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Refractory disease in antineutrophil cytoplasmic
antibodies associated vasculitis
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Purpose of review
Induction treatment of antineutrophil cytoplasmic antibodies (ANCA) associated vasculitis (AAV) is not
always successful and nonresponding patients are considered refractory.
Recent findings
Refractory disease should be subdefined to the treatment that was received. Cyclophosphamide refractory
AAV occurs in up to 5% of patients. Many more patients develop contraindications to cyclophosphamide
or relapse frequently. The latter two patient groups might also benefit from treatment used for
cyclophosphamide refractory AAV.
Summary
The most promising drug for treating refractory AAV is rituximab.
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INTRODUCTION
Refractory stems from the Latin refractarius and
translates as stubborn or obstinate. Refractory disease relates to any form of resistance to therapy. The
most important prerequisite for defining a disease as
refractory is that the disease is active and that
adequate therapy has been prescribed. Chronic
sequelae of disease that do not reverse with therapy
are defined as damage [1]. In some diseases, the
differentiation between active disease and disease
damage is difficult. Examples include nasal destruction in antineutrophil cytoplasmic antibodies
(ANCA) associated vasculitis (AAV) [2] or persistent
low-grade proteinuria in lupus nephritis [3].
Refractory disease should be further defined by
the treatment that was given, for example, steroid
refractory giant cell arteritis or cyclophosphamide
refractory AAV. This is crucial as new treatment
options may render a refractory disease treatable.
Examples are the use of rituximab in cyclophosphamide refractory AAV [4 ] and, perhaps, tocilizumab
in steroid refractory giant cell arteritis [5 ].
An important aspect in limiting therapeutic
options is treatment toxicity or patient comorbidity.
Examples are serious leukocytopenia due to earlier
cytotoxic therapy or a preexisting bone marrow
condition. This should be clearly distinguished
from disease-related leukocytopenia in, for instance,
lupus patients. We propose a clear definition of
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refractory disease, subdefined to the treatment that
was given. The disease can be refractory to conventional treatment or is refractory to any other form
of therapy while conventional treatment is not
possible. The latter patient group might also benefit
from treatment used for disease refractory to conventional treatment.
Small-vessel vasculitis is a condition characterized by inflammation predominantly of vessels
smaller than arteries, such as arterioles, venules,
and capillaries. It is important to note that smallvessel vasculitis sometimes, but not always, also
affects arteries, and thus the vascular distribution
overlaps with that of the medium-sized-vessel and
large-vessel vasculitides [6]. Its clinical manifestations are dependent on the localization of the
involved vessels as well as on the nature of the
inflammatory process. Vasculitis can be secondary
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to other conditions such as infections (e.g. hepatitis B or C), autoimmune rheumatic disease (e.g.
rheumatoid arthritis and lupus), malignancies
(e.g. hairy cell leukemia), drug reactions (e.g. hydralazine, propylthiouracil, and D-penicillamine) and
substance abuse (e.g. cocaine) [7]. Primary smallvessel vasculitis can be divided in immune complex
mediated (such as Henoch Schonlein Purpura,
cryoglobulinemic vasculitis) and ‘pauci immune’ in
which immune deposits are scarce or absent. The
latter disease group consists of the ANCA-associated
vasculitides (AAV), that is granulomatous inflammation with polyangiitis (GPA; formerly Wegener’s
disease), microscopic polyangiitis (MPA) and Churg–
Strauss syndrome. In the next section, we will discuss the definition and treatment of refractory AAV
[8,9].

REFRACTORY ANTINEUTROPHIL
CYTOPLASMIC ANTIBODIES ASSOCIATED
VASCULITIS
Standard treatment of AAV with cyclophosphamide
and oral corticosteroids is generally effective in
inducing remission [10]. However, cyclophosphamide causes serious acute and long-term side-effects,
such as hemorrhagic cystitis, leukopenia with
opportunistic infections, gonadal failure, bladder
cancer, bone marrow depression, myelodysplasia
and myeloproliferative disease [11]. Patients can
be refractory to standard therapy or can develop
contraindications to this therapy.
As treatment is aimed at controlling disease,
most clinical trials in vasculitis take achievement
of remission as one of their main outcome
measures. Disease remission is mostly defined as
reaching absence or a low level of disease activity
while using no or a predefined amount of medication (e.g. low-dose steroids) at a certain point in
time. Nowadays, remission is achieved in over
90% of patients. In patients who have refractory
disease this is, logically, much lower. In AAV
patients that are refractory to conventional treatment with cyclophosphamide and glucocorticoids, remission is achieved in only 35–83% of
patients by using various second-line therapies
[12].

DEFINITION OF REFRACTORY DISEASE IN
ANTINEUTROPHIL CYTOPLASMIC
ANTIBODIES ASSOCIATED VASCULITIS
The European vasculitis study group (EUVAS) [13]
defines five disease categories in AAV: localized,
early systemic, generalized, severe renal, and refractory disease. The EUVAS disease categorization has
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been adopted by the European League Against
Rheumatism (EULAR) recommendations in the
management of AAV [14].
Refractory AAV was defined by consensus
within EUVAS [12,13,15] as either
(1) unchanged or increased disease activity after
4 weeks of treatment with daily oral cyclophosphamide (2–3 mg/kg) and glucocorticoids or
pulse-intermittent high-dose cyclophosphamide (15 mg/kg or 0.6–0.7 g/m2 body surface
area) with glucocorticoids; or
(2) lack of response, defined as less than 50%
reduction in the disease activity score and lack
of improvement of at least one major item after
4–6 weeks of treatment; or
(3) chronic persistent disease, defined as presence
of at least one major or three minor items on
the disease activity score list (according to the
Birmingham Vasculitis Activity Score; BVAS)
despite 8 weeks of treatment.
In addition, patients who are intolerant to treatment with daily oral or pulse-intermittent cyclophosphamide and glucocorticoids or who have
contraindications against the use of cyclophosphamide can be regarded as having refractory disease, if
the disease is not controlled with the best available
alternative standard therapy for a defined duration
of treatment [12].

OCCURRENCE OF REFRACTORY DISEASE
IN ANTINEUTROPHIL CYTOPLASMIC
ANTIBODIES ASSOCIATED VASCULITIS
Many studies investigating different treatment
modalities within patients with AAV have focused
on achieving disease remission. This is mostly
analyzed at 6 months after starting treatment. As
stated above, refractory disease is encountered
earlier than these 6 months and is defined differently.
When re-analyzing the major published randomized
treatment studies for the occurrence of refractory
vasculitic disease, in general 4–5% of refractory cases
could be identified (Table 1) [16–20]. This is likely an
underestimation of refractory disease as a number of
patients were lost to follow-up and not all deaths
could be attributed to either infection or active vasculitis. Moreover, from most studies inadequate data
were present to evaluate the response to treatment at
4–8 weeks separately.
The CYCLOPS study (cyclophosphamide oral
versus pulse) [16] randomized 149 patients with
newly diagnosed AAV with renal involvement for
either oral or intravenous pulse cyclophosphamide.
Of the 76 patients treated with pulse therapy, three
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Table 1. Numbers and percentages of refractory
cases in the different trials on patients with AAV
Study

Refractory/total

%

CYCLOPS [16]

7/150

4.7%

MEPEX [17]

6/137

4.4%

NORAM [18]

2/46

4.3%

RITUXVAS [19]

0/11 (1/33)

0% (3%)

RAVE [20]

2/98

2.0%

3.8%

Part of the NORAM and RAVE patients received induction therapy without a
cyclophosphamide component; these were excluded form this analysis. The
RITUXVAS patients received either two or three pulses of intravenous
cyclophosphamide together with 4 weekly rituximab infusions (n ¼ 33) or
received intravenous pulses of cyclophosphamide for 3–6 months (n ¼ 11).

had uncontrolled disease and one did not tolerate
treatment; in the oral group, three out of 73 patients
had uncontrolled disease. The MEPEX study [17]
(methylprednisolone or plasma exchange) investigated the benefit of adding plasma exchange versus
methylprednisolone to standard therapy in patients
with severe renal vasculitis. A total of 137 patients
were randomized to receive methylprednisolone
(n ¼ 67) or plasma exchange (n ¼ 70). Within
3 months, 11 patients in each group died mostly
because of infectious complications, but also
because of pulmonary hemorrhage in six patients.
The latter might very well reflect refractory
vasculitis. Another EUVAS study [18], Non-Renal
Wegener’s granulomatosis treated Alternatively
with Methotrexate, compared the use of cyclophosphamide versus methotrexate (MTX) for induction
of remission in patients with early systemic AAV. A
total of 49 patients were randomized to receive MTX
and 46 patients received oral cyclophosphamide.
From the MTX group, three patients had to stop
the medication because of side-effects versus two
from the cyclophosphamide group. Treatment failure was observed in one patient in the MTX group.
Rituximab versus cyclophosphamide in ANCAassociated vasculitis (RITUXVAS) was the latest EUVAS
study comparing a rituximab-based regimen with a
standard cyclophosphamide/azathioprine regimen
in the treatment of active, ‘generalized’ AAV [19]. A
total of 33 patients were randomized to receive
rituximab, of which five died before the fourth
month of treatment. None of the deaths was attributed to active vasculitis. One patient was classified
as having treatment failure and received an
additional dose of cyclophosphamide. None of
the 11 cyclophosphamide randomized patients
had treatment failure; one died before the fourth
month of treatment.
The other large rituximab-based study [20] in
AAV, the Rituximab in ANCA-Associated Vasculitis

(RAVE) study, randomized 99 patients to receive
rituximab and 98 patients to receive standard treatment with oral cyclophosphamide. Patients were
classified as having early treatment failure if at
1 month their disease activity score had not
decreased by at least 1 point on BVAS-Wegener’s
or a new manifestation of disease had emerged.
Seven of the rituximab-treated patients and two of
the patients treated with cyclophosphamide experienced early treatment failure and thus refractory
vasculitis (see also Table 1).
In conclusion, the refractory disease rate was
low in these well studied but selected patient groups.

TREATMENT OF REFRACTORY
ANTINEUTROPHIL CYTOPLASMIC
ANTIBODIES ASSOCIATED VASCULITIS
For many decades, standard induction treatment of
AAV has been cyclophosphamide with prednisolone
followed by maintenance therapy with azathioprine. However, with the results of two randomized
AAV trials, RITUXVAS and RAVE, treatment with
rituximab and prednisolone has been demonstrated
to have equal efficacy, with perhaps better performance in patients who experience relapse of their
disease. Also, the results of these trials at 24 and
18 months, respectively, are comparable to standard
treatment [20–22,23 ,24 ]. Moreover, single-center
experience with rituximab in AAV is reported to be
excellent [23 ]. Rituximab has been successfully used
in cyclophosphamide refractory AAV [23 ,25 ].
These data challenge the concept of cyclophosphamide-based regimens as the sole standard therapy of
AAV [25 ].
When evaluating published studies on treatment
of cyclophosphamide refractory AAV, 19 relevant
clinical trials could be identified. All were open-label
studies. The agents described as being successful in
patients with refractory AAV included rituximab,
antithymocyte globulin (ATG), alemtuzumab, autologous nonmyeloablative hematopoietic stem cell
transplantation (HSCT), high-dose azathioprine,
anti-TNFalpha, mycophenolate mofetil (MMF), and
15-deoxyspergualin.
&&

&

&&

&&

&&

&&

Rituximab
Rituximab is a genetically engineered chimeric
murine–human monoclonal IgG-1 kappa antibody
directed against the CD20 antigen expressed on the
surface of B lymphocytes. Upon intravenous administration, it rapidly depletes circulating B cells.
In AAV, ANCA produced by activated B cells and/
or B-cell-derived plasma cells play an important role.
Also, B cells themselves are important in various
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immune regulating functions relevant for autoimmune diseases [26].
In 2001, the first report of successful treatment
in a patient with relapsing Wegener’s granulomatosis and contraindications to cyclophosphamide was
described [27]. In the years thereafter, many case
reports and case series have established a role for
rituximab in cyclophosphamide refractory AAV.
Nine such studies are summarized in Table 2
[4 ,28–34,35 ,36].
&&

addition to T lymphocytes, alemtuzumab is
known to deplete other lymphocytes and monocytes, both of which may be important to the
pathogenesis of AAV. Walsh et al. [38] treated 71
refractory or relapsing AAV patients with one or
more courses of alemtuzumab. A total of 79% of
these patients had used large doses of cyclophosphamide prior to the infusion of alemtuzumab
(range 100–200 g). A total of 60 patients (85%)
obtained remission after treatment but 43 relapsed
(median 9.2 months); 24 had a remission longer
than 1 year, of which 10 had a remission of at least
3 years. A total of 31 patients died (median survival time of 106 months). Up to 38% of patients
with AAV treated with alemtuzumab experienced
(severe) infections.
The major disadvantages of this monoclonal
antibody are infectious complications [38].

&&

Antithymocyte globulin
ATG is a polyclonal preparation of antibodies
directed against surface antigens of activated lymphocytes and results in profound lymphocyte
depletion of rapid onset. Mechanisms of action of
ATG include classic complement-mediated lysis
of lymphocytes, clearance of lymphocytes because
of reticuloendothelial uptake, masking of T-cell antigens, or expansion of negative regulatory cells
[15,37]. Schmitt et al. treated seven cyclophosphamide unresponsive GPA patients with ATG; six
obtained partial response and one patient died 3 days
after first ATG dose because of pulmonary hemorrhage.

Autologous nonmyeloablative hematopoietic
stem cell transplantation
HSCT might ameliorate vasculitis by hoarse
immunosuppressive conditioning resulting in
deletion of almost all T and B cells, including autoreactive cells with substitution by ‘newly primed’
nonautoreactive cells after HSCT [39]. Statkute et al.
[40] successfully treated one patient with GPA
with HSCT with a cyclophosphamide and ATG
conditioning regime; this patient experienced a
24-month sustained remission. Kotter et al. [41]
treated one GPA patient with HSCT with a comparable condition regime and achieved complete
remission for an observed 6 years.

Alemtuzumab
Alemtuzumab is a humanized monoclonal antibody
directed against CD52 (alemtuzumab, CAMPATH1H) and depletes circulating lymphocytes and
macrophages. Recovery of peripheral T lymphocytes
after treatment takes months to even years. In

Table 2. Rituximab as treatment option for refractory vasculitis as described in the literature
Treatment

Patients

Complete response (%)

Partial response (%)

Rituximab

19

10 (53%)

3 (16%)

6 (31%)

[28]

65

49 (75%)

15 (23%)

1 (2%)

[29]

7

7

0

NR

[30]

8

8 (100%)

0 (0%)

0 (0%)

[31]

11

9 (82%)

1 (9%)

1 (9%)

[32]

3

2 (66%)

1 (34%)

0 (0%)

[33]

10

10 (100%)

0 (0%)

0 (0%)

[34]

11 (100%)

0 (0%)

0 (0%)

[35 ]

11
a

Refractory disease (%)

Reference

&&

12 (75%)

3 (18.8%)

0 (%)

[36]

9

9 (100%)

0 (0%)

0 (0%)

[30]

59b

4 (6.8%)

31 (52.5%)

22 (37.3%)

[4 ]

218

60.1%

24.8%

13.8%

16

&&

ANCA, antineutrophil cytoplasmic antibodies.
a
Four patients were cyclophosphamide intolerant. One patient died because of fatal sepsis; no data are available on whether this patient was refractory or not.
b
In this table, only the first round of rituximab per patient was described; two patients died after receiving rituximab. Granulomatous manifestations such as orbital
granuloma were more frequently refractory to rituximab than vasculitis or other granulomatous manifestations. Twenty-seven of the fifty-nine (45.7%) patients in this
study had orbital masses; this could explain the lower remission rate compared with the other studies in this table.
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High-dose azathioprine

Mycophenolate mofetil

Studies with high-dose intravenous azathioprine
have been conducted in selected patients with
inflammatory bowel diseases and in patients with
refractory rheumatoid arthritis. In the latter
patients, azathioprine was given as a loading dose
intravenously at 22.5–36 mg/kg, after which oral
azathioprine was continued. Treatment toxicity
was low. However, azathioprine at the doses studied
did not appear to enhance control of disease enough
to warrant additional studies [42]. Thiopurine
methyltransferase activity should be normal;
otherwise, patients are at increased risk for severe
neutropenia. Benenson et al. [43] treated four cyclophosphamide refractory GPA patients with 1200 mg
azathioprine intravenously at monthly intervals
which resulted in complete response in two patients
and refractory disease in the remainder.

MMF is a pro-drug. Its active metabolite mycophenolic acid suppresses guanine synthesis in
lymphocytes by inhibiting inosine monophosphate
dehydrogenase, and blocks DNA synthesis and proliferation after activation. As most other cells, in
contrast to lymphocytes, can synthesize guanine
by using a different salvage pathway, the effect on
lymphocytes is rather selective, with fewer sideeffects. Different case studies demonstrate reasonable efficacy of MMF in inducing remission in
patients with AAV (reviewed in [51]). Recent investigations have demonstrated that azathioprine is
superior to MMF in maintaining remission in AAV
patients [52]. MMF has not been described in cyclophosphamide refractory AAV; however, in cyclophosphamide intolerant patients, MMF was
successful in achieving a complete response in
25 of 32 patients as reported by Stassen et al. [53].
Six patients reached partial remission and one
patient was considered refractory.

Antitumor necrosis factor alpha
Anti-TNFalpha treatment is now widely used to
treat rheumatoid arthritis and inflammatory bowel
disease. Evidence suggests that TNFalpha plays a
central role in the pathogenesis of AAV. In vitro,
TNFalpha priming of activated neutrophils markedly enhances the ability of ANCA to stimulate
degranulation of neutrophils. There is increased
expression of TNFalpha at the sites of vasculitic
injury, and circulating levels of both TNFalpha
and TNFalpha receptors are increased during disease
activity and normalize with disease remission
[44–47]. Furthermore, treatment with anti-TNFalpha
therapy diminishes the inflammation in an animal
model of human renal vasculitis [48] and decreases
the formation of granulomas [49].
Unfortunately, randomized, controlled, clinical
trials adding anti-TNF (etanercept, infliximab, or
adalimumab) to the standard of care could not
demonstrate increased response rates in patients
with nonrefractory AAV [44,45,50]. On the contrary, in the etanercept-treated group, an increase
in incidence of solid cancer could be observed [44].
Bartolucci et al. [45] described the use of infliximab against refractory AAV in seven patients; two
of these patients were true cyclophosphamide
refractory AAV patients. All patients reached complete or partial remission. Booth et al. [46] described
the use of infliximab in 16 active AAV patients who
had received at least 3 months of combination
therapy with prednisolone and either cyclophosphamide, azathioprine, or MTX before enrollment
and had not achieved remission. A total of 14
reached remission and two experienced treatment
failure.

Deoxyspergualin
15-Deoxyspergualin is an antiproliferative drug
derived from Bacillus laterosporus. Although initially
developed as an anticancer drug, strong immunosuppressive properties were discovered with effects
on lymphocyte and macrophage function and
neutrophil production. In clinical trials including
patients with recurrent kidney transplant rejections, deoxyspergualin led to remission in 79% of
cases [54]. Deoxyspergualin was also tested in five
patients with various forms of proliferative glomerulonephritis. It demonstrated reduction of proteinuria, and reduced circulating and urinary CD16þ
(FcgammaRIII) monocytes [55]. Birck et al. [56]
described nine cyclophosphamide refractory AAV
patients treated with 15-deoxyspergualin. One
patient reached complete remission, whereas four
others reached partial remission at 6 months. Two
patients responded initially, but relapsed during
treatment before 6 months. One patient stopped
therapy because of severe thrombocytopenia and
one patient stopped because of an infectious problem. Flossman et al. [57] described 32 mostly cyclophosphamide refractory AAV patients who were
treated with 15-deoxyspergualin. A total of 95%
of these reached complete or partial remission.
Severe or life-threatening treatment-related adverse
events occurred in over 50% of patients mostly
because of leukopenias.
In conclusion, 15-deoxyspergualin can be a useful drug in reaching remission in patients refractory
to cyclophosphamide. However, treatment-related
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side-effects are very frequent, and alternative treatment modalities should be considered.
In the studies with the above-mentioned drugs
for refractory AAV, complete response rates ranged
from 20 to around 80%. When complete response
was not achieved, many patients did achieve partial
response and prednisolone dose could be lowered.
Selection of patients with refractory disease might
reflect a selection of patients who have a different
pathogenesis more resistant to standard therapy. In
the RAVE study [20], it was observed that patients
who relapsed (after previous cyclophosphamide
treatment) were more likely to be responsive to
rituximab than to cyclophosphamide.
Differences between the therapies used for refractory disease are mostly reflected in the percentages of
complete and partial remissions, but also in the
number of serious side-effects. The studies presented
in this literature overview on refractory AAV will
likely include studies preferentially demonstrating
a positive result from the investigational product,
that is, a publication bias [58].

CONCLUSION
With the available data today, rituximab should be
considered the most well tolerated and effective
second-line therapy and should be advocated as a
first alternative choice for cyclophosphamide in
disease induction in refractory AAV. However, it
would be prudent to confirm these findings in prospectively obtained data from multiple centers using
a protocolized approach to refractory disease.
Acknowledgements
None.
Conflicts of interest
There are no conflicts of interest.

REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:
&
of special interest
&& of outstanding interest
Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 342).
1. Seo P, Luqmani RA, Flossmann O, et al. The future of damage assessment in
vasculitis. J Rheumatol 2007; 34:1357–1371.
2. Suppiah R, Robson J, Luqmani R. Outcome measures in ANCA-associated
vasculitis. Rheum Dis Clin North Am 2010; 36:587–607.
3. Balow JE. Clinical presentation and monitoring of lupus nephritis. Lupus
2005; 14:25–30.
4. Holle JU, Dubrau C, Herlyn K, et al. Rituximab for refractory granulomatosis with
&&
polyangiitis (Wegener’s granulomatosis): comparison of efficacy in granulomatous versus vasculitic manifestations. Ann Rheum Dis 2012; 71:327–333.
Large series of AAV patients refractory to cyclophosphamide treated with rituximab.
Response rates of vasculitic manifestations were excellent; failure of response/
progress was mostly because of granulomatous manifestations, especially orbital
masses.

250

www.co-rheumatology.com

5. Beyer C, Axmann R, Sahinbegovic E, et al. Antiinterleukin 6 receptor therapy
&
as rescue treatment for giant cell arteritis. Ann Rheum Dis 2011; 70:1874–
1875.
First series of three patients with steroid refractory giant cell arteritis with excellent
response to interleukin-6 receptor blockade.
6. Jennette JC, Falk RJ. Small-vessel vasculitis. N Engl J Med 1997; 337:1512–
1523.
7. Jennette JC, Falk RJ, Andrassy K, et al. Nomenclature of systemic vasculitides:
proposal of an international consensus conference. Arthritis Rheum 1994;
37:187–192.
8. Falk RJ, Jennette JC. ANCA small-vessel vasculitis. J Am Soc Nephrol 1997;
8:314–322.
9. Falk RJ, Gross WL, Guillevin L, et al. Granulomatosis with polyangiitis
(Wegener’s): an alternative name for Wegener’s granulomatosis. Arthritis
Rheum 2011; 63:863–864.
10. Novack SN, Pearson CM. Cyclophosphamide therapy in Wegener’s granulomatosis. N Engl J Med 1971; 284:938–942.
11. Turnbull J, Harper L. Adverse effects of therapy for ANCA-associated vasculitis. Best Pract Res Clin Rheumatol 2009; 23:391–401.
12. Hellmich B, Flossmann O, Gross WL, et al. EULAR recommendations for
conducting clinical studies and/or clinical trials in systemic vasculitis: focus on
antineutrophil cytoplasm antibody-associated vasculitis. Ann Rheum Dis
2007; 66:605–617.
13. Jayne D. Update on the European Vasculitis Study Group trials. Curr Opin
Rheumatol 2001; 13:48–55.
14. Mukhtyar C, Guillevin L, Cid MC, et al. EULAR recommendations for the
management of primary small and medium vessel vasculitis. Ann Rheum Dis
2009; 68:310–317.
15. Schmitt WH, Hagen EC, Neumann I, et al. Treatment of refractory Wegener’s
granulomatosis with antithymocyte globulin (ATG): an open study in 15
patients. Kidney Int 2004; 65:1440–1448.
16. De Groot K, Harper L, Jayne DR, et al. Pulse versus daily oral cyclophosphamide for induction of remission in antineutrophil cytoplasmic antibodyassociated vasculitis: a randomized trial. Ann Intern Med 2009; 150:670–
680.
17. Jayne DR, Gaskin G, Rasmussen N, et al. Randomized trial of plasma
exchange or high-dosage methylprednisolone as adjunctive therapy for
severe renal vasculitis. J Am Soc Nephrol 2007; 18:2180–2188.
18. De Groot K, Rasmussen N, Bacon PA, et al. Randomized trial of cyclophosphamide versus methotrexate for induction of remission in early systemic
antineutrophil cytoplasmic antibody-associated vasculitis. Arthritis Rheum
2005; 52:2461–2469.
19. Jones RB, Tervaert JW, Hauser T, et al. Rituximab versus cyclophosphamide in ANCA-associated renal vasculitis. N Engl J Med 2010; 363:211–
220.
20. Stone JH, Merkel PA, Spiera R, et al. Rituximab versus cyclophosphamide for ANCA-associated vasculitis. N Engl J Med 2010; 363:221–
232.
21. Jones RB, Walsh M, Jayne DR. Two-year follow-up results from a randomized
trial of RTX versus CyP for ANCA-associated renal vasculitis: RITUXVAS. Clin
Exp Immunol 2011; 164 (S1):57.
22. Specks U, Stone JH. Long-term efficacy and safety results of the RAVE trial.
Clin Exp Immunol 2011; 164(S1):65.
23. Cartin-Ceba R, Fervenza FC, Specks U. Treatment of antineutrophil cyto&&
plasmic antibody-associated vasculitis with rituximab. Curr Opin Rheumatol
2012; 24:15–23.
Excellent review on the use of rituximab in AAV.
24. Fervenza FC. Rituximab in ANCA-associated vasculitis: fad or fact? Nephron
&
Clin Pract 2011; 118:c182–c188; discussion c188.
Excellent discussion article on the use of rituximab in AAV, including discussion of
the author’s 10-year single center experience with rituximab in AAV.
25. Guerry MJ, Brogan P, Bruce IN, et al. Recommendations for the use of
&&
rituximab in antineutrophil cytoplasm antibody-associated vasculitis. Rheumatology (Oxford) 2011. [Epub ahead of print]
Recommendations for the use of rituximab in the different disease states of AAV
based on the opinion of an expert panel reviewing the available literature.
26. Mauri C. Regulation of immunity and autoimmunity by B cells. Curr Opin
Immunol 2010; 22:761–767.
27. Specks U, Fervenza FC, McDonald TJ, Hogan MC. Response of Wegener’s
granulomatosis to anti-CD20 chimeric monoclonal antibody therapy. Arthritis
Rheum 2001; 44:2836–2840.
28. Ramos-Casals M, Garcia-Hernandez FJ, de Ramon E, et al. Off-label use of
rituximab in 196 patients with severe, refractory systemic autoimmune diseases. Clin Exp Rheumatol 2010; 28:468–476.
29. Jones RB, Ferraro AJ, Chaudhry AN, et al. A multicenter survey of rituximab
therapy for refractory antineutrophil cytoplasmic antibody-associated vasculitis. Arthritis Rheum 2009; 60:2156–2168.
30. Roccatello D, Baldovino S, Alpa M, et al. Effects of anti-CD20 monoclonal
antibody as a rescue treatment for ANCA-associated idiopathic systemic
vasculitis with or without overt renal involvement. Clin Exp Rheumatol 2008;
26 (3 Suppl. 49):S67–S71.
31. Seo P, Specks U, Keogh KA. Efficacy of rituximab in limited Wegener’s
granulomatosis with refractory granulomatous manifestations. J Rheumatol
2008; 35:2017–2023.

Volume 24  Number 3  May 2012

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Refractory vasculitis Rutgers and Kallenberg
32. Smith KG, Jones RB, Burns SM, Jayne DR. Long-term comparison of rituximab
treatment for refractory systemic lupus erythematosus and vasculitis: remission, relapse, and re-treatment. Arthritis Rheum 2006; 54:2970–2982.
33. Stasi R, Stipa E, Del Poeta G, et al. Long-term observation of patients with
antineutrophil cytoplasmic antibody-associated vasculitis treated with rituximab. Rheumatology (Oxford) 2006; 45:1432–1436.
34. Keogh KA, Ytterberg SR, Fervenza FC, et al. Rituximab for refractory
Wegener’s granulomatosis: report of a prospective, open-label pilot trial.
Am J Respir Crit Care Med 2006; 173:180–187.
35. Rees F, Yazdani R, Lanyon P. Long-term follow-up of different refractory
&&
systemic vasculitides treated with rituximab. Clin Rheumatol 2011; 30:1241–
1245.
Thirty-four-month median follow up of patients with refractory AAV treated with
rituximab. Three cases of neutropenia are described.
36. Wendt M, Gunnarsson I, Bratt J, Bruchfeld A. Rituximab in relapsing or
refractory ANCA-associated vasculitis: a case series of 16 patients. Scand
J Rheumatol 2011.
37. Lopez M, Clarkson MR, Albin M, et al. A novel mechanism of action for
antithymocyte globulin: induction of CD4þCD25þFoxp3þ regulatory T cells.
J Am Soc Nephrol 2006; 17:2844–2853.
38. Walsh M, Chaudhry A, Jayne D. Long-term follow-up of relapsing/refractory
antineutrophil cytoplasm antibody associated vasculitis treated with the
lymphocyte depleting antibody alemtuzumab (CAMPATH-1H). Ann Rheum
Dis 2008; 67:1322–1327.
39. Sykes M, Nikolic B. Treatment of severe autoimmune disease by stem-cell
transplantation. Nature 2005; 435:620–627.
40. Statkute L, Oyama Y, Barr WG, et al. Autologous nonmyeloablative haematopoietic stem cell transplantation for refractory systemic vasculitis. Ann
Rheum Dis 2008; 67:991–997.
41. Kotter I, Daikeler T, Amberger C, et al. Autologous stem cell transplantation of
treatment-resistant systemic vasculitis–a single center experience and review
of the literature. Clin Nephrol 2005; 64:485–489.
42. Matteson EL, Orces CH, Duffy J, et al. Induction therapy with an intravenous
loading dose of azathioprine for treatment of refractory, active rheumatoid
arthritis. Arthritis Rheum 1999; 42:186–187.
43. Benenson E, Fries JW, Heilig B, et al. High-dose azathioprine pulse therapy as
a new treatment option in patients with active Wegener’s granulomatosis and
lupus nephritis refractory or intolerant to cyclophosphamide. Clin Rheumatol
2005; 24:251–257.
44. Wegener’s Granulomatosis Etanercept Trial (WGET) Research Group.
Etanercept plus standard therapy for Wegener’s granulomatosis. N Engl J
Med 2005; 352:351–361.

45. Bartolucci P, Ramanoelina J, Cohen P, et al. Efficacy of the anti-TNF-alpha
antibody infliximab against refractory systemic vasculitides: an open pilot
study on 10 patients. Rheumatology (Oxford) 2002; 41:1126–1132.
46. Booth A, Harper L, Hammad T, et al. Prospective study of TNFalpha blockade
with infliximab in antineutrophil cytoplasmic antibody-associated systemic
vasculitis. J Am Soc Nephrol 2004; 15:717–721.
47. Morgan MD, Drayson MT, Savage CO, Harper L. Addition of infliximab to
standard therapy for ANCA-associated vasculitis. Nephron Clin Pract 2011;
117:c89–c97.
48. Karkar AM, Smith J, Pusey CD. Prevention and treatment of experimental
crescentic glomerulonephritis by blocking tumour necrosis factor-alpha.
Nephrol Dial Transplant 2001; 16:518–524.
49. Kindler V, Sappino AP, Grau GE, et al. The inducing role of tumor necrosis
factor in the development of bactericidal granulomas during BCG infection.
Cell 1989; 56:731–740.
50. Laurino S, Chaudhry A, Booth A, et al. Prospective study of TNFalpha
blockade with adalimumab in ANCA-associated systemic vasculitis with renal
involvement. Nephrol Dial Transplant 2010; 25:3307–3314.
51. Hiemstra TF, Jones RB, Jayne DR. Treatment of primary systemic vasculitis
with the inosine monophosphate dehydrogenase inhibitor mycophenolic acid.
Nephron Clin Pract 2010; 116:c1–c10.
52. Hiemstra TF, Walsh M, Mahr A, et al. Mycophenolate mofetil vs azathioprine
for remission maintenance in antineutrophil cytoplasmic antibody-associated
vasculitis: a randomized controlled trial. JAMA 2010; 304:2381–2388.
53. Stassen PM, Tervaert JW, Stegeman CA. Induction of remission in active
antineutrophil cytoplasmic antibody-associated vasculitis with mycophenolate mofetil in patients who cannot be treated with cyclophosphamide. Ann
Rheum Dis 2007; 66:798–802.
54. Amemiya H, Suzuki S, Ota K, et al. A novel rescue drug, 15-deoxyspergualin:
first clinical trials for recurrent graft rejection in renal recipients. Transplantation 1990; 49:337–343.
55. Hotta O, Furuta T, Chiba S, et al. Immunosuppressive effect of deoxyspergualin
in proliferative glomerulonephritis. Am J Kidney Dis 1999; 34:894–901.
56. Birck R, Warnatz K, Lorenz HM, et al. 15-Deoxyspergualin in patients with
refractory ANCA-associated systemic vasculitis: a six-month open-label trial
to evaluate safety and efficacy. J Am Soc Nephrol 2003; 14:440–447.
57. Flossmann O, Baslund B, Bruchfeld A, et al. Deoxyspergualin in relapsing and
refractory Wegener’s granulomatosis. Ann Rheum Dis 2009; 68:1125–
1130.
58. Hopewell S, Loudon K, Clarke MJ, et al. Publication bias in clinical trials due to
statistical significance or direction of trial results. Cochrane Database Syst
Rev 2009; (1):MR000006.

1040-8711 ß 2012 Wolters Kluwer Health | Lippincott Williams & Wilkins

www.co-rheumatology.com

251

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

