Why do some patients with systemic lupus erythematosus
fail to respond to B-cell depletion using rituximab?
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Abstract
Objective
The Centre for Rheumatology has treated 165 lupus patients with rituximab (RTX) since 2000. Our aim was to identify
patients who failed to respond, identify any obvious distinguishing features, and to optimise individual patient treatment.

Methods
We reviewed all 165 lupus patients treated with RTX and reviewed the data up to 6 months after treatment. We excluded
those who developed allergic reactions, had discoid lupus only or were lost to follow-up. We assessed patients with active
disease after 6 months, using the British Isles Lupus Assessment Group (BILAG) disease activity scores.
Those patients whose A and B scores did not decrease, were deemed to have failed to respond.

Results
144 patients were included in the final analysis. The median disease duration was 6.68 (IQR 2.32-11.90) years.
13.9% of the patients failed to decrease their BILAG scores. Two of the 144 patients died during the 6 months after
treatment. The median BILAG at baseline was lower in the failure group (8.50, SD 6.00-12.75) at the time of treatment
as opposed to those patients who improved (17, SD12.0-23.0) (p<0.001).We found that patients with renal involvement
failed less often than those without it (p=0.021). No other significant differences were observed.

Conclusion
Patients with a lower BILAG score are less likely to benefit from RTX treatment. Patients with renal involvement were
less likely to fail to respond to RTX. We could not identify other features predictive of failure.
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Introduction

Systemic lupus erythematosus (SLE) is
an autoimmune rheumatic disease char-
acterised by an aberrant autoimmune
response to self-antigens that can affect
any organs or tissues and is associated
with multiple clinical features (1).

SLE treatment usually includes gluco-
corticoids (GC) and other immunosup-
pressive drugs according to the sever-
ity of the disease (2). However, GC are
associated with many side-effects and
increased damage. Gladman et al. re-
ported glucocorticoid related damage
(measured by Systemic Lupus Interna-
tional Collaborating Clinics (SLICC)/
American College of Rheumatology
(ACR) Damage Index) in 49% of cases
at follow-up after 15 years (3). Another
study demonstrated that a prednisolone
dose >6mg/day was associated with
higher risk of damage (4).Thus, other
forms of treatment are necessary in or-
der to reduce the GC burden.

B cell depletion treatment (BCDT)
seems to be a valid option, since B cells
have an important role in the pathogene-
sis of SLE through cytokine production,
presentation of self-antigens, activa-
tion of T cells and antibody production.
Rituximab (RTX) is a chimeric mouse/
human monoclonal antibody against
CD20 antigen on B cells and with low
toxicity profile (5).

Two major clinical trials of RTX, LU-
NAR (6) (patients with lupus nephritis)
and EXPLORER (7) (patients with ex-
tra-renal SLE) failed to meet their end-
points. However, concerns have been
expressed about the patient selection,
disease activity, end-point parameters
and therapeutic protocols in those trials.
Furthermore, there are many open-label
studies that report a favourable clini-
cal response with BCDT (reviewed in
(8)) and RTX is now recommended in
guidelines issued by European League
Against Rheumatism (EULAR) (9) and
ACR (10) for lupus nephritis and by the
British Society for Rheumatology for
more diverse SLE features (11). The
potential capacity of BCD to reduce
concomitant steroids has also been re-
ported (12).

BCDT with RTX was introduced at
University College Hospital (UCLH) in
2000. Since then the Centre for Rheu-

matology has treated 165 lupus pa-
tients, the vast majority of whom have
failed a combination of steroids and
two or more immunosuppressive drugs.
In our prior publications, we have fo-
cused on the patients for whom this ap-
proach has been the most successful.
Here we aim to identify patients who
failed to respond and to address the
question of whether there are any obvi-
ous distinguishing features, which will
help the physician to personalise a pa-
tient’s treatment.

Methods

We reviewed all 165 patients diag-
nosed with lupus of the Centre for
Rheumatology of UCLH treated with
RTX until March 2018 and collected
the data up to 6 months after the first
RTX treatment.

We excluded patients who developed
allergic reactions or had discoid lupus
only (18 patients), two patients who
have been treated on the onset of mild
disease only (without A or B scores at
baseline) and one patient that has been
lost follow-up.

We have identified those patients who
still had active disease after 6 months.
This was defined by BILAG scores
with new or persistent A or B scores.
The deceased patients during this peri-
od were also considered to be failures.
We recorded demographic character-
istics; organ involvement; serological
markers of disease activity such as
anti-double-stranded DNA (dsDNA)
antibody titres and serum complement
(C3) levels; antinuclear antibodies
(ANA); extractable nuclear antibodies
(ENA) (anti-Ro, anti-La, anti-Sm and
anti-RNP antibodies) and circulating B
lymphocytes (CD19%).

The previous treatment drugs were also
recorded.

We used the classic BILAG assessments
and letter scores were converted into
numbers: A=12; B=5; C=1; D/E=0 (13).
BCD was considered to have been
achieved when the absolute CD19 count
decreased do <0.005x10°%/L after treat-
ment.

The analysis was performed using IBM
SPSS Statistics v. 20 for Mac OS X. %2
test was used to compare proportions
of qualitative variables. Student t-test
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Table I. Comparison between patients who failed and did not fail to rituximab treatment in
terms of demographic features and disease duration.

Characteristics Total Failure to RTX* Non-failure to RTX p-value®
n=144 n=20 (13.9%) n=124 (85.5%)

Age, mean (SD) years 34.79 (12.45) 33.30 35.03 0.566**

Gender

Female, n 134 20 114 0.358*

Male, n 10 0 10

Ethnicity

Caucasian, n 60 (41.7%) 11 49 0.184*

African-Caribbean, n 53 (36.8%) 3 50

South Asian, n 18 (12.5%) 4 14

North Asian, n 9 (6.3%) 2 7

Other, n 4 (2.8%) 0 4

Disease duration, median 6.68 (2.32-11.90) 8.43 (3.12-11.73)  6.55(2.06-11.96) 0.534***
(IQR) years

IQR: interquartile range; RTX: rituximab; SD: standard deviation.

*We consider failure to rituximab in patients who still had active disease after 6 months, defined by
BILAG scores with an A and/or B that had increased or maintained their scores.

® Comparison between the characteristics of the patients who fail to respond to rituximab and those

who respond to it:

*x? test was used to compare proportions of qualitative variables
**Student #-test was used to compare means of quantitative variables whenever the data meet the

assumptions of the parametric test.

“**Non-parametric test was used to compare quantitative variables in small samples that violate the

assumption of normality.

was used to compare means of quanti-
tative variables whenever the data meet
the assumptions of the parametric test.
Non-parametric test was used to com-
pare quantitative variables in small
samples that violate the assumption of
normality.

The ethics committee at University
College Hospital regards this type of
study as an audit not requiring formal
ethical approval.

Results

Demographic characteristics

We reviewed the data on 144 patients
with a mean age of 34.79 years (SD
12.45);93.1% female; 41.7% Caucasian,
36.8% African-Caribbean and 6.3%
South-Asian. The median disease dura-
tion was 6.68 years (IQR 2.32-11.90).
As demonstrated on Table I, there were
no significant differences in terms of
age, gender, ethnicity and duration of
disease.

Specific treatments

Most of patients in this study (74.3%)
had failed a combination of steroids and
two or more immunosuppressants. The
great majority of patients (98.6%) were
being treated with prednisolone before
beginning RTX treatment. There were
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no significant differences between the
2 groups in relation to previous medi-
cation with 4 or more drugs (p=0.74).

Disease activity measured

by BILAG score

Twenty patients (13.9%) failed to de-
crease their BILAG score at 6 months.
Most of the patients (73.6%) decreased
their score =5 points and 67 patients
(46.5%) lost all their A and B scores
without the development of new ones 6
months after RTX treatment. The mean
decrease in global BILAG was 8.00
(IQR 4.00-16.25).

The median BILAG score at baseline
was 15.00 (IQR 11.00-22.75). The
median score was lower in the “failure
group” (8.50, IQR 6.00-12.75) com-
pared to patients in whom RTX was
successful. In this later group higher
scores were noted at the time of treat-
ment (17.00,IQR 12.0-23.0) (p<0.001)
(Table II, Fig. 1).

Organ involvement

At baseline, 74 patients (51.4%) had
musculoskeletal manifestations, hae-
matological manifestations were ob-
served in 62 patients (43.1%), 60 pa-
tients (41.7%) had mucocutaneous
manifestations, 43 patients (29.9%)

had constitutional involvement, cardi-
orespiratory involvement was present
in 24 patients (16.7%), 16 patients
(11.1%) had neurological involvement
and 8 patients (5.6%) had vasculitis.
Renal involvement was present at base-
line in 55 patients (38.2%), three of
whom (2.08%) subsequently needed
a renal transplant, five (3.47%) were
treated with dialysis and one patient
(0.69%) died because of renal failure.
Renal biopsy was performed in 27
patients, and revealed nephritis class
IT in one patient, nephritis class III in
four patients, nephritis class IV in 15
patients and class V in seven patients.
Only one patient with renal involve-
ment failed to respond to RTX (nephri-
tis class 5, without renal failure).
Twenty-six patients (18.1%) had 4 or
more organs/systems involved and only
two did not respond to RTX treatment.
Antiphospholipid syndrome was ob-
served in 15 patients (10.4%), two of
whom failed to respond to RTX.
Patients with renal involvement failed
less often (5.5%) than those without
it (19.1%) (OR 0.244; IC95% 0.068—
0.877; p=0.021).

No other significant differences in spe-
cific organ/systems, or the numbers of
organs/systems involved were observed
between the groups.

Serological markers

The great majority of patients (96.5%)
had positive ANA at the time of the first
RTX infusion. Anti-Ro antibody was
present in 74 patients (51.4%), anti-La
antibody was positive in 32 patients
(22.2%), anti-Sm antibody was present
in 45 patients (31.3%) and 66 patients
(45.8%) had a positive anti-RNP anti-
body.

Anti-cardiolipin antibody (IgG or IgM)
was positive in 26 patients (18.1%), an-
ti-beta2-glycoprotein antibody (IgG or
IgM) was positive in 8 patients (5.6%)
and 16 patients (11.1%) had positive lu-
pus anticoagulant.

Anti-dsDNA antibody was high at
baseline in 92 patients (63.9%) and 93
patients (64.6%) had low C3 levels.

In the group of 6 patients with renal
failure, there was a significant differ-
ence between patients with high anti-
ds-DNA antibody (p=0.028) but no sig-
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Table II. Comparison between patients who failed and did not fail to rituximab treatment in terms of clinical and serological features.

Characteristics Total Failure to RTX* Non-failure to RTX p-value®
n=144 n=20 (13.9%) n=124 (85.5 %)
BILAG score at baseline, median (IQR) 15.00 (11.00-22.75) 8.50 (6.00-12.75) 17.00 (12.00-23.00) <0.001+**
BILAG score 6 months after RTX, median (IQR) 5.50 (2.00-8.00) 11.50 (7.00-13.75) 5.00 (2.00-8.00) <0.001***
Serological disease activity markers
High dsDNA, n (%) 92 (63.9%) 12 80 0.924*
Low C3,n (%) 93 (64.6%) 15 78 0.286*
Organ involvement
Constitutional symptoms, n 43 (29.9%) 5 38 0.609*
Mucocutaneous involvement, n 60 (41.7%) 9 51 0.745*
Neurological involvement, n 16 (11.1%) 4 12 0.240*
Musculoskeletal involvement, n 74 (51.4%) 7 67 0.114*
Cardiorespiratory involvement, n 24 (16.7%) 3 21 1.000*
Vasculitis, n 8 (5.6%) 0 8 0.600*
Renal involvement, n 55 (38.2%) 3 52 0.021*
Haematological involvement, n 62 (43.1%) 10 52 0.499*
Number of organs and systems involved, median (IQR) 2.00 (1.00-3.00) 1.50 (1.00-3.00) 2.00 (1.25-3.00) 0.103***

IQR: interquartile range; RTX: rituximab; SD: standard deviation.
*We consider failure to rituximab in patients who still had active disease after 6 months, defined by BILAG scores with an A and/or B that had increased or

maintained their scores.

®Comparison between the characteristics of the patients who fail to respond to rituximab and those who respond to it:
*x? test was used to compare proportions of qualitative variables.
**Student 7-test was used to compare means of quantitative variables whenever the data meet the assumptions of the parametric test.
“*Non-parametric test was used to compare quantitative variables in small samples that violate the assumption of normality.
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Fig. 1. BILAG score comparison between patients that failed and did not fail to respond to rituximab at baseline and 6 months after rituximab treatment.

nificant difference concerning low C3
levels (p=0.234). No other significant
differences between the groups were
seen regarding the presence of specific
autoantibodies or low C3 values.

BCD (measured by CD*19 levels after
treatment) was achieved in all patients
except 8 (5.6%), although, interest-
ingly, only one of these failed to show
some benefit. There are no significant
differences between the groups that
showed clinical benefit and the “failure
group”.
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Mortality

Of the 144 patients two died during the
6-month post RTX period. One patient
unfortunately died after an RTX infusion
and concomitant cyclophosphamide to
an acute respiratory distress syndrome
(thought to be a reaction to cyclophos-
phamide) and another due do infective
endocarditis with mitral valve disorder.

Discussion
A minority of our SLE patients (13.9%)
treated with RTX failed to respond to

BCDT with RTX at 6 months and, as
mentioned above, there were no differ-
ences in BCD response between the 2
groups.

Although there is an established cor-
relation between BCD and clinical re-
sponse (8), some patients who achieve
BCD, still do not achieve a favourable
clinical response after treatment. La-
zarus et al. (14) demonstrated that some
patients with low B cell levels relapsed
with high anti-dsDNA antibody lev-
els while other patients relapsed with
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B cell levels similar to those prior to
BCDT and low anti-dsDNA antibody
levels. Thus, the pathogenesis of SLE
in those patients may simply be less de-
pendent upon direct B cell abnormali-
ties and/or due protection mechanisms
against RTX cytotoxicity. Thus RTX
would be less likely to be effective for
them at least in terms of monotherapy.
As we have described previously (15),
patients treated with BCDT in which
BCD was achieved, had favourable
clinical response which was associ-
ated with a decrease in anti-dsSDNA
antibody levels but without a change in
anti-ENA status or antimicrobial anti-
body levels. This could be due to dif-
ficult vascular access to some antibody
producing B cell clones, or local pro-
survival signs or because anti-dsDNA
antibodies are mainly produced by
short-lived plasma cells as opposed to
fully differentiated B cells that do not
express CD20 and possible produce
anti-ENA antibodies and are therefore
less responsive to RTX treatment (16).
Another factor that seems to have an
important role in SLE pathogenesis is
the B lymphocyte stimulator (BLyS).
Carter et al. demonstrated an inverse
relation between BLyS levels and B
cell count after RTX treatment, with
peak levels correlating with the nadir
of B cells and a positive correlation
between BLyS and anti-dsDNA anti-
bodies levels during relapse. They also
demonstrated that flares at the lowest
B cells counts were associated with
the highest BLyS levels (17). Hence,
elevated BLyS levels seem to have a
role in SLE relapsing after BCDT and
BLyS blockade treatment may have an
important role in association with RTX.
Patients that failed to respond to BCDT
had lower BILAG scores at baseline
compared to patients who did not fail to
this treatment. Arguably, the presence
of higher disease activity, and there-
fore higher BILAG scores, provides a
greater possibility to demonstrate clini-
cal improvement as compared to these
patients with less active disease.
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Although the main aim of this study
was to understand why some patients
fail to respond to RTX treatment, we
also conclude that patients with renal
involvement tend to fail RTX treat-
ment less often. Those patients also
had higher disease activity with high
anti-dsDNA antibody levels.

This study has some limitations. It is
retrospective and the full previous drug
dosage and exact duration of previ-
ous treatments were difficult to col-
lect comprehensively. It would be also
interesting to evaluate BLyS levels in
further studies in patients treated with
RTX who fail to respond.

The purpose of this study was to evalu-
ate whereas there were specific char-
acteristics that could predispose to
RTX failure in patients with SLE but
we could not identify them, except for
lower BILAG score at baseline in those
patients (which could simply reflect a
less effective response in patients with
less active disease).

Key messages

* Patients with lower BILAG scores
tend to fail more to RTX treatment

e Patients with renal involvement fail
less to RTX treatment

* RTX is an effective treatment in SLE
patients
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