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A B S T R A C T

Objectives: To assess the efficacy and safety of Rituximab (RTX) in adult primary central nervous system vas-
culitis (PCNSV).
Methods: We retrospectively assessed the effect of RTX in 6 patients with PCNSV. Five of the 6 were refractory to
high dose glucocorticoids (GCs) and/or conventional immunosuppressants (IS). The sixth was newly diagnosed
and received RTX in combination with GCs. Clinical evaluation, laboratory tests, and imaging modalities were
performed at initial RTX administration and during the follow-up. Treatment response was assessed using the
treating physician's global opinion regarding response and the degree of disability using the modified Rankin
scale (mRS). We also performed a literature review for previous use of RTX in PCNSV using PubMed, Ovid
Medline, and the Cochrane library.
Results: The six patients (3 females) had a median age at diagnosis of 50.5 years (range 17–68 years). All had
active disease when RTX was started. In 4 patients, RTX administration was associated with a marked reduction
in the number of flares (from 18 before starting RTX to 3 after). One patient, after an initial improvement, had 2
flares when B cells were depleted and he was not able to reduce prednisone below 20mg/day. A 6th patient had
a flare when B cells recovered and retreatment with RTX re-induced and maintained remission. The median mRS
score at last visit (median: 2; range 0–4) was lower than that prior to treatment (median 3; range 1–5). The
median prednisone daily dose before RTX administration was significantly higher than that at last follow-up
(p= .006). In the literature review, we identified 5 papers describing 7 patients treated with RTX. Six patients
responded to RTX with clinical and MRI improvement with no reported flares after RTX treatment.
Conclusions: Our data support a potential role for RTX treatment in selected patients with PCNSV.

1. Introduction

Primary central nervous system vasculitis (PCNSV) is an uncommon

form of vasculitis that is restricted to the brain and spinal cord [1–4].
Glucocorticoids (GCs) alone or combined with traditional im-
munosuppressive agents, mainly cyclophosphamide (CYC), have been
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used successfully to treat this vasculitis [5–9]. However, some patients
are intolerant or refractory to this regimen and may have a progressive
course with potential fatal outcome in spite of usual therapy [10,11].
Therefore, other treatment options are needed for patients with in-
tractable disease and/or toxicity from current therapies [2].

Anti-CD20 therapy with rituximab (RTX) has been used successfully
for the treatment of systemic vasculitides [12–15] and in several CNS
inflammatory conditions [16–18]. We investigated the efficacy and
safety of RTX treatment in a series of 6 patients with PCNSV. In addi-
tion, we reviewed the literature reporting the use of RTX in PCNSV.

2. Patients and methods

2.1. Identification of the patients and treatment protocols

We report findings in 6 patients with PCNSV who were treated with
RTX. Four patients had a brain biopsy showing vasculitis and the other
2 had cerebral angiogram and clinical findings highly suggestive of
vasculitis.

Four of 6 patients belonged to the cohort of 191 consecutive pa-
tients seen at Mayo Clinic (Rochester, MN) over the 35-year period from
1982 to 2017 [19], while the other two were followed at Reggio Emilia
Hospital. The study was approved by the Mayo Clinic Institutional
Review Board and written informed patient consent to perform the
study was obtained. Diagnostic and exclusion criteria, data collection
and evaluation have previously been described in detail elsewhere
[6–8].

Five of the 6 patients had refractory disease and had received high-
dose oral GCs, intravenous (IV) pulse methylprednisolone therapy and
conventional immunosuppressive agents before RTX; in all of these 5
cases RTX was given due to the lack of efficacy of previous therapies.
Only one newly diagnosed patient who was treatment-naϊve received
RTX in combination with GCs at diagnosis as remission-induction
therapy.

RTX was administered as follows: two infusions of 1000mg, 15 days
apart, in 4 patients, and four weekly infusions of 375mg/m2 in 2 pa-
tients. Three patients had multiple courses of RTX: the first had main-
tenance treatment with repeat infusions of 1000mg, 6months and
12months, respectively, after the 1st course; the second had a second
course (two infusions of 1000mg, 15 days apart) 13months after the
first course for a disease flare, when CD19+ cells recovered; the third
received a second course (two infusions of 1000mg, 15 days apart)
27 months after the first course for a disease flare when B cells re-
populated, and 6months later as maintenance treatment with one in-
fusion of 500mg.

2.2. Review of biopsy specimens, angiograms, and magnetic resonance
imaging (MRI)

Clinical evaluation, laboratory tests including erythrocyte sedi-
mentation rate (ESR) levels and spinal fluid examination, as well as
imaging modalities were performed both at first RTX administration
and during the follow-up. All patients had a complete neurologic ex-
amination performed by a neurologist at the time of diagnosis, RTX
administrations, and at other visits, including the last visit. Imaging
studies included brain magnetic resonance imaging (MRI), conven-
tional digital subtraction angiogram, and magnetic resonance angio-
graphy (MRA).

Cerebral biopsy specimens were reviewed by one pathologist (CG)
without knowledge of clinical information. Angiograms and MRI were
reviewed by a neuroradiologist. Conventional digital subtraction an-
giograms and brain MRI and MRA were performed and interpreted
according to clinical protocols used by the Divisions of Neuroradiology
at the Mayo Clinic and at the Reggio Emilia Hospital.

Relapse was defined as a recurrence of or worsening of symptoms of
PCNSV, or evidence of worsening of existing lesions and/or new lesions

on repeat MRI examinations, while the patient received no medication
or received a stable dosage of medication. Patients with relapse re-
quired an increase in therapy. To assess the effect of treatment, we used
the treating physician's global assessment of the response to therapy as
based on the review of the detailed clinical, radiological, and laboratory
data in the medical records. The degree of disability at presentation and
at the last visit was defined by a review of the detailed clinical data in
the medical record and was categorized using the modified Rankin scale
(mRS) [20], a standardized and commonly used scale which measures
disability or dependence in activities of daily living in stroke patients.
The scale consists of grades 0–6: 0 corresponds to no signs or symptoms;
1, no significant disability (able to carry out all usual activities, despite
some symptoms); 2, slight disability (able to look after own affairs
without assistance, but unable to carry out all previous activities); 3,
moderate disability (requires some help, but able to walk unassisted); 4,
moderately severe disability (unable to attend to own bodily needs
without assistance, and unable to walk unassisted); 5, severe disability
(requires constant nursing care and attention, bedridden, incontinent);
and 6, death.

Subjects were followed until their death or last follow-up visit
(median follow-up duration: 51months; range: 16–105months).

2.3. Literature review

A detailed literature search was performed to evaluate the current
published evidence on RTX use in PCNSV. The following databases
were searched since their inception of the database until 28th October
2018: PubMed, Ovid MEDLINE and Cochrane Library. Key words in-
cluded Rituximab, angiitis, vasculitis, arteritis, and central nervous
system. We also reviewed the reference sections of published studies
and identified papers known to the authors.

3. Results

3.1. Patients characteristics

The median age at diagnosis of the six study patients (3 females)
was 50.5 years (range 17–68 years). The mean duration of the disease at
the onset of RTX therapy was 15months (range 4–90months). The most
common symptoms at presentation were headache and confusion (3
patients), followed by cognitive dysfunction (2 patients). One patient
had symptoms related to spinal cord involvement, while one patient
had Hodgkin's lymphoma which occurred simultaneously.
Cerebrospinal fluid (CSF) examination was abnormal (protein > 45
mg/dL or white cell count > 5 cells mm3) in all 6 patients.
Morphologic evaluation and/or immunocytochemical studies and/or
flow cytometric immunophenotyping were negative in all 6 patients.
Serological and molecular tests and cultures excluded infection. ESR at
diagnosis was normal in all 6 patients. Cerebral angiography or MRA
was performed in 5 of the 6 patients, and in 2 showed changes char-
acteristic of vasculitis. Multiple bilateral infarcts on MRI were observed
in 2 patients, while 2 other patients had diffuse leptomeningeal en-
hancement which in one patient also involved the thoracic spine. One
patient had a tumor-like mass on MRI with edema and mass effect, and
another had enhancing multiple cortical hemorrhagic lesions. Cerebral
stereotactic biopsy was performed in 4 patients and was positive in all
cases. Lymphocytic vasculitis was found in 3 patients and granuloma-
tous vasculitis in one. Vascular deposits of β-amyloid peptide were not
observed.

3.2. Results of treatment and outcome

Table 1 summarizes the main results of our study. Prior to RTX
therapy 4 of 6 patients had received one or more conventional im-
munosuppressants (IS): cyclophosphamide (CYC) [4], mycophenolate
mofetil (MMF) [3], and azathioprine (AZA) [2]. As mentioned above,
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one newly diagnosed PCNSV patient received RTX and oral prednisone
(PDN) as initial remission-induction treatment.

All patients received oral prednisone therapy (median dosage at the
time of RTX initiation: 55mg/day, range: 20–80mg/day) in addition to
RTX. Three patients also received intravenous pulse methylpredniso-
lone 1 g/day for 3 to 5 days, while in 2 patients RTX was added to the
ongoing treatment with MMF and AZA. The median PDN dose before
RTX treatment was 50mg/day (range: 20–70mg/day), while the
median dosage at the last follow-up visit was 12mg/day (range:
0–25mg/day) (p= .006). One patient was able to discontinue pre-
dnisone.

At the initiation of RTX, all patients had active disease according to
presence of symptoms of PCNSV and/or worsening of existing lesions
and/or appearance of new lesions on MRI/MRA examination. All pa-
tients initially improved after the combined RTX and PDN treatment
with a median time to obtain response of 1month (range:
1–1.5months). In 4 patients the RTX administration was associated
with a marked reduction in the number of flares (from 18 before
starting RTX to 3); one of the 3 flares occurred 27months after the first
course when CD19+ cells recovered, while the other 2 flares occurred
6months after the first course of RTX and 3months after the second
course of RTX, respectively, when CD19+ cells were depleted. In both
flares an increased in the PDN dosage resolved the neurologic findings,
after which the two patients were treated with 1 course and 2 courses of
RTX maintenance treatment, respectively; both were in remission at the
last follow-up visit.

One patient did not respond to RTX treatment. This patient received
RTX as initial remission-induction treatment, but after an initial im-
provement, had 2 flares of encephalopathy when B cells were depleted
and she was not able to reduce PDN below 20mg/day. The patient was
subsequently treated with AZA that was suspended due to lack of effi-
cacy, and then with MTX. At the last visit, 12months after starting RTX,
she was stable and had been able to reduce the PDN dose to 10mg/day.

A 6th patient started on RTX due to the appearance of new areas of
infarction on a follow-up brain MRI, while he was treated with oral
PDN. Eleven months later, he suspended GC therapy, however B cells
recovered and he had a disease flare. The patient had a second course of
RTX and restarted PDN at the dosage of 30mg/day. Eight months later
he was in remission, his CD19+ count was 0, and he was able to dis-
continue PDN therapy. Fig. 1 shows the reduction of the enhancement
of the vessel walls of the right middle cerebral artery on follow-up brain
MRI after the second course of RTX which paralleled the improvement
of neurological findings.

In one patient RTX was added to ongoing MMF treatment. Fifteen
months after RTX therapy, at the last visit, she was on PDN 5mg/day
and MMF 1.5 g/day and she was in remission. In another patient RTX
was used as adjunctive to AZA therapy which had previously been
started as maintenance therapy after induction with IV CYC (6 monthly
infusions). One patient started MMF (2 g/day) as remission main-
tenance treatment 13months after RTX; 35months later, at the last
visit, he was in remission and he was able to reduce PDN to 5mg/day
and continued with MMF at a dosage of 1 g/day.

In these 6 patients, the median mRS score at last visit was 2 (range
0–4). This was lower than before RTX administration (median 3; range
1–5) and similar to the score observed 6months after first RTX ad-
ministration (median: 2; range 0–4).

3.3. Literature review

To our knowledge, there are only 8 earlier published cases of PCNSV
patients treated with RTX, 7 of which are summarized in Table 2
[21–25]. Six patients had adult PCNSV, while one was 3-year old at
vasculitis onset. The eighth case (case 3) has previously been described
by our group [23] and is reported with a longer follow-up in this case
series.

RTX was started in 3 patients because of a disease flare, in 2 for lack

of response to the initial treatment, and in 2 as induction therapy. Five
patients had one course of RTX and two 2 courses. In 5 patients the
vasculitis was not controlled by the previous therapy that included IV
MTP and oral PDN, oral and/or IV CYC, MMF, and AZA. Three patients
had concomitant therapy with oral PDN alone and one with IV MTP and
oral PDN. In one patient concomitant therapy was not defined. In one
case the first course of RTX was given in combination with oral CYC and
MMF apparently without increase of oral PDN, while the second course
was administered 3months later in association with low-dose oral CYC
(50mg daily) for a disease flare during MMF treatment. In another
patient RTX was associated with IV MTP and IV CYC, 9months later he
was stable with no neurological symptoms on MMF maintenance
therapy. In 2 other patients RTX was followed by AZA maintenance
treatment without disease flares, while in a third patient a second
course of RTX was administered 9months after the first for maintaining
remission.

All the patients appeared to respond well to RTX with clinical and
MRI improvement, except for one, who at last follow-up, 3months after
the second course of RTX, was stable but presented with a small new
area of T2 intensity at follow-up MRI. The other 6 patients reported no
flares after RTX treatment with a median follow-up of 10months
(range: 6–20months) after starting RTX. After RTX treatment, con-
sidering all 7 patients, there was a marked reduction in the number of
flares (from 17 before starting RTX to 1 after).

No side effects were reported during RTX treatment in our cases and
in the published 7 cases.

4. Discussion

Treatment for PCNSV has been derived from therapeutic strategies
used in other vasculitides [5,26–28]. Earliest reports suggested a poor
outlook with fatal outcome in most patients, and transient or doubtful
effectiveness of GCs [1,26,29]. In 1983, Cupps et al. reported the ef-
fectiveness of CYC in combination with GCs [5]. Two recent retro-
spective cohort studies, which represent the two largest reported series
of cases with adult PCNSV, have described the treatment and outcomes
of patients with PCNSV [8,9]. Although the majority of the patients
(> 60%) responded to therapy with GCs alone or in combination with
CYC and tended to improve during the follow-up period, an overall
increased mortality was observed.

Emerging evidence suggests that PCNSV is an heterogeneous con-
dition and that not all patients with PCNSV need the same treatment
[1,2]. Angiography negative, biopsy positive patients, characterized by
vasculitic involvement of small vessels and leptomeningneal enhance-
ment on MRI, respond favorably to GC therapy and have a good neu-
rological outcome [30,31]. The most severe end of the clinical spectrum
of PCNSV is represented by patients with angiographic evidence of
multiple bilateral large vessel lesions and MRI evidence of multiple
cerebral infarctions [7,8,10,11]. These patients had a rapidly pro-
gressive course and responded poorly even to an aggressive treatment
with GCs and CYC. Furthermore, relapses/recurrences occur in more
than one-quarter of PCNSV patients and effective immunosuppressive
strategies remain to be defined for improving long-term neurological
outcome in these patients [8,9,32]. Therefore, there is the unmet need
to identify therapeutic agents that may be helpful in patients who are
intolerant of, or respond poorly to traditional IS treatment, in particular
to GCs and CYC. We demonstrated that MMF, an immunosuppressive
agent successfully used to treat other vasculitides, and TNF-alpha
blockers may also be effective and safe therapies for adult PCNSV
[33,34]. MMF may represent a less toxic alternative to CYC for inducing
remission in PCNSV.

Rituximab is a chimeric human/murine monoclonal antibody that
acts by depleting CD-20+B-cells. It is an emerging novel therapeutic
option in several autoimmune neurological disorders [16–18]. In
PCNSV, the inflammatory infiltrate is typically composed of lympho-
cytes, and the presence of granulomas is frequent [4,35]. In our

C. Salvarani, et al. Autoimmunity Reviews 18 (2019) 399–405

402



cerebral biopsy series, immunohistochemical stains occasionally in-
cluded CD3 and CD20 as markers of T and B lymphocytes, respectively.
The presence of B lymphocytes in the inflammatory infiltrate (un-
published data) supports a rationale for using RTX in PCNSV.

Four previous case reports described 5 patients with active PCNSV
who despite traditional immunosuppressive agents, mainly CYC, re-
ceived RTX with good reported outcomes in 4 of 5 cases [21,22,24,25].
Two additional patients were successfully treated with RTX from the
beginning and RTX was able to induce the remission with improvement
of neurological status and MRI findings. The only patient who did not
respond had two RTX courses, at a 3-month interval, for a flaring dis-
ease. Three months after the second course at the last visit he was
clinically stable, but the MRI showed a small new area of T2 hyper-
intensity. Except for this patient, the length of follow-up after RTX
administration was adequate to evaluate the efficacy of this drug. In
particular, RTX was very effective in reducing the number of flares, 6/7
patients did not have any flare after starting RTX treatment over a
median follow-up of 10months.

A reporting bias may be present in the published cases showing the
efficacy of RTX in PCNSV. However, in our series, which included all
patients treated with RTX in two centers, 5 of the 6 patients responded
to RTX treatment with improvement of their neurological status. These
5 patients had vasculitis refractory to previous immunodepressive
treatment. The patient who received RTX as initial remission-induction
treatment had, after an initial improvement, 2 flares of vasculitis, when
B cells were depleted, and therefore he was considered a non-responder
to RTX treatment. MRI findings were improved in 3 patients and re-
mained stable without progression in 2. In these 6 patients, RTX was
started for a disease flare in 4 patients, lack of response to previous
treatment in one, and as initial remission-induction therapy in one.
Four of these 6 patients had previously been unsuccessfully treated with
traditional IS. After RTX therapy prednisone dosage was significantly

reduced and 6-month and last follow-up neurological outcome im-
proved in most patients. As in the published cases, RTX markedly re-
duced the number of flares. As observed in other vasculitides [12,36],
some disease flares occurred when the CD19+ count was restored, but
retreatment with RTX was able to induce and maintain the remission.
RTX was well tolerated by all patients. In particular, no serious adverse
events such as severe infections or infusion-related reactions occurred
[37].

Our study has several limitations, including the retrospective
nature, the small number of patients treated, the absence of controls
and the relatively short follow-up duration on RTX. Therefore, our re-
sults should be taken with caution. In addition, it is unclear how the
response achieved using RTX should be best maintained over time.
However, PCNSV is a rare disease and there are only sporadic case
reports describing the efficacy of the biological treatment on this con-
dition, particularly in patients refractory to traditional im-
munodepressants. The response to RTX of patients with refractory
disease and its ability to allow tapering of GCs and to reduce the
number of flares are encouraging findings, although they require con-
firmation in further studies. Although a randomized controlled trial
would be ideal to assess the efficacy of RTX, the rarity of PCNSV makes
this improbable.

5. Conclusions

Considering our results and those previously reported, we suggest
that RTX may be an effective and safe therapeutic option in patients
with PCNSV refractory to conventional immunodepressants. Anecdotal
reports indicate a potential role for RTX as a first line therapy, but
should be considered preliminary. Additional studies evaluating the use
of RTX for treatment of PCNSV are needed.

a b c
A

a b c
B

Fig. 1. A and B. Magnetic resonance imaging of patient 4. (a), at the moment of the second flare, when B cells recovered and the patient repeated rituximab (RTX)
and prednisone (PDN) was restarted at 30mg/day. Axial T1 Space Post Contrast sequence: abnormal enhancement of the vessel walls of the right middle cerebral
artery (arrow) consistent with vasculitis. (b), 3 months later, the vasculitis was in remission. Gadolinium Axial Proton Density Space Black Blood imaging: decreased
vessel wall enhancement (arrow) involving the right M1 segment extending to the trifurcation. (c), 7 months after RTX administration, the vasculitis was in re-
mission, PDN was suspended and CD19+ count was 0. Gadolinium Axial Proton Density Space Black Blood image: minimal vessel wall enhancement (arrow)
involving the right M1 segment extending to the trifurcation.
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