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Abstract The gold standard for inducing remission in
systemic necrotizing vasculitis (SNV) and severe lupus
nephritis is (and remains) the combination of cyclophos-
phamide and glucocorticoids. Long-term treatment with
cyclophosphamide is limited because of toxicity. Recent
prospective studies in antineutrophil cytoplasmic antibody
(ANCA)-associated SNV revealed that after achievement
of clinical remission (usually within 3–4 months after
starting cyclophosphamide) cyclophosphamide can be re-
placed by azathioprine with no increase in relapse rates if
treatment is continued for at least 1 year. Methotrexate is
inferior to cyclophosphamide because of increased relapse
rates—particularly in those with renal involvement—dur-
ing follow-up. An ongoing study comparing mycopheno-
late mofetil (MMF) with azathioprine will clarify whether
MMF is as successful as azathioprine or even better. The
concomitant use of tumor necrosis factor (TNF)-a block-
ers increases the efficacy of immunosuppression. TNF-a
blockers may be added if SNV is refractory to standard
immunosuppressive therapy. However, with this addition
to therapy, systemic infections are more frequent. In pa-
tients with severe lupus nephritis (WHO IV) the efficacy
of combined i.v. therapy with cyclophosphamide and
glucocorticoids was shown by NIH trials. This NIH regi-
men competes with the EURO-Lupus nephritis schedule
with a lower dose of i.v. cyclophosphamide followed by
maintenance therapy with azathioprine. Long-term follow-
up is, however, still lacking in the EURO-Lupus trial.
Ongoing prospective studies will reveal whether cyclo-
phosphamide may be substituted by MMF from the very
beginning or whether MMF is superior to azathioprine
during maintenance therapy of lupus nephritis.
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Introduction

The modern therapy of vasculitis started in the late 1940s
with the use of corticosteroids. In the late 1960s, Fauci
and Wolff [1], at the National Institutes of Health (NIH),
began to use low-dose, daily cyclophosphamide in com-
bination with prednisone to treat patients with generalized
Wegener granulomatosis (WG). Although this combina-
tion therapy showed clear efficacy, long-term treatment
with cyclophosphamide to prevent disease relapse was not
feasible because of cumulative drug toxicity. In the last
decade new immunosuppressive agents were introduced
into vasculitis therapy to reduce and minimize toxicity
and improve efficacy. Some of these drugs might have the
potential to replace or complement the conventional com-
bination therapy.

Cyclophosphamide: toxicity and its prevention

In 1958 the cytotoxic drug cyclophosphamide was syn-
thetized by Arnold and Borseaux [2] and was first intro-
duced as an alkylating agent in cancer therapy. Cyclo-
phosphamide prevents cell division primarily by cross-
linking DNA strands and is cytotoxic for T- and B-lym-
phocytes. After oral administration, cyclophosphamide is
well absorbed with a bioavailability of 75%–100%. There
are no main pharmacokinetic differences between oral
and parenteral administration. Cyclophosphamide and its
metabolites are excreted by the kidneys; the half-life is
quite variable, about 6.5 h in adults (range 1.8–12.4 h)
and 4.1 h in children (range 2.4–6.5 h) [3], and increases
with renal insufficiency.

The toxic effects of cyclophosphamide often depend
on the frequency of administration and the cumulative
administered dose. The well-known side effects of cy-
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clophosphamide therapy include myelosuppression, nau-
sea and vomiting, hemorrhagic cystitis, secondary ma-
lignancies, and infertility. The major dose-limiting effect
of cyclophosphamide is myelosuppression with neutro-
penia and thrombocytopenia. The leukocyte nadir is
reached within 7–14 days of administration of cyclo-
phosphamide. The incidence of severe infections almost
doubled (from approximately 10% to 20%) with the ad-
dition of cyclophosphamide to the vasculitis therapy [4].
One of the most common opportunistic infections in
patients with cytotoxic therapy is Pneumocystis carinii
pneumonia. Prophylaxis with low-dose trimethoprim-sul-
famethoxazole (TMZ) should be considered in all patients
receiving cyclophosphamide and high-dose glucocorti-
coid therapy [5]. If advanced renal insufficiency is pres-
ent, the myelosuppressive effect can be prolonged. If
leukocyte counts fall below 4.0�106 cells/l, frequent
dose adjustments are necessary to prevent such decreas-
es. Dose-related cyclophosphamide-induced hemorrhagic
cystitis is due to the contact of active and toxic metabo-
lites (acrolein) in the urine with the bladder mucosa.
Hemorrhagic cystitis occurs in about 10% of patients and
may occur during or several months after treatment. The
risk of hemorrhagic cystitis can be minimized by suffi-
cient hydration to reduce the direct urotoxicity. With in-
termittent therapy with higher doses of cyclophospha-
mide, patients can be hydrated intravenously; another
option is the co-administration of 2-mercaptoethansul-
fonate (MESNA), which binds and inactivates acrolein.
MESNA and hyperhydration seem to be equally effective
in preventing hemorrhagic cystitis. The administration of
MESNA is recommended only for high-dose therapy
>1,000 mg/m2. According to Talar-Williams et al. [6], the
estimated incidence of transitional cell carcinoma of the
bladder 15 years after the first exposure to cyclophos-
phamide is about 16%. The risk for bladder cancer should
be considered lifelong because transitional cell carcinoma
of the bladder was reported as late as 17 years after dis-
continuation of cyclophosphamide therapy. In addition to
transitional cell carcinoma of the bladder, cyclophos-
phamide therapy has been dose-dependently associated
with a higher risk of developing myelodysplasia and acute
myeloid leukemia, lymphoma, or skin cancer.

Cyclophosphamide can damage the germinal epitheli-
um in men and therefore inhibit spermatogenesis; in
women, sterility can develop due to premature ovarian
failure (POF). The impairment of gonadal function after
cytotoxic therapy is much more frequent in men than in
women, occurring in up to 90% of post-pubertal males. In
patients with lupus nephritis, POF was reported in half of
all treated women after cyclophosphamide pulse therapy,
affecting 100% of those older than 30 years, about 50%
between 20 and 30 years, and only 13% of patients
younger than 20 years of age. The dose limit for gonadal
toxicity is between 150 and 250 mg/kg. If the cumulative
dose of cyclophosphamide exceeds 50 g, sterility devel-
ops. In men, sperm-banking prior to treatment is the only
possible means of preserving fertility. Because dividing
cells are more sensitive to the cytotoxic effects of alkyl-

ating chemotherapy, inhibition of the pituitary-gonadal
axis by gonadotropin-releasing hormone (GnRH) agonists
may render the germinal epithelium less susceptible to the
cytotoxic effects of chemotherapy. GnRH analogues have
been shown to inhibit chemotherapy-induced ovarian fol-
licular depletion in the rat. Preliminary data on the ad-
ministration of GnRH analogues in parallel with chemo-
therapy in patients with malignant lymphoma or systemic
lupus erythematosus (SLE) are encouraging. The tempo-
rary induction of a prepubertal hormonal milieu with the
monthly injection of a GnRH analogue during cyclo-
phosphamide therapy significantly decreases the risk of
POF [7].

Cyclophosphamide is considered to be teratogenic and
fetotoxic, and is contraindicated during pregnancy due to
the risk of congenital malformations. Contraception is
recommended for at least 4 months post therapy. Other
less frequent side effects of cyclophosphamide therapy
include hypersensitivity, pulmonary fibrosis, cardiomy-
opathy, and the development of SIADH (syndrome of
inappropriate secretion of ADH).

Cyclophosphamide treatment protocols
in systemic necrotizing vasculitis

In 50%–75% of cases primary systemic necrotizing vas-
culitis (SNV) is associated with autoantibodies to neu-
trophil cytoplasmic antigens (ANCA). ANCA-associated
systemic vasculitis is characterized by a vasculitis pre-
dominantly involving small vessels. The category of
small vessel vasculitis includes WG, microscopic poly-
angiitis (MPA), and Churg-Strauss angiitis. A specificity
of >90% has been demonstrated for the diagnosis of
ANCA-associated systemic vasculitis [8]. In ANCA-as-
sociated systemic vasculitis, renal involvement is com-
mon and characterized by a focal, necrotizing, crescentic
glomerulonephritis without or with only a few immune
deposits (pauci-immune). According to a review of re-
nal histology in the European Vasculitis Study Group
(EUVAS) clinical trials, only minor quantitative but not
qualitative differences between MPA and WG were found
[9]. In order to develop therapeutic regimens based on
the disease severity at presentation, the interdisciplina-
ry EUVAS introduced a categorization of patients with
ANCA-associated systemic vasculitis according to dis-
ease severity and activity at diagnosis.

Wegener granulomatosis

In generalized WG and MPA, cyclophosphamide therapy
is well established. The mean survival time of untreated
patients with WG is about 5 months; more than 90% of
untreated patients die within 2 years of diagnosis. Glu-
cocorticoid therapy is effective in reducing the inflam-
matory symptoms of WG, but as a single therapy is not
able to control the disease in the long term. A prospective
trial with observation times as long as 25 years estab-
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lished the efficacy of cyclophosphamide and steroids in
WG [10]. This combination therapy, consisting of pred-
nisone 1 mg/kg per day and oral cyclophosphamide 2 mg/
kg per day (Fauci-scheme) is still in use in clinical
practice. Dose reductions of cyclophosphamide are rec-
ommended to prevent leukopenia and to maintain the
leukocyte count above 3.0�106 cells/l. Usually prednisone
is tapered as soon as disease activity is under control;
cyclophosphamide therapy is continued until at least
1 year after clinical remission. In the EUVAS trials, cy-
clophosphamide 2 mg/kg per day was given for 3 months
to a maximum of 6 months until remission occurred. After
remission the cyclophosphamide dose was reduced to
1.5 mg/kg per day. Complete remission was shown in
75% of the followed patients and the systemic disease
markedly improved in as many as 91%. In the long-term
follow-up 11% of patients died of active WG and 49% of
patients who achieved remission had at least one relapse
of the disease.

Despite the proven efficacy of cyclophosphamide
therapy, cumulative drug toxicity with long-term treat-
ment is a limiting factor. As repeated courses of cyclo-
phosphamide to prevent disease relapses are associated
with a high drug-related morbidity and mortality, alter-
native immunosuppressive regimens for the treatment of
WG are under investigation. Treatment with high-dose
monthly pulses of cyclophosphamide is less toxic than
daily low-dose therapy. According to earlier experiences
with lupus nephritis, the efficacy of i.v. pulses of cyclo-
phosphamide in 4-weekly dosing intervals was investi-
gated in several smaller studies. A meta-analysis of three
randomized trials comparing daily oral cyclophosphamide
with i.v. pulse therapy showed no differences in mortality
and renal survival, but a higher relapse rate with i.v.
therapy and more adverse events following daily oral
treatment [11]. A recent study of the French Co-operative
Study Group showed that in patients with polyarteritis and
MPA 12 monthly pulses of cyclophosphamide are supe-
rior to 6 monthly pulses with respect to remission and
disease relapses [12]. In a consensus protocol the EUVAS
group designed a treatment regimen for ANCA-associated
vasculitis with ten pulses of cyclophosphamide (15–
20 mg/kg i.v.) over 6 months, starting with 2-week in-
tervals for the first three pulses then switching to 3-week
intervals. Currently a randomized trial, CYCLOPS, com-
paring this regimen with daily oral cyclophosphamide is
in progress [13]. Alternative regimens with i.v. pulses
of cyclophosphamide include an accelerated high-dose
course of six pulses, especially in resistant cases. Another
option is an initial therapy with pulses of cyclophospha-
mide in 2- to 4-week intervals, to avoid overimmuno-
suppression, followed by intensive oral cyclophospha-
mide therapy or azathioprine, depending on disease
severity and clinical course [14].

Combination therapy with glucocorticoids and cyclo-
phosphamide is mandatory only in systemic WG with
major organ involvement. In localized disease, such as
isolated sinus disease or subglottic stenosis, cytotoxic
drug therapy is usually not required.

Microscopic polyangiitis

MPA is a primary systemic vasculitis and belongs, like
WG and Churg-Strauss angiitis, to the category of
ANCA-associated vasculitis. As in WG, treatment of
MPA is based on a combination therapy of glucocorti-
coids and cyclophosphamide. A recent study by Jayne et
al. [15] found no difference in remission rates between the
two disease entities. In this study patients with MPA
showed a significantly lower relapse rate than patients
with WG.

Other systemic vasculitides

In other systemic vasculitides such as polyarteritis no-
dosa, Churg-Strauss syndrome, Takayasu arteritis, es-
sential mixed cryoglobulinemia, or Henloch-Sch�nlein
purpura, cyclophosphamide has been used with variable
success. Due to the rareness of these diseases, available
data are not sufficient to give detailed recommendations.
The use of cyclophosphamide with or without glucocor-
ticoids must be based on the individual course of the
disease. Particularly in progressive disease, patients may
benefit from cyclophosphamide therapy. Patients with
Churg-Strauss syndrome may need cyclophosphamide
therapy in life-threatening situations with cardiac in-
volvement for induction of remission. In Churg-Strauss
syndrome and polyarteritis nodosa with good prognosis,
i.v. pulse therapy and oral cyclophosphamide therapy
seem to be equally effective [16].

Alternative therapeutic strategies
in ANCA-associated vasculitis

In analogy to the treatment of rheumatoid arthritis and in
an attempt to avoid toxicity of cyclophosphamide therapy,
low-dose methotrexate (MTX) has been used for select-
ed patients with ANCA-associated vasculitis. Remission
rates of 50%–70% have been reported for combination
therapy of MTX and glucocorticoids in WG. In the NO-
RAM trial by the EUVAS group (submitted) oral MTX
was given in doses between 15 and 25 mg/week for the
1st year after diagnosis compared with a standard regimen
with oral cyclophosphamide at doses of 2 mg/kg per day.
Both groups received oral prednisolone at 1 mg/kg per
day tapered over the 1st year. At 6 months the remission
rate with oral MTX/prednisolone was equivalent to the
standard combination therapy (89.8% vs. 93.5%) and
MTX/prednisone was well tolerated. The high number of
relapses after termination of MTX (69.5% vs. 44.2%)
suggests the need for continuation of immunosuppression
after 12 months. These findings are not supported by the
observations of Reinhold-Keller et al. [17]. They exam-
ined the long-term-efficacy of low-dose i.v. MTX with
and without concomitant glucocorticoids for maintenance
of remission in patients with generalized WG after in-
duction of remission with cyclophosphamide and steroids.
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MTX was well tolerated; however, one-third of patients
(36.6%) relapsed during ongoing treatment with MTX.
Although long-term tolerability of MTX has been shown,
serious side effects such as bone marrow and lung tox-
icity, secondary malignancies, and teratogenicity must be
taken into consideration.

In order to maintain remission after initial cyclophos-
phamide therapy, azathioprine has successfully been
used as maintenance therapy. In 2003, results of the
CYCAZAREM trial, a prospective, controlled random-
ized study investigating the effectiveness of azathioprine
as maintenance therapy in 158 patients with ANCA-as-
sociated vasculitis, were published. After induction of
remission with daily oral cyclophosphamide and predni-
solone, azathioprine at 2 mg/kg per day was compared
with oral cyclophosphamide at 1.5 mg/kg per day. After
18 months the trial showed no difference in relapse rates
when oral cyclophosphamide was replaced by azathio-
prine (azathioprine 15.5% vs. cyclophosphamide 13.7%,
P =0.65). In the same study patients with WG showed a
significantly higher relapse rate than patients with MPA.
Two ongoing trials of the EUVAS group are currently
investigating the use of azathioprine as maintenance ther-
apy of ANCA-associated vasculitis. The REMAIN trial is
comparing the effectiveness of long-term azathioprine
therapy over 42 months with an azathioprine regimen
with a 21-month duration. With a maintenance regimen
over 48 months the IMPROVE study is comparing my-
cophenolate mofetil (MMF) with azathioprine. With the
idea of ongoing infection as an underlying promoter of
vasculitis, antibiotic therapy with TMZ to induce and
maintain remission was investigated. In localized disease,
e.g., isolated sinus disease, but not in generalized ANCA-
associated vasculitis, TMZ can stabilize disease activity,
but is not able to induce long-term remission. Stegeman et
al. [18] showed that in WG TMZ (2�960 mg/day) can
prolong the duration of remission after achieving remis-
sion with cyclophosphamide. In the TMZ group they
found fewer respiratory tract infections and relapses. The
authors attributed this effect to a better control of respi-
ratory tract infections with Staphylococcus aureus and
also suggested the use of a topic antibiotic ointment
(mupirocin). Patients initially presenting with rapid pro-
gressive glomerulonephritis and severe acute renal failure
(serum creatinine >500 �mol/l) have the highest risk of
death and end-stage renal failure.

The majority of non-randomized studies could not
show any additional benefit of plasma exchange therapy
in patients with severe vasculitis. A randomized trial with
polyarteritis nodosa and Churg-Strauss syndrome was
negative. There is, however, growing evidence for a pos-
sible role of plasma exchange therapy in patients with
severe renal vasculitis. The MEPEX trial [19] compared
plasma exchange (7�60 ml/kg per 2 weeks) with meth-
ylprednisolone pulse therapy (15 mg/kg per day over
3 days) in addition to standard therapy with cyclophos-
phamide and prednisolone. Mortality was high in both
groups (25%); in patients with oliguria at presentation

plasmapheresis resulted in a significantly higher number
of patients not requiring permanent dialysis.

In a small group of patients with refractory disease an
anti-T-cell-directed treatment with antithymocyte globu-
lin (ATG) may be a therapeutic option. Using a stan-
dardized regimen of ATG in a small, uncontrolled study,
the investigators [20] were able to induce remission in 13
of 15 patients. Although further immunosuppressive treat-
ment was required, a less-intensive regimen could be used
in most patients.

Limited data are available for the use of i.v. immu-
noglobulins in systemic vasculitis. There may be a role
for i.v. immunoglobulins as an additional therapeutic
agent in relapsing or refractory disease.

Systemic lupus erythematosus

Up to two-thirds of patients with SLE develop renal
disease at any stage of their illness. Renal involvement
ranges from asymptomatic proteinuria to rapidly progres-
sive crescentic glomerulonephritis. Diffuse proliferative
glomerulonephritis (WHO class IV) carries the risk of
developing end-stage renal failure at 5 years in up to 48%
of patients [21]. In severe lupus nephritis cyclophospha-
mide has proven its efficacy in preserving long-term renal
function. Several randomized controlled trials at the NIH
have evaluated the use of cyclophosphamide, given as
intermittent i.v. pulses or orally, in combination with
corticosteroids. According to these trials the majority of
patients with proliferative lupus nephritis have been
treated with long-term, high-dose i.v. cyclophosphamide
pulses, combined with glucocorticoids (NIH regimen).
The NIH regimen includes monthly i.v. pulses of cyclo-
phosphamide 0.75–1.0 g/m2 per month over the first
6 months followed by 3-monthly pulses up to 30 months.
The NIH trials have demonstrated the superiority, in
terms of achieving remission [22] and long-term prog-
nosis [23], of a combined regimen with cyclophospha-
mide and glucocorticoids compared with glucocorticoids
alone. It remains unclear whether i.v. pulse or daily oral
cyclophosphamide therapy is more efficacious in lupus
nephritis. In the NIH trials the intermittent i.v. cyclo-
phosphamide regimen seemed to be more effective in
preserving long-term renal function and was associated
with fewer side effects such as cystitis and amenorrhea.
However, a recent trial [24] showed a higher remission
rate and fewer renal relapses with the oral cyclophos-
phamide regimen at an observation time of 24 months.
However, the high-dose cyclophosphamide regimen car-
ries a higher risk of side effects such as severe infections,
ovarian failure, and malignancies.

As an alternative to the extended high-dose course of
cyclophosphamide in the NIH regimen, the Euro-Lupus
Nephritis trial [25] compared a high- and a low-dose i.v.
cyclophosphamide regimen as remission-inducing thera-
py for proliferative lupus nephritis. With both regimens
azathioprine (2 mg/kg per day) was used as maintenance
therapy after discontinuation of cyclophosphamide. The
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high-dose group received six monthly pulses and two
quarterly pulses with standard doses, the low-dose group
six fortnightly pulses of 500 mg i.v. cyclophosphamide
providing a cumulative dose of 3 g. There were no sig-
nificantly different treatment effects in the two groups.
The initial response to therapy and the rate of achieving
remission were similar and the number of renal flares did
not differ with the two regimens. Fewer severe infections
occurred in the low-dose group, but this was not statisti-
cally significant. These results question the current prac-
tice of treating all patients with lupus nephritis with an
extended high-dose cyclophosphamide therapy based on
the NIH trials. However, several important differences
between the NIH trials and the Euro-Lupus Nephritis trial
must be emphasized. Most patients in the European trial
had relatively mild renal disease and few black or Afri-
can-Caribbean patients with poorer prognosis were in-
cluded. Finally, the follow-up period of the NIH trials and
therefore the cumulative dose of cyclophosphamide was
longer compared with the European trial. The Euro-Lupus
Nephritis trial suggests a cyclophosphamide induction
regimen with shorter duration and lower doses followed
by azathioprine maintenace therapy as an effective treat-
ment for lupus nephritis with reduced toxicity. As in
ANCA-associated vasculitis the optimal maintenance
therapy after induction of remission with cyclophospha-
mide remains a critical issue. Long-term azathioprine
therapy after induction therapy with cyclophosphamide
has proven its efficacy in preventing renal relapses, but in
the Euro-Lupus Nephritis trial 25% of patients experi-
enced at least one renal flare while on azathioprine ther-
apy.

A new immunosuppressive agent, increasingly used in
SLE, is MMF. A study in Chinese lupus patients with
proliferative lupus nephritis [26] showed its short-time
efficacy given together with high-dose glucocorticoids.
The ongoing MAINTAIN study, launched by the Euro-
pean Working Party on Systemic Lupus Erythematosus, is
evaluating the efficacy of MMF compared with azathio-
prine for maintenance of remission of proliferative lupus
nephritis after a short course of i.v. low-dose cyclophos-
phamide induction therapy. In a recent study Contreras et
al. [27] reported a prospective controlled trial comparing
three maintenance regimens after induction therapy with
i.v. cyclophosphamide: quarterly i.v. pulses of cyclo-
phosphamide, oral MMF, and oral azathioprine. There
were no differences in renal survival, but event-free sur-
vival (composite endpoint of death and renal failure) was
significantly better in both the azathioprine and MMF
groups. These results emphasize that azathioprine and
MMF are good options for maintenance therapy in pro-
liferative lupus nephritis. The authors’ conclusion that for
maintenance therapy both azathioprine and MMF are
superior to cyclophosphamide in terms of efficacy and
safety needs to be confirmed in further studies with longer
follow-up and a representative population of patients.

Newer immunosuppressive therapies

In smaller open-label studies of selected patients, espe-
cially those with refractory disease, alternative immuno-
suppressive agents have been shown to be effective in the
therapy of SNV. In the past, treatment with polyclonal
or monoclonal T-cell-depleting antibodies has proven
its efficacy in refractory disease, but long-term toxicity
limits their use. As in other autoimmune disease, in sys-
temic vasculitis the monoclonal anti-CD20 antibody rit-
uximab, a B-cell-depleting agent, has been used with
success in single cases. More recent data support the
therapeutic role of tumor necrosis factor (TNF)-a antag-
onists such as etanercept or infliximab. Several clinical
and in vitro studies have demonstrated an important role
for TNF-a in granuloma formation and the development
of small vessel vasculitis. The blockade of TNF-a is ef-
ficient in the treatment of different chronic inflammatory
disorders such as rheumatoid arthritis. Lamprecht et al.
[28] investigated the effectiveness of TNF-a blockade
with the chimeric monoclonal anti-TNF-a antibody in-
fliximab in six patients with WG refractory to standard
treatment. Patients received infliximab in 2- to 4-week
intervals until achieving remission at doses between 3 and
5 mg/kg. Remission was induced in five patients and
corticosteroid doses could be tapered. The soluble TNF-a
receptor etanercept was shown to be safe and effective in
patients receiving conventional treatment for WG [29].
Enrollment for a randomized trial, the Wegener’s Gran-
ulomatosis Etanercept Trial (WGET), was completed in
2002. These first data suggest that TNF-a blockade may
provide an effective therapeutic option in the treatment of
active WG refractory to standard treatment with cyclo-
phosphamide and corticosteroids.

Conclusions

Systemic vasculitis, particularly ANCA-associated vas-
culitis, can present as life-threatening disease in which
cyclophosphamide therapy and glucocorticoids are highly
effective. This combination therapy still represents the
gold standard for inducing remission in systemic vascu-
litis and results in long-term survival. High-dose monthly
pulses are less toxic than daily oral low-dose therapy, but
the relapse rates with i.v. therapy are higher. The com-
bination of an initial therapy with 2- to 4-week pulses
of cyclophosphamide, followed by intensive oral cyclo-
phosphamide treatment until remission is achieved, is
presently our treatment of choice. When therapy is ta-
pered and discontinued, however, disease relapses are
common. Although cyclophosphamide treatment is ef-
fective in managing these relapses, long-term use is lim-
ited because of toxicity. There are still concerns about
whether reduced cyclophosphamide therapy could result
in a higher rate of relapses during long-term observation.
After achievement of clinical remission, which is usually
attained 3–4 months after induction therapy with cyclo-
phosphamide, alternative immunosuppressive agents such
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as azathioprine or MMF may replace cyclophosphamide
for long-term maintenance therapy. New approaches to
treatment that further reduce the risk of toxic effects of
cyclophosphamide and the risk of relapse in patients with
ANCA-associated vasculitis are mandatory. The safety
and efficacy of immunomodulatory agents directly tar-
geting components of the immune response, such as
TNF-a blockade or lymphocyte depletion, are current-
ly under investigation in patients with vasculitides. They
are promising even in patients with refractory disease.
In patients with severe lupus nephritis (WHO IV) the
NIH regimen competes with the EURO-Lupus Nephritis
schedule with a lower dose of i.v. cyclophosphamide
followed by a maintenance therapy with azathioprine.
However, long-term follow-up data and the consequences
for relapsing disease are still lacking in the EURO-Lupus
trial. Ongoing prospective studies will clarify whether
cyclophosphamide may be substituted by high-dose MMF
(3 g/day) as induction therapy or whether MMF is supe-
rior to azathioprine during maintenance therapy of lupus
nephritis.
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