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Abstract: It has been 3 years since rituximab, a mouse x human chimeric anti-CD20 monoclonal
antibody that selectively depleted B cells, was approved by the FDA for the treatment of
moderate to severe rheumatoid arthritis (RA) with an inadequate response to anti-TNF thera-
pies. Since approval rituximab has become a part of standard treatment, and additional data
have become available on long-term efficacy and safety both from clinical trials and from
post-marketing surveillance. In open long-term follow-up from clinical trials, patients treated
with multiple courses of rituximab continued to respond in terms of signs and symptoms, and
damage assessed radiographically was significantly inhibited. Moreover, the rate of serious
infectious events was not increased as the number of courses increased. However, because of
case reports of progressive multifocal leukoencephalopathy in patients treated with rituximab
for non-malignant conditions, a black box warning has been added. Studies on the immunologic
correlates of response to rituximab treatment including B cell subsets in peripheral blood and
synovial biopsies are providing clues into how rituximab works for autoimmune disease.
However, at this time we are not able to explain why some patients do not respond and cannot
predict who will respond. Future challenges for the further development of rituximab for
intractable RA will be discussed.
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What is the rationale for using rituximab
in rheumatoid arthritis (RA)?

Edwards and collaborators hypothesized that rheumatoid factor (RF) containing
immune complexes play a major role in the synovial inflammation seen in RA, and that
B cell depletion therapy (BCDT) would be an effective therapy for RA by eliminating
the autoantibodies producing B cells that perpetuate inflammation.'? At the time this
hypothesis ran counter to the prevailing view that T cells and innate immunity were the
keys to RA. However, immune complexes in synovial fluid and synovial tissue from
RA patients were first described back in the 1960s and the importance of these immune
complexes in synovial inflammation has long been appreciated. [gG-RF may play a
special role in the pathogenesis of RA. By failing to fix complement small circula-
tion IgG-RF complexes escape clearance by the reticuloendothelial system, then pass
through the fenestrated capillary endothelium of synovial tissue (which resembles the
endothelium seen in glomeruli, ciliary body, choroid plexes, and intestinal villi) and
deposit in the synovium.? These complexes can then bind to synovial leukocytes via
FcyRs leading to cellular activation and secretion of TNFa and IL-1. Thus, IgG-RF
provides a link between autoantibodies and the production of cytokines that have
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been targeted for the treatment of RA.* Mouse models
have been used to demonstrate that IgG from patients from
plasma of with RA patients but not controls is able to induce
synovitis.’ In addition, anti-CCP antibodies have been shown
to augment collagen-induced arthritis.® These studies provide
abundant evidence supporting a role for autoantibodies and
immune complexes in the pathogenesis of RA synovitis.
Of course, plasma cells do not express CD20 so rituximab
should not directly target plasma cells. Therefore, the
effect of rituximab on autoantibodies are probably indirect,
ie, blocking the generation of new autoantibody-secreting
plasma cells by killing precursors, or by decreasing synovial
inflammation and disrupting the microenvironment required
for plasma cell survival.”

Alternatively, the effects of rituximab may be related
to the activities of B cells that are independent of antibody
secretion. B cells can produce a variety of cytokines.
Depending on which B cell subset is studied and how B cells
are stimulated either pro-inflammatory cytokines such as
lymphotoxin, TNF, and vy interferon, or anti-inflammatory
cytokines such as IL-10 may be produced.®!° In addition,
B cells can help organize infiltrating leukocytes and induce
lymphoid neogenesis by recruiting and activating follicular
dendritic cells.!' 3 B cells regulate T cells not only through
cytokine secretion but also by acting as highly efficient antigen
presenting cells. Indeed, B cells unable to severe immuno-
globulins have been found to be critical in a mouse model
of inflammatory arthritis.'* Moreover, using human synovial
tissue transplanted into immunodeficiency mice which were
then treated with rituximab, the importance of synovial B cells
for T cell activation in RA has been demonstrated.'

In many diseases both autoantibody production and
autoantibody independent effects for B cells are likely to
be important. For example, a dual effect of rituximab on
pemphigus vulgaris has been shown. Rituximab treatment
decreases not only autoantibody levels but also autoantigen-
specific T cell responses.'® Similarly, although generating
autoantibody secreting plasma cells is undoubtedly important
in RA, inhibition of autoantibody independent function
of B cells may also be important. These autoantibody
independent functions of B cells would almost certainly be
the targets of rituximab in seronegative RA.

Efficacy of rituximab in RA

Approval of rituximab for signs and symptoms of RA was
based on efficacy in 3 double blind placebo-controlled,
randomized clinical trials (Phase Ila, DANCER,
REFLEX).!”"" The Phase Ila trial established the efficacy

of rituximab (1 g on days 1 and 15), and demonstrated
that the cyclophosphamide used in the original open trial*
was not necessary and that methotrexate was the best
concomitant medication. Benefits from a single course of
rituximab were highly significant at 24 weeks and persisted at
48 weeks especially in the group that received methotrexate.
DANCER established that the high dose steroids used in
the original open trial did not contribute to efficacy but
that pre-medication with IV steroids reduced infusion
reactions modestly. In DANCER 500 mg and 1000 mg for
rituximab on days 1 and 15 appeared to be about equally
effective. The REFLEX trial tested efficacy in patients with
an inadequate response to anti-TNFs both in terms of signs
and symptoms and in terms of radiographic joint damage. The
number of patients who had failed anti-TNF therapy was not
mentioned in the Ila study and represented only about one
third of the patients in DANCER. Therefore, the REFLEX
trial is the best data we have for the efficacy of rituximab in
patients who are “intractable”.

In the REFLEX trial patients on a stable dose of
methotrexate were randomized to either rituximab 1000 mg
or placebo iv on days 1 and 15. All patients received 100 mg
methylprednisolone prior to each infusion and additional
oral glucocorticoids (60 mg prednisone days 2 to 7 and
30 mg days 8 to 14) between the two infusions. The primary
endpoint was the ACR20 response rate at 24 weeks. A total
of 520 patients were randomized, and 499 patients were in
the intention-to-treat analysis, 298 received rituximab and
201 received placebo. At 24 weeks there was a statistically
significant improvement not only in the ACR20 (ACR,
American College of Rheumatology), but also in the
ACRS50, and ACR70 in the patients who received rituximab
(P values <0.001) (see Table 1).

Table | Clinical response in the REFLEX trial

Rituximab Placebo
(n=298) (n=201)
ACR response
ACR 20 51 (44-58) 18 (12-26)
ACR 50 27 (21-34) 5(2-10)
ACR 70 12 (8-18) | (0-4)
EULAR response
Moderate 50 (43-57) 20 (13-28)
Good 15 (10-21) 2 (0-6)
Low disease 15 (10-21) 2 (0-6)
Remisson 9 (5-14) 0 (0-3)

Note: Results are shown as % response (99% confidence interval).
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The REFLEX trial also assessed joint damage using the
Genant-modified Sharp Score for radiographic progression.
From baseline to 56 weeks treatment with rituximab was
associated with significantly decreased change in Total Sharp
Score, the erosion score, and the score for joint narrowing
(see Table 2).2! A new report indicates that the differences
in radiographic damage between the rituximab-treated and
placebo-treated patients persists when re-evaluated at week
104, total Sharp Score was 1.14 for rituximab-treated patients
and 2.81 for placebo-treated patients (P < 0.0001).” An
unanswered question is whether the high dose steroids used
in REFLEX plays any role in protection from radiographic
damage, ie, would rituximab without such high dose steroids
be as effective?

In the REFLEX trial fewer rituximab-treated, RF-negative
patients achieved an ACR20 at week 24 than RF-positive
patients achieved an ACR20 response at week 24 (41%
RF-negative vs 54% RF-positive) but there was also a lower
placebo response (12% RF-negative vs 19% RF-positive).
The differences in ACR20 between rituximab- and
placebo-treated patients was highly significant for both
the RF-negative and RF-positive groups (P < 0.0009
and <0.0001, respectively).

In open trials rheumatoid factor and anti-CCP antibodies
were found to decrease with rituximab therapy.?**
A moderate decrease in autoantibodies has been confirmed
in randomized trials, ie, comparing baseline to 24-week
titers in the REFLEX trial RF levels decreased by 55% in
rituximab-treated patient and increased 37% in placebo-
treated patients."

Re-treatment with rituximab

The safety and efficacy of re-treatment with rituximab for
RA has not been established. The original trials leading to
the approval of rituximab for RA do not provide controlled
data on re-treatment. However, many patients in those clinical
trials entered into open-label extension trials. Patients in
the REFLEX trial were eligible for an open-label trial with
repeated dosing. The patients who received placebo were

Table 2 Structural damage in the REFLEX trial

Rituximab Placebo P value
(n=273) (n=198)
Total | 231 0.005
Narrowing 0.41 0.99 0.001
Erosions 0.59 1.32 0.011

Note: Results are given as mean sharp score.

allowed to go on rituximab as part of this open label extension.
Data for 179 patients receiving at least 3 courses indicates
continued efficacy.”® Of course, this group of patients was
undoubtedly biased because patients who did poorly could
opt out of further treatment. Nevertheless, it is interesting
to note that there was a subset of patients who continued
to respond to repeated courses of rituximab and that in this
group the proportion of patients with very good responses
increased over time, ie, for 179 patients who received
3 courses of rituximab and had ACR responses assessed at
24 weeks post each infusion, the proportion of patients with
an ACR70 increased from 14.0% after the first course to
25.7% after the third infusion (P = 0.0049). Similarly, for
the 170 patients treated with 3 courses and assessed with
European League Against Rheumatism (EULAR) scores,
17.1% had low disease activity (DAS28 = 3.2) (DAS,
Disease Activity Score in Rheumatoid Arthritis) after the
first infusion, 25.9% had low disease activity after the second
infusion and 34.1% had low disease activity after the third
infusion (P < 0.05 for Ist vs 2nd course; P < 0.00001 for
first vs third course).

There have been two publications that provide some
preliminary data on what to do for patients who do not
respond to the first course of rituximab. A publication
from Amsterdam reported on re-treatment of 6 patients
who were non-responders to the initial course of rituximab
compared to 16 patients who were responders to the initial
course. Patients treated with an initial course of rituximab
were re-treated after an interval of at least 6 months if they
had a DAS28 > 3.2.26 All 6 non-responders to the initial
treatment were non-responders to re-treatment by EULAR
criteria. In contrast, of the 16 responders to initial treatment,
4 were EULAR good responders, 10 were EULAR moderate
responders, and only 2 were EULAR non-responders.
These data suggest that patients who do not respond to
the initial course of rituximab should not receive a second
course. However, the numbers are small and there was
not a statistically significant difference in the proportion
of responders (0 of 6 vs 14 or 16, P = 0.36 by chi-squared
analysis) between the two groups. A second report on
re-treatment of non-responders was recently presented.?”’
In 14 non-responders the DAS28 improved by only 0.75 at
16 weeks after the initial course of rituximab. At 16 weeks
following re-treatment the cumulative improvement for
these initial non-responders (initial baseline to post second
course) was 1.23. Anti-CCP positive patients had somewhat
better cumulative response than anti-CCP negative patients,
2.24 vs 1.14. Based on this study it appears possible that a
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subgroup of non-responders may improve after a second
course. However, both of these studies were small. Therefore,
the question of re-treating non-responders remains open and
needs further study.

Another question is whether re-treatment should be
given at fixed times or when it is needed. Two centers,
one giving rituximab every 24 weeks and one giving
re-treatment as disease relapse, studied 48 patient is a
prospective, open, non-randomized trial.?® There was no
difference in ACR response, EULAR response, changes in
DAS28, Health Assessment Questionnaire (HAQ) score,
or radiographic progression. While the results are very
interesting there are several problems with the study: 1) The
open, non-randomized design does not protect against bias.
2) The segregation of treatment groups by center does not
protect against differences in how the two centers treat
and assess RA. 3) The follow-up was only 1 year which is
certainly too brief to adequately assess efficacy, because
patients would only be re-treating once. 4) The numbers are
very small. Nevertheless, the authors identified a timely and
very important question that needs further investigation.

An international group of rheumatologists published
their recommendations on the use of rituximab for RA in
2007.%° They recommended consideration of re-treatment
only after 24 weeks for patients continuing to have moderate
disease activity (DAS > 3.2), or for patients who responded
to rituximab but then deteriorated clinically. The definition
of clinical deterioration was left open. This report did not
make recommendations on what to do with patients ho failed
to respond to the initial course of rituximab.

Effects of rituximab on B cell

homeostasis

Treatment of RA patients with rituximab leads to rapid and
prolonged depletion of peripheral blood B cells that persist for
months, ie in the phase I[IA, DANCER, and REFLEX trials B
cells had barely become detectable at 24 weeks.!”""” Residual
CD19+ cells during the period of marked depletion are
predominantly memory B cells (CD19+, IgD—, CD27+) and
plasma cells (CD19+, IgD—, CD38high).** With reconstitution
[gD+CD27- predominate. These CD27- B cells are a mixture
of mature naive B cells (CD19+, IgD+, CD38+) and immature
transitional B cells (CD19+, IgD+, CD38high, CD10+,
CD24high).*! The number of memory B cells recovers more
slowly and may still be low even years later. On the average
IgA and IgG levels and levels of protective antibodies
change very little after rituximab, indicating that plasma
cells are spared.'® In contrast IgM levels decrease markedly

ie around 50%. It has been speculated the decrease in IgM
may be related to depletion of non-switched memory B cells
(IgD+CD27+) which responsible for the synthesis of “natu-
ral” antibodies and provide a rapid response to blood-borne
pathogens.*? Presumably the plasma cells induced by these
non-switched memory B cells would have to have a relatively
short half life to account for the drop in IgM. B lymphocyte
stimulator (BLyS or BAFF) and a proliferation-inducing
ligand (APRIL) regulated B cell homeostasis. With B cell
depletion BLyS levels increase dramatically in patients with
RA.?*¥ Presumably the loss of B cells in secondary lymphoid
tissue prevents consumption of BLyS and elevated BLyS
levels may be an indirect gauge how successful B cell deple-
tion has been in tissues.

Clinical response after treatment with rituximab has
also associated with very complete depletion of peripheral
blood B cells after the initial infusion, and relapse has been
associated with recovery of B cells, especially memory
B cells and plasmablasts.

e An early study from London reported that patients
with early relapse tended to reconstitute with increased
numbers of memory (CD27+) B cells.*

e A subsequent German study also found that non-switched,
memory B cells (CD19+IgD+CD27+) at the time of B cell
recovery were significantly higher in non-responders, and
responders who relapsed early had higher baseline levels
of total memory B cells (CD19+CD27+).

e A publication from Leiden supports a relationship
between low disease activity and slow recovery of
peripheral blood B cells. At 24 weeks the frequency
of CD19+ lymphocytes (total B cells) was significantly
lower in patients with low disease activity. At that time
CD19+IgD+ B cells (presumed to be mostly naive
but non-switched memory would also stain with these
markers) was 0.044% in low activity patients vs 0.45%
in high activity patients (P = 0.006), and the frequency
of switched memory B cells (CD19+CD27+) was 0.17%
in low activity patients vs 0.67% in patients with high
disease activity (P = 0.005).3

e Animportant study from Leeds found very early complete
depletion of B cells was related to overall clinical effi-
cacy. In prior studies complete B cell depletion had been
defined as less than 5 cells/uL (<0.005 x 10° cells/L),
but using a highly sensitive assay the Leeds group
defined depletion of B cells as less than 0.01 cells/uL
(<0.00001 x 10° cells/L), ie, about 50 times lower
than the standard definition. With this more stringent
definition 82% of patients with complete depletion after
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the first infusion with rituximab had a moderate or good
EULAR response at 9 months compared to 43% of
patients with incomplete depletion (P < 0.01). Similarly,
at 12 months 59% of good depleters had a moderate or
good EULAR response compared to 21% of patients with
incomplete depletion (P < 0.01).%

e A recent presentation reported that after treatment with
rituximab the number of plasmablasts/early plasma
cells in peripheral blood (CD19+, CD20lo, CD27high)
correlated remarkably with DAS28 score (1> = 0.64,
P =0.0019).%¢

In animal studies treatment with anti-CD20 completely
depletes B cells from peripheral blood, but there are lymphoid
tissues where B cell depletion can be less incomplete, ie, the
marginal zone in the spleen and Peyer’s patches in the gut.”’
Mobilization of tissue B cells to ensure migration through the
circulation, or neutralization of B cell growth factor results in
anti-CD20 depletion from these sites. Similarly, in patients
with RA treated with rituximab biopsy studies have shown
variable depletion of synovial B cells.’®** Despite the fact
that rituximab only targets B cells changes in the number of
synovial T cells and macrophages have also been found, and
at even later times after treatment with rituximab changes in
the number of synovial plasma cells have been seen.

e Ina study from Amsterdam synovial B cells at 16 weeks
post rituximab correlated with the number of synovial
plasma cells, T cells, and macrophages (r = 0.70, 0.69,
and 0.72 respectively; P < 0.001 for each correlation).
In addition, the change in synovial plasma cells and
macrophages between weeks 4 and 16 correlated
significantly with clinical response at 24 weeks, r = 0.46
with P=0.003 for plasma cells, and r=0.51 with P=0.04
for macrophages. (For unclear reasons, the change from
baseline to 16 weeks did not correlate with clinical
response). Thus, these preliminary studies demonstrate
that changes in synovial cells are associated with clinical
responses to rituximab. !

e A very recent study from Leiden found that low numbers
of synovial CD79a+ B cells at 12 weeks post treatment
was associated with low disease activity. Histological
score for CD79a+ B cells was 0.33 in low activity
disease, and 1.33 in high activity disease, P = 0.0016.
These CD79a+ cells were CD20- and CD138-; the authors
felt they might represent a type of plasma cell.*

The correlation between decreases in synovial plasma
cells and clinical response after rituximab therapy is
particularly interesting. The original hypothesis justifying

B cell depletion therapy in RA postulated just such a
relationship reasoning that the driving force in RA was
synovial synthesis of autoantibodies, formation of immune
complexes, and induction of cytokines via interaction
between immune complexes and FcyRs on macrophages.
Decreased numbers of synovial plasma cells may also be
an important in the selective decrease in rheumatoid factors
and anti-CCP antibodies with treatment. If the autoantibodies
associated with RA are selectively produced by synovial
plasma cells, then treatment of inflammation leading to loss
of synovial plasma cells should result in selective decrease
in these autoantibodies. An early attempt to demonstrate
such a relationship was unsuccessful but the samples studied
were at 8 weeks post treatment,*> Based on the studies
from Amsterdam § weeks may have been too early to see a
decrease in synovial plasma cells.

Safety

There are currently four black box warnings for rituximab:
1) fatal infusion reactions, 2) tumor lysis-syndrome, 3) severe
mucocutaneous reactions, and 4) progressive multifocal
leukoencephalopathy (PML).

e Infusion reactions continue to be a problem with all
intravenously administered immunoglobulins. Rituximab
appears to have more of a problem than other biologics
especially with the first infusion. This is presumably
because rituximab can complex with circulating B cells
triggering FcyR-mediated or complement mediated
reactions. Apart from the presence of protein aggregates,
the most important factor for infusion reactions to
intravenous immune globulin (and presumably other
biologics) is the rate of infusion.* As personnel in
infusion centers have become better at recognizing
early infusion reaction and stopping the infusion before
problems escalate, infusion reactions have become less of
aproblem in many centers, but vigilance and preparation
to treat reactions are still important. Pre-medication with
acetaminophen and anti-histamine is recommended in
the prescribing information, and pre-medication with
iv methylprednisolone was shown to be of some benefit
in steroids was of some benefit in controlled trials.'
After a patient experiences an infusion reaction there is
often a refractory period with relative protection from
infusion reactions for several days.* Thus, if an infusion
is halted because of an infusion reaction and not restarted
during the same session, we have recommended that
re-treatment (if indicated) should be attempted within
a few days.
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Tumor lysis syndrome (TLS) after treatment with rituximab
is associated with rapid lysis of B cells in patients with a
large burden of disease. At this time there are no reports
of TLS in patients with non-malignant disease treated
with rituximab. However, we have seen a patient with
RA-associated Castleman’s syndrome who developed TLS
after treatment with rituximab. (RJ Looney, unpublished).
Therefore, precautions should be taken to prevent TLS.
Multiple cases of severe mucocutaneous reactions with
rituximab have been reported in the oncology literature
but have not been reported in non-malignant conditions.
Some of these cases have been paraneoplastic pemphigoid
which would not be seen in non-malignant diseases, but
a variety of other rashes have been seen including toxic
Stevens-Johnson and epidermal necrolysis.* Although
a causal relationship is often unclear for some cases the
timing has been very suggestive. Moreover, two rhesus
monkeys treated with rituximab developed a blistering
skin eruption that recurred on re-treatment.* On the other
hand, rituximab is being used for a number of blistering
skin conditions.!**¢ Despite the relatively low risk, this
warning still needs to be discussed with patients.

PML is a demyelinating central nervous system (CNS)
infection with the John Cunningham virus (JC virus),
a human polyoma virus. JC virus is contracted in child-
hood as an asymptomatic infection, and 80% of adults
are seropositive for JC virus.*’ In healthy individuals, the
JC virus is carried as a latent infection with periodic viral
shedding in the urine without any clinical sequelac. When
profound immunosuppression or immunodeficiency
compromise the host defense, JC virus can reactivate and
cause CNS disease by infecting the myelin-producing
oligodendrocytes. PML has been reported in recipients of
organ transplantation, patients undergoing chemotherapy,
and patients with HIV infection. Patients receiving
biologic therapies for autoimmunity have also developed
PML. At least 7 patients with multiple sclerosis or
Crohn’s disease have developed PML while being treated
with natalizumab.**! More recently, 4 patients taking
efalizumab, an anti-LFA1 monoclonal antibody, for
psoriasis developed PML. All of these patients were on
efalizumab for more than 3 years. As a result of these cases
efalizumab was voluntarily pulled from the US market in
April 2009.32 PML has also been reported in lymphoma
patients undergoing treatment with rituximab. Nearly all
these patients have received rituximab in combination
with chemotherapy or stem cell transplantation.’¢
However, PML has now been reported in 2 systemic

lupus erythematosus (SLE) patients and 1 RA patient
treated with rituximab.>”* The two SLE patients with
PML after rituximab had received prior treatment with
immunosuppressive medications, including cyclophos-
phamide. The RA patient’s last dose of rituximab was 18
months prior to developing PML. The patient developed
tonsilar carcinoma and received radiation and chemother-
apy in the months just prior to developing PML. Recent
review of PML in patients with rheumatologic disease
who never received rituximab found that most patients
with PML had SLE.%®! Interestingly, about 40% for the
patients with PML and SLE received minimal immuno-
suppressive therapies suggesting that immunosuppression
from SLE itself may play a role in reactivation of JC virus.
At this point there needs to be considerable concern about
PML in patients on biologic therapies.®* The evidence for
a direct causal effect between treatment with natalizumab
or efalizumab and PML is quite strong since patients with
multiple sclerosis and psoriasis are not predisposed to
PML based on their underlying disease. The case for a
link between rituximab and PML is still uncertain because
of the background increased risk in patients with SLE.

Immunosuppression is a significant problem in patients
treated with biologics. Guidelines from the Autoimmunity
Centers of Excellence for the evaluation of immunocompetency
in clinical trails have recently been published as has a review
on the effects of rituximab on immunocompetency.5¢*

The rate of serious infection using pooled data from
the phase Ila, DANCER, and REFLEX trials was 5.0 per
100 patient-years in the group receiving rituximab and 3.4 per
100 patient-years in the group receiving placebo (P =0.49),
but the number of patients available was too small to detect
even a doubling of the infection rate.** A meta-analysis of
serious infections in RA patients treated with rituximab has
recently been published.®® A total of 745 rituximab treated
patients were compared to 398 controls. The pooled odds
ration for risk of serious infection with rituximab vs placebo
was 1.45 with a 95% confidence interval (CT) of 0.56 to 3.73).
Patients were broken down into those that received high dose
rituximab (1000 mg per dose) versus low dose rituximab. The
odds ratio for high dose rituximab vs placebo was 1.68 (95%
CI1 0.64 to 4.35), and the odds ratio for low dose rituximab vs
placebo was 0.24 (95% CI 0.01 to 4.33). This new analysis
confirms that an increased risk of serious infection with
rituximab was not seen with the available data, but this
analysis also suffers from a lack of power (see Table 3 for
calculations of the group size needed to be to have sufficient
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Table 3 Group size to have an 80% power (3 = 0.80) of detecting a significant (o. = 0.05) increase in the rate of serious infection

Infection rate Infection rate

Infection rate

Infection rate Infection rate

in placebo increased by increased by increased by increased by 5%
controls 2% with Rx 3% with Rx 4% with Rx with Rx

2% 1240 655 425 310

3% 1605 815 515 365

4% 1965 975 605 420

5% 2315 1125 690 475

Abbreviation: Rx, rituximab.

power to detect a 2%, 3%, 4%, or 5% increase in the rate of
serious infectious events when the rate of serious infections
in the control group is 2%, 3%, 4%, or 5%).

Data from RA patients treated with rituximab in open
long-term extension studies has been published and this data
has recently been updated.®® The total number of patient-
years follow-up were 2456 for patients receiving 1 course,
1890 for 2 courses, 1043 for 3 courses, 425 for 4 courses and
133 for 5 courses. The serious infection rate per 100 patient
years (95% CI) was 4.48 (3.77 to 5.40) for 1 course, 3.81
(2.96t04.91) for 2 courses, 4.84 (3.40 to 6.88) for 3 courses,
3.79 (1.97 to 7.28) for 4 courses and 6.83 (2.84 to 16.40)
for 5 courses. Based on this analysis there does not appear
to be an increase in the risk of infection with subsequent
courses, but once again the numbers are small especially at
the latter time points, and patients who did develop problems
might have been more likely to drop out.

The risk of rituximab in patients infected with hepatitis
B and hepatitis C viruses deserve special consideration.
Reactivation of hepatitis B with chemotherapy or
immunosuppression is a major clinical problem. For example,
in patients HBsAg-/anti-HBc+ patients with non-Hodgkin
lymphoma, hepatitis B reactivated in 5 or 21 patients treated
with rituximab + CHOP, but in 0 of 41 patients treated with
CHOP.*” Prophylactic treatment with lamovidine has been
used to prevent viral reactivation in patients with malignancies
undergoing chemotherapy.®®*’ In patients with rheumatic
diseases treated with biologics or immunosuppressive agents
there are similar concerns about viral reactivation and a
similar strategy for prophylaxis has been advised.” HBsAg+
patients are at the highest risk but HbsAg-/anti-HBc+ are
also at some risk. Hepatitis C seems to be less of a problem
for rituximab therapy. Indeed, rituximab is beneficial in the
treatment of hepatitis C cryoglobulinemia.””

RA patients treated with rituximab generally have relatively
modest (<10%) decreases in IgG and IgA, and more significant
decreases (~50%) in IgM.'8 In follow-up of 37 patients treated
for >3 years with up to 5 cycles of B cell depletion therapy,

including 22 cases who also received cyclophosphamide,
32%, 19%, 3% developed low levels of IgM, IgG, and IgA,
respectively.”™ In this series hyogammaglobulinemia was
associated with a lower respiratory infection in only one patient.
In industry-sponsored long-term follow-up of >1000 patients
low levels of IgM develop in 20% of patients and low levels
of IgG are seen in 5% of patients.®® The rate of serious
infections was 4.7 per 100 patient-years for patients with
normal IgM and IgG levels, 5.6 per 100 patient-years for
patients with low IgM levels, and 4.8 per 100 patient-years
in patients with low IgG suggesting that most patients with
immunoglobulin levels below normal limits will not have an
increased infection rate.®® Of course, most of these patients
would not have had very low IgG levels. Other factors
to consider when determining the risk of low IgG levels
include increased age, extra-articular manifestations of RA,
leukopenia, comorbidities (chronic lung disease, alcoholism,
organic brain disease, and diabetes mellitus), and use of
corticosteroids, which have all been linked in epidemiologic
studies to the risk of infection in patients with RA.>"
Measuring antibodies against specific microbial antigens and
determining response to immunizations may also play a role
in determining risk of low IgG.”

Since rituximab depletes B cells, failure of the humoral
immune system to respond to vaccines is not unexpected.
Early studies with non-human primates treated with
rituximab first demonstrated such a defect and this was
subsequently confirmed in patients with lymphomas, end
stage renal disease on dialysis, and lupus.” %2 A very small but
interesting study showed that RA patients immunized with
influenza vaccine 12 weeks after treatment with rituximab
had a markedly decreased antibody response.** In RA patients
immunized with influenza vaccine at various times after
treatment with rituximab responded but less well than control
RA patients.® A large randomize trial of vaccine responses
in patients with active RA has recently been presented.®
Rituximab-treated and control patients had a comparable
recall response to tetanus toxoid at 24 months. At that time
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B cells were still depleted in most patients. At 28 weeks
and 32 weeks, respectively, the response to pneumovax and
keyhole limpet hemocyanin were significantly lower in the
rituximab-treated patients compared to controls. Thus, by
6 months the recall response to a T cell-dependent antigen
returned, but responses to T cell-independent antigens and
primary response to a neoantigen were still depressed.

Neutropenia after treatment with rituximab can occur
transiently at the time of infusion but a more serious
late onset neutropenia (LON) may develop months after
treatment. In a controlled trial of rituximab in combination
with chemotherapy for B cell lymphoma LON was detected
in 6 of 76 patients receiving rituximab and 0 of 54 patients not
receiving rituximab (P = 0.04).% Onset occurred at an average
of 175 days post rituximab treatment and lasted an average
of 2 weeks. The median neutrophil count for the patients
who developed LON was 200 and the lowest counts were 23
and 32. One patient developed a buccal cellulitis. Neutropenia
responded to treatment with growth factors. A single case of
LON in a patient receiving rituximab in combination with
methotrexate for RA has recently been reported.®” Routine
monthly laboratory studies discovered a neutrophil count
of 40 cell/uL 3 months after treatment. The patient had
maturation arrest on bone marrow aspirate. She was given
two doses of C-CSF and recovered uneventfully.

Although rituximab is effective in RA, many patients
treated with rituximab will not have an adequate response
and therefore will have to move on to alternative treatments.
Since the effects of rituximab are long-lasting, there is
concern about additional risk when patients who have failed
rituximab start new therapies. Since rituximab is already
used with methotrexate, many rheumatologists would feel
comfortable switching from methotrexate to leflunomamide
whose toxicity profile is fairly close to methotrexate’s, but
there is more concern with the use of additional biologics.
There are some data on the use of anti-TNFs after rituximab
from safety follow-up of company sponsored trials. At the
latest update 185 patients received other biologics after
rituximab.®® The serious infection rate before and after
starting other biologics were compared. The median time
from treatment with rituximab to starting the other biologics
was 4 months. The new biologics were anti-TNFs (n = 150),
abatacept (n = 25), and anakinra or experimental biologics
(n = 10). The serious infection rate was 6.99 (95% CI 4.06
to 12.03) before starting other biologics and 5.49 (95% CI
2.95 to 10.19) after starting other biologics. The lack of any
numeric increase of the serious infection rate is somewhat
reassuring but the confidence intervals are wide.

Use of rituximab in methotrexate

inadequate responders

Rituximab is approved for anti-TNF inadequate responders
but occasionally patients are unable to take anti-TNFs. A series
of 39 patients failing disease-modifying antirheumatic drugs
(DMARDs) and unable to obtain anti-TNFs were treated
with rituximab as their first biologic.® Patients received
two intravenous infusions of either 500 mg or 1000 mg
rituximab given 2 weeks apart. At 6 and 12 months EULAR
response criteria were met in 76% and 77% of patients,
respectively, and good EULAR response were 36% and
50% at the same time points. Since then the results of the
SERENE trial have been presented. *° In this double-blind,
placebo-controlled, randomized trial EULAR response
criteria were met at 24 weeks in 34% of placebo patients,
67% of patients treated with 2 X 500 mg rituximab, and 64%
for patients treated with 2 X 1000 mg rituximab (P < 0.0001
for either rituximab group vs placebo). ACR20/50/70 were
23%/9%/5% for placebo, 55%/33%/9% for 2 x 500 mg
rituximab, and 51%/26%/10% for 2 x 1000 mg rituximab.
The results of rituximab as first-line biologic for treatment
of signs and symptoms were good, but additional studies are
needed especially to determine the effects on damage. The
ideal study would be a head-to-head comparison of rituximab
vs an anti-TNF with follow-up going out to 1 and 2 years to
assess radiographic progression.

Challenges

1. What is the relationship between B cell depletion and
clinical efficacy? Circulating memory B cells and
plasmablasts are associated with relapse and synovitis.
One possibility is that these cells are generated in
secondary lymphoid tissue and home to the synovium
where they induce inflammation, but an alternative
possibility is that memory B cells and plasmablasts are
generated in the synovium and then re-circulate into
peripheral blood. Of course these possibilities are not
mutually exclusive, and we favor the view that B cells
trafficking into and out of the synovium are important for
maintenance of synovial inflammation (see Figure 1).

2. What determines how effectively B cells are depleted?
In peripheral blood rituximab levels and FcyR
polymorphisms are important factor in determining B cell
depletion.”’ However, B cells may “hide” in tissue where
the microenvironment may favor survival both because
of defective effector mechanisms such as the blockade of
FcyRs by immune complexes, and because the production
of pro-survival factors such as BLyS prevents B cell
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Figure | Recirculation of memory B cells and plasmablasts/early plasma cells from synovium to peripheral blood and back again.

apoptosis. Synergy between anti-CD20 and treatments
that either neutralize BLyS or cause B cells to migrate out
of their protective microenvironment have been shown
to be essential for effective B cell depletion in mouse
models.’” Since anti-BLyS agents are already in clinical
trials they could become available for such combination
studies. However, evaluation in additional pre-clinical
models of autoimmunity would seem a logical next step.
TACI-Ig which blocks both BLyS and APRIL might be
even more effective (or even more toxic).

. What is the long-term toxicity of rituximab? Although
we have data on repeated administration of rituximab,
the number of patient gets smaller with each additional
course. Are these studies selectively following patients
who do well, and giving us a false sense of security?
Long-term follow-up where a high percentage of patients
are retained is needed. This might have to be done through
some of the large cohorts or registries.

. How good is rituximab at preventing damage? From the
REFLEX trial we know that patients receiving rituximab
have less progression of radiographic damage compared
to patients receiving placebo, but how doe rituximab
compare to alternative agents such as anti-TNFs or
abatacept? Because of difficulties comparing results from
one trial to the next, only a head-to-head comparison
will answer this question. Certainly, a head-to-head trial

would be needed to consider putting rituximab on par
with anti-TNFs as a first line biologic for methotrexate
inadequate responders.

. Does rituximab predispose to PML? Because of the rarity

of PML, clinical trial data will probably (we hope) not be
able to answer this question. Data from large registries
might eventually provide an answer, but will take years to
become available. In the meantime it would be especially
helpful to have information on how rituximab affects
T cell migration into the CSF. We know that the number
of T cells in the CSF of multiple sclerosis patients drops
dramatically after starting treatment with natalizumab,
in some individuals even lower than in patients with
non-inflammatory neurological disease.””> Moreover, the
ration of CD4/CD8 T cells in CSF of nataizumab-treated
multiple sclerosis patients also drops dramatically and
becomes as low as in the CSF from HIV patients.”* Similar
studies with rituximab would be extremely interesting.

. How should immunizations be handled? As discussed

above humoral responses to immunization can be
inhibited after treatment with rituximab. Certainly,
vaccines should be administered before the initial course
of rituximab, if possible. This is particularly important for
the pneumococcal vaccine and other vaccines that may
not have to be re-administered for many years, but what
about the flu vaccine that needs to be given every year?
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At 12 weeks post rituximab the response to flu vaccine
appears is markedly blunted. By 6 months post rituximab
response to tetanus, which like flu is a T cell dependent
recall antigen, returns. How much earlier a response might
have been seen and whether responses to influenza vaccine
would have also return by 6 months are not clear. Addi-
tional studies evaluating humoral response to flu vaccine at
various times after treatment with rituximab are needed.

Can a subset of patients that responds well to rituximab
be identified? A biomarker identifying responders or
non-responders would be an enormous breakthrough
and would allow much more efficient use of rituximab.
As discussed above some parameters correlating with
response have been identified in small series. More
sophisticated analyses of B cell subsets are now available
and may provide a much clearer picture of B cell homeo-
statis after rituximab.! However, technologies allowing
better characterization of antigen-specific B cells would
also be useful but these are still in development. There
have been rapid advances in technology for proteomic and
genomic studies and these should be readily applicable to
the identification of a biomarker for responders and have
the virtue that samples can easily be shipped to central
labs.”**7 For all of these studies large patient cohorts and
careful follow-up will be essential.
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