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Abstract: Rituximab (RTX) is established for the treatment of rheumatoid arthritis. This system-
atic review of the literature since 2006 summarizes evidence for the use of RTX in the treatment
of additional rheumatological diseases: antineutrophil cytoplasmic autoantibody-associated
vasculitis (AAV), hepatitis C virus-related cryoglobulinemic vasculitis, Henoch—Schdnlein
purpura, ankylosing spondylitis, and Raynaud’s phenomenon. Data from randomized controlled
trials are available only for AAV, confirming efficacy for remission induction, including in
disease resistant to conventional treatment, and maintenance of remission. Further studies are
required to confirm optimal maintenance regimens in AAV, important questions needing to be
addressed including protocol administration versus treatment in response to clinical relapse and
the importance of maintaining B-cell depletion. Sufficient data are available in other diseases to
suggest RTX to be useful and that randomized controlled trials should be conducted.
Keywords: anti-CD20 monoclonal antibody, anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitis, refractory ankylosing spondylitis, resistant cryoglobulinemic vasculitis,
refractory rheumatological diseases

Introduction

Antineutrophil cytoplasmic autoantibody (ANCA)-associated vasculitis (AAV), hepati-
tis C virus (HCV)-related cryoglobulinemic vasculitis (HCVrCV), Henoch—Schénlein
purpura (HSP), ankylosing spondylitis (AS), and Raynaud’s phenomenon (RP) are all
inflammatory conditions that may present challenges in management, due to failure/
intolerance of or contraindications to first-line treatment.

The introduction of cyclophosphamide (CYC) for induction of AAV remission
improved remission rates to >90% and reduced mortality dramatically.'* CYC-, aza-
thioprine (AZA)-, and glucocorticoid (GC)-based regimens have become standard
treatment for AAV. However, nearly half of patients relapse using such regimens.**
Similarly, HCVrCV, HSP, and RP commonly present with severe refractory exacerba-
tions that require one or more cytotoxic medications to control disease activity, with
significant associated side effects.
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Rituximab (RTX) is a cytotoxic monoclonal antibody
that depletes B cells following binding to the B-cell-specific
CD20 molecule. This reduces both antibody production and
presentation of T-cell epitopes to class II major histocompat-
ibility complex (MHC)-restricted T-helper (T, ) lymphocytes,
inhibiting humoral and T -cell-dependent autoimmune
responses. However, additional mechanisms of action have
been suggested.® RTX has proven efficacy in the treatment
of non-Hodgkin’s lymphoma, chronic lymphocytic leukemia,
and rheumatoid arthritis (RA).”® RTX may have a role in the
management of a wide range of chronic inflammatory condi-
tions, in which effects on disease progression are suggested
when other treatment modalities fail or are contraindicated,
and it may have a role in the management of relapses.”!!
This systematic review addresses the use of RTX in AAV,
HCVrCV, HSP, AS, and RP.

Materials and methods

Search strategy

The Medline (using PubMed), Ovid, EBSCO, Scopus,
CINAHL, Trip, and Google Scholar databases were searched
in October 2016, restricted to studies published in the Eng-
lish language. Search terms used were rituximab, treatment,
remission, update, refractory, relapsing, failure, severe, AAV,
AS, HCVrCV, HSP, and RP. References cited in studies identi-
fied were also retrieved, and clinical experts were consulted
to identify any additional studies.

Eligibility criteria
Inclusion criteria were: patients with AAV, HCVrCV, AS,
HSP, or RP; RTX as the intervention being studied; outcomes

of treatment described clearly; randomized controlled trial,
cohort study, case series, case report, or systematic review;
articles published from 2006 to 2016 (inclusive); and stud-
ies published in the English language. Articles related to
HCVrCV associated with “other” viral infections (eg, HIV
or HBV) were excluded. Patients with destructive AS or who
received nonsteroidal anti-inflammatory drugs (NSAIDs) at
the time of the study were also excluded. Study character-
istics, including RTX-treatment regimens, are summarized
in Table 1.

Screening and data extraction

Two independent reviewers screened retrieved reports by
review of titles and abstracts. The full texts of potentially rel-
evant reports were retrieved for detailed review. After the sec-
ond screening, the reviewers considered additional references
cited in the retrieved studies. Once a complete list of included
studies had been established, the reviewers extracted study-
level characteristics (authors, year of publication, geographical
location, and number of patients), patient-level characteristics
(type of condition, previous treatment, age, sex ratio, number of
relapsed cases, duration of relapse, possible factors leading to
relapse), intervention/exposure-level characteristics (regimen,
dose, duration), and outcome-level characteristics (response,
adverse events, and reported side effects).

Rituximab in other rheumatological
diseases

Additional rheumatological diseases that RTX may have
shown efficacy against include rheumatological diseases
resistant to known therapies, primary Sjogren’s syndrome,

Table | Summary of publications describing use of RTX in vasculitides

Study Design Patients (n)

RTX treatment regimen

ANCA-associated vasculitis

Brodowska-Kania et al*! CR | I: RTX Ig X2, 2 weeks apart

Awad et al®® CR | I: RTX Ig %2, 2 weeks apart
M: RTX 500 mg x2 weekly

Wendt et al” Cs 16 I: RTX 375 mg/m?*week x4 (n=5), |g x2, 2 weeks apart (n=6), 500 mg x2, 2 weeks
apart (n=5)

Lovric et al® cs 15 I: 375 mg/m?/week x4

Rhee et al’! Ret 39 M: | g 4-monthly for 2 years

Roubaud-Baudron et al Ret 28 M: 375 mg/m? 6-monthly (n=13), | g biannually (n=4), | g every 12 months (n=3),
other regimens (n=8); average infusions: 4 (2—10)

Smith et al** Ret 73 I: 375mg/m?/week x4 or | g x2
M: RTX only in response to relapses (n=28), RTX regularly | g 6-monthly for 2
years postinduction (n=45), or RTX regularly | g 6-monthly for 2 years initiated at
relapse; cumulative dose in patients treated regularly: 6 (2-11) g

Cartin-Ceba et al*® Ret 53 I: 375 mg/m?/week x4
M: 375 mg/m?week x4 or | g every 2 weeks X2

(Continued)
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Table | (Continued)

Study Design Patients (n) RTX treatment regimen

Besada et al* Ret 35 I: I gx2 M: RTX 2 g annually

Calich et al¥ Ret 66 I: 375mg/m?/week x4 or | g x2
M: 500 mg every 6 months x1.5 years

Pendergraft et al* Ret 172 M: | g every 3—4 months

Charles et al*® Ret 80 I: 375 mg/m*week x4 or | g x2, 2 weeks apart
M: 375 mg/m?every 6 months (26%), 500 mg every 6 months (14%), | g every
6 months (11%)

Moog et al* Ret 17 I: RTX 375 mg/m? x|
M: RTX 375 mg/m? x| every 69 months (if rising antibody titers or B-cell return)

Alberici et al® Ret 69 I: 375 mg/m?*week x4 or | g x2, 2 weeks apart
M: | g every 6 months for 24 months

Nagafuchi et al* POL 7 I: RTX 375 mg/m?*/week x4 weeks

Stone et al,'" Specks et al'® (RAVE) RCT 197 I: RTX 375 mg/m¥week x4 or CYC 2 mg/kg/per day orally

Jones et al'?2 (RITUXVAS) RCT 44 I: randomized 3:1 to GC plus either RTX (375 mg/m?week x4) with two
intravenous CYC pulses (n=33, rituximab group), or intravenous CYC for
3-6 months followed by AZA (n=11, control group)

Guillevin et al** (MAINRITSAN) RCT 118 I: CYC+GC
M: RTX 500 mg days 0 and 14 and months 6, 12, and 18 or AZA (daily orally) until
month 22

de Menthon et al® RCT 17 I: 375 mg/m%week x4 v infliximab

Specific tissue involvement in AAV
Necrotising scleritis

Recillas-Gispert et al?! Ret 8 (12 eyes)
Pulmonary nodules

Henderson et al?® CS 5
Eosinophilic granulomatosis with polyangiitis
Umezawa et al®? CR |
Thiel et al® Ret 9
Mohammad et al* Ret 41
Henoch-Schénlein purpura

Pillebout et al*® CR |
Donnithorne et al¥ CS 3
HCV-related vasculitis

Lamprecht et al*’ CR |
Petrarca et al*® CS 19
Visentini et al*® CS 6
Saadoun et al*® PC 16
Terrier et al® PC 32
Saadoun et al* PC 95
Visentini et al** PC 27
Dammacco et al*® PR 41
De Vita et al®' PR 57
Sneller et al’ RCT 24

M: 375 mg/m?week at months 4, 8, and 12

I: RTX Ig %2, 2 weeks apart
RTX Ig x2, 2 weeks apart

I: 375 mg/m?/week x4

I: RTX Ig %2, 2 weeks apart

I: 375 mg/m*week x4 or | g x2, 2 weeks apart

M: 375 mg/m2/week x4 (3), | g X2, 2 weeks apart (2), | g x| (16), 600 mg x| (1)

RTX lg x2, 2 weeks apart

RTX Ig %2, 2 weeks apart (n=1), 375 mg/m?*week x4 (n=2, repeated for relapse in
one patient)

RTX 500 mg every 3 weeks x6

RTX 375 mg/m?*week x4

RTX 250 mg/m? x2

RTX 375 mg/m? on days |, 8, |5, and 22 over a period of | month + PEG-IFNo. +
ribavirin

RTX 375 mg/m? on days |, 8, I5, and 22 or 1,000 mg on days | and 15 + PEG-IFNa.
+ ribavirin (n=20) vs RTX 375 mg/m? on days |, 8, 15, and 22 or 1,000 mg on days |
and 15 (n=12)

RTX 375 mg/m? on days |, 8, |5, and 22 over | month + PEG-IFNo. + ribavirin
(n=40) versus PEG-IFNo. + ribavirin (n=55)

RTX 250 mg/m? x2

RTX (375 mg/m?) once a week for | month followed by two 5-monthly infusions +
PEG-IFNo. + ribavirin (n=22) versus PEG-IFNo + ribavirin (n=19)

RTX I g on days 0 and 14 vs conventional therapy (GC, n=17; PE, n=5; CYC, n=4;
AZA, n=3); note four of 57 not associated with HCV

RTX 375 mg/m? on days |, 8, |5, and 22 vs conventional therapy

Abbreviations: AAV, ANCA-associated vasculitis; ANCA, antineutrophil cytoplasmic autoantibody; AZA, azathioprine; CR, case report; CS, case series; CYC,
cyclophosphamide; GC, glucocorticoid; HCV, hepatitis C virus; |, induction; M, maintenance; POL, prospective open-label; PC, prospective cohort; PEG, polyethylene glycol;
PR, prospective randomized; RCT, randomized controlled trial; Ret, retrospective cohort study; RTX, rituximab.
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scleroderma with myositis, and Behget’s disease. The
authors believe that many of these review areas merit sepa-
rate research. To this extent, the authors are conducting a
systematic review and meta-analysis of RTX in resistant
lupus cases, as well as another separate analysis of RTX in
scleroderma with myositis along with Behget’s disease, and
the authors believe that no new evidence has emerged since
a review was conducted in 2017 on the safety of biological
disease-modifying antirheumatic drugs modulating B cells
in primary Sjogren’s syndrome. '

Assessment of the quality of included

studies

Reviewers documented the type of study, the journal, whether
data collection was prospective, sequential patient enrolment,
the selected intervention, and the duration of follow-up.
Assessors were blinded to study author, journal, publication
date, and main results. Each study was assessed for overall
quality, comprehensiveness, and possible sources of bias.
Independent adjudication resolved disagreements.

Statistical analysis

A narrative systematic review was prepared. Meta-analysis
was not undertaken, due to heterogeneity in the design and
populations of included studies.

Results

Description of included studies

A total of 875 reports were retrieved from the literature
search, manual search of cited references, and sugges-
tions by clinical experts. After the first screening process,
a total of 145 studies were deemed potentially relevant.
Of these, 50 publications were included in this systematic
review. There were 21 studies recruiting patients with AAV
(including two long-term follow-up studies of patients
previously reported)'®!” and two additional studies report-
ing organ-specific outcomes in AAV?**! Three additional
studies reported use of RTX in eosinophilic granulomatosis
with polyangiitis (EGPA), and two reported use in HSP. We
identified ten studies describing RTX use in HCVrCV, seven
in AS, and four in RP. A Cochrane review of treatment of
AAV published in 2015 was also considered. A flowchart
describing study selection is shown in Figure 1. Study design
for selected studies is documented in Tables 1 and 2.

ANCA-associated vasculitis
Between 2001 and 2006, there were a number of case reports
and case series and three prospective open-label studies

suggesting RTX to be effective in induction of remission
in AAV (predominantly AAV with granuloma formation).
These cases were largely patients with treatment failure on
conventional treatment, and the open-label studies reported
conflicting results.”? However, RTX was suggested to be
effective in the treatment of AAV. The published literature
since these initial studies has been reviewed, seeking clarity
with regard to the efficacy of RTX in AAYV, in particular given
the publication of results from three prospective randomized
controlled trials. We identified 22 articles addressing the
role of RTX in three different clinical settings: the induction
of remission, the maintenance of remission, and the use of
RTX for induction and maintenance of remission in the same
patient, including one Cochrane review. Two of these articles
described long-term follow-up of patients already described
and subgroup analyses of these studies. Two additional studies
described the effect of RTX treatment on specific manifesta-
tions of AAV (scleritis and pulmonary granulomatous dis-
ease). Three articles were identified describing the use of RTX
for treatment of EGPA. Finally, one case series and one case
report described the use of RTX in four patients with HSP.

These publications described RTX use for de novo induc-
tion of remission and as “rescue therapy” in patients in whom
conventional treatment had failed to induce remission or in
whom relapse was seen. RTX was also used in small numbers
of patients in whom conventional therapy (most often CYC)
was contraindicated. Overall, RTX was shown to be effective
in all settings in AAV. These studies and the RTX regimens
used are summarized in Table 1.

Induction

The RAVE!" and RITUXVASY? studies demonstrated the
efficacy of RTX in remission induction in AAV.* RAVE
confirmed RTX (375 mg/m?* weekly x4) remission induc-
tion to be noninferior to conventional CYC treatment in a
multicenter randomized double-blind placebo-controlled
study (remission achieved in 64% vs 53%, P=0.09). In this
study, 48% of RTX and 49% of control patients were newly
diagnosed. Of patients treated for relapse, 82% receiving
RTX and 74% of controls had previously received CYC.
RITUXVAS demonstrated RTX (375 mg/m? weekly x4)
plus two pulses of intravenous CYC not to be superior to
conventional 3- to 6-month intravenous CYC for remission
induction in AAV, with outcomes as good following RTX
induction through to 2 years’ follow-up.'® In contrast to the
RAVE study, all patients in this study were newly diagnosed,
and all had renal involvement. In RAVE, RTX induction
was followed by withdrawal of GCs by ~6 months, with

submit your manuscript

204

Dove

Open Access Rheumatology: Research and Reviews 2017:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Rituximab treatment in rheumatological disease

Initial search

ANCA-associated
vasculitis

n=508

HCV-related
cryglobulinemic
vasculitis

n=259

Ankylosing
spondylitis

n=56

Raynaud’s
phenomenon

n=34

Henoch—-Schénlein
purpura

n=18

n=875

Exclusion of
irrelevant articles

n=417

Exclusion of
irrelevant articles

n=223

Exclusion of
irrelevant articles

n=47

Exclusion of
irrelevant articles

n=29

Exclusion of
irrelevant articles

n=14

Total articles

Figure | Search strategy and articles excluded and selected.
Abbreviations: ANCA, antineutrophil cytoplasmic autoantibody; DMARD, disease-modifying antirheumatic drug; HCV, hepatitis C virus; NSAID, nonsteroidal anti-

inflammatory drug.

no additional maintenance immunosuppression. This was
central to study design.!®!1:4

In RITUXVAS, patients receiving RTX (plus two doses
of CYC) induction continued with a low-dose GC (5 mg

Exclusion:
Non-English articles

Other type of vasculitis

Other autoimmune
disease

Included
n=27

n=64

Exclusion:
Non-English articles
Non-HCV cryoglobulinemia Included
Other viral infection n=10

Patients reported in other included
study
n=26

Exclusion:
Severe destructive disease

Patients received DMARD Included
of NSAID within 4 weeks n=7

n=2

Exclusion:
Non-english articles
Non-rituximab articles

Included
n=4

n=1

Exclusion:
Non-english articles Included
Non-rituximab articles n=2

n=2

n=50

prednisolone). In RAVE and RITUXVAS control arms,
patients received conventional CYC continued with oral
AZA maintenance. Subgroup analysis of the RAVE cohort
indicated that RTX appeared to be equally effective as CYC

Open Access Rheumatology: Research and Reviews 2017:9
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Table 2 Summary of publications describing use of RTX in nonvasculitic musculoskeletal disease

Study Design Patients (n)

RTX treatment regimen

Ankylosing spondylitis
Rodriguez-Escalera and CR |
Fernandez-Nebro®'

I: RTX Ig x2, 2 weeks apart + lamivudine for hepatitis B infection

I: RTX 500 mg %2, 2 weeks apart (anti-TNF blocker-naive)
I: RTX lg X2, 2 weeks apart, repeated 8 months later

I: RTX lg X2, 2 weeks apart, repeated 6 months later

I: 375 mg/m?/week X2, 2 weeks apart

M: 375 mg/m?/week X2 at 6 months and 12 months from induction

Huang et al®? CR |
Omair et al? CR |
Kobak et al*® CR |
Aldhaheri et al** CR |
Nocturne et al*® CS 8
Song et al®® POL 20

Raynaud’s phenomenon

I: RTX I g x2, 2 weeks apart (only one patient was anti-TNF blocker-naive)
I: RTX Ig %2, 2 weeks apart (TNF blocker-naive vs TNF blocker-treated)

RTX 375 mg/m? after each plasma exchange x9

RTX Ig + iloprost + methylprednisolone + CYC; 2 weeks later, full schedule repeated; two

further courses of RTX | g + iloprost + methylprednisolone

Rech et al’ CR |
Dunkley et al® CR | RTX g x2, 2 weeks apart
Haroon et al® CR |
Shabrawishi et al®® CR |

RTX Ig x2, 2 weeks apart. Second treatment for relapse RTX 375 mg/m?/week x4

Abbreviations: CR, case report; CS, case series; CYC, cyclophosphamide; |, induction; M, maintenance; POL, prospective open-label; RTX, rituximab.

in those patients with glomerulonephritis or pulmonary
hemorrhage.?* Longer follow-up (18 months) of the RAVE
cohort confirmed that the initial single course of RTX was
as effective for maintenance of remission as CYC induction
plus AZA maintenance.'® Subgroup analysis demonstrated
treatment specifically for renal involvement to be associ-
ated with equivalent outcomes in the RTX and CYC arms.?
Comparison of these studies, in addition to differences
in induction regimen, shows that RAVE and RITUXVAS
recruited different patient groups, with RITUXVAS confined
to de novo disease?”® and RAVE including slightly over 50%
of patients treated for relapse following “conventional” de
novo disease induction.*!!

A number of studies have reported specifically on treat-
ment of refractory disease with RTX. A report of seven
Japanese patients with AAV refractory to treatment with
CYC demonstrated the induction of remission using RTX
in six, with one death.?® These patients did not receive
planned maintenance, with relapse being seen in five of the
six surviving patients. Wendt et al*’ similarly reported good
outcomes using RTX for treatment of patients with “dif-
ficult” refractory or relapsing disease, although one patient
died in this series. Also, de Menthon et al?® reported RTX to
be effective at achieving remission in five of eight patients
with disease refractory to conventional treatment in a study
comparing infliximab and RTX. RTX achieved remission in
14 of 15 patients with refractory disease reported by Lovric
et al.” These authors sounded a note of caution with regard
to complications, as one patient died of pneumonia and a
further patient experienced reactivation of hepatitis B and
died following refusal of dialysis. Subgroup analysis in the

RAVE study confirmed RTX to be as effective in de novo
as in refractory/relapsing disease.!'* Cartin-Ceba et al*
reported retrospectively on the use of RTX for induction of
remission in a cohort of 53 patients with refractory AAV at
the Mayo Clinic. In contrast to conventional findings, this
group reported increasing PR3 titers to be predictive of
relapse, suggesting this to be an indication for retreatment.
Furthermore, they only saw relapse following return of
peripheral blood B cells.

Maintenance

The efficacy of RTX for maintenance has also been stud-
ied. In keeping with the report from the Mayo Clinic,* the
RITUXVAS study team commented that relapses seen fol-
lowing RTX induction all occurred in patients in whom B-cell
recovery had occurred.'”” Numbers were small (n=2), and as
85% of patients had B-cell recovery by study end, this may
not be a significant observation. However, given that relapse
is seen in ~20% of patients receiving both conventional
immunosuppressive regimens and RTX induction regimens
for AAYV, investigation of optimal maintenance therapy is of
interest. Many of the studies reporting use of RTX for induc-
tion also comment on treatment of relapses. A number of
studies have focused specifically on maintenance treatment.
Rhee et al’! reported successful use of RTX for maintenance
of remission in 39 patients with AAV (1 g 4-monthly in 33
of 39 patients, minor variations to dosing in remaining six)
in a retrospective study. Roubaud-Baudron et al*? reported
retrospectively specifically on the efficacy of a variety of
RTX maintenance regimens (Table 1) in AAV (GPA, n=24;
microscopic PA, n=4). A total of 21 of these patients had
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received RTX for initial disease treatment also and received
RTX maintenance as part of a continuing RTX treatment
protocol. Six of the remaining seven patients received RTX
maintenance due to intolerance or lack of efficacy of AZA/
mycophenolate mofetil regimens, and one received RTX
maintenance due to renal insufficiency. Of 28 patients, 17
maintained complete remission and 11 partial remission at
a median follow-up of 38 months. Of the 17 patients achiev-
ing complete remission, 11 had irreversible organ damage,
including 6 with end-stage renal disease.

The MAINRITSAN study subsequently confirmed RTX
to be superior to AZA for maintenance of remission in AAV. >
In this randomized, unblinded, controlled trial, 118 patients
received either AZA or RTX after remission induction with
CYC and GC. Major relapse occurred in 29% of patients in
the AZA group compared with 5% in the RTX group. The
frequency of severe adverse events was similar in the two
groups. Smith et al** compared three different RTX main-
tenance regimens in a retrospective cohort study recruiting
73 patients. Group A received induction followed by RTX
treatment only in response to relapses. Following induction
of remission, group B were given planned maintenance RTX
every 6 months. Group C included relapsed patients who were
then given regular maintenance treatment. Complete/partial
remission occurred in 93% of group A, 96% of group B, and
95% of group C. Relapse rates after 2 years of treatment were
73%, 12%, and 11% in each group, respectively, and at last
follow-up (median 44 months) relapse rates were 85%, 26%,
and 56%, respectively, for the three groups.

Induction and maintenance

With demonstrated efficacy of RTX at induction of remission
and superiority compared to AZA in remission maintenance
in patients receiving conventional CY C-based induction, the
remaining question is whether RTX used for induction and
maintenance in the same patient is superior to either of these
two strategies. Awad et al reported successful use of RTX
for induction and maintenance of remission in a 57-year-
old female patient.>* Further retrospective studies reported
outcomes in 17°¢ and 667 patients, demonstrating RTX to
be effective and safe for use in both remission induction and
maintenance therapy in GPA. In the first study, Moog et al*
administered relatively low-dose RTX (375 mg/m?) for induc-
tion and maintenance. In the second study,*’ 59 of the patients
reported had received previous CYC. The maintenance dose
of RTX was relatively low in this study also (500 mg every 6
months). At the 18-month follow-up, the incidence of severe
infections was 13.6%. In a multicenter retrospective study

of RTX treatment for AAV, low-dose RTX was shown to
induce and maintain remission effectively, with a significantly
lower relapse rate than conventional treatment.*® This study
sounded a note of caution also with regard to complication
rates, with 22 documented side effects (predominantly infec-
tious) and 4 deaths. A long-term follow-up of 69 patients who
received repeated RTX as maintenance therapy following
RTX induction supported the efficacy and safety of a fixed-
interval regimen. A total of 67 of these patients were failing
other therapies. Patients received maintenance for 2 years,
with 29 patients relapsing a median of 34 months after the
last RTX infusion and 9% of patients needing additional
immunosuppression.®’ A single-center retrospective analysis
of 172 patients with AAV who underwent RTX induction and
maintenance therapy demonstrated major relapse in only 5%,
associated with weaning of additional immunosuppressive
agents.*® This was significantly lower than the 20% remis-
sion reported using conventional CYC- and AZA-based
regimens or RTX induction, and is equivalent to the 5%
relapse reported with RTX use for maintenance following
CYC remission induction in the MAINRITSAN study.*
Pendergraft et al** administered higher doses of RTX with
routine 4-monthly 1 g maintenance doses for up to 7 years,
specifically aiming to maintain B-cell depletion throughout,
in part addressing the comment in the RITUXVAS study that
B-cell return was associated with relapse. The dose interval
was shortened to 3 months if B-cell return was seen. A total of
25 serious infections were reported, and 17 patients developed
late-onset neutropenia, 13 requiring treatment with granulo-
cyte colony-stimulating factor. Neutropenia recovered, and
RTX was continued in all patients.

A report of complication rates in 35 patients receiving
RTX induction and maintenance for a median of 44 months
(2—88 months) is of note.** Following induction with RTX 1
g X2 2 weeks apart, further maintenance doses of 2 g were
given annually: 37% of patients discontinued RTX, mainly
due to hypogammaglobulinemia, and 26% of patients devel-
oped a severe infection.*” A high dose of concomitant CYC
treatment was suggested to be a significant risk factor for
severe infection. This study used higher doses of RTX than
other studies already discussed, where regular maintenance
doses were administered.

Considering specific organ involvement, as discussed,
the RAVE and RITUXVAS studies confirmed RTX to be
effective in patients with renal disease.!"'> In a retrospective
analysis of eight patients, RTX (1 g X2 2 weeks apart) was
useful in the treatment of refractory necrotizing scleritis in
patients with GPA.2! A case report of a patient with AAV of
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high disease activity demonstrated the efficacy of RTX in
lung disorders, but no significant remission of granuloma-
tous infiltration in the orbits was seen.*! The Japanese study
already referred to?* demonstrated resolution of granulo-
matous orbital involvement in one patient. A further report
of five cases of GPA with persistent pulmonary lesions?
demonstrated RTX to be effective at improving radiological
appearances of pulmonary disease. These authors reported
readministration of RTX if necessary to maintain B-cell
depletion up to 18 months’ follow-up.

RTX has also been used successfully for treatment of
EGPA refractory to GC, CYC, and intravenous Ig.*> A retro-
spective study of nine patients treated with RTX for relapsing
or refractory disease further suggested the efficacy in EGPA .+
Mohammad et al reported retrospectively on 41 patients (36
with relapsing or refractory disease and five with new pre-
sentations) from four centers treated effectively with RTX.*

HSP is a further clinical variant of small-vessel vasculitis,
in which RTX has been suggested to be effective. The vast
majority of patients with HSP recover spontaneously, but
about a third have recurrent disease episodes.* The recur-
rence rate is higher in those with severe disease and renal
involvement. Conventional treatment for recurrent disease
is GCs and CYC.* RTX has been noted to be a successful
treatment for severe refractory chronic HSP in three pediatric
patients. All three patients responded to one or two courses
of RTX, with no serious adverse events reported.”’ RTX has
also been used successfully as de novo treatment in an adult
with HSP with renal involvement (Table 1).#

HCV-related cryoglobulinemic vasculitis
Ten publications describing RTX for treatment of HCVrCV
were identified, describing treatment of 294 patients
(Table 2). One publication described a larger study* incor-
porating data from 16 patients described previously.*® A total
of 97 patients received RTX only, 110 patients received RTX
in combination with other drugs, and 87 patients received
either control or conventional treatment.

Sneller et al®° randomized 24 patients with HCVrCV in
whom antiviral therapy had failed to receive RTX versus
“best available therapy”. Ten of 12 (83.3%) patients who
received RTX achieved remission at 6 months compared to
one of 12 in the control group. Of the remaining two patients,
one withdrew from the study at month 5 because of a severe
febrile illness and the other achieved remission at month 4,
then relapsed at month 6. After 6 months of follow-up, six
of ten patients in whom remission was achieved were still
in remission, while three of the remaining four patients

experienced relapse and were treated with a second course
of RTX. These patients achieved and remained in remission
for more than 6 months after the second course. One patient
was lost to follow-up at month 7.

In a similar study, De Vita et al>! randomized 59 patients
with CV to receive RTX versus conventional treatment, data
on 57 patients being available for analysis. Although HCV
infection was not an inclusion criterion, 53 of 57 patients
had HCV infection, in keeping with our understanding of
CV. This study primarily showed good compliance with RTX
treatment, confirming also noninferiority of RTX.

RTX has been shown to be more effective when com-
bined with antiviral drugs. Terrier et al>* demonstrated 80%
complete remission of HCVrCV with RTX combined with
polyethylene glycol (PEG)-IFNo and ribavirin compared to
57% complete remission with RTX alone. Dammacco et al*
compared PEGylated IFNa. + ribavirin + RTX (n=22) with
PEGylated IFNo + ribavirin (n=15). In the group receiving
RTX, 54.5% achieved a complete response compared to
33.3% in PEG-IFNa + ribavirin group. Five patients from the
RTX group (22.7%) and five from the PEG-IFNo. + ribavirin
group (33.3%) achieved a partial response.® Two separate
prospective studies by the same group reported complete
responses to RTX treatment in 13 patients at six months with
two partial responders and four patients relapsing,** and in the
second publication, complete clinical response was achieved
in four of five patients (80%).%

RTX has also been shown to have a useful therapeutic
effect in patients with liver cirrhosis due to HCV infection.
Petrarca et al*® reported two cases of HCVrCV with liver
cirrhosis. Both cases had increased portal vein diameter on
ultrasound, splenomegaly, and ascites. After RTX infusion,
both patients experienced improvement in their symptoms.
At the end of follow-up, their portal vein diameter had
improved, close to normal, with reduction in maximum
longitudinal spleen diameter, no ascites in the first case, and
persistence of a very small amount of ascites in the second
case. Finally, RTX in combination with PEGylated IFNa
has been demonstrated to induce remission of HCVrCV in
a patient with non-Hodgkin’s lymphoma following failure of
conventional treatment.>’

Ankylosing spondylitis

Seven publications reported use of RTX in the management
of AS: five case reports, one case series, and one open-
label trial (Table 2). Nocturne et al*® reported data from the
French autoimmunity and RTX registry on outcomes in ten
patients with spondyloarthritides treated with RTX. Two were
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excluded because of concomitant infliximab treatment in one
and treatment for vasculitis with no effect on concomitant
AS in the other. Of the remaining eight patients, three had
AS, two had undifferentiated spondyloarthritides, and three
had psoriatic arthritis. Seven of the eight patients had previ-
ously received anti-TNF treatment. All received RTX 1 g
%2 2 weeks apart. Five patients also received methotrexate.
Clinicians reported a response to RTX in only two of these
patients. A further open-label study reported greater effi-
cacy of RTX.* In this study, 20 patients received RTX (1 g
%2 2 weeks apart), ten of whom were anti-TNF-naive. All
patients had active disease, as defined by a Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) score >4, with
response defined as a 20% reduction in disease activity. No
patients had received immunosuppression within 4 weeks of
RTX administration. A clinical response to RTX occurred
as early as 4-8 weeks after the first RTX infusion; 90% of
the naive group responded to treatment. In contrast, at best
only a partial response was seen in 30% of the group that
had failed anti-TNF treatment.

The five case reports supported the efficacy of RTX
in AS. The commonest regimen used was 1 g X2 2 weeks
apart. Kobak et al reported this regimen to achieve a partial
response in a patient who had failed with disease-modifying
antirheumatic drugs and anti-TNF treatment, as evidenced
by improvement in acute-phase reactants and magnetic reso-
nance imaging. No BASDAI score was recorded.®® A further
case report documented a 28-year-old female HBV-positive
patient with AS and peripheral arthritis who responded to
RTX. She had failed on NSAID and methotrexate treatment
and refused anti-TNF treatment, fearing TB reactivation.
Lamivudine was given with RTX. There was a dramatic
improvement in her arthritis, without reactivation of her
HBYV infection.®’ A further case of axial AS that had failed
to improve with NSAID improved significantly with RTX,
with resolution of sacroiliac joint edema.®? A lower RTX dose
(500 mg x2) was used to treat this patient. Finally, a case of
AS complicated by demyelinating disease due to anti-TNF
therapy showed partial improvement after RTX administra-
tion, with resolution of neurological symptoms (Table 2).%

A further case report® documented a 38-year-old male
patient with AS who initially responded to infliximab and
was then given etanercept in response to a disease flare. He
subsequently developed papillary thyroid cancer treated
with thyroidectomy and radioiodine. RTX was given for a
further disease flare not responsive to sulfasalazine and an
NSAID, with good response (BASDAI score improved from
7.1t02.3).

Raynaud’s phenomenon

Four cases of use of RTX use in RP have been reported
(Table 2). All patients were female and had mixed connective-
tissue disease (MCTD). Three of four responded to RTX after
having failed on a first-line immunosuppressant. In the first
case, there were very high titers of ribonucleoprotein antibody
that became negative after treatment, correlating with clinical
improvement.® In the second case also, there was severe RP
due to MCTD that started to fail to respond to regular immu-
nosuppressive treatment. The patient began to improve after
plasmapheresis with intravenous Ig, but there was complete
remission after RTX administration. The patient was fol-
lowed up for 1 year with no relapse.® A third case of RP with
MCTD and high titers of ANA received immunosuppression
and iloprost infusion, but achieved further significant clinical
improvement following RTX. This patient relapsed after 10
months, despite further depletion of B cells at 2- and 6-month
intervals.®” The fourth case®® suffered from primary RP and
had responded poorly to aspirin, nifedipine, sildenafil, GC,
intravenous heparin, and intravenous iloprost. RTX resulted
in an excellent clinical response. Four and a half years after
initial treatment, the patient experienced a relapse, which
again responded to RTX.

Discussion
Most patients with autoimmune musculoskeletal disease
require immunosuppression and/or anti-TNF treatment to
control disease activity and slow progression, with a wide
range of adverse effects. It is thus important to address the
role of alternative medication that has efficacy against these
diseases, in particular if alternatives are associated with a
safer side-effect profile and can be used in cases where con-
ventional immunosuppression is contraindicated. RTX is sug-
gested to have such benefits. RTX is an established treatment
for RA. For other rheumatological diseases, its use is best
supported in AAV. The earliest clinical evidence supporting
RTX use in AAV came from a case study in 2001,% in which
a 66-year-old man with GPA developed severe CY C-induced
bone-marrow toxicity. He was thus treated with a combination
of GC and RTX. After four doses of RTX, he experienced
clinical remission, allowing discontinuation of GC. RTX
alone was later used to treat a relapse in the same patient,
thus fulfilling the requirement of efficacy with reduced side-
effect profile, introducing a new line of treatment for AAV.
RTX is now established as an effective alternative to
standard CYC-based treatment in induction of remission
of AAV, with RCT evidence supporting use of 375 mg/m?
weekly x4, but there is evidence for 1 g X2 2 weeks apart, as
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used in RA, to be effective also (Table 1). RTX is effective
in remission induction in both de novo disease and follow-
ing relapse. Cases refractory to conventional treatment may
respond to RTX.

The strongest evidence for remission maintenance in AAV
with RTX comes from the MAINRITSAN study using 500
mg 6-monthly to month 18 (Table 1). However, uncertainty
remains with regard to the optimal dose, dosing regimen,
and whether long-term maintenance is needed. The role of
sustained B-cell depletion also remains to be clarified. Impor-
tantly, the main benefit of RTX would seem to be avoidance
of toxicity, and if prolonged B-cell depletion is needed to
maintain remission, then the role of RTX in maintenance
of long-term remission will need to be studied carefully in
appropriately powered RCTs specifically balancing efficacy
against adverse events.

RTX has also been shown to be useful in two other vascu-
litic diseases: EGPA and HCVrCV. In EGPA, RTX 375 mg/m?
weekly x4 and 1 g X2 2 weeks apart have been suggested to
be effective. Although no RCTs are available, the efficacy in
AAV suggests that the evidence of efficacy in EGPA (from
more limited reports) is probably reliable. The use of RTX
in HCVrCV is of particular interest. A dosing regimen of
1 g x2 2 weeks apart has typically been used in this setting.
Importantly, even when used alone, RTX is effective and not
associated with exacerbations of viral infection. However,
combination therapy of RTX with antiviral therapy would
seem to be optimal and is associated with better outcomes
than monotherapy with antiviral agents. Two case reports
have demonstrated reduction in portal vein diameter and
reduction in maximum longitudinal spleen size in patients
with associated liver cirrhosis.*®

RTX also shows efficacy in anti-TNF-naive patients
with AS. The suggestion of a better response to RTX in
anti-TNFo-naive patients is of interest.** However, care
must be taken in interpreting these data, due to the potential
for selection bias. In general, patients who receive RTX
having received anti-TNF treatment have failed the anti-
TNF treatment. It is thus possible that the better response
in anti-TNF-naive patients is because those who have failed
anti-TNF treatment are a selected population enriched with
patients with more “difficult” disease. A report of a patient
who had responded to anti-TNF treatment, but in whom RTX
was chosen for further treatment due to the development
of cancer is of interest. A good response to RTX was seen,
despite this patient having received anti-TNF treatment.
Therefore, anti-TNF-naive versus anti-TNF-treated may not
be the important discriminator, anti-TNF responder versus

nonresponder perhaps better defining those who will and
those who will not subsequently respond to RTX.

There were insufficient data in primary RP to give a
conclusive result. However, a significant reduction in autoan-
tibody titer was reported in patients who responded clinically
to RTX with an increase in antibody titers in relapse. The
report of a patient with primary RP responding to RTX® is of
interest, although the authors noted a number of risk factors
for progression to secondary RP, making long-term follow-
up necessary to confirm that this is a case of primary RP.

Mechanisms of action and predictors of

response
RTX binds CD20, depleting B lymphocytes, thus most obvi-
ously having an effect on antibody production. However,
B lymphocytes have multiple roles in immunoresponses,”
including a role as antigen-presenting cells, priming class II
MHC-restricted CD4* T,, lymphocytes, in particular at low
antigen levels.”! These cells in turn are essential in CD8*
T-cell and macrophage-mediated (delayed-type hypersen-
sitivity) autoimmune diseases. In the context of AAV, the
relative contribution of cellular versus humoral responses in
disease pathogenesis continues to be debated. However, RTX
would impact on both arms of the immunoresponse through
direct B-cell depletion and as a consequence an indirect effect
on antigen presentation to T cells. Similar considerations may
be relevant in EGPA, HCVrCYV, and HSP. AS is a disease in
which no role has been demonstrated for antibodies, it being
mainly an inflammatory process due to CD4* and CD8" T
lymphocytes and macrophages. Based on histopathological
studies, CD3* T cells (both CD4* and CD8"), as well as CD20*
B cells, are seen to infiltrate cartilage and subchondral bone.”
Interestingly, the number of infiltrating B cells was higher
than that of infiltrating T cells.”’ Therefore, the efficacy of
RTX in this disease is understandable, due to its impact on
T-cell priming. Inflammatory cytokines also play an impor-
tant role in immunomediated disease.®’ RTX has also been
shown to reduce the production of proinflammatory cytokines
significantly, including TNFa, IL1, and IL6.7

In further consideration of the role of B-cell depletion in
the efficacy of RTX, whatever the role of B cells in the disease
process, a number of studies have demonstrated differential
depletion of B cells in different B-cell compartments. Periph-
eral blood B cells are very effectively depleted by RTX, as
are synovial infiltrates in RA. However, depletion of germinal
center B cells is less effective. It is not clear whether this
is due to pharmacokinetic or biological reasons. However,
immunosuppressive monoclonal antibodies (anti-MHC class
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11, anti-CD4, anti-CD52) penetrate germinal centers poorly
in animal models (Richard Smith, personal communication),
supporting a pharmacokinetic explanation.

The median half-life of RTX after completion of the first
infusion is about 21 days. The infusion can be repeated after
6-12 months if the patient relapses.”’” Minimal data from
uncontrolled trials, particularly in RA, show that the clinical
effect of RTX is first evident 4-8 weeks after infusion and
lasts longer than 1 month.”*”” Differences in the reported
response to RTX may be due to differences in concomitant
GC adminstration.’®”

RTX is effective in AAV, as reported herein. In a large
European cohort with relapsing—refractory AAV, RTX was an
effective treatment. Favorable prognostic factors in this cohort
included kidney involvement, age >50 years, and achieve-
ment of negative ANCA following 6 months of treatment.%
In HCVrCYV, the combination of RTX with antiviral treat-
ment (PEGylated IFN/ribavirin) was associated with better
outcomes than the use of RTX alone.” In AS it is of note that
TNFo blocker-naive patients respond better than patients who
have failed with anti-TNF therapy. The reason for this is not
clear. A lack of response to anti-TNF may mark a subgroup
of patients who for whatever reason are destined to respond
poorly to RTX.

In RP associated with MCTD and high titers of RNP, RTX
treatment was successful in patients with negative ANA, but
failed in those who had positive ANA.% Some cases relapsed
after weaning of other immunosuppressive agents.* Penetra-
tion of RTX into affected tissues might also play a role, as
there was a case report* showing dramatic improvement in
lung symptoms, but limited improvement in orbital mani-
festations of disease.

Adverse reactions

RTX has been shown to be effective, with a good margin of
safety in many rheumatological diseases. However, it should
be noted that its safety is not yet definitively established, in
particular in AAV, because of the relatively short follow-up
of patients so far. Discontinuation of RTX due to toxicity
has been reported. Adverse effects associated with RTX
use include infusion reactions, hypogammaglobulinemia,
especially after repeated courses, infections, reactivation of
HBY, and late-onset neutropenia, which may manifest months
after therapy and is mostly asymptomatic and reversible. In
patients with AAV, infections are a major cause of morbid-
ity and mortality, particularly during remission induction,
when the most intensive immunosuppressive regimens are

administered. It is likely that total immunosuppressive expo-
sure is an important determinant of infection risk.

In AS, HBV reactivation has been reported following
treatment with RTX, despite the administration of lami-
vudine. No hepatocyte damage was observed in this case.
Upper respiratory tract infection and allergic reactions have
also been reported in AS following RTX treatment, although
no serious events were attributed to RTX.** Clear guidelines
that minimize the use of immunosuppression may minimize
toxicities. In patients who are HBV- or HCV-positive, con-
comitant use of antiviral agents is most probably of benefit.
Finally, some studies reported hypotension during infusion, it
being recommended to infuse RTX slowly and withhold anti-
hypertensive medication at the time of RTX administration.5!

Suggested studies

We suggest that further randomized trials are required, in
particular: 1) to define clear guidelines for use of RTX in
rheumatological disease, including in particular definition of
optimal maintenance regimens and whether sustained B-cell
depletion is necessary; 2) to address how RTX may be used
to minimize the use of anti-TNF therapies and overall immu-
nosuppressive load; and 3) to define more clearly toxicities
associated with RTX use.

Limitations of the study
Differences in inclusion and exclusion criteria among stud-
ies is a minor limitation of this study. More significant is
the quality of the studies identified. Case reports have been
included, as they define possible therapeutic uses of RTX.
However, definitive studies to address the questions posed by
these case reports are largely lacking. We feel that this makes
this review particularly relevant as a documentation of these
areas of interest and a stimulus to conduct definitive studies.
Also, we have included evidence from low-quality stud-
ies with regard to RP. We felt that this was appropriate to
report, as higher quality studies are not available. However,
this should be recognized as a research gap, and results from
these studies should be interpreted with caution.

Conclusion

RTX might be revolutionary in rheumatological disease
therapy, but its use is limited by lack of high-quality studies.
Efficacy is suggested in AAV, HCVrCV, anti-TNF-naive AS,
and RP, but prospective RCTs have only addressed induc-
tion of remission in AAV. In particular, a role replacing
conventional immunosuppression due to reduced toxicity is

Open Access Rheumatology: Research and Reviews 2017:9

submit your manuscript

211

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Taha et al

Dove

suggested. However, further studies are needed to address

this. Finally, although RTX is an expensive drug, if it reduces

remission rates (reducing hospital admissions) and avoids

adverse events, it might overall be a cost-effective treatment.
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