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ABSTRACT

Objectives: To evaluate predictors of serious infections events (SIEs) during rituximab
(RTX) therapy and effects of hypogammaglobulinaemia concerning SIE rates, humoral
response and its persistence post-RTX discontinuation in the treatment of rheumatic and

musculoskeletal diseases (RMDs).

Methods: A retrospective longitudinal study was conducted in a single centre in 700 RTX-
treated RMD patients. Immunoglobulins were measured at baseline and 4-6 months after
each cycle. Baseline predictors of SIEs were assessed using multivariable logistic regression;

for cycles 2-4 mixed-effects logistic regression were used.

Results: 507(72%) had rheumatoid arthritis, 94(13%) systemic lupus erythematosus, 49(7%)
ANCA-associated vasculitis and 50(8%) other RMDs. 281 SIEs were recorded in 176
patients (9.8/100 PY). Predictors of SIEs comprised non-RTX-specific comorbidities
(previous history of SIE, cancer, chronic lung disease, diabetes, heart failure), higher
corticosteroid dose and RTX-specific factors; low IgG(<6g/L) both at baseline and
subsequently, RTX-associated neutropaenia, higher IgM and longer time-to-RTX
retreatment, but not B-cell numbers or depletion status. Of 103 patients with low IgG, SIEs
rates were higher in those with low baseline IgG (16.4/100 PY) or acquired it during/post-
RTX (21.3/100 PY) versus normal IgG (9.7/100 PY), 5/8(64%) had impaired humoral
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response to pneumococcal and haemophilus following vaccination challenge and only

4/11(36%) had IgG normalised after switching bDMARD:s.

Conclusion: Immunoglobulin should be monitored at baseline and before each RTX cycle to
identify patients at risk of SIEs. Individualised benefit-risk assessment should be undertaken
in those with lower IgG as this is a consistent SIE predictor and may increase infection

profiles when RTX is switched to different therapies.

Introduction

Rituximab (RTX) has been licensed for the treatment of moderate to severe rheumatoid
arthritis (RA) for over a decade as well as approved for remission induction of anti-neutrophil
cytoplasmic antibody (ANCA)-associated vasculitis (AAV)(1, 2). Despite the failure of
randomised controlled trials (RCTs) in meeting their primary endpoints in systemic lupus
erythematosus (SLE)(3, 4), primary Sjogren’s syndrome (pSS)(5, 6) and inflammatory
myopathies(7), RTX is commonly used off-label in these indications and other various
rheumatic and musculoskeletal diseases (RMDs), often in cases that are refractory to other
systemic therapies(8-11). However, the immunomodulatory properties of biological disease
modifying anti-rheumatic drugs (b(DMARDs) in general including RTX have raised safety
concerns, prompting careful evaluation in randomised clinical trials (RCTs) and intensive
post-marketing surveillance(12). Data from RCTs and long-term extension (LTE) studies of
RTX in various RMDs had shown no major safety signals(3, 4, 13-15). Nevertheless, RCTs
and their LTE studies sub-selected patients who tolerated the therapy, while those with
comorbidities were often excluded from trials(16). Therefore, real-world data from cohort

studies are needed.
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B-cell depletion targeted at the CD20 molecule is temporary due to the sparing of stem
cells(17). Following an initial response, the majority of RTX-treated RMD patients ultimately
relapse, requiring repeat cycles to recapture response. Repeat cycles with RTX are
effective(8, 18-22). However, attrition of immunoglobulin levels may occur(23, 24). Data
from a registry and small number of observational studies reported that low gammaglobulin
(IgG) pre-RTX increased the odds of serious infection events (SIEs) in the initial 12 months
follow-up post-RTX(25-27). Nevertheless, predictors of SIEs during repeat cycles have not
been reported. Moreover, evidence for immunoglobulin monitoring is also scarce. Thus, the
effects of treatment-induced hypogammaglobulinaemia on the rates of SIEs and persistence
of low immunoglobulin levels following RTX discontinuation need to be evaluated. This is
fundamental as the latter issue could affect infection outcomes when patients are switched to
different bDMARD:s.

Another potential concern is alteration of the B-cell repertoire during depletion with RTX.
The reconstitution of B-cell compartment following each cycle of depletion may not fully
recapitulate the previous repertoire (although long-lived plasma cells are mostly spared from
depletion)(28). It is possible that long-term perturbation of the immune system in this fashion
may lead to impaired host defence. Moreover, long-term, the failure to mount an adequate
response to pathogens may put chronically B-cell depleted patients at risk of infection. Long-
term data on the association between maintenance of low B-cell numbers and SIEs have not
been reported.

Therefore, the objectives of this study were to evaluate predictors of SIEs within the first 12
months and with repeat cycles of RTX in the treatment of RMDs and assess effects of
secondary hypogammaglobulinaemia in terms of SIE rates, humoral response to vaccination
challenge and its persistence following treatment discontinuation, with a view to establishing

a treatment algorithm for safe RTX administration.
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Methods

Patients and Design

A retrospective longitudinal cohort study was conducted in the first 700 consecutive patients
with RMDs, treated with at least one course of RTX in Leeds, UK between January 2002 and
May 2017. Inclusion criteria were (i) adults (>18 years old); (ii) fulfilling the classification
criteria for autoimmune RMD including RA(29), SLE(30), AAV(31), pSS(32), inflammatory
myopathies(33), systemic sclerosis(34) and others(35, 36) and (iii) at least 3 months follow-

up post-RTX.

Ethical approval information

This study did not require a formal ethical approval because all treatment decisions were
made prior to evaluation of data, in accordance with the UK National Health Service
Research Ethics Committee guidelines. B-cell subset analysis was performed in an accredited
clinical diagnostic laboratory (Haematological Malignancy Diagnostic Service (HMDS),
Leeds Teaching Hospitals NHS Trust). This is a routine clinical test in patients receiving
treatment with RTX in our region. The off-label uses of RTX in non-licensed indications
were approved by Leeds Teaching Hospitals National Health Service (NHS) Trust Drug and

Therapeutic Committee.

Treatment

All patients received a first cycle of therapy consisting of 100 mg of methylprednisolone and
1000 mg of RTX (MabThera) given intravenously on days 1 and 14. Further cycles
consisting of the same regimen were repeated on clinical relapse. For RA, 96/506 (19%) of

the patients received repeat treatment with half-dose regimen (500mg x 2) following a
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European League Against Rheumatism (EULAR) response(37) in the previous cycle, in line

with our departmental practice. This decision was left to investigators’ clinical judgement.

Intravenous cyclophosphamide was commonly used as first line remission induction agent for
severe and refractory AAV and SLE. This was administered using similar regimen as per
CYCLOPS trial(38). Following a further relapse or non-response to cyclophosphamide,
treatment was switched to RTX. To analyse the effect of prior treatment with
cyclophosphamide followed by RTX on immunoglobulins, 20 patients with AAV and SLE
(with immunoglobulin data available) were studied. Cyclophosphamide was also used for
remission induction of RA-related interstitial lung disease (RA-ILD) and rheumatoid
vasculitis.

Continuation of a stable or a reduced dose of concomitant conventional synthetic DMARDs
(csDMARDs) and oral prednisolone were left to investigators’ discretion with the aim to stop
the latter if clinical response for the respective disease was achieved at 6 months.

Clinical data and outcomes

Age, sex, disease duration, diagnosis, comorbidities including a previous history of any type
of cancer, chronic lung disease such as ILD, bronchiectasis and asthma (with recurrent
exacerbations), moderate to severe heart failure, diabetes, a previous history of SIE within 12
months prior to RTX, number of previous csDMARDs, bDMARDs, previous treatment with
cyclophosphamide, concomitant prednisolone, prednisolone dose, concomitant csDMARDs
(excluding anti-malarials only), RTX dose, time-to-RTX retreatment and RTX-associated
neutropaenia (RAN) were recorded. RAN was defined as i) an absolute neutrophil count
<2.0x 10°/L occurring at least 4 weeks post-RTX and ii) neutropaenia prior to RTX, drug-
induced neutropaenia or alternative plausible explanation (e.g. Felty’s syndrome) were

excluded.
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SIEs were defined as those resulted in hospitalisation for >24 hours or required intravenous
antibiotics. Data for SIEs were gathered thoroughly and extensively from hospital admission
records using the electronic Patient Access Service system, electronic health records,

pathology results server, clinic, correspondence letters and medical case notes.

Laboratory assessments

Full blood count was processed at a single accredited diagnostic laboratory. Total serum
immunoglobulin levels were measured by nephelometry at pre- and post- cyclophosphamide,
RTX baseline and 4-6 months after each cycle (normal range for IgM: 0.5-2.0 g/L; IgA: 0.8-
4.0 g/LL and IgG: 6.0-16.0 g/L). Secondary hypoglobulinaemia was defined as a level of IgM,
IgA or IgG which was below its respective lower limit of normal (LLN) for at least 4 months
post-RTX.

Specific antibody responses to tetanus, haemophilus and pneumococcal tests were performed
in patients with low IgG and/or SIE in the previous RTX cycle using enzyme-linked
immunosorbent assays. Ranges for inadequate, sub-optimal and adequate antibody levels
were <0.01, 0.01-0.15 and >0.15 IU/mL for tetanus; <0.15, 0.15-1.0 and >1.0 pg/mL for
haemophilus and <10, 10-30 and >30 pg/mL for pneumococcal. Patients with sub-
optimal/inadequate response to either antibody were treated with the appropriate vaccine and

these tests were repeated at 4-6 weeks post-vaccination.

Peripheral blood B-cell subsets (naive, memory and plasmablast) were measured using highly
sensitive flow cytometry as previously described(39) at baseline, week 2 and week 6 without
knowledge of patients’ clinical status other than time since RTX. Complete B-cell depletion

was defined as counts <0.0001x10° cells/L.

This article is protected by copyright. All rights reserved.



Statistical analyses

Patients contributed person-years (PYs) of follow-up between the date of first RTX cycle and
either the date of death, transferred to different hospitals, switched to different bDMARDs or
last follow-up visit. To calculate the rates of SIEs, the total number of SIEs were divided by
the total follow-up in PYs as defined above. No other censoring rules were applied to those
with repeated infections or in statistical modelling.

Associations between categorical variables were tested by Fisher’s exact test while for
continuous variables, either Student’s t-test or Mann-Whitney U test was used, depending on
data type and distribution.

Some data for immunoglobulins and B-cells were missing due to samples not being
processed on the day. Multiple imputation by chained equations was used to estimate these
missing data and other data values at both baseline and follow-up. 10 multiple imputation sets
were used to provide stability of results(40).

To assess baseline predictors of SIEs in the following 12 months post-RTX, all (imputed)
putative variables were first evaluated using univariable analyses. Multivariable analyses
using logistic regression with multiple imputation were undertaken using forward selection
and backwards elimination with a p-value of <0.25 associated with the deviance used for
inclusion in and exclusion from the model.

Data for Cycles 2-4 (C2-4) were analysed as more than two-thirds of the patients received at
least 4 RTX cycles and 4 cycles were considered long enough for baseline risk factors to be
predictive. For analyses in C2-C4, linear mixed-effects logistic regression; a statistical model
comprised both fixed and random intercepts(41) was used based on complete-case analysis.
The same criteria as for the logistic modelling were used for inclusion and exclusion of
variables from this final model. For analyses of predictors of SIEs, two-sided p<0.10 was

considered significant while two-sided p<0.05 was used for other analyses.
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Statistical analyses were performed using Stata v.13 (StataCorp. 2013. Stata Statistical
Software: Release 13. College Station, TX: StataCorp LP. and GraphPad Prism v8.0

(GraphPad, La Jolla, CA, USA) for Windows.

Results

Patient characteristics

Of 700 patients with RMDs who were treated with RTX, 550 patients were female, median
age (IQR) at RTX initiation was 58 (46—68) years and median disease duration (IQR) 7.9
(3.4-15.0) years. Most patients had RA, n=507 (72%). 57/700 (8.1%) had a previous history
of cancer [breast=16, bladder=6, lymphoma=5, squamous cell carcinoma of the
skin/tongue/nose=5, basal cell carcinoma of the skin=4, colon=4, chronic lymphocytic
leukaemia=3, lungs=3, ovary=3, renal=2, cervix=1, gastric=1, melanoma=1, parotid=l1,
prostate=1 and thyroid=1]. Of these, 24/57 were treated with chemotherapy, 6/57 had low
IgG (<6 g/L) at RTX initiation and median cancer diagnosis to first cycle RTX (IQR) 4.3
(1.4-9.5) years.

Total follow-up: 2880 PYs. Median (IQR) RTX cycles was 3 (2-5). Baseline characteristics

are described in Table 1.

Rate, sources and timing of SIEs from first cycle RTX

Overall, there were 281 SIEs recorded in 176 patients (9.8/100 PY). The rates of SIEs were
slightly lower in autoimmune connective tissue disease (AI-CTD) (9.2/100 PY) compared to
RA (10.0/100 PY). The rates of SIEs were generally declining over time (except for a blip
increase at 7-8 years), reflecting modest numbers as well as less patients with SIEs at the later

follow-up (online supplementary Figure S1).
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Most SIEs were due to lower respiratory tract infection; n=170 (61%). Sources of SIEs are
illustrated in online supplementary Figure S2.

In the following 12 months from RTX initiation, 89 SIEs were recorded in 75 patients. Of
these, the proportions of patients who had their first SIE within 6 weeks, 12 weeks, 26 weeks,
38 weeks and 52 weeks from Cycle 1 RTX were 12/75 (16%), 26/75 (35%), 54/75 (72%),
62/75 (83%) and 75/75 (100%) respectively. Cumulative survival of SIE over the first 80

weeks from first cycle RTX is illustrated in online supplementary Figure S3.

Opportunistic infections

There were 8 opportunistic infections recorded. These were disseminated varicella zoster=2,
mycobacterium=2 [one patient presented with reactivation of mycobacterium tuberculosis as
septic arthritis of the right ankle while another had mycobacterium avium complex in the
lungs], cytomegalovirus=2, disseminated candidiasis=1 and pneumocystis jiroveci
pneumonia=1. The last was observed in a patient who was subsequently diagnosed as having

HIV infection.

Chronic hepatitis infections

15/700 (2.1%) and 7/700 (1%) of the patients had previous hepatitis B and C infections
respectively i.e. Anti-HBc and Anti-HCV positive. None of them had detectable Hepatitis B
or C viral load prior to RTX. During RTX therapy, 14/15 of the patients with previous
hepatitis B infections were treated with prophylaxis lamivudine (1 patient was non-compliant
to either lamivudine or entecavir) while no prophylaxis was administered to those with
previous hepatitis C infections. Post-RTX, no case of reactivation of both hepatitis was

observed.
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Baseline predictors of SIEs within 12 months of RTX initiation

In Cycle 1, data for immunoglobulins and B-cells were available for 666/700 (95%) and
597/700 (85%) of the patients respectively.

In multivariable analysis, a previous history of cancer, SIE, chronic lung disease, RAN and
low IgG were associated with increased odds of SIEs in the following 12 months from RTX

initiation. A diagnosis of RA was associated with lower risk of SIEs (Table 2).

Predictors of low IgG prior to RTX initiation

Since low IgG pre-RTX was independently predictive of SIE, its risk factors were evaluated.
In multivariable analysis, older age, a previous history of cancer, SIE and therapy with
cyclophosphamide were associated with increased odds of low IgG at baseline. While a
diagnosis of RA was associated with normal IgG (online supplementary Table S1).

Effect of remission induction with cyclophosphamide followed by RTX on

immunoglobulin levels

Remission induction with cyclophosphamide led to a profound decline in almost all
immunoglobulin classes for AAV and SLE (except IgM and IgA for SLE) at 6 months post-
therapy. IgM, IgA and IgG levels for both diseases (except IgM in SLE) remained
substantially lower than pre-cyclophosphamide levels at 18 months.

Following a subsequent relapse or non-response to cyclophosphamide, remission induction
and maintenance was switched to RTX (the latter using retreatment-on-relapse strategy).
Using this strategy, IgA and IgG levels remained stable up to 3 cycles in AAV. While in
SLE, progressive reduction in all immunoglobulin classes over the 3 RTX cycles were

observed, albeit their levels were still above the LLN (Figure 1).
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Predictors of SIEs during repeat RTX cycles

For C2-C4, all plausible variables were analysed using mixed-effects logistic regression
analysis. As no study has reported on the relevant change in immunoglobulin level
parameters for a longitudinal study, we tested several variables including percentage change
of immunoglobulin level of each cycle in relation to immunoglobulin level at RTX baseline,
absolute and relative difference in immunoglobulin between pre- and post-RTX for each
cycle. However, none of these were predictive in multivariable analysis. Hence, we selected
the first variable, with the strongest association with SIEs to be included in the model

building.

There were 595 patients with an infection outcome for C2 but only 411 (69.1%) with
complete covariable information were studied. In multivariable analysis, baseline
comorbidities including a previous history of cancer, SIE, chronic lung disease, heart failure
and diabetes, higher corticosteroid dose, as well as pre-RTX variables of each cycle including
RAN, longer time-to-RTX retreatment and higher IgM level were associated with increased
odds of SIEs. Higher IgG level was associated with lower odds of SIEs. Lower B-cell subset

numbers and depletion status were not independently associated with SIEs (Table 3).

Infection rates in patients with hypoglobulinaemia

To assess infection outcomes in patients with RMDs who had hypoglobulinaemia, we divided
them into 3 groups: i) low Ig levels at RTX C1 baseline; ii) low Ig levels during/post-RTX
and iii) never developed low Ig. Only IgM and IgG were evaluated since frequency of

IgA<LLN was the lowest; 32/670 (4.8%).
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For IgM, the rates of SIEs were similar in those with low IgM at RTX C1 baseline (10.6/100
PY), before acquiring low Ig during RTX (9.8/100 PY) and those with normal IgM (9.2/100
PY). While the highest rate of SIEs was observed in those who acquired low IgM
during/post-RTX (14/100 PY).

In contrast, the rates of SIEs were markedly higher in those with low IgG at RTX C1 baseline
(16.4/100 PY) or acquired it during/post-RTX (21.3/100 PY) versus those with normal IgG

(9.7/100 PY) or before acquiring low IgG during RTX (12.1/100 PY) (Table 4).

Effect on specific antibody responses in patients with low IgG

Specific antibody responses to tetanus, pneumococcal and haemophilus assays were tested in
29 patients (as decided by physicians) with low IgG and/or SIEs in the previous RTX cycle.
Of these, the proportions of patients with sub-optimal/inadequate response to tetanus,
haemophilus and pneumococcal were 2/29 (7%), 21/29 (72%) and 17/29 (59%) respectively.
8/29 of these patients had repeat tests at 6 weeks following vaccination challenge. Of these,
5/8 continued to have impaired responses (sub-optimal/inadequate) to both haemophilus and
pneumococcal (Figure 2(A-B)). Three patients with inadequate responses above were treated

with immunoglobulin replacement (IGR) therapy.

Effect on immunoglobulins following switch to different bDMARDs

103/700 (14.7%) of the patients had low IgG either at baseline or at least 4 months duration
during RTX therapy. Of these, 31/103 (30.1%) discontinued RTX [deaths=15 (10=infection
of which 2 had baseline low IgG; 2=metastatic cancer; 2=multi-organ failure and 1=heart
failure); switched to different bDMARDs=11; left hospital=3 and no longer required

RTX=2].
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Post-switch immunoglobulin data were available for all 11 patients. Of these, only 4/11
(36%) had their IgG normalised after at least 2 years post-switch. Of those who remained
with low IgG post-switch, 2/7 had to stop subsequent bDMARDs and one required IGR

therapy (Figure 2C and online supplementary Table S2).

Efficacy of immunoglobulin replacement therapy

Overall, only 7/700 (1%) of the patients in this cohort were treated with IGR due to recurrent
infections despite prophylactic antibiotics and/or hypogammaglobulinaemia. as
recommended by expert consensus(42). These were RA=3, SLE=2, AAV=1 and anti-
phospholipid syndrome=1. Median time (range) from first cycle RTX to IGR was 3.7 (0-7.2)
years. Post-IGR, 6/7 had IgG normalised, 3/7 had normal IgA and 2/7 had normal IgM
(Figure 2D). Number and severity of infections reduced in all patients. Median duration
(range) of therapy was 3.7 (0.5-10) years. Cessation of IGR was only achieved in 1/7 of the

patients.

Discussion

This report presents the most complete infection safety data on the use of RTX in treating
various RMDs from a real-world perspective. By carefully reviewing records of every patient
to capture all infection episodes in the largest single centre cohort study to date, our findings
provide insights on predictors of SIEs as well as a foundation for safety monitoring of RTX.

In this study, a high rate of SIEs (9.8/100 PY) was observed, compared to data from RCTs
and LTE studies of RTX in RA (3.94/100 PY)(13) and registries of RTX in RMDs (ranging
from 5.0-6.6 PY)(25, 43, 44). The high SIE rate in this cohort could be contributed to
channelling bias as the patients comprised those with multiple comorbidities including

chronic lung disease (a relative contraindication for other bDMARDs), a previous history of
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cancer and SIE. Patients with these risk factors were enriched in this RTX-treated population,
thus led to an increase in adverse events reported. Moreover, efficacy RCTs (and meta-
analyses derived from them) are of limited value in capturing adverse events in those with
multiple comorbidities(16) while for registry study, complete data depended on the quality of
reporting from the participating investigators(45).

The finding from a French registry(25) that low IgG at baseline was associated with increased
risk of SIE within 12 months of RTX initiation was validated in this study. However, other
important risk factors including RAN, a previous history of cancer and SIE were not
reproduced from their dataset. Importantly, the advantages of this study compared to the
registry including longer duration of follow-up, methods of dealing with missing data were
better defined and the majority of data for immunoglobulins were available (95% versus 49%
in the registry). In this study, all SIEs only occurred in patients with a neutrophil count
<0.5% 10°/L. Nevertheless, the incidence of RAN in these RMD patients was low, 25/700
(3.6%), which was nearly similar to those reported by a registry study of RTX in RMDs(46).
As a risk factor for SIE, a previous history of cancer appeared to be independent of IgG since
the rates of low IgG at RTX baseline between those with and without prior history of cancer
were about the same; 6/57 (10.5%) and 28/643 (4.3%). No other association between type of
cancer, cancer treatment or timing from cancer diagnosis to first cycle RTX and SIE could be
deduced due to frequency of patients with a previous history of cancer in this cohort.

This study is also the first to identify predictors of SIEs with repeat RTX cycles including
baseline comorbidities and higher corticosteroid dose, as well as RTX-specific factors such as
pre-RTX IgG, IgM levels, RAN and longer time-to-RTX retreatment. The last may be an
artefact due to reluctance to re-treat those with low IgG. Higher IgM level could represent an
initial phase of infection(47) or high disease activity(48), which could increase infection risk.

Moreover, in line with the consensus statement on the use of RTX in RA(2), our findings not
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only provided rationale for immunoglobulin monitoring for below or above LLN but also
added that the degree of recovery or increment of IgG level (as measured before retreatment
of each cycle) would reduce the risk of post-treatment infection.

Other studies reported risk factors for hypogammaglobulinaemia including lower IgG level
pre-RTX(27) while conflicting evidence for prior treatment with cyclophosphamide(24, 49).
This study identified older age, a previous history of cancer, SIE and therapy with
cyclophosphamide as predictors of low IgG at baseline. These factors as well as other
predictors of SIEs as described above need to be taken into account when counselling patients
on safety before commencing therapy with RTX. Furthermore, for those with low baseline
immunoglobulin levels and are deemed to be in higher risk groups (with multiple
comorbidities), our data suggest that reduction of corticosteroid may be beneficial. Although
the use of half-dose RTX regimen was not predictive of SIEs, it is worth nothing that this
study was not designed and powered to answer this question.

It is also important to note that this acquired hypogammaglobulinaemia could not be solely
attributed to RTX. This study showed that remission induction for severe AAV and SLE with
cyclophosphamide led to a marked decline in almost all immunoglobulin classes up to 18
months. This concurred with a study by Venhoff et al., who also showed that a single cycle of
RTX following cyclophosphamide further worsened the decline in IgM and IgG to below
LLN levels(50). In contrast, using a retreatment-on-clinical relapse strategy, IgA and IgG
levels remained stable over time in AAV in this study. Meanwhile, reduction in all
immunoglobulin classes post-RTX in SLE (albeit their levels were still above the LLN) could
be attributed to RTX efficacy. Overall then, retreatment-on-relapse strategy as implemented
in this cohort led to the lowest rate (1%) of patients who subsequently required IGR therapy

compared to fixed retreatment strategy i.e. every 6 to 12-monthly (ranging from 4-11%)(24,
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49). Importantly, our findings raised an important question; should RTX be used as a first
line agent for remission induction for severe AAV and SLE from safety perspective?

The continued efficacy of B-cell depletion in RA, SLE and other RMDs depends on repeated
RTX cycles to maintain depletion or low levels of B-cells. This is the first study to show that
in a fully adjusted model, both low B-cell numbers and the depth of depletion post-RTX were
not associated with increased risk of SIEs.

This study has some limitations. First, the lack of control group as well as enough
samples/power to detect infection safety differences regarding RTX dosage regimen and
retreatment strategy limits its safety interpretation. Another potential limitation was
heterogeneity of the patients, although this could also improve the generalisability of our
findings. Next, for repeat cycles, we lost 31% of the data in the final model due to incomplete
covariates information. However, we had evaluated the consistency of predictors in the final
model (using complete-case analysis) against analyses of predictors of SIEs in each C2-C4
(using multiple imputation). Baseline comorbidities, corticosteroid dose, RAN and IgG were
consistent predictors of SIEs while time-to-RTX retreatment and IgM were only predictive in
Cycle 4 (data not shown). Lastly, concomitant therapy with csDMARDs and daily oral
corticosteroid were used in 73% and 43% of the patients respectively, thus infection could
not be attributed to RTX alone.

In conclusion, immunoglobulin should be monitored at baseline and before each RTX cycle,
particularly in patients with comorbidities and low baseline immunoglobulin levels in order
to discern those at risk of SIEs. Individualised benefit-risk assessment regarding RTX
retreatment decision is needed in those with lower IgG as this is a consistent predictor of SIE

and may increase infection profiles when RTX is switched to different bDMARDs.
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LEGENDS TO FIGURES

Figure 1: Trends of immunoglobulins following remission induction with
cyclophosphamide and RTX in SLE and AAV. Remission induction with
cyclophosphamide led to a profound decline in almost all immunoglobulin classes for both
diseases at 6 months post-therapy. Following a switch to RTX, using retreatment-on-relapse
strategy, IgA and IgG levels remained stable up to 3 cycles in AAV. The bars for all
immunoglobulin classes represent mean concentration and the error bars denote standard
error of the mean. AAV: anti-neutrophil cytoplasmic antibody-associated vasculitis; C1-3:
cycles 1-3; CyC: cyclophosphamide; LLN: Lower limit of normal, RTX: rituximab; SLE:

systemic lupus erythematosus; ULN: Upper limit of normal

Figure 2: Effects of hypogammaglobulinaemia on specific antibody responses, its
persistence and response to immunoglobulin replacement therapy. A-B) Specific
antibody responses to haemophilus and pneumococcal following a vaccination challenge. C)
IgG levels as measured at RTX baseline, 6 months after last RTX cycle and post-switch to
bDMARDs. Green-coloured graphs represent patients whom IgG normalised while red-
coloured graphs denote low IgG despite a switch in therapy. D) IgG levels as measured pre-
and post-therapy with immunoglobulin replacement. The grey-coloured broken-line denote
upper limit of normal, blue-coloured broken lines represent lower limit of normal while
orange-coloured broken lines denote lower limit of inadequate level to specific antibody test.

IGR: immunoglobulin replacement; RTX: rituximab
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Table 1 Baseline characteristics of the 700 RTX-treated RMD patients

Characteristic Values
Diagnosis: n (%)
Rheumatoid arthritis 507 (72.4)
Systemic lupus erythematosus 94 (13.4)
ANCA -associated vasculitis 49 (7.0)
Inflammatory myopathies 14 (2.0)
Primary Sjogren’s syndrome 9(1.3)
Systemic sclerosis 6 (0.9)
Anti-Phospholipid syndrome 5 (0.7)
Mixed connective tissue disease | 4 (0.6)
Cryoglobulinaemic vasculitis 2(0.3)
IgG4-related sclerosing disease 2(0.3)
Other CTDs 8(1.1)
All patients RA Other RMDs
(n=700) (n=507) (n=193)
Age, years: mean (SD) 55.7 (15.9) 60.0 (13.2) 44.6 (16.8)
Female: n (%) 550 (78.6) 401 (79.1) 149 (77.2)
Disease duration, years: median 7.9 (3.4-15.0) 9.6 (5.1-17.4) |3.9(1.3-8.6)
(IQR)
Biologic naive: n (%) 364 (52.0) 175 (34.5) 189 (97.9)
Prior cyclophosphamide: n (%) 142 (20.3) 22 (4.4) 120 (62.2)
Concomitant anti-malarials: n (%) 66 (9.4) 22 (4.3) 42 (21.8)
Concomitant csDMARDSs: n (%) 514 (73.4) 386 (76.1) 128 (66.3)
Methotrexate 386 (55.1) 343 (67.7) 43 (22.3)
Mycophenolate mofetil 55(7.9) 4 (0.8) 51 (26.4)
Azathioprine 36 (5.1) 10 (2.0) 26 (13.5)
Leflunomide 26 (3.7) 26 (5.1) 0
Cyclophosphamide 8 (1.1) 0 8 (4.1)
Sulfasalazine 4 (0.6) 3(0.6) 1(0.5)
Concomitant prednisolone: n (%) 303 (43.3) 173 (34.1) 130 (67.4)
All patients RA Other RMDs
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(n=700) (n=507) (n=193)

Daily prednisolone dose, mg: mean | 4.8 (7.2) 2.8 (4.7) 9.9(9.7)
(SD)
Ever smoked: n (%) 299 (42.7) 228 (45.0) 71 (36.8)

Immunoglobulin, g/L: mean (SD)

Normal ranges

IgM (0.5-2.0) 1.43 (1.04) 1.54 (1.11) 1.13 (0.76)
IgA (0.8-4.0) 3.02 (1.44) 3.20 (1.37) 2.55 (1.50)
I¢G (6.0-16.0) 12.36 (4.73) 12.13 (3.98) | 13.0(6.29)

ANCA: anti-neutrophil cytoplasmic antibody; csDMARDs: conventional synthetic disease
modifying anti-theumatic drugs; CTD: connective tissue disease; RMD: rheumatic and

musculoskeletal disease
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Table 2: Baseline predictors of serious infection within 12 months of first cycle RTX

No serious Serious Univariable OR Multivariable OR
infection infection 95% CI), P-value | (95% CI), P-value
N =625 N=75 (with multiple (with multiple
imputation) imputation)
Age, years: median 57.1 (45.4-164.5 (53.7- | 1.27 (1.07-1.50) -
(IQR) 66.4) 72.8) Per 10 years of age,
P =0.005
Female: n (%) 497 (79.5) 53 (70.6) 0.62 (0.36-1.006), -
P =0.080
Disease duration, 7.9 (3.5-14.9) 8.4 (2.9-| 1.0 (0.98-1.03) 1.03 (0.99-1.06)
years: median (IQR) 16.4) Per year, P=0.100
P=0.517
Ever smoked: n (%) | 259 (41.4) 40 (53.4) 1.70 (1.00-2.61), -
P=0.051
Previous history of 46 (7.4) 11 (14.7) 2.16 (1.07-4.39), 3.22 (1.32-7.83)
any cancer: n (%) P =0.032 P =0.010
Chronic lung 129 (20.6) 31 (41.3) 2.71 (1.65-4.46) 1.79 (0.96-3.34)
disease: n (%) P < 0.001 P =0.069
Heart failure: n (%) 11 (1.8) 2.7 1.53 (0.33-7.03) -
P =0.585
Diabetes: n (%) 33 (5.3) 9 (12.0) 2.45 (1.12-5.33) 1.88 (0.71-4.94)
P =0.025 P=0.201
Diagnosis of RA vs | 456 (73.0) 50 (66.7) 0.74 (0.44-1.24) 0.49 (0.22-1.07)
CTDs: n (%) 25 (33.3) P =0.249 P=0.073
Previous severe 58 (9.3) 40 (53.3) 11.17 (6.59-18.94), | 9.29 (4.93-17.51),
infection: n (%) P < 0.001 P <0.001
Previous 123 (19.7) 19 (25.3) 1.38 (0.79-2.42) -
cyclophosphamide: P =0.252
n (%)
Previous biologics:
n (%)
0 316 (50.5) 48 (64.0) 0.82 (0.64-1.04) 0.84 (0.68-1.04)
1 137 (21.9) 11 (14.7) Per number of | Per number of
2 105 (16.8) 10 (13.3) previous biologics previous biologics
3 52 (8.3) 4(5.3) P=0.102 P=0.113
4 15 (2.4) 2(2.7)
Concomitant 256 (41.0) 47 (62.7) 2.41 (1.48-3.97) -
corticosteroid: n (%) P <0.001
Corticosteroid dose, | 0 (0-7.5) 5(0-10) 1.04 (1.01-1.07) 1.03 (0.99-1.07)

mg: median (IQR)

P =0.007

P=0.151
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No serious Serious Univariable OR Multivariable OR
infection infection 95% CI), P-value | (95% CI), P-value
N =625 N=75 (with multiple (with multiple
imputation) imputation)
Concomitant 470 (75.2) 44 (58.7) 0.47 (0.29-0.77) 0.63 (0.35-1.14)
csDMARDSs: n (%) P =0.003 P=0.128
RTX-associated 6 (0.96) 5(6.67) 7.37 (2.19-24.77) 13.26 (3.12-56.44)
neutropaenia: n (%) P =0.001 P < 0.001
Low IgM (<0.5g/L): | 42 (6.7) 15 (20.0) 3.47 (1.82-6.63) 2.07 (0.86-4.99)
n (%) P <0.001 P=0.103
Low IgA (<0.8g/L): | 11 (1.8) 4(5.3) 3.14 (0.98-10.14) -
n (%) P =0.055
Low IgG (<6.0g/L): | 20 (3.2) 14 (18.7) 7.28 (3.48-15.25) 2.80 (1.02-7.67)
n (%) P <0.001 P =0.045
Naive B-cell:* 72.2 (29.7- | 43.3 (9.5- | 1.000 (0.997-1.002), | -
median (IQR) 122.0) 102.0) P=0.728
Memory B-cell:* 18.5(8.3-35.5) | 10.7 (5.0- | 0.999 (0.992-1.006), | -
median (IQR) 39.1) P=0.743
Plasmablasts:* 1.9 (0.8-3.8) 1.9 (0.9-) 1.016 (0.991-1.043), | 1.02 (0.991-1.051)

median (IQR)

P=0.215

P=0.173

*(count x 10” cells/L) for each subset multiply by 1000 prior to analysis

CTD: connective tissue disease; csDMARDSs: conventional synthetic disease modifying anti-
rheumatic drugs; IQR: interquartile range; RA: rheumatoid arthritis; RTX: rituximab
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Table 3: Predictors of serious infection during cycles 2-4 of RTX

No serious Serious Univariable OR Multivariable OR
infection infection 95% CI), P-value (95% CI), P-value
N =1208 N=111 (with multiple (with multiple
imputation) imputation)
Age, years: mean 55.5(14.8) 59.8 (15.7) 1.03 (1.00-1.05) -
(SD) Per 10 years of age,
P =0.007
Female: (%) 80.1 73.0 0.64 (0.35-1.17), 0.70 (0.39-1.24)
P=0.149 P=0.219
Previous history of 9.0 144 1.93 (0.86-4.35), 3.24 (1.50-7.01)
any cancer: (%) P=0.112 P =0.003
Chronic lung disease: | 19.6 39.6 3.51 (1.94-6.35) 2.24 (1.25-4.02)
(%) P <0.001 P =0.007
Heart failure: (%) 1.2 5.4 2.60 (0.87-7.80) 5.75 (1.45-22.80)
P =0.087 P=0.013
Diabetes: (%) 5.9 13.5 9.42 (1.87-47.53) 2.61 (1.14-5.97)
P =0.007 P=0.023
Previous severe 8.9 37.8 10.10 (4.94-20.65), P | 6.32 (3.11-12.82),
infection: (%) <0.001 P < 0.001
Corticosteroid dose, 0 (0-5) 3.75 (0-7.50) | 1.11 (1.05-1.16), 1.08 (1.02-1.13),
mg: median (IQR) P <0.001 P =0.005
Concomitant 64.0 59.5 0.80 (0.47-1.35) -
¢sDMARD:s: (%) P=0.395
Full dose RTX: (%) 933 91.9 0.65 (0.26-1.62) -
P=0.351
Time-to-RTX, 49.3 (36.4-|53.0 (38.4-|1.01(1.00-1.01), 1.01 (1.00-1.02),
retreatment, weeks: 64.7) 86.7) P =0.003 P =0.003
median (IQR)
RTX-associated 0.58 3.60 8.07 (1.53-42.72), 16.56 (3.82-71.72),
neutropaenia: (%) P =0.014 P < 0.001
IgM level, g/L: 0.95 (0.78) 0.97 (1.57) 1.05 (0.82-1.33), 1.24 (0.96-1.60),
mean(SD) P=0.719 P =0.094
IgA level, g/L: mean | 2.84 (1.44) 2.74 (1.61) 0.93 (0.77-1.11) -
(SD) P =0.399
IgG level, g/L: mean | 11.06 (3.79) | 9.81 (4.30) 0.89 (0.83-0.96), 0.88 (0.81-0.96),

(SD)

P =0.002

P =0.005
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No serious Serious Univariable OR Multivariable OR
infection infection 95% CI), P-value 95% CI), P-value
N =1208 N=111 (with multiple (with multiple
imputation) imputation)
Percentage change in | 36.2 (22.5-|36.3  (19.2- | 1.00 (0.99-1.01), -
IgM level, %: median | 50.0) 58.2) P =0.800
(IQR)
Percentage changein | 8.7 (33 -|9.0 (59 -] 1.01(1.00-1.02), -
IgA level, %: 20.4) 28.4) P=0.190
median(IQR)
Percentage in IgG 10.2 (-0.80 — | 13.8 (0.0 - | 1.01 (0.99-1.02), -
level, %: median 20.6) 28.1) P=0.381
(IQR)
Pre-RTX naive B- 16.2 (1.7- | 5.8 (0.2-35.2) | 1.001 (0.998-1.003), | 1.002 (0.993-1.005)
cell:* median (IQR) 51.5) P =0.565 P=0.139
Pre-RTX memory B- | 1.4 (0.6-3.3) | 1.3 (0.4-4.0) 0.993 (0.958-1.030), | 0.970 (0.928-1.014)
cell:* median (IQR) P=0.719 P=0.176
Pre-RTX 1.0 (0.3-2.1) | 0.8 (0.0-2.7) 1.005 (0.950-1.062), | -
plasmablasts: * P =0.867
median (IQR)
Complete B-cell 73.4 72.1 0.80 (0.46-1.40), 0.65 (0.39-1.24),

depletion: (%)

P =0.435

P=0.191

*(count x 10” cells/L) for each subset multiply by 1000 prior to analysis

CTD: connective tissue disease; csDMARDSs: conventional synthetic disease modifying anti-
rheumatic drugs; IQR: interquartile range; RA: rheumatoid arthritis; RTX: rituximab
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Table 4: Serious infection rates in patients with [gM and IgG levels <LLN for at least 4
months during RTX therapy

Group 1: Group 2: Patients who developed | Group 3: Those
Ig<LLN at Ig<LLN during RTX (n=196) who never
RTX initiation | Before Ig<LLN | During/After developed
(n=57) Ig<LLN Ig<LLN during
RTX (n=482)
IgM
Total Exposure | 235.5 538.1 528.2 1700.9
(PY)
No of SIE 25 53 74 156
Rate of SIE/100 | 106 (6.9 to|9.8(7.4t012.9) | 14.0(11.0t0 16.6) | 9.2 (7.8 to 10.7)
PY (95% CI) 15.7)
IgG
Total Exposure | 122.1 123.5 136.0 2457.1
(PY)
No of SIE 20 15 29 238
Rate of SIE/100 | 164 (100 to | 12.1 (6.8 to]|21.3(14.3t030.6) |9.7(8.5t011.0)
PY (95% CI) 25.3) 20.0)

LLN: lower limit of normal; PY: patient-year; SIE: serious infection event; RTX: rituximab
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