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Abstract

The development of B cell-targeted biologics represents a major advance in the treatment of
autoimmune rheumatic diseases. As with other immunosuppressive agents, risk of infection is
a key clinical concern. This review summarises safety data from 15 years of experience of
rituximab in autoimmune diseases with a particular focus on opportunistic infection and
class-specific complications and infection risk. Rarely, cases of progressive multifocal
leucoencephalopathy in rituximab-treated patients (5/100 000) have accumulated over time
although no proven causal association has yet been shown. With repeat cycles of therapy,
hypogammaglobulinaemia has been observed in a larger proportion of patients and is
associated with increased risk of serious infections. The infection profile of the newer B cell-
targeted agent, belimumab in patients with active systemic lupus erythematosus is also
discussed. Data from registries are needed to extend insights further and also to evaluate for
any impact with the difference in mode of action of belimumab and infection risk in this

population.

(153 words)



Introduction

The development of biological disease modifying anti-rheumatic drugs (bDMARDs)
including B cell-targeted therapies represents a major advance in the treatment of
autoimmune rheumatic diseases such as rheumatoid arthritis (RA), systemic lupus
erythematous (SLE) and anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis
(AAV). These therapies have been shown to provide effective therapeutic options with
improved quality of life for patients with inadequate response to conventional synthetic
disease modifying anti-rheumatic drugs (csDMARDs). However, the immunomodulatory
properties of bDMARDs including rituximab have naturally raised safety concerns prompting
careful evaluation in clinical trials and intensive post-marketing surveillance. Observations

from these also provide insight into pathogenic basis of infectious diseases.

The aim of this report is to review infectious risk associated with currently licensed and
emerging B-cell therapies, the nature of reported infection and prevention strategies
employed to minimise any risk with use of B cell-targeted therapies in autoimmune
rheumatic diseases. In particular, we will focus on data from (open-label) long-term extension
(LTE) studies and registry cohorts. We will conclude with our expert opinion on future

direction of these agents and recommendation with relation to safety.

Overview of B cell therapies currently available and emerging

Various therapeutic strategies for B cell blockade have been investigated including B cell
depletion, inhibition of B cell survival factors, inhibition of B cell receptor signalling,
development of B cell tolerogens and targeting of plasma cells. These have been met with

varying degree of success in clinical trials (1).

Rituximab, a chimeric anti-CD20 mAb, was the first licensed treatment for B cell non-
Hodgkin’s lymphoma in 1997. In autoimmune disease, it is licensed for moderately to
severely active patients with RA who have had an inadequate response to one or more
Tumour Necrosis Factor-inhibitor (TNFi) and remission induction in severe, active
granulomatosis with polyangiitis (GPA) and microscopic polyangiitis (MPA). Despite two
negative randomised controlled trials in SLE (2, 3), rituximab is still widely used for highly
resistant cases based on strong open label evidence (4, 5). The advantage of targeting CD20
molecule, which is expressed on the surface of B cells is that it spares progenitor cells

(allowing B cell regeneration) as well as long-lived plasma cells (preventing excessive



reduction of normal immunoglobulin levels, at least with initial therapy). However, plasma

cell numbers may fall if B cell depletion is prolonged with multiple cycles of therapy.

Belimumab is a fully humanised mAb that specifically binds to and neutralises the soluble
cytokine, B cell activating factor of TNF family (BAFF), thus preventing it from binding to
its receptors on the surface of B cells. BAFF and its homologue, APRIL are responsible for B
cell survival, maturation and differentiation. Following the success of two randomised
controlled trials (6, 7), Belimumab is the first and only therapy in over 50 years that has
gained approval from the United States Food and Drug Administration (US FDA) and
European Medicines Agency (EMA) for the treatment of active, autoantibody-positive SLE.

Other emerging B cell-targeted therapies under evaluation include 2™ generation anti-CD20
monoclonal antibody (mAb) (where the IgGl is humanised or fully human to reduce
immunogenicity, but with an unmodified Fc region) such as ofatumumab and veltuzumab and
31 generation anti-CD20 mAb (humanised and with an engineered Fc region to improve
therapeutic performance by adapting the effector functions) such as obinutuzumab. Another
strategy for B cell depletion and inhibition is by targeting the CD22 molecule, which is
responsible for regulation of B cell function and is a component of the B cell activation
complex. Epratuzumab, an anti-CD22 humanised mAb, has recently completed recruitment
for two phase III trials in SLE for which the results will be published later in 2015. Lastly, in
terms of BAFF/APRIL blockade, a trial of atacicept in extra-renal lupus is on-going. The
results for atacicept in RA were negative (8) while another two in renal lupus were stopped

prematurely due to increased therapy-associated severe infections (9, 10).

Associated-infection and serious infection events (SIE)

Data regarding serious infection event (SIE) from randomised controlled trials (RCTs), long-
term extension (LTE) studies and registries are summarised in Table 1. The more detailed

data from RA are further discussed below.

The rate of rituximab-associated SIE differs with different treatment-stages. When rituximab
was evaluated in patients with RA and TNF-inadequate response (TNF-IR), numerically
higher rates of SIEs were seen in the rituximab 2 x 1000mg group compared to placebo; 4.7
versus 3.2/100 patient-years respectively in the DANCER trial (11) and 5.2 versus 3.7/100
patient-years in the REFLEX trial(12). On the other hand, the rate of SIE was lower in the

two rituximab dosage groups (1000 and 500 mg) compared with placebo (3.74, 4.61 and



6.09/100 patient-years respectively) when rituximab was evaluated in methotrexate-naive
patients (IMAGE trial) (13). An increased risk of SIE in patients treated with rituximab
compared with placebo was not observed in the short term from a meta-analysis of 3 RCTs

(14).

The 2011 Cochrane meta-analysis of use of biological therapies in RCTs in RA showed that
of all the biologics studied, rituximab was associated with the lowest numerical odds for SIEs
compared with control treatment (OR 0.26, 95% CI 0.03 to 2.16) albeit not statistically
significant. When rituximab was compared indirectly with other TNFis, anakinra, abatacept
and tocilizumab, odds for SIEs remained lower in the rituximab group and were statistically

significant lower compared to certolizumab and anakinra (15).

The long-term safety data of patients with RA treated and maintained with repeat cycles of
rituximab in combination with methotrexate (MTX) have been pooled from eight RCTs and
two LTE studies (total follow-up: 11 962 patient-years). This showed that the infection and
SIE rates remained stable over time and with multiple courses of rituximab. Careful
interpretation of data is needed as LTE studies sub-select patients with sustained response
and do not include those who withdraw treatment due to intolerance. The SIE rate was
3.94/100 patient-years in the all exposure rituximab group (3.26/100 patient-years in patients
observed for >5 years) and was comparable with the placebo + methotrexate group (3.79/100
patient-years). The commonest infections (>5% patients) reported in rituximab group were
upper respiratory tract infections, nasopharyngitis, urinary tract infections, bronchitis,
sinusitis, diarrhoea, influenza and gastroenteritis (16). This SIE rate is similar to data from
long-term follow-up with other bDMARDs used in RA (ranging from 3.0 to 5.2/100 patient-
years) (17-19).

The RCTs of ocrelizumab (OCR), a humanised anti-CD20 mAb in RA (20, 21) and SLE (22)
were suspended due to increased SIE and opportunistic infections. In post-hoc analysis,
OCR500 + MTX group demonstrated improvement in clinical response included
radiographic outcome but this dose was associated with an increased incidence of SIEs. In
contrast, OCR200+MTX group did not show superior efficacy compared with existing
therapies, but was safe and well-tolerated (23). OCR was also investigated in renal lupus but
with higher doses; 400mg and 1000mg. Despite enhanced B cell depletion was achieved in
the OCR groups, the trial was halted due to increased SIE and opportunistic infections; some

of which were fatal in the OCR + standard of care groups (22).



Risk factors for serious infection

(i) Low immunoglobulin prior to and after therapy
Registry data in RA show that low IgG level (<6g/L) before a cycle of rituximab was
associated with SIE, particularly in the 3 months following rituximab infusion; 16.2% versus
3.9% without low IgG (24). In RCTs and LTE studies in RA however, low IgM and IgG were
exclusion criteria for trial entry. In these studies, a similar increase in SIE rate was seen
following rituximab both before and after the development of low IgG compared with
patients who never developed low IgG (16). This might attribute SIE to other pre-existing
demographic or clinical risk factors rather than the low IgG itself. Careful interpretation is
needed, as the number of patients with low IgG post-therapy was low, 3.5%. More data from
registries are needed to assess the effect of secondary low IgG with the risk of SIE after

repeat cycles of rituximab.

IgM tends to decline following therapy. Levels of IgM were lower in patients receiving
2x1000 mg rituximab versus those receiving 2x500 mg (25). In the RCTs + LTE studies,
22.4% of patients developed low IgM (16). Low IgM prior to and post-rituximab has not
been associated with SIE (16, 24) although this analysis may have been limited by the low
incidence of SIE. The development of low IgA post-rituximab is uncommon (1.1%) and thus,

does not appear to be associated with SIE (16).

In AAV, remission induction with cyclophosphamide has led to a decline in all
immunoglobulin classes at 6 months post-therapy and remained below the baseline levels up
to 36 months. Following a relapse, a single cycle of rituximab further aggravated the decline

in IgM and IgG levels (26).

(ii) Concomitant glucocorticoid and csDMARDs
Glucocorticoids impair phagocyte function and suppress cell-mediated immunity, and thus
may increase the risk of infection. Registry data (AIR and BIOBADASER 2.0) shows an
increased risk of SIE with concomitant glucocorticoid (24, 27). A similar finding has been

shown for TNFi in RA(28).

The co-prescription of csDMARD appears safe. A phase II RCT showed no increase in SIE
rates using combination methotrexate or cyclophosphamide with rituximab(29). Data from
the CERERRA study showed no significant difference in infection rate when rituximab was

used either in combination with leflunomide, methotrexate or as monotherapy; rates were



6.2%, 6.6% and 7.4% respectively (30). Although the incidence of infection was higher in the
rituximab and MTX group compared to rituximab monotherapy in the GISEA registry
(33.6/100 patient-years and 9.3/100 patients-years respectively) the rate of SIE was similar
(3.6% and 3.3% respectively) (31).

(iii) Age and Comorbidity
An increasing number of elderly patients, who have more co-morbidity, are diagnosed with
autoimmune rheumatic diseases. These patients are at increased risk of SIE after rituximab
(24, 27). Comorbidities investigated included chronic obstructive pulmonary disease

(COPD), interstitial lung disease, renal failure, hypertension and cardiac insufficiency.

(iv) Rituximab-associated neutropaenia
Neutropaenia is recognised as a complication of rituximab for B cell malignancies with an
incidence of 3-27% (32). Data in autoimmune rheumatic diseases are more limited and the
optimal management of these patients has not been defined. Data from large cohort studies
suggested an incidence of 2.5-3.0% in RA, increased to 20% in AAV (33, 34). In most cases
neutropaenia recovered promptly but counts <0.5 x10°/L were associated with severe
infection requiring treatment with intravenous antibiotic and granulocyte-colony stimulating
factor (GCSF). Current data suggests retreatment with monitoring is appropriate, with
additional caution needed only in severely neutropaenic patients (34). The mechanism of

rituximab-associated neutropaenia remains unclear.

Opportunistic infections

The immunomodulatory effect of bBDMARDs has raised concerns with regards to the risk of
opportunistic infections including fungal, viral, tuberculosis and other mycobacterial
infections. A recent meta-analysis of bDMARDs in RA trials showed that although the
overall incidence was low, there was an increased risk of opportunistic infections with
bDMARDs (OR 1.79; 95% CI, 1.17-2.74; 12=3%), resulting in 1.7 excess infections/1000
patients treated (number needed to harm, NNH=582) compared to control (35). Risk of

individual agents can be linked to their targets (e.g. cytokine, T cell modulation, B cell).

(i) Tuberculosis (TB)
Two cases of pulmonary TB, both treated with anti-TB chemoprophylaxis, occurred in the
‘All Exposure’ population in the long-term data from RCTs and LTE studies in RA (16). No

cases of extra-pulmonary TB or multidrug-resistant TB were observed over a long period of



time and in other rituximab indications. This is in contrast to reactivation of latent
tuberculosis with the use of TNFi, particularly the monoclonal antibody type. TNF-a plays a
major role in the formation and maintenance of granulomas that confine mycobacterial
infections by stimulating phagocytosis and enhances mycobacterial killing in concert with
interferon gamma (IFN-y), which cannot otherwise be eradicated by the host defence
mechanisms (36, 37). Inhibition of TNF-a leads to loss of ability to control primary infection,
breakdown of granulomas and release of mycobacteria and rapid progression to activation of
latent TB. Rituximab has been administered to 7 RA patients with latent TB and 6 patients
with TNFi-associated TB. Over the following year, no patient developed active TB or had
QuantiFERON-TB-Gold In-Tube (QFT-GIT) conversion (38). Rare cases of non-tuberculosis
mycobacterium; Mycobacterium avium pleuritis, and disseminated Mycobacterium kansasii
have been reported in rituximab-treated myositis (39). Three other atypical mycobacterium

were reported in a survey carried out in the USA and Canada (40).

Four cases of TB (two serious pulmonary latent TB, one extra-pulmonary TB and one non-
serious latent TB) have been reported in LTE studies of belimumab in SLE. Two non-serious

cases of non-tuberculosis mycobacterial infections have been reported (41).

(ii) Hepatitis B and C
Experience from oncology has demonstrated hepatitis B virus (HBV) reactivation (sometimes
fatal) in rituximab-treated patients (15, 42). A series of case reports (n=7) have shown HBV
reactivation following rituximab in RA patients with chronic hepatitis B infection (only 1
received anti-viral treatment) (43). Interestingly however, a recent small prospective study
showed no viral reactivation in any of the vaccinated group (n=4), resolved HBV infection
(n=12) or chronic HBV infection (n=2; they received lamivudine and entecavir respectively)

and no significant change in protective anti-HBs titres during rituximab treatment (44).

Rituximab-related Hepatitis C virus (HCV) progression has been reported in patients with RA
(45). A recent retrospective study was conducted in Taiwan and compared HCV progression
in patients with RA and HCV infection treated with either TNFi or rituximab without
concomitant anti-viral therapy. After a median follow-up of more than 2 years, no patient
developed worsening of clinical HCV. Nevertheless, although the liver transaminases
remained stable, viral load was significantly increased in the rituximab group compared to the
TNFi; p=0.003 (45). This suggests a potential safety concern in patients with HCV infection,

without anti-viral therapy.



There are no data to inform on exposure to belimumab in patients with a history of current

hepatitis B or C infection.

(iii) Herpes zoster
Data from RCTs and LTE studies in 3194 patients with RA reported 108 cases of herpes
zoster in 100 patients (including two cases of ophthalmic herpes zoster and five SAEs) in the
All Exposure group compared to 13 cases in the placebo + MTX group; rates of 9/1000
patient-years and 11.7/1000 patient-years respectively (16). This is comparable to the rate in
the general RA population; 11.5/1000 patient-years (46).

There were no herpes zoster cases reported in the RCTs and LTE study of belimumab in SLE

(47), but one severe case in the Phase II trial was observed (48).

(iv) JC Virus reactivation (Progressive Multifocal Leucoencephalopathy)
Progressive multifocal leucoencephalopathy (PML) is a rare, progressive, demyelinating
disease of the central nervous system, caused by the reactivation of the JC virus. This virus is
present in up to 80% of healthy adults, typically only causing PML in immunocompromised
patients. Thirty-four confirmed cases of PML in the context of autoimmune rheumatic
diseases have been reported (RA=10, SLE=17, vasculitis=4 and dermatomyositis=3). Of
these, 14 were treated with rituximab (RA=6, SLE=5, cryoglubulinaemic vasculitis=2 and
dermatomyositis=1) (49). This is equivalent to an incidence rate of 5/100 000 exposed patient
which is lower than treatment for Crohn’s and multiple sclerosis with natalizumab (1/1000)
(50) and for psoriasis with efalizumab (1/400) (51). Of the 9 outcomes known, 6 resulted in
deaths. No definite conclusion can yet be derived on the causal link of PML in this series due
to the small number of cases, background risk associated with disease and co-morbidity and

concomitant immunosuppressant.

Two cases of PML have been reported recently in patients with SLE treated with belimumab

(52, 53)

(v) Other Intracellular organisms (bacterial, viral or fungal)
A small number of infections with intracellular organisms have been reported in the setting of
rituximab therapy. Pooled data from RCTs and LTE studies in RA reported two cases of
atypical pneumonia (no organisms isolated) and one case each of Candida septicaemia,
pharyngeal abscess (organism unspecified), Scedosporium lung infection and Pneumocystis

jirovecii pneumonia which equated to rate of 0.06/100 patient-years (16). The incidence of
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Pneumocystis jirovecii pneumonia following rituximab in AAV was reported as increased to
1.2% (54). In LUNAR trial (SLE), 3 patients had colitis, histoplasmosis, and cryptococcal

pneumonia plus fungal sepsis, respectively (3).

Sepsis caused by Acinetobacter baumannii was reported in the 10mg/kg belimumab group in
the Phase III trial (7) while two other added cases of opportunistic infections were reported in
the long term RCTs and LTE study of belimumab in SLE; coccidioidomycosis in an endemic
area of Arizona (not-related to the drug) and another was fatal cytomegalovirus (CMV)

pneumonia (55).

Use in patients with human immunodeficiency virus (HIV)

There is a limited experience on the use of rituximab in patients with autoimmune rheumatic
disease and HIV (56). Rituximab has been widely used in the treatment of HIV-associated
Castleman’s disease and lymphoma and seems to be well tolerated, but with a particular risk

of reactivation of Kaposi’s sarcoma (57).
Measures to minimise infection risk when administering rituximab

Initiating B cell-targeted therapy

Prior to commencing treatment, an individual therapeutic goal should be agreed between the
patient and the treating rheumatologist (25, 58) including discussion of the risks of their

autoimmune diseases, and benefits and risks of therapies.

Patients should be reviewed for infection risk factors, taking into account the intensity and

duration of immunosuppression that is likely to be needed.

As part of pre-bDMARD screening prior to initiating a new therapy, in addition to the routine
laboratory tests, baseline immunoglobulin levels (IgM, IgA and IgG) should be determined
(25).

As long-term data have not shown evidence of an increased frequency of reactivation of TB
in autoimmune patients treated with rituximab, screening patients systematically for TB prior
to rituximab is not necessarily recommended at the present time. A past history of TB was
not an exclusion criterion for the BLISS-52 and 72 trials of belimumab in SLE but prior TB
is an exclusion criterion in a new trial of belimumab in myositis [NCT02347891]. Due to
reactivation of TB cases reported recently (41), screening for TB prior to use may be

warranted in this disease group.
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Patients should be screened for hepatitis B (HBsAg and anti-HBs), hepatitis B core antibody
(anti-HBc) and hepatitis C. If antibody against anti-HBc antigen is positive, HBV DNA
should be checked. If this viral load is negative, therapy with rituximab may be initiated with
regular check of viral load. If the viral load is positive, then anti-viral therapy is
recommended (see “Anti-viral therapies and monitoring for hepatitis B” section later). The
individual risk—benefit ratio of rituximab for this group of patient with chronic HBV and/or
chronic HCV infections should be discussed with the patient and expert
gastroenterologist/hepatologist input is recommended in this setting. The risk of HBV or

HCYV reactivation is unknown for belimumab.

Vaccination

Observational studies and a RCT, showed that humoral responses to vaccination to influenza
and pneumococcal polysaccharide (T-cell independent antigens) were impaired after
rituximab, but not to tetanus (T-cell dependent antigen) (59-61). The low rate of infection
among B cell-depleted patients may be explained by the preservation of cellular immunity.
Following B cell repopulation, responses to influenza and pneumococcal polysaccharide were
restored. For this reason, any patient considered for rituximab therapy is recommended for
any indicated vaccines (hepatitis B for at-risk population, pneumococcus, tetanus toxoid
every 10 years, influenza annually) either 4 weeks before the first (or next planned) course or

at least 6 months after the last course (62).

In a small number of patients with SLE who were treated with belimumab, they were able to

mount a protective response to pneumococcal, tetanus or influenza vaccines (41).

Herpes zoster vaccination (HZV) is a live, attenuated virus vaccine containing a lyophilized
preparation of a strain of varicella-zoster virus. Previous recommendations avoid the HZV in
patients actively receiving TNFi, as well as abatacept, rituximab and anakinra (25, 62).
Recent safety data looks promising, reporting that, of the 110 patients receiving biologics via
intravenous infusion (included rituximab) and 42 patients via subcutaneous injection, no
patient in either group developed herpes zoster within the six weeks post vaccination. Only
two patients who were vaccinated since 2012 in the infusion group developed herpes zoster at
16 and 20 months (63). More rituximab-treated patients receiving HZV and longer-term data

are needed before firmer treatment recommendations can be made.
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Anti-viral therapies and monitoring for patients with Hepatitis B

For patients with HBsAg positivity, antiviral therapy should be initiated prior to rituximab.
The choice of anti-viral mainly depends on the duration of the scheduled therapy and on
HBYV serology status (chronic hepatitis B versus inactive carrier) (64). Patients receiving
long-term immunosuppression i.e. >12 months) and/or suffering from chronic hepatitis B are
usually treated with newer 2" generation anti-viral such as entecavir or tenofovir (43).
Rituximab should not be started until the HBV DNA levels become undetectable. Thus
frequent monitoring of HBV DNA and liver function tests (after 1 month, then every 3-6

months) are mandatory (65, 66).

The management of occult/resolved HBV infection with anti-HBc positivity alone remains
unclear. Additional risk factors should be taken into account including HBV DNA positivity,
presence of anti-HBs (which should protect against reactivation, although this effect is
controversial with rituximab) and the degree of immunosuppression (25, 67). For this group
of patient, HBV DNA could be determined and then prophylactic therapy considered; if not

undertaken, close follow-up to detect a rise in HBV DNA is recommended.

If HBV is reactivated and HBV DNA becomes detectable, further rituximab should be
avoided and antiviral therapy must be promptly initiated to mitigate against hepatocellular
damage. If HBV DNA becomes positive during lamivudine therapy, switching to the
tenofovir is recommended as cross-resistance has been reported between lamivudine and the

other 2™ generation anti-viral; entecavir.

Monitoring after therapy

Immunoglobulin levels should be monitored before any re-treatment particularly in those
who demonstrate low baseline IgG levels (25). Discontinuation of rituximab should be
considered in patients with hypogammaglobulinaemia, but this decision should take into
account other risk factors such as age, comorbidity and glucocorticoid use, as well as the
risks of alternatives to rituximab in patients who are B cell depleted. Monitoring is also
warranted in patients who have had SIE to identify those who may require treatment with
intravenous immunoglobulin replacement (IVIG). IgG level prior to and at the time of
rituximab has been shown to be correlated with the nadir IgG post rituximab in a large cohort
examining rituximab-associated hypogammaglobulinaemia in autoimmune rheumatic

diseases (68).

13



The role of intravenous Immunoglobulin (IVIG) replacement

Several studies have described the use of IVIG replacement in rituximab-treated patients who
develop moderate to severe hypogammaglobulinaemia (IgG<5g/L) and severe infections,
ranging from 4.2% (of 288 patients)(69) to 21% and 14 % (both consisted of <35 AAV
patients) (26, 70). Data from a large cohort showed 6 out of 12 (50%) continued to receive
rituximab alongside IVIG replacement therapy for maintenance of disease control.
Replacement with IVIG reduced the incidence and severity of infections, while allowing
recovery of IgG levels leading to cessation of IVIG replacement in two patients (after 4 and

7.5 years of treatment). (69)

Expert commentary

B cell targeting appears as safe, or on occasion, safer than other classes of bDMARDs used in
rheumatic diseases. B cell targeted bDMARDs have important limitations in their effects on
B cell mediated immunity. Incomplete and transient depletion of B cells and sparing of
plasma cells may be one reason for the relative safety of rituximab. Prolonged rituximab
therapy or more intensive B cell depleting regimens have indicated the potential for more
significant infection risk. This is an important consideration in guiding judicious use of repeat
rituximab cycles. Given the lifelong nature and treatment of most autoimmune diseases, we
feel that the benefits of 6-monthly retreatment may not justify risks in many patients.
Importantly, once hypogammaglobulinaemia is identified, it usually persists for some time,
even if B cell depletion therapy is discontinued, thus impacting on the safety of subsequent
bDMARDs. Biomarkers and personalisation of therapy have shown potential in guiding the

intensity of treatment required (56, 71, 72).

The safety of rituximab cannot necessarily be extrapolated to all B cell targeted bDMARD:s,
as suggested by trials of OCR in SLE. Novel approaches being evaluated in clinical trials to
more comprehensively inhibit B and plasma cell immunity, such as combination therapy with
rituximab and belimumab or direct targeting of plasma cells with proteasome inhibitors, may

bring additional problems(73).

The diseases usually treated with B cell-targeted agents by rheumatologists include the most
severe multi-system autoimmune diseases. This must be considered when interpreting
unusual safety signals such as the PML cases that were disproportionately observed in
patients with SLE and AAV. Similarly, the risks of B cell targeted therapies are dependent

on other infection risk factors (such as age and co-morbidity), and background rates of
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opportunistic infection (as demonstrated by the geographic distribution of opportunistic
infections in OCR trials(23)). As with many immunosuppressants, study of B cell targeted
therapies reveals the relative risk of glucocorticoids in comparison to these more targeted
immunosuppressants. The benefits of glucocorticoid-sparing effects should be considered in
the judgement of risks of B cell targeted therapies. This, as well as the immunosuppressive
effect of disease activity itself, may help to explain why trials in SLE demonstrated lower

rates of infection in B cell depleted patients than those with normal B cell numbers.

As B cell depleting therapies have raised particular questions of cumulative toxicity, adequate
surveillance must be ensured. Efficacy RCTs (and meta-analyses derived from them) are of
limited value in identifying adverse events. LTE studies are not powered to and sub-select
populations that tolerate therapy (74). Long-term registry data is relatively lacking but is

needed, especially for rare and opportunistic infections.

Finally, the future therapeutic landscape that will include an expansion in biosimilar agents
including Rituximab biosimilars will require their own surveillance to demonstrate equivalent

safety (75).

Compliance with Ethics Guidelines
Conflict of Interest
Md Yuzaiful Md Yusof declares no conflict of interest.

Edward M. Vital declares the receipt of honoraria and research grant support from Roche and
GSK.

Maya H. Buch declares the receipt of honoraria from Abbvie, Bristol Myers Squibb, Roche-
Chugai and grant support from Pfizer Ltd and Roche.

Human and Animal Rights and Informed Consent This article does not contain any
studies with human or animal subjects performed by any of the authors.

References

Papers of particular interest, published recently, have been highlighted as:

* Of importance
¢ Of major importance

15



1. Md Yusof MY, Vital EM, Emery P. B-cell-targeted therapies in systemic lupus
erythematosus and ANCA-associated vasculitis: current progress. Expert review of clinical
immunology. 2013;9(8):761-72.

2. Merrill JT, Neuwelt CM, Wallace DJ, Shanahan JC, Latinis KM, Oates JC, et al.
Efficacy and safety of rituximab in moderately-to-severely active systemic lupus
erythematosus: the randomized, double-blind, phase II/III systemic lupus erythematosus
evaluation of rituximab trial. Arthritis and rheumatism. 2010;62(1):222-33.

3. Rovin BH, Furie R, Latinis K, Looney RJ, Fervenza FC, Sanchez-Guerrero J, et al.
Efficacy and safety of rituximab in patients with active proliferative lupus nephritis: the
Lupus Nephritis Assessment with Rituximab study. Arthritis and rheumatism.
2012;64(4):1215-26.

4. Ramos-Casals M, Soto MJ, Cuadrado MJ, Khamashta MA. Rituximab in systemic
lupus erythematosus: A systematic review of off-label use in 188 cases. Lupus.
2009;18(9):767-76.

5. Diaz-Lagares C, Croca S, Sangle S, Vital EM, Catapano F, Martinez-Berriotxoa A, et
al. Efficacy of rituximab in 164 patients with biopsy-proven lupus nephritis: pooled data from
European cohorts. Autoimmunity reviews. 2012;11(5):357-64.

6. Furie R, Petr1 M, Zamani O, Cervera R, Wallace DJ, Tegzova D, et al. A phase III,
randomized, placebo-controlled study of belimumab, a monoclonal antibody that inhibits B

lymphocyte stimulator, in patients with systemic lupus erythematosus. Arthritis Rheum.
2011;63(12):3918-30.

7. Navarra SV, Guzman RM, Gallacher AE, Hall S, Levy RA, Jimenez RE, et al.
Efficacy and safety of belimumab in patients with active systemic lupus erythematosus: a
randomised, placebo-controlled, phase 3 trial. Lancet. 2011;377(9767):721-31.

8. van Vollenhoven RF, Kinnman N, Vincent E, Wax S, Bathon J. Atacicept in patients
with rheumatoid arthritis and an inadequate response to methotrexate: results of a phase II,
randomized, placebo-controlled trial. Arthritis and rheumatism. 2011;63(7):1782-92.

0. Ginzler EM, Wax S, Rajeswaran A, Copt S, Hillson J, Ramos E, et al. Atacicept in
combination with MMF and corticosteroids in lupus nephritis: results of a prematurely
terminated trial. Arthritis research & therapy. 2012;14(1):R33.

10. Isenberg D, Gordon C, Licu D, Copt S, Rossi CP, Wofsy D. Efficacy and safety of
atacicept for prevention of flares in patients with moderate-to-severe systemic lupus
erythematosus (SLE): 52-week data (APRIL-SLE randomised trial). Annals of the rheumatic
diseases. 2014.

11. Emery P, Fleischmann R, Filipowicz-Sosnowska A, Schechtman J, Szczepanski L,
Kavanaugh A, et al. The efficacy and safety of rituximab in patients with active rheumatoid
arthritis despite methotrexate treatment: results of a phase IIB randomized, double-blind,
placebo-controlled, dose-ranging trial. Arthritis and rheumatism. 2006;54(5):1390-400.

12. Cohen SB, Emery P, Greenwald MW, Dougados M, Furie RA, Genovese MC, et al.
Rituximab for rheumatoid arthritis refractory to anti-tumor necrosis factor therapy: Results of
a multicenter, randomized, double-blind, placebo-controlled, phase III trial evaluating

16



primary efficacy and safety at twenty-four weeks. Arthritis and rheumatism.
2006;54(9):2793-806.

13. Tak PP, Rigby WF, Rubbert-Roth A, Peterfy CG, van Vollenhoven RF, Stohl W, et
al. Inhibition of joint damage and improved clinical outcomes with rituximab plus
methotrexate in early active rtheumatoid arthritis: the IMAGE trial. Annals of the rheumatic
diseases. 2011;70(1):39-46.

14. Salliot C, Dougados M, Gossec L. Risk of serious infections during rituximab,
abatacept and anakinra treatments for rheumatoid arthritis: meta-analyses of randomised
placebo-controlled trials. Annals of the rheumatic diseases. 2009;68(1):25-32.

15. Singh JA, Wells GA, Christensen R, Tanjong Ghogomu E, Maxwell L, Macdonald
JK, et al. Adverse effects of biologics: a network meta-analysis and Cochrane overview. The
Cochrane database of systematic reviews. 2011(2):CD008794.

16. van Vollenhoven RF, Emery P, Bingham CO, 3rd, Keystone EC, Fleischmann RM,
Furst DE, et al. Long-term safety of rituximab in rtheumatoid arthritis: 9.5-year follow-up of

the global clinical trial programme with a focus on adverse events of interest in RA patients.
Annals of the rheumatic diseases. 2013;72(9):1496-502.

** This was a pooled observed case analysis of long-term safety data of patients with
rheumatoid arthritis treated with rituximab from eight randomised trials and two open-label
extension studies. The data showed that the rates of infections and serious infections were
similar to placebo group, and remained stable over time as well as with multiple courses of
rituximab.

17. Westhovens R, Kremer JM, Moreland LW, Emery P, Russell AS, Li T, et al. Safety
and efficacy of the selective costimulation modulator abatacept in patients with rheumatoid

arthritis receiving background methotrexate: a 5-year extended phase IIB study. The Journal
of rheumatology. 2009;36(4):736-42.

18. Klareskog L, Gaubitz M, Rodriguez-Valverde V, Malaise M, Dougados M, Wajdula
J, et al. Assessment of long-term safety and efficacy of etanercept in a 5-year extension study

in patients with rheumatoid arthritis. Clinical and experimental rheumatology.
2011;29(2):238-47.

19. Galloway JB, Hyrich KL, Mercer LK, Dixon WG, Fu B, Ustianowski AP, et al. Anti-
TNF therapy is associated with an increased risk of serious infections in patients with
rheumatoid arthritis especially in the first 6 months of treatment: updated results from the
British Society for Rheumatology Biologics Register with special emphasis on risks in the
elderly. Rheumatology. 2011;50(1):124-31.

20. Rigby W, Tony HP, Oelke K, Combe B, Laster A, von Muhlen CA, et al. Safety and
efficacy of ocrelizumab in patients with rheumatoid arthritis and an inadequate response to
methotrexate: results of a forty-eight-week randomized, double-blind, placebo-controlled,
parallel-group phase III trial. Arthritis and rheumatism. 2012;64(2):350-9.

21. Tak PP, Mease PJ, Genovese MC, Kremer J, Haraoui B, Tanaka Y, et al. Safety and
efficacy of ocrelizumab in patients with rheumatoid arthritis and an inadequate response to at
least one tumor necrosis factor inhibitor: results of a forty-eight-week randomized, double-

17



blind, placebo-controlled, parallel-group phase III trial. Arthritis and rheumatism.
2012;64(2):360-70.

22. Mysler EF, Spindler AJ, Guzman R, Bijl M, Jayne D, Furie RA, et al. Efficacy and
safety of ocrelizumab in active proliferative lupus nephritis: results from a randomized,
double-blind, phase III study. Arthritis and rheumatism. 2013;65(9):2368-79.

23. Emery P, Rigby W, Tak PP, Dorner T, Olech E, Martin C, et al. Safety with
ocrelizumab in rheumatoid arthritis: results from the ocrelizumab phase III program. PloS
one. 2014;9(2):e87379.

** This meta-analysis of four ocrelizumab phase III trials highlighted the difference in rates
of serious infections between the two ocrelizumab (OCR) dosages. Higher ocrelizumab
dosage; OCRS00+MTX as opposed to the lower dosage; OCR 200+MTX was associated
with an increased risk of serious infection compared with placebo +MTX.

24. Gottenberg JE, Ravaud P, Bardin T, Cacoub P, Cantagrel A, Combe B, et al. Risk
factors for severe infections in patients with rheumatoid arthritis treated with rituximab in the
autoimmunity and rituximab registry. Arthritis and rheumatism. 2010;62(9):2625-32.

* This French Registry identified risk factors for severe infections in patients with
rheumatoid arthritis who were treated with rituximab included chronic lung and/or cardiac
disease, extraarticular involvement, and low IgG levels before therapy.

25. Buch MH, Smolen JS, Betteridge N, Breedveld FC, Burmester G, Dorner T, et al.
Updated consensus statement on the use of rituximab in patients with rheumatoid arthritis.
Annals of the rheumatic diseases. 2011;70(6):909-20.

** This consensus statement of the use of rituximab in rheumatoid arthritis provided
recommendations on a wide range of clinical issues included appropriate screening for
hepatitis, monitoring for immunoglobulin levels and strategies to minimise infection risk with
therapy.

26. Venhoff N, Effelsberg NM, Salzer U, Warnatz K, Peter HH, Lebrecht D, et al. Impact
of rituximab on immunoglobulin concentrations and B cell numbers after cyclophosphamide
treatment in patients with ANCA-associated vasculitides. PloS one. 2012;7(5):e37626.

27. Cobo-Ibanez T, Descalzo MA, Loza-Santamaria E, Carmona L, Munoz-Fernandez S.
Serious infections in patients with rheumatoid arthritis and other immune-mediated
connective tissue diseases exposed to anti-TNF or rituximab: data from the Spanish registry
BIOBADASER 2.0. Rheumatology international. 2014;34(7):953-61.

* This Spanish Registry reported that patients with connective tissue diseases other than
rheumatoid arthritis had increased risk for serious infection when treated with either TNF-
inhibitor or rituximab.

28. Grijalva CG, Kaltenbach L, Arbogast PG, Mitchel EF, Jr., Griffin MR. Initiation of
rheumatoid arthritis treatments and the risk of serious infections. Rheumatology.
2010;49(1):82-90.

18



29. Edwards JCW, Szczepanski L, Szechinski J, Filipowicz-Sosnowska A, Emery P,
Close DR, et al. Efficacy of B-cell-targeted therapy with rituximab in patients with
rheumatoid arthritis. The New England journal of medicine. 2004;350(25):2572-81.

30. Chatzidionysiou K, Lie E, Nasonov E, Lukina G, Hetland ML, Tarp U, et al.
Effectiveness of disease-modifying antirheumatic drug co-therapy with methotrexate and
leflunomide in rituximab-treated rheumatoid arthritis patients: results of a 1-year follow-up
study from the CERERRA collaboration. Annals of the rheumatic diseases. 2012;71(3):374-
7.

31. Sebastiani M, Anelli MG, Atzeni F, Bazzani C, Farina 1, Fedele AL, et al. Efficacy
and safety of rituximab with and without methotrexate in the treatment of rheumatoid arthritis

patients: results from the GISEA register. Joint, bone, spine : revue du rhumatisme.
2014;81(6):508-12.

32. Tesfa D, Palmblad J. Late-onset neutropenia following rituximab therapy: incidence,
clinical features and possible mechanisms. Expert review of hematology. 2011;4(6):619-25.

33. Tesfa D, Ajeganova S, Hagglund H, Sander B, Fadeel B, Hafstrom I, et al. Late-onset
neutropenia following rituximab therapy in rheumatic diseases: association with B
lymphocyte depletion and infections. Arthritis and rheumatism. 2011;63(8):2209-14.

34. Ferreira JC, Yusof MYM, Das S, Vital EM, Emery P. 061. Rituximab-Associated
Neutropaenia: Safety of Retreatment Rituximab Therapy. Rheumatology. 2015;54(suppl
1):174-i.

35. Kourbeti IS, Ziakas PD, Mylonakis E. Biologic therapies in rheumatoid arthritis and
the risk of opportunistic infections: a meta-analysis. Clinical infectious diseases : an official
publication of the Infectious Diseases Society of America. 2014;58(12):1649-57.

36. Gardam MA, Keystone EC, Menzies R, Manners S, Skamene E, Long R, et al. Anti-
tumour necrosis factor agents and tuberculosis risk: mechanisms of action and clinical
management. The Lancet Infectious diseases. 2003;3(3):148-55.

37. Bruns H, Meinken C, Schauenberg P, Harter G, Kern P, Modlin RL, et al. Anti-TNF
immunotherapy reduces CD8+ T cell-mediated antimicrobial activity against Mycobacterium
tuberculosis in humans. The Journal of clinical investigation. 2009;119(5):1167-77.

38. Chen YM, Chen HH, Lai KL, Hung WT, Lan JL, Chen DY. The effects of rituximab
therapy on released interferon-gamma levels in the QuantiFERON assay among RA patients

with different status of Mycobacterium tuberculosis infection. Rheumatology.
2013;52(4):697-704.

39. Lutt JR, Pisculli ML, Weinblatt ME, Deodhar A, Winthrop KL. Severe
nontuberculous mycobacterial infection in 2 patients receiving rituximab for refractory
myositis. The Journal of rheumatology. 2008;35(8):1683-5.

40. Winthrop KL, Yamashita S, Beekmann SE, Polgreen PM, Infectious Diseases Society
of America Emerging Infections N. Mycobacterial and other serious infections in patients
receiving anti-tumor necrosis factor and other newly approved biologic therapies: case
finding through the Emerging Infections Network. Clinical infectious diseases : an official
publication of the Infectious Diseases Society of America. 2008;46(11):1738-40.

19



41. EMA. Assessment report: Benlysta 2012.

http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/002015/hu
man_med_001466.jsp&mid=WCO0b01ac058001d124 (Acessed on 15 June 2015)

42, Tsutsumi Y, Ogasawara R, Kamihara Y, Ito S, Yamamoto Y, Tanaka J, et al.
Rituximab administration and reactivation of HBV. Hepatitis research and treatment.
2010;2010:182067.

43. Nard FD, Todoerti M, Grosso V, Monti S, Breda S, Rossi S, et al. Risk of hepatitis B
virus reactivation in rheumatoid arthritis patients undergoing biologic treatment: Extending
perspective from old to newer drugs. World journal of hepatology. 2015;7(3):344-61.

* This paper summarised current evidences from scientific literature concerning HBV
reactivation under different classes of bDMARDs in RA patients and recommended practical
guidelines for screening, vaccination, prophylaxis and treatment of HBV reactivation.

44. Mitroulis I, Hatzara C, Kandili A, Hadziyannis E, Vassilopoulos D. Long-term safety
of rituximab in patients with rheumatic diseases and chronic or resolved hepatitis B virus
infection. Annals of the rheumatic diseases. 2013;72(2):308-10.

45. Lin KM, Lin JC, Tseng WY, Cheng TT. Rituximab-induced hepatitis C virus
reactivation in rheumatoid arthritis. Journal of microbiology, immunology, and infection =
Wei mian yu gan ran za zhi. 2013;46(1):65-7.

46. Bongartz T, Orenstein R. Therapy: The risk of herpes zoster: another cost of anti-TNF
therapy? Nature reviews Rheumatology. 2009;5(7):361-3.

47. Ginzler EM, Wallace DJ, Merrill JT, Furie RA, Stohl W, Chatham WW, et al. Disease
control and safety of belimumab plus standard therapy over 7 years in patients with systemic
lupus erythematosus. The Journal of rheumatology. 2014;41(2):300-9.

** This was a pooled analysis of safety data from a randomised controlled trial and long term
extension study of belimumab in systemic lupus erythematosus. The data showed that
belimumab administered with standard therapy was generally well-tolerated, and safety
profile was maintained over a long period of observation.

48. Wallace DJ, Stohl W, Furie RA, Lisse JR, McKay JD, Merrill JT, et al. A phase II,
randomized, double-blind, placebo-controlled, dose-ranging study of belimumab in patients
with active systemic lupus erythematosus. Arthritis Rheum. 2009;61(9):1168-78.

49. Molloy ES, Calabrese LH. Progressive multifocal leukoencephalopathy associated
with immunosuppressive therapy in rheumatic diseases: evolving role of biologic therapies.
Arthritis and rheumatism. 2012;64(9):3043-51.

* This paper described cases of progressive multifocal leucoencephalopathy in auto-immune
diseases which were associated with immunosuppressive therapies included rituximab.
Although the number of cases have gradually accumulated over time, no proven causal
association with rituximab has yet been confirmed.

50. Carson KR, Focosi D, Major EO, Petrini M, Richey EA, West DP, et al. Monoclonal
antibody-associated progressive multifocal leucoencephalopathy in patients treated with

20



rituximab, natalizumab, and efalizumab: a Review from the Research on Adverse Drug
Events and Reports (RADAR) Project. The Lancet Oncology. 2009;10(8):816-24.

51. Kothary N, Diak IL, Brinker A, Bezabeh S, Avigan M, Dal Pan G. Progressive
multifocal leukoencephalopathy associated with efalizumab use in psoriasis patients. Journal
of the American Academy of Dermatology. 2011;65(3):546-51.

52. Fredericks C, Kvam K, Bear J, Crabtree G, Josephson S. A case of progressive
multifocal leukoencephalopathy in a lupus patient treated with belimumab. Lupus. 2014.

53. Leblanc-Trudeau C, Masetto A, Bocti C. Progressive multifocal leukoencephalopathy
associated with belimumab in a patient with systemic lupus erythematosus. The Journal of
rheumatology. 2015;42(3):551-2.

54. Besada E, Nossent JC. Should Pneumocystis jiroveci prophylaxis be recommended

with Rituximab treatment in ANCA-associated vasculitis? Clinical rheumatology.
2013;32(11):1677-81.

55. Merrill JT, Ginzler EM, Wallace DJ, McKay JD, Lisse JR, Aranow C, et al. Long-
term safety profile of belimumab plus standard therapy in patients with systemic lupus
erythematosus. Arthritis and rheumatism. 2012;64(10):3364-73.

56. Vital EM, Dass S, Buch MH, Henshaw K, Pease CT, Martin MF, et al. B cell
biomarkers of rituximab responses in systemic lupus erythematosus. Arthritis and
rheumatism. 2011;63(10):3038-47.

57. Gerard L, Michot JM, Burcheri S, Fieschi C, Longuet P, Delcey V, et al. Rituximab
decreases the risk of lymphoma in patients with HIV-associated multicentric Castleman
disease. Blood. 2012;119(10):2228-33.

58. Smolen JS, Landewe R, Breedveld FC, Buch M, Burmester G, Dougados M, et al.
EULAR recommendations for the management of rheumatoid arthritis with synthetic and

biological disease-modifying antirheumatic drugs: 2013 update. Annals of the rheumatic
diseases. 2014;73(3):492-509.

59. van Assen S, Holvast A, Benne CA, Posthumus MD, van Leeuwen MA, Voskuyl AE,
et al. Humoral responses after influenza vaccination are severely reduced in patients with

rheumatoid arthritis treated with rituximab. Arthritis and rheumatism. 2010;62(1):75-81.

60. Bingham CO, 3rd, Looney RJ, Deodhar A, Halsey N, Greenwald M, Codding C, et al.
Immunization responses in rheumatoid arthritis patients treated with rituximab: results from a
controlled clinical trial. Arthritis and rheumatism. 2010;62(1):64-74.

61. Arad U, Tzadok S, Amir S, Mandelboim M, Mendelson E, Wigler I, et al. The cellular
immune response to influenza vaccination is preserved in rheumatoid arthritis patients treated
with rituximab. Vaccine. 2011;29(8):1643-8.

62. van Assen S, Agmon-Levin N, Elkayam O, Cervera R, Doran MF, Dougados M, et al.

EULAR recommendations for vaccination in adult patients with autoimmune inflammatory
rheumatic diseases. Annals of the rheumatic diseases. 2011;70(3):414-22.

21



63. Lindsey S, Oufnac B, Walker H, editors. Safety of Zoster Vaccination Administration
in Rheumatic Patients on Current Biologic Therapy2014: Arthritis and Rheumatology.

64. Vassilopoulos D, Calabrese LH. Viral hepatitis: review of arthritic complications and
therapy for arthritis in the presence of active HBV/HCV. Current rheumatology reports.
2013;15(4):319.

65. Liaw YF, Leung N, Kao JH, Piratvisuth T, Gane E, Han KH, et al. Asian-Pacific
consensus statement on the management of chronic hepatitis B: a 2008 update. Hepatology
international. 2008;2(3):263-83.

66. Weinbaum CM, Williams I, Mast EE, Wang SA, Finelli L, Wasley A, et al.
Recommendations for identification and public health management of persons with chronic
hepatitis B virus infection. MMWR Recommendations and reports : Morbidity and mortality
weekly report Recommendations and reports / Centers for Disease Control. 2008;57(RR-8):1-
20.

67. Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. Hepatology.
2009;50(3):661-2.

68. Roberts DM, Jones RB, Smith RM, Alberici F, Kumaratne DS, Burns S, et al.
Rituximab-associated hypogammaglobulinemia: incidence, predictors and outcomes in
patients with multi-system autoimmune disease. Journal of autoimmunity. 2015;57:60-5.

69. Roberts DM, Jones RB, Smith RM, Alberici F, Kumaratne DS, Burns S, et al.
Immunoglobulin G replacement for the treatment of infective complications of rituximab-
associated hypogammaglobulinemia in autoimmune disease: a case series. Journal of
autoimmunity. 2015;57:24-9.

* This study described the use of intravenous immunoglobulin replacement in autoimmune
rheumatic disease patients who developed secondary hypogammaglobulinaemia and serious
infections following repeat cycles of rituximab. Although the immunoglobulin replacement
course was prolonged in most patients, IgG recovery was also reported.

70. Besada E, Koldingsnes W, Nossent JC. Serum immunoglobulin levels and risk factors
for hypogammaglobulinaemia during long-term maintenance therapy with rituximab in
patients with granulomatosis with polyangiitis. Rheumatology. 2014;53(10):1818-24.

71. Md Yusof MY, Vital EM, Das S, Dass S, Arumugakani G, Savic S, et al. Repeat
cycles of rituximab on clinical relapse in ANCA-associated vasculitis: identifying B cell

biomarkers for relapse to guide retreatment decisions. Annals of the rheumatic diseases.
2015.

72. Bunch DO, Mendoza CE, Aybar LT, Kotzen ES, Colby KR, Hu Y, et al. Gleaning
relapse risk from B cell phenotype: decreased CD5+ B cells portend a shorter time to relapse
after B cell depletion in patients with ANCA-associated vasculitis. Annals of the rheumatic
diseases. 2015.

73. San Miguel JF, Schlag R, Khuageva NK, Dimopoulos MA, Shpilberg O, Kropff M, et
al. Bortezomib plus melphalan and prednisone for initial treatment of multiple myeloma. The
New England journal of medicine. 2008;359(9):906-17.

22



74. Buch MH, Silva-Fernandez L, Carmona L, Aletaha D, Christensen R, Combe B, et al.
Development of EULAR recommendations for the reporting of clinical trial extension studies
in theumatology. Annals of the rheumatic diseases. 2015;74(6):963-9.

75. Vital EM, Kay J, Emery P. Rituximab biosimilars. Expert opinion on biological
therapy. 2013;13(7):1049-62.

76. Specks U, Merkel PA, Seo P, Spiera R, Langford CA, Hoffman GS, et al. Efficacy of
remission-induction regimens for ANCA-associated vasculitis. The New England journal of
medicine. 2013;369(5):417-27.

77. Jones RB, Furuta S, Tervaert JW, Hauser T, Lugmani R, Morgan MD, et al.
Rituximab versus cyclophosphamide in ANCA-associated renal vasculitis: 2-year results of a
randomised trial. Annals of the rheumatic diseases. 2015;74(6):1178-82.

78. Tony HP, Burmester G, Schulze-Koops H, Grunke M, Henes J, Kotter I, et al. Safety
and clinical outcomes of rituximab therapy in patients with different autoimmune diseases:
experience from a national registry (GRAID). Arthritis research & therapy. 2011;13(3):R75.

* This German Registry reported that rituximab was well-tolerated across various
autoimmune diseases and the rate of serious infection was comparable to the pooled analysis
of randomised conrolled trials and long-term extension studies. Despite infrequent, most
opportunistic infections were recorded in patients with systemic lupus erythematosus.

23



Table 1: Summary of data pertaining to serious infection, opportunistic infection and risk factors for infection of autoimmune rheumatic disease
patients treated with either rituximab or belimumab from randomised controlled trials (RCTs), pooled data [comprising RCTs and open label
long-term extension (LTE) studies of RCTs] and registries

Source of Data Disease Duration of Treatment Serious Opportunistic Infections Risk Factors for Infection
group Follow-up Schedule Infection Event
(Number of (SIE)
Patients
Treated with
B cell agent)
RITUXIMAB
Pooled data (RCT+LTE)
8 RCTs + 2 LTE RA (n=3194) 11962 PY Rituximab 3.94/100 PY Pulmonary TB reactivation (n=2) SIE rates were similar before and
study(16) (Either (3.26/100 PY in during/after low IgG, but both
2x1000 mg or | patients Rate of other OIs: 0.06/100 PY rates were significantly higher
2x500 mg observed >5 (Atypical pneumonia; n=2, Candida; than in patients who never
given 2 weeks | years) in RTX n=1, pharyngeal abscess; n=1, developed low IgG
apart in RCTs | Group Scedosporium lung infection; n=1,
and for Pneumocystis jirovecii pneumonia; Baseline risk factors for
maintenance in | versus n=1 and JC Virus; n=1) development of low IgG: older,
OLEs) longer disease duration, lower
3.79/100 PY in | Rate of herpes zoster in RTX group mean CD19+count, lower mean
2428 (76%) Placebo + MTX | (9/100 PY) versus IgG levels and had received more
were retreated | group csDMARDs
with RTX (11.7/100 PY in Placebo + MTX
Group
RCT
RAVE(76) AAYV (n=99) 18 months Single Course | Rate of SIE was | None in RTX group but 3 x fatal No risk factors identified
RTX similar: infections in CyC + AZA maintenance

(375mg/m’
body surface
area weekly
for 4 weeks)
for remission
induction

7% and 12% at
6 and 18 months
in RTX
monotherapy
group versus
7% and 11% in
CyC + AZA

Group (i) Enterococcus/Escherichia
coli sepsis (ii) Pseudomonas
aeruginosa sepsis and (iii)
Pneumocystis jirovecii

pneumonia with secondary
Staphylococcus aureus/ Escherichia
coli sepsis in a patient not compliant

24




Source of Data Disease Duration of Treatment Serious Opportunistic Infections Risk Factors for Infection
group Follow-up Schedule Infection Event
(Number of (SIE)
Patients
Treated with
B cell agent)
maintenance with prophylaxis
Group
RITUXVAS (77) AAV (n=33) 2 years Single Course | Rate of SIE 2 cytomegalovirus infections reported | RTX-treated patients had higher
RTX similar: 0.25/PY | in RTX Group and none in the CYC + | VDI at baseline (median, IQR: 2
(375mg/m2 in RTX AZA maintenance Group (0-3)) compared to CYC + AZA
body surface monotherapy maintenance (1 (0-2))
area weekly Group versus
for 4 weeks) CYC + AZA
for remission maintenance
induction Group
EXPLORER (2) SLE (n=169) | 78 weeks Single course Higher rate of More herpes zoster infection in 16 None reported
RTX (2 x SIE in the RTX + Group (9.5%) versus 3 in
1000mg) Placebo + Placebo + csDMARDs Group (3.4%)
csDMARDs
group versus
RTX +
csDMARDs
group; 17% and
9.5%
respectively
LUNAR(3) SLE (n=72) 78 weeks Single course 4 SIEs reported | 3 Ols in RTX + ¢csDMARDs Group: None reported
RTX (2 x in each RTX + colitis, histoplasmosis, and
1000mg) csDMARDs cryptococcal pneumonia plus fungal
(16.6/100 PY) sepsis, respectively versus
and Placebo 1 Ol in Placebo + csDMARDs Group:
+csDMARDs cytomegaloviral pneumonitis
(19.9/100PY)
Registry Data
French Registry RA (n=1303) | 1629 PY Most patients 92 SIEs in 88 2 OIs: Fungal septic arthritis and Chronic lung disease and/or
(AIR)(24) had RTX patients (5/100 Varicella zoster virus cardiac insufficiency,
2x1000mg PY) RA-related extra-articular
dose (96%) involvement and low IgG level
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Source of Data Disease Duration of Treatment Serious Opportunistic Infections Risk Factors for Infection
group Follow-up Schedule Infection Event
(Number of (SIE)
Patients
Treated with
B cell agent)
before RTX were associated with
712 (55%) an increased risk of SIEs after
were RTX infusions in multivariate
re-treated with analysis
RTX
German Registry Total patients | 299 PY Most patients 5.3/100 PY 5 OIs in SLE patients: Salmonella There was a significant
(GRAID)(78) (n=370) had RTX typhimurium (n = 1), meningococcal relationship between multiple
including: 2x1000mg meningitis (n = 1), Listeria repeat doses of RTX and a
dose (86%) meningitis (n = 1), oesophageal reduced rate of infections in the
SLE (n=85) candidiasis (n=1) and Herpes zoster Poisson regression analysis
AAYV (n=58) 18.6% were infection (n=1)
Primary retreated with
Sjogren’s RTX 2 Ols in AAV and pemphigus patients;
(n=6) both were due to Herpes zoster
reactivation
Spanish Registry Total patients | 245 PY RTX dose and | Higher rate of 4 OIs in RTX Group: Mycobacterium | In Multivariate analysis, increased
(BIOBADASER (n=135) number of SIE was abscessus (n=1), Candida albicans SIE was associated with use of
2.0)(27) including: cycles were reported in RTX | (n=1) and JC Virus (n=1) rituximab in CTD patients; many
not reported Group than of which have other risk factors
RA (n=75) TNFi group for | versus 76 Ols (predominantly for infections included lung
Other CTD RA (17.1 and mycobacterium infections) in the TNFi | and renal problems and co-
(n=60) 7.6/100 PY Group treatments such as corticosteroids
respectively)
However,
Total TNFi and CTD Group
treated (11.0 and
patients 3.1/100 PY
studied respectively
(n=3166)
BELIMUMAB
Pooled data
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Source of Data Disease Duration of Treatment Serious Opportunistic Infections Risk Factors for Infection
group Follow-up Schedule Infection Event
(Number of (SIE)
Patients
Treated with
B cell agent)
One RCT + LTE SLE (n=449) 1746 PY Belimumab The rate of SIE | 2 Ols: coccidioidomycosis in an None reported

study of Belimumab

in SLE(47)

(either Img/kg
or 10mg/kg in
RCT)

10mg/kg dose
in LTE

peaked in Year
1 (8.3/100 PY)
and declined in
years 2—7 (6.0—
3.6/100 PY)

endemic area of Arizona (not-related
to the drug) and another was fatal
cytomegalovirus pneumonia

AAV: Anti-neutrophil cytoplasmic antibody-associated vasculitis, AZA: azathioprine, CyC: cyclophosphamide, csDMARDs: conventional disease modifying anti-rheumatic
drugs, CTD: connective tissue diease, LTE: long term extension, MTX: methotrexate, OI: opportunistic infection, RCT: randomised controlled trial, PY: patient-year, RTX:
rituximab, SIE: serious infection event, SLE: systemic lupus erythematosus, TB: tuberculosis and TNFi: tumour necrosis factor inhibitor, VDI: Vasculitis Damage Index
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