotizing

vasculitis [14,16] and, in our opinion, is preferable to oral

CYC. The CYC content of each pulse, as well as both the total

number and frequency of the pulses, should be adjusted
according to the patient's condition, renal function, hematolo-

gical data, and the disease's response to previous therapies

including previous CYC pulses [17]. Initial doses range from 0.5

to 2.5 g at intervals of 1 week to 1 month, and up to 3 months

for maintenance therapy. In the protocols of the French

Vasculitis Study Group [14], the CYC pulse dose was 0.6 g/m2

delivered monthly for 1 year. High dose intravenous CYC may be

particularly dangerous in patients with renal failure, suggesting
that dose adjustment according to renal function would be

prudent. Recent studies by our group also show that the

pharmacokinetics of CYC and its metabolite, when compared at

the first and fifth infusion, vary significantly [18]. These

differences could explain a different clinical response to the

treatment and the recurrence of clinical manifestations in some

patients, however it is too early to use pharmacokinetic

parameters for dose adjustment. Intense hydration and, for
some authors [19,20], the use of sodium 2-mercapto-ethane-

sulfonate (mesna) is recommended during pulse therapy,

despite some allergic reactions that are sometimes severe.

Pulse CYC therapy allows a lower cumulative dose to be given

and exposes the patient to less potential toxicity for shorter

periods.

CYC and CS in small-sized artery

vasculitides

This group of vasculitis, like others, is not homogeneous and

different pathogenic mechanisms are involved in their occur-

rence. Mixed cryoglobulinemia is an immune complex disease
due to hepatitis C virus infection in more than 80% of patients

[21]. Like other vasculitides due to viruses, immunosuppres-

sants are not indicated as a first-line treatment and their

prescription is restricted to patients with severe, relapsing or

resistant forms of the disease.

Antineutrophil cytoplasmic antibodies-related vasculitides

belong to the group of small-sized vessel vasculitides. The
strategy adopted by the EUVAS is to treat all these vasculitides

in a common manner, independent of their severity and clinical

form. While this approach may be valid for severe disease with

an FFS > 1, it does not seem suitable for benign forms, except

for Wegener's granulomatosis which requires a more extensive

EUVAS = European Vasculitis (group) MPA = microscopic polyangiitis
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prescription of immunosuppressants. The consensus has not

yet been established for mild forms of MPA and CSS, but the

preliminary results of our prospective trials (not published)

show that steroids alone are able to control the course of both
diseases. Physicians attending to CSS patients have observed

that the response to steroids was easily and quickly obtained,

sometimes within a few days, and more than 90% of our

patients do not need additional immunosuppression (not

published).

Treatment of Wegener's granulomatosis

A consensus has not been reached concerning CYC treatment

for WG, even though its indication is universally accepted. The

oral route is prescribed at 2 mg/kg/day [6], and the dose can be

adapted depending on the therapeutic response, occurrence of

side effects, renal function, and age. Treatment duration varies

from one country to another: 18 months in France and the USA
[6,22], and 3±9 months in Britain [23]. It is now clear that the

duration of treatment with cyclophosphamide should be chosen

as a part of the general strategy to treat the disease and that the

choice of the maintenance regimen is essential to establish a

complete and prolonged remission.

Pulse CYC has also been proposed [22], with CYC given every

3±4 weeks at a dose of 0.5±0.7 g/m2. The clinical results were

comparable to those observed with the oral route. Nevertheless,
the number of relapses was high after treatment was

discontinued. In our opinion, pulse treatment is effective in

obtaining the remission but is not able to maintain it. Other

therapeutic strategies should therefore be prescribed to

maintain remission. Should pulses fail, oral CYC can be given

with a successful outcome [15]. Conversely, pulse CYC is usually

less or not effective when administered after failure of oral

treatment [24].

Although oral CYC is effective for the treatment of vasculitic
disease, it has a low therapeutic/toxic index. Moreover, severe

side effects minimize its therapeutic benefit. Major side effects

associated with daily CYC administration include hemorrhagic

cystitis, bladder fibrosis, bone marrow suppression, ovarian

failure, and neoplasm (bladder cancer and hematological

malignancies). Long-term side effects, especially the risk of

developing cancer, are correlated with the cumulative dose of

CYC. Severe infections represent a major cause of mortality
among patients with systemic vasculitis, especially while they

are receiving high doses of CS with adjunctive immunosup-

pressive drugs.

Treatment of microscopic polyangiitis

We now recommend that the treatment for WG be used for MPA

patients with a FFS51, based on the presence of putative

common pathogenetic mechanisms and the preliminary results

of ongoing trials.

Considering the high frequency of renal involvement in MPA,

most patients should be considered as having factors of poor

prognosis and, accordingly, should be treated intensively with

high dose CS and CYC. A therapeutic scheme could combine
CYC for induction therapy and azathioprine for maintenance

therapy once remission is achieved (usually after 4±6 months).

The clinical presentation of fulminant MPA is usually that of

pulmonary or renal failure. Treatment of massive alveolar

hemorrhage requires immediate fluid resuscitation, with

hemodynamic and respiratory support. Deterioration of renal

function often necessitates hemodialysis. The prognosis of

fulminating MPA, like other vasculitides, is poor. Savage et al.
[25] reported on 34 MPA patients whose actuarial survival and

kidney survival at 5 year follow-up were 65 and 55% respectively.

Two-thirds of the deaths were due to active vasculitis

complicated by renal failure and lung hemorrhage or to

treatment side effects. Age over 50 and plasma creatinine >

500 mmol/L are also factors of poor prognosis [25]. The high

number of relapses that can occur in patients with MPA could

justify prolonged immunosuppressive treatment.

A high percentage of MPA patients who relapse do so

when treatment is discontinued (34%) [26]. Relapses during

treatment are also frequent, particularly when the dose is
being tapered, but are generally milder than the initial

disease. However, relapses can occur with major organ

involvement. In patients who are still on initial therapy, mild

relapses may be managed by a temporary increase of the CS

dose. Major relapses may require a return to initial therapy

and introduction of other treatments, oral CYC, and new

drugs (see below). Plasma exchange could also be considered

when treatment fails.

Other immunosuppressive agents:

new drugs
Azathioprine

Azathioprine is commonly used as a maintenance therapy and

seems to be effective and well tolerated [27]. It induces fewer

long-term side effects than CYC. The initial dose ranges from 2

to 3 mg/kg/day and should be adapted as described above for

CYC. In the EUVAS trial proposed for ANCA-related vasculitides

[7], comparing 18 months CYC to 6 months CYC + 12 months

azathioprine, the analysis at 18 months after inclusion showed a
comparable response to treatment and number of relapses in

both groups. A prolonged follow-up and a separate analysis in

the long term of WG and MPA patients is needed to confirm the

encouraging preliminary results.

Methotrexate

Methotrexate has also been proposed for maintenance [28,29]

and for relapsing patients. The initial dose is 0.3 mg/kg

delivered once weekly. Its efficacy is inferior to that of CYC

but good results have been obtained and this drug is now being

WG = Wegener's granulomatosis ANCA = antineutrophil cytoplasmic antibodies
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evaluated through several prospective trials (National Institutes

of Health and the French Vasculitis Study Group). In a recent

prospective study, Langford for the NIH group [30] demon-

strated the effectiveness of this drug in the maintenance
treatment of WG. The side effects, although frequent, were

minor and acceptable compared to other drugs. Nonetheless

the treatment does have side effects: namely liver toxicity,

hypersensitivity, pneumonia, and transient bone marrow failure.

Langford [30] has systematically treated WG patients with

methotrexate for remission maintenance. The treatment was

effective but complications noted with other drugs were also

observed. The EUVAS Group recently demonstrated in ANCA-
related vasculitides that at 18 months the results were

comparable when patients received 12 months of oral CYC

then azathioprine, or 3 months of CYC followed by oral

azathioprine [7].

Mycophenolate mofetil

Mycophenolate mofetil, deoxyspergualine and leflunomide have

been tested in a very limited number of patients [31,32], always

for maintenance treatment or in patients who relapsed or were

refractory to the combination of CS and CYC The initial results

are promising but cannot be extrapolated at this point. Some

authors [33] propose intensive chemotherapy followed by

autologous bone marrow transplantation but it is too early to

comment on the long-term results of this treatment.

Anti-tumor necrosis factor antibodies

Recently, anti-TNF antibodies (infliximab) or analogues of the

TNF receptors (etanercept) have been proposed for the

treatment of systemic diseases and are approved for rheuma-

toid arthritis and Crohn's disease. Because TNF is involved in
the pathogenesis of vasculitides, infliximab, anti-TNF antibo-

dies and etanercept, an analogue of the TNF-receptor, are

proposed in selected cases and are being tested in WG. It is too

early to conclude what their potential role in this new

therapeutic approach is, but promising short-term results have

been obtained. When infliximab is prescribed an additional

immunosuppressive treatment is mandatory to prevent the

occurrence of antibodies directed against the drug, a humanized
mouse antibody.

Intravenous immunoglobulins

Interest in the use of IVIGs to treat systemic vasculitis was

prompted by their successful prevention of coronary artery

aneurysms [9] in Kawasaki disease. The obvious advantage of
IVIG is that it generates few severe side effects. IVIG has

essentially been used in WG and MPA [34]. In their open study

on 12 vasculitis patients, Jayne and Lockwood (34) reported an

improvement in all the patients, with sustained benefit and

reduced requirement for immunosuppression in 11 of them

after a mean follow-up of 12 months. The mean ANCA level fell

by 50%. Other strategies that can be applied include main-

tenance treatment in ANCA-related vasculitis, in place of

immunosuppressants, and steroid sparing during the initial
period of treatment. Further trials are needed to establish the

indications of IVIG in vasculitides.

Monoclonal antibodies

Monoclonal antibodies that target T cells offer an alternative to

conventional immunosuppressive drugs for the management of

autoimmune diseases and have been used to treat systemic

vasculitis [35], but this type of therapy needs further evaluation

before it can be used more extensively in the future.

Non-pharmacologic treatments

Despite the use of immunosuppressants, a minority of patients

do not respond adequately to the treatment or relapse soon or

immediately after withdrawal. In such cases, other strategies are

needed, such as an association of drugs, new drugs, or non-

pharmacologic immunointervention.

Plasma exchange

There is presently no argument to support the routine
prescription of plasma exchange at the time of diagnosis of

PAN without HBV infection [13,36,37], even for patients with

factors of poor prognosis [37]. However, plasma exchange can

be a useful tool as a second-line treatment in PAN refractory to

conventional therapy. For patients with crescentic glomerulo-

nephritis leading to severe renal insufficiency (creatininemia >

500 mmol/L), Pusey and co-workers [38], unlike others [39,40],

contend that plasma exchange can improve renal function and
enable patients to stop dialysis. This hypothesis is now being

tested through a prospective controlled trial.

Bone marrow transplant

The need for chemotherapy intensification associated with bone

marrow infusion in systemic and autoimmune diseases is

debated. A large number of patients with diseases like

scleroderma, lupus, and multiple sclerosis have been thus

treated and the preliminary results are encouraging in the very

short term. The experience in vasculitides is very limited
however. Apart from Bacon's report [33] on the successful

treatment of a patient with WG, no other experiences have been

published. We also successfully treated a patient affected with

PAN-associated leukemia. Nevertheless, such experiences

should remain limited since the majority of patients do not

necessitate such treatment. In PAN, whose duration is usually

brief and is associated with few relapses, bone marrow

transplant should not be proposed even if intensive chemother-
apy is sometimes indicated. In contrast, in chronic diseases like

WG, bone marrow transplant could theoretically be indicated.

Nevertheless, in addition to the indication of such treatment,

other factors should be taken in account, such as the side

effects of treatment as well as the ability to treat patients who
TNF = tumor necrosis factor

IVIG = intravenous immunoglobulin
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underwent previous prolonged immunosuppressive treatments.

We are therefore extremely cautious with regard to this

therapeutic approach.
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Capsule

Interferon signaling and viral infection

Two tools used by the immune system to fight viruses and
bacteria are the interferons IFNa/b and IFNg. These cytokines

induce the transcription of antiviral and antibacterial

response genes via the recruitment of signal transducer and

activator of transcription (STAT)-1 proteins.

In a study of naturally occurring mutations, Dupuis et al.

show that STAT-1 may direct immunity to viruses and bacteria

through distinct pathways. A mutation that diminished

phosphorylation of a specific tyrosine residue acted in a

dominant-negative fashion to prevent the nuclear transloca-
tion of homotypic STAT-1 transcriptional complexes. In turn,

this mutation correlated with a severe impairment of immune

responses of individuals carrying the mutation to non-virulent

forms of Mycobacteria. Remarkably, the same mutation did not

affect viral immune responses and correlated with relatively

normal nuclear translocation of a second heterotrimeric

complex involving STAT-1.

Science 2001;293:300
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Huntington disease gene

Huntingtin is a 350 kilodalton protein of unknown function
that is mutated in Huntington's disease (HD), a neurodegen-

erative disorder. The mutant protein is presumed to acquire a

toxic gain of function that is detrimental to striatal neurons in

the brain. However, loss of a beneficial activity of wild-type

huntingtin may also cause the death of striatal neurons.

Zuccato et al. demonstrate that wild-type huntingtin

upregulates transcription of brain-derived neurotrophic factor

(BDNF), a pro-survival factor produced by cortical neurons

that is necessary for survival of striatal neurons in the brain.
The team shows that this beneficial activity of huntingtin is

lost when the protein becomes mutated, resulting in

decreased production of cortical BDNF. This leads to

insufficient neurotrophic support for striatal neurons, which

then die. Restoring wild-type huntingtin activity and increas-

ing BDNF production may be therapeutic approaches for

treating HD.

Science 2001;293:493
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