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Abstract
Introduction

Connective tissue disease associated interstitial lung disease (CTD-ILD) is a challenging
clinical entity. Rituximab (RTX) is a chimeric monoclonal antibody targeted to CD20+ B-cells,
resulting in B-cell depletion and has been suggested as a potential therapeutic modality in

progressive disease.

Objectives

To investigate the therapeutic effects and safety of rituximab in patients with progressive CTD-
ILD.

Methods

A retrospective observational analysis was performed at WDGMC between January 2010 and
December 2020. A total of 19 patients with CTD-ILD were treated with RTX and various
combinations of immunomodulatory therapy. The effects of RTX were investigated with serial
pulmonary function testing (PFT), high resolution computed tomography (HRCT) of the chest,

and the WHO functional class assessment (FC).
Results

At an average of 24-month follow up from baseline, the mean change in forced vital capacity
(FVC) was not significantly different from baseline (0.01L, 95% CI -0.13 to 0.14L) (p=0.91).
At an average of 24-month follow up, 17 follow up HRCTs were available of which 13 showed
disease stability, 3 indicated progression and 1 indicated improvement. At an average of 24-
months follow up, FC remained stable compared to baseline (p=0.083). No serious adverse

drug reactions or mortalities occurred.



Conclusion

Rituximab is a potential therapeutic option in patients with progressive CTD-ILD and appears
to result in stability in FVC, HRCT findings and FC over a 24 month period.

Presenters email: ubaidseedat@gmail.com
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Abbreviations

CTD: Connective Tissue disease

ILD: Interstitial lung disease

CTD-ILD: Connective Tissue disease associated Interstitial lung disease.
RTX: Rituximab

SLE: Systemic lupus erythematosus

RA: Rheumatoid Arthritis

SSC: Systemic sclerosis

ANA: Anti-nuclear antibody

RF: Rheumatoid factor

ACCP: Anti—cyclic citrullinated peptide

IPF: Idiopathic pulmonary fibrosis

PFT: Pulmonary function tests

FEV1: Forced expiratory volume within 1 second.

FVC: Forced vital capacity.

DLCO: diffusing capacity of the lungs for carbon monoxide
HRCT: High-resolution computed tomography

UIP: Usual interstitial pneumonia

NSIP: Nonspecific interstitial pneumonia

Wits DGMC: Wits Donald Gordon Medical Centre
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Introduction and Literature review

Connective tissue disease associated interstitial lung disease (CTD-ILD) is a complex and
heterogenetic entity comprising 15% of all ILD* and is associated with significant morbidity
and mortality.? Anti-inflammatory, immuno-modulatory and more recently anti-fibrotic
therapy has remained the cornerstone of treatment and highlights the immunological
dysfunction critical to its underlying pathophysiology. Rituximab (RTX) is a chimeric
monoclonal antibody targeted to CD20+ B-cells, resulting in B-cell depletion.® This drug has
been utilised as salvage therapy in refractory CTD-ILD and has demonstrated improved
outcomes in observational studies.* This retrospective case series analysis aims to identify
patients with CTD-ILD treated with RTX, analyse the efficacy of RTX therapy, and identify

patient subgroups who may benefit from this therapy in a single centre over a ten-year period.

CTD-ILD may manifest with severe and progressive disease despite maximal first line
therapy. Initial treatment in CTD-ILD is based on connective tissue disease profile and
radiological findings. To date, corticosteroids have remained the conventional backbone of
care with immunosuppressant therapy such as mycophenolate mofetil, azathioprine and
cyclophosphamide remaining key additions to therapy.® Some patients may manifest with
severe and progressive disease despite initial therapy and this poses as a challenging clinical
scenario associated with significant morbidity and mortality. A paucity of treatment options
is available in this clinical situation, with palliative measures and lung transplantation
previously the only options. In recent times anti-fibrotic agents have emerged, originally
utilised in the therapy of idiopathic pulmonary fibrosis (IPF). The drugs nintedanib and
pirfenidone have been shown to be safe and effective in the treatment of IPF, with both drugs
being recommended for use in patients with IPF.® Data has also since emerged regarding the

use of these agents in non-1PF pulmonary fibrosis.’ &



Emerging data has indicated that RTX is a potential salvage therapy, slowing disease
progression in CTD-ILD. The basis of pulmonary disease in CTD-ILD is associated with
immunological dysfunction, and its modulation may be key in disease control.® - Notable
early evidence highlighting the role of RTX in CTD-ILD emerged in 2012. A retrospective
analysis by Kier et al.* concluded that 7 out their 8-patient cohort showed a favourable
response to RTX. Parameters utilised to assess the response to RTX included pulmonary
function tests (PFTs), high resolution computed tomography (HRCT) of the chest and clinical
symptoms. Eight patients were selected and observed for 9-12 months post RTX therapy,
patients all had severe baseline disease with a diffusion capacity for carbon monoxide
(DLCO) of less than 25% (range 16-32%) and FVC of 45% (range 37-59%). The 8-patient
cohort was varied in both disease profile and HRCT pattern, 5 patients were included with
polymyositis (PM) /dermatomyositis (DM) related ILD, 4 of which were subtyped
radiologically as NSIP and 1 as organising pneumonia (OP). Two patients with
undifferentiated CTD related ILD were included (one with fibrotic NSIP and one with OP).
The final patient had systemic sclerosis (SSC) related ILD radiologically typed as fibrotic
NSIP. Statistically significant (p<0.05) responses were observed in this cohort of patients,
both clinically, and assessed by serial PFT's. A median improvement in DLCO of 22%
(range 0-119%; p=0.04) and FVC of 18% (range 0—100%; p=0.03) was observed in 6
patients within the designated period following RTX therapy. This followed a period of
clinical and functional decline prior to RTX therapy. The 7™ patient (undifferentiated CTD-
ILD with OP) had no baseline PFT’s due to being mechanically ventilated but had
radiological and symptomatic benefit. The 8™ patient (SSC related-1LD) had no statistically
significant benefit noted on serial PFTs, but symptomatic improvement was noted. The
authors concluded that despite the shortcomings of an observational analysis in a small group
of patients, RTX use was associated with statistically significant clinical and functional
improvement. The study further went on to highlight the need for further investigation with

larger, more varied patient groups.*

A larger retrospective review conducted at the Bristol CTD-ILD service in 2016 by Sharp et
al.'*analysed RTX therapy in refractory CTD- ILD who failed to respond to conventional

immunomodulatory therapy. Twenty-four patients were identified, specifically those who



failed to respond to prior immunosuppressive therapy with 6 cycles of cyclophosphamide at
15mg/kg at 3-week intervals, high dose intravenous methylprednisolone, and mycophenolate
mofetil. Patient demographics were varied; of the 24 patients, 16 were female and 8 were
male with a mean age of 51.4 years (SD of 14.9). Thirteen patients had myositis related
disease (10 with anti-synthetase syndrome (ASS) and 3 with DM), 3 with SSC, 2 with
Sjogren’s syndrome (SS), 2 with systemic lupus erythematosus (SLE) and 4 with
unclassifiable CTD. Radiological subtyping was identified in 11 patients, with 9 having
NSIP, 1 with lymphocytic interstitial pneumonia (LIP) and 1 with hypersensitivity
pneumonitis (HP). Prior to RTX therapy, there was a progression of disease with a decline in
FVC of -3.3% (95% CI - 5.6, -1.1) and DLCO of - 4.3% (95% CI - 7.7, -0.9). Following RTX
administration, PFT"s were assessed at 6 and 12 months. Results showed that FVC improved
after therapy, with a mean change of 4.1% (95% CI 0.9, 7.2; P = 0.01) and DLCO remained
stable, with a mean change of 2.1% (95% CI 1.0, 5.2; P = 0.18). Of note, subgroup analysis
based on disease profile, with subtyping into a myositis and non-myositis group, showed that
patients in the myositis group yielded a greater response in FVC (P = 0.002) as well as
DLCO (P =0.009). Radiological parameters were also analysed by HRCT; 22 patients had
available imaging studies and radiological criteria indicated that imaging had deteriorated for
9/22 patients while 13/22 showed disease stability or improvement. Despite this analysis
suggesting a trend in improved radiological appearances before and after treatment with

RTX, no statistically significant differences were demonstrated (P = 0.223).%*

Larger studies have also emerged in recent publications. A 2020 publication by Atienza-
Mateo B et al.? identified 34 patients from May 2016 until March 2020 in a single Spanish
centre. Of the 34 patients, 8 were excluded due lung transplantation, insufficient data, or loss
of follow up. The 26 remaining patients represented a diverse cohort which included 13
males and 13 females with a mean age of 58.9 years (x10.2) at the onset of RTX therapy.
Seven patients had SSC, 6 with idiopathic inflammatory myositis, 6 with rheumatoid arthritis
(RA), 5 with interstitial pneumonia with autoimmune features (IPAF), 3 had primary SS and
2 had myeloperoxidase-ANCA positive vasculitis. Radiological subtyping was also
identified, with 13 patients falling into the usual interstitial pneumonia (UIP) subtype (2 with
probable UIP or indeterminate UIP pattern), 12 with NSIP pattern and 1 with a non- NSIP
pattern. Immunomodulatory therapy both prior to, and concomitant to RTX, was identified.

The efficacy of RTX was evaluated in these patients at time dependant intervals and PFTs

10



and radiological data was analysed. RTX therapy resulted in an improvement in multiple PFT
parameters. An increase in mean FVVC values (5.8% at 6 months, 0.5% at 1 year and 4.2% at
2 years), forced expiratory volume within the first second (FEV1) (2.5% at 6 months and
3.4% at 2 years), and DLCO (0.4% at 1 year and 10.6% at 2 years) was observed. Serial
HRCT of the chest showed stabilization of interstitial lung abnormalities in 15/23 patients
(65.2%), a worsening from baseline in 5/23 patients (21.7%), and a marked improvement in
3/23 patients (13.1%). Limitations of the study were highlighted, noticeably RTX therapy
being initiated at differing points throughout the patient’s immunosuppressive regimen.
Furthermore, some PFT values were incomplete. Despite this, the paper concluded that RTX
constitutes a promising therapeutic option to preserve lung function in patients in this clinical

scenario, regardless of their underlying pattern of CTD or radiological profile.*2

In another retrospective analysis 13, a multi-centre mixed cohort of patients in six Portuguese
centres in 2019 included 49 patients with varied underlying CTD pathology. The majority (30
patients) having RA, 4 patients had SS, 4 with SLE, 3 with SSC, 2 with SSC/ PM overlap, 2
PM, 2 with ASS, 1 with DM and 1 with SLE/ SS overlap syndrome. All patients included
were treated with RTX for lung involvement at some point during disease course,
furthermore patients on RTX for non-pulmonary disease were also included. Assessment was
performed at baseline (no more than 6 months before starting RTX) and a revaluation of
PFTs were performed again at least 6 to 12 months following initial administration of RTX.
Results showed improving or stable PFTs after one year of RTX administration, with
stabilisation of DLCO (mean + 5.4%, p =0.12) and an improvement of FVC

(mean +4.3%, p =0.03). Further subgroup analysis indicated patients with UIP had less
impressive results, with one-year post-RTX PFT's remaining stable (DLCO +2.5%, p=0.77,
FVC +4.2%, p=0.16). RTX therapy was however discontinued in two patients due to
infection. Several limitations of this study were identified, disease duration prior to therapy
was not indicated neither was previous or concomitant drug therapy. Patient receiving RTX
therapy for non-pulmonary indications were also included, confounding treatment regimens

and study outcomes.
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The efficacy of RTX in CTD-ILD has also been studied in less heterogeneous populations, in
both SSC- ILD and RA-ILD. A comprehensive systemic review and meta-analysis done by
Goswami et al.** in 2021, identified 20 studies of patients with SSC-ILD treated with RTX.
In this meta-analysis, 575 patients were included from 2 randomised controlled trials (RCTS),
6 prospective studies, 5 retrospective studies and 7 conference abstracts. Key indices utilised
to assess a clinical response were limited to the FVVC and DLCO. Despite key limitations
highlighted by the authors, noticeably the inclusion of case reports/series and the absence of
significant RCTS (the two trials included were not double blinded), the 6 and 12 month
follow up indices yielded modestly positive results. There was a 4.49% (95%, CI 0.25, 8.73)
improvement in FVC at 6 months of RTX therapy and 7.03% (95%, Cl 4.37, 9.7)
improvement if FVVC at 12 months. A similarly modest improvement in DLCO was observed,
with RTX treated patients showing improved DLCO at 6 months by 3.47% (95% CI 0.99,
5.96) and at 12 months by 4.08% (95% CI 1.51, 6.65). Adverse events related to RTX
therapy were also included in this review, which identified that patients treated with RTX had
a lower chance of developing infections compared with controls (odds ratio 0.256 (95% CI
0.104, 0.626), 12=0%, P= 0.47). The authors concluded that RTX in SSC-ILD was
associated with an improvement of both FVC and DLCO during the first year of treatment.
RTX use was also associated with fewer infectious adverse events. Further comments did
indicate that longer follow up indices should be utilised, and descriptions of concomitant

immunomodulatory therapy will further bolster evidence of this drug.

Further evidence in less heterogenous populations has also emerged, specifically RTX use in
RA-ILD. A single centre, 10-year observational study by Yusof et al.*® conducted in 2017, in
the United Kingdom assessed the effect of RTX on RA-ILD. In this retrospective
observational study, 700 patients with RA were treated with RTX, with 56 patients having
RA-ILD (median age of 64 (59-72), with 36 patients being female and 28 males). Antibody
profile was expanded upon with 98% of the cohort being seropositive (rheumatoid factor
and/or anti-cyclic citrullinated peptide) while outcome analysis was performed for both
pulmonary and musculoskeletal disease. For the purpose of this review only the pulmonary
outcomes in RA-ILD were included. In the preceding 6-12 months prior to RTX therapy
there was a decline in FVC with a median relative change of 2.4% (IQR 7.1+0.8). Following
RTX therapy however there was an improvement in FVC of 1.2% (IQR 6+8.6; median
difference +4.2%; P = 0.025). Similarly promising results were identified in DLCO, with a
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median improvement observed post RTX therapy of 3.7%; P = 0.045. Overall, based on PFT
parameters, disease progression was stabilised in 68% of the cohort and improved in 19%,
whilst 13% showed deterioration. Radiological analysis was also performed in this analysis
and was limited to 14 pairs of HRCTSs (pairs consisted of pre and post RTX therapy). One
patient showed radiological improvement, 6 had stabilisation of disease, and 7 indicated
disease progression. Of note, however, those that who showed a poorer response or disease
progression on RTX therapy all had poorer baseline PFT indices and were subtyped
radiologically as UIP.

Comparative analysis has largely been scarce in direct head-to-head comparison of RTX to
other drug therapies. The RECITAL trial*® a double-blind, double-dummy, phase 2b trial
compared RTX to cyclophosphamide in adults with severe or progressive ILD related to
scleroderma, idiopathic inflammatory myositis, or mixed CTD. The study’s primary endpoint
was identifying the change in FVC at 24 weeks, multiple secondary endpoints were also
included such as other PFT indices, 6-minute walk distance, symptom questionnaires and
treatment indices. Regarding the primary endpoint, the unadjusted mean change from
baseline in FVC was a gain of 99 mL (SD 329; relative change 4-35% [SD 15-67]) in the
cyclophosphamide group and 97 mL (234; 4-31% [11-80]) in the RTX group. Comparative
analysis indicated that based on the FVC and quality of life in individuals with CTD-ILD,
that RTX was not superior to cyclophosphamide, however treatment with RTX was
associated with fewer adverse events as well as a reduction in corticosteroid exposure

compared with cyclophosphamide and thus could be considered as a therapeutic option.®

The utilisation of other modalities in CTD-ILD has further expanded in recent times. Anti
fibrotic agents nintedanib and pirfenidone have been utilised beyond its original indication of
IPF. The RELIEF trial’, a multi-centre, double-blind, randomised, placebo-controlled,
parallel phase 2b trial performed in Germany identified 127 patients with fibrotic ILD due to
CTD-ILD, fibrotic non-specific interstitial pneumonia (NSIP), chronic hypersensitivity
pneumonitis or asbestos-induced lung fibrosis. The study was prematurely terminated based
on an interim analysis highlighting futility due to slow recruitment. However emergent data
has suggested that adding pirfenidone to existing treatment in patients with fibrotic ILDs,
other than IPF, who deteriorate despite conventional therapy, might reduce disease

progression as measured by a decline in forced vital capacity (FVC).” The INBUILD trial®
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published in 2020 investigated the efficacy and safety of nintedanib versus placebo in
patients with progressive fibrosing ILD other than IPF. This was a randomised, double-blind,
placebo-controlled, parallel group trial done at 153 sites in 15 countries, identified 663
patients, of which 26% had CTD-ILD. Results suggested that nintedanib reduced the rate of
ILD progression, as measured by FVVC decline, in patients who have a chronic fibrosing ILD,
irrespective of their underlying ILD diagnosis.® Despite the promising evidence, limitations
of these agents are well established in our setting, with pricing and long-term efficacy
restricting widespread use. ® Lung transplantation remains an option, however advanced
multi-system disease, selection criteria and organ availability result in an option feasible only
in a very selective patient group. Furthermore, data regarding specific predictors of prognosis

in this setting are limited.’

Despite advancing treatments, RTX has remained a possible therapeutic modality with
improved access over anti-fibrotic agents and transplantation. RTX, being an anti-CD 20
monoclonal antibody, is associated with noticeable adverse effects, the most common being
infusion reactions and an increased infection risk owing to its potent immunosuppressive
effects. Despite these concerns, evidence has demonstrated safety in its use as therapy.
Evidence presented at the 2019 ACR/ARP conference by Mesa et. al*®, concluded that RTX
is safe in CTD-ILD, and combined with other immunosuppressants, the side effect profile

remained similar.

Objectives

e To Investigate the effect of RTX on clinical, PFT, and radiological outcomes in CTD-
ILD. Patient outcomes are analysed based on PFTs, functional class (FC) assessment,
and HRCT of the chest.

o Pulmonary function test indices utilised include the spirometry indices of
forced vital capacity (FVC), forced expiratory volume within the first second
(FEV1) and diffusion capacity for carbon monoxide (DLCO).

14



= |ndices are recorded prior to therapy and then at pre-defined periods
during RTX therapy.

= Periods of assessment are recorded prior to RTX therapy, at baseline
and then at periods of 3-9, 9-15, 15-21 and 21-27 months from
initiation of RTX therapy.

o The World Health Organisation Functional Class assessment*® will be utilised
as a subjective measure of patient functional and symptomatic change
throughout RTX therapy at set intervals of 12 months.

= Class I: no limitations on physical activity.

= Class II: slight limitation on physical activity.

= Class I11: marked limitation on physical activity, asymptomatic at rest.
= Class IV: severe limitations, symptomatic at rest, overt right heart

failure.

o HRCT descriptions of the chest are recorded on a standardised protocol based
on radiological criteria of CTD-ILD. Radiological ILD subtypes will be
ascertained prior to RTX therapy as well as any changes following RTX
therapy at set 6-12 monthly intervals. Qualitative assessments of severity of
ILD are recorded as ‘stabilisation’ or ‘progression’ of disease based on HRCT
findings. Monitoring of disease activity is based on radiological review of
HRCT of the chest by a MDT of a radiologist, pulmonologist, and
rheumatologist during RTX therapy.

e Sub-group analysis of patient populations showing potential benefit from RTX
therapy was analysed based on demographics, underlying CTD pathology, serology
profile, and timing of therapy.

15



Methodology and design

e A retrospective case series review with descriptive elements and data analysis.

e Assessment of clinical response based on serial PFTs, HRCT imaging, and effort
tolerance (FC) assessed in a specified population of patients with CTD-ILD treated
with RTX, with sub-group analysis of demographics, primary CTD diagnosis,

radiological and antibody profile.

Study population and sample

e A retrospective case analysis was performed at the Wits Donald Gordan Medical
Centre (WDGMC), from January 2010 till December 2020. Fifty patients with CTD-
ILD treated with RTX were screened and 19 patients were included in the final

analysis.

e Patients included are diagnosed with CTD-ILD based on standardised criteria
(EULAR/ACR). %

e Demographics including age, gender, co-morbidities, CTD subtype, CTD-ILD
subtype, and antibody profile will be included.

e |Initiation of RTX therapy will be clearly described, as well as other
immunosuppressive therapy utilised prior to, or concurrently with, RTX.

e Decision to treat was based on attending clinicians’ judgement based on available
clinical evidence and identified patient population. i.e., disease progression or poor

response to conventional immunomodulatory therapy.
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e Rituximab administration is in accordance with product information protocol. 2122

o RTX related adverse events will be recorded.

Inclusion criteria

e Age more than 18 years.

e Patients diagnosed with CTD-ILD based on standardised diagnostic criteria.

e Patients that have received at least one dose of RTX.

Exclusion criteria

e Patients on specific pulmonary anti-fibrotic agents (0 patients).

e Insufficient clinical and radiological data or lost to follow up (31 patients).

Data collection and statistical analysis.

e Primary data collection will entail extrapolation of required parameters from patient
files compromising clinical notes, PFTs and HRCT findings. Findings were applied

into a Microsoft Excel spreadsheet (see template below).

e All patients included will have parameters assessed at set intervals of therapy, from
baseline to periodic intervals, and finally the last available date prior to December 31,
2020. Periods of assessment will be done prior to RTX therapy, at baseline and then at

periods of 6, 12, 18 and 24 months from initiation of RTX therapy.
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Changes in PFT indices will be assessed and expressed as the percentage change at
the periodic intervals of assessment. To evaluate response to therapy, categorical
variables of change (worse, stable or improvement) will be detailed.

The extent of the change in each PFT outcome at follow-up (from baseline) was
determined by repeated measures one-way Analysis of Variance (ANOVA). The
change in functional class at follow-up (from baseline) was determined by the Stuart-
Maxwell test for paired categorical data.

Data analysis was carried out using SAS version 9.4 for Windows. The 5%

significance level was used.

HRCT descriptions of the chest will be recorded, and findings will be standardised
based on radiological criteria of CTD-ILD. Radiological ILD subtype will be
ascertained prior to RTX therapy as well as any changes that were recorded on RTX
therapy at set 6-12 monthly intervals. Qualitative assessment will occur utilising
terms: ‘stabilisation’ or ‘progression’ of disease based on HRCT findings. Monitoring
of disease activity is based on surrogate findings of new ‘ground glass opacities’ on
HRCT of the chest during RTX therapy.
o Stabilisation of disease will be defined as: No change in severity or extent of
the abnormal interstitial findings, inferring no new abnormalities related to the
ILD.
o Progression of disease will be defined as: An increase in severity or extent of
the interstitial abnormalities, inferring the development of new abnormalities
related to the ILD.
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Data collection form

RTX | HRCT Therapy
Antibody start (Baseline) HRCT 2 HRCT Post (Pre- Therapy PFT PFT 2 PFT 3 PFT 4
Name Age | Sex | 1°Dx (date) profile Co-Morbidities date date date date RTX) (on RTX) | (Baseline) | Date Date Date
e Continued
Echo Baseline Echo end FC
Date Date Year 6MWT Pro-BNP 31/12/20 Status
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Ethics

Approval will be obtained from the University of the Witwatersrand Human Research Ethics

Committee. However, as this is a retrospective study, treatment decisions were made prior to

the analysis of data and the study had no influence on patient management. Consent for the
use of patient records will be obtained from the Wits Donald Gordan Medical Centre CEO

and the treating physicians. No identifying information will be utilised to maintain patient

confidentiality, and access of such information will be limited to the co-authors. All

information will be stored on the primary investigators and researcher’s computers which are

protected with the latest anti-virus and anti-malware systems, in compliance with the

Protection of Personal Information Act no. 4 of 2013, commencement date 1st July 2020.

Funding

None to disclose.
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Data
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and
submission

Delays occurred primarily during the data collection phase due to the Covid-19 pandemic,

whilst delays in data analysis and write up also occurred due to concomitant clinical duties.
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Introduction

Connective tissue disease associated interstitial lung disease (CTD-ILD) is a complex and
heterogenous clinical entity. The presence of interstitial lung disease (ILD) in connective
tissue disease (CTD) is associated with significant morbidity and mortality.® Anti-
inflammatory and immuno-modulatory therapy has remained the cornerstone of treatment
and highlight the immunological dysfunction critical to its underlying pathophysiology.
Rituximab (RTX) is a chimeric monoclonal antibody targeted to CD20+ B-cells, resulting in
B-cell depletion.? This drug has been utilised as salvage therapy in refractory CTD-ILD and

has demonstrated improved outcomes in observational studies.®

CTD-ILD may manifest with severe and progressive disease despite maximal conventional
therapy. Corticosteroids and immunosuppressives have remained the conventional backbone
of care, but severe and progressive CTD-ILD, and its associated morbidity and mortality,
remain a challenging clinical scenario. The use and efficacy of anti-fibrotics drugs, originally
utilised in idiopathic pulmonary fibrosis in this clinical scenario has emerged with promising
results. #>®However, pricing and availability has limited extensive use in our setting. Lung
transplantation remains an option, however advanced multi-system disease, selection criteria
and organ availability result in an option feasible only in a very selective patient group.

Furthermore, data regarding specific predictors of prognosis in this setting are limited.’

The use of RTX in CTD-ILD has evolved over the preceding 12 years. 38910 |ts use, albeit
limited, has showed potential as a treatment modality in slowing disease progression.
Conventional immunosuppressive drugs have remained the cornerstone of care, however in
certain subgroups and disease profiles further drug therapy may be warranted. This
retrospective case series analysis identifies 19 patients treated at the Wits Donald Gordon
Medical Centre (DGMC) over a 10-year period (January 2010 to December 2020) with CTD-
ILD treated with RTX and analyses its efficacy. Parameters utilised to analyse drug response
include pulmonary function tests (PFTs), high resolution computed tomography (HRCT) of

the chest and the World Health Organisation (WHO) Functional Class assessment.!
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Methodology

Patient selection

A review of the available clinical database was performed. Fifty patients were screened at the
Wits DGMC between January 2010 and December 2020 under the care of two specialist
physicians. Nineteen patients were identified, all over the age of 18 years diagnosed with
CTD-ILD by a multidisciplinary team (MDT) consensus based on standardised criteria of the
European League Against Rheumatism/ American College of Rheumatology
(EULAR/ACR).*2 All patients had received at least one dose of RTX. Over the 24-month
period, 16 of the 19 patients received every scheduled dose (4 doses in total, 8gr in total)
while 3 patients received less due to non-compliance (one patient receiving 3 doses at 6gr in
total and two receiving 2 doses at a total of 4gr). Patients on anti-fibrotic agents and those
with inadequate data were excluded. The MDT comprised of a specialist pulmonologist, a
specialist rheumatologist and two radiologists practicing at the Wits DGMC during the

identified study period.

Data collection

Pulmonary function test indices extracted from hospital records, included the forced vital
capacity (FVC), forced expiratory volume within the first second (FEV1), and diffusion
capacity for carbon monoxide (DLCO). Periods of assessment were at baseline (within 12
months prior to RTX therapy), and then at interval periods of 3-9 months, 9-15 months, 15-21
months, and 21-27 months from initiation of RTX therapy. High resolution computed
tomography of the chest was performed, and findings were standardised based on
radiological criteria of CTD-ILD and MDT consensus. Radiological ILD subtype was
ascertained prior to RTX therapy (within 18 months prior to RTX initiation) and then
monitored at set intervals of 6-9 months, 12-18 months, and 22-28 months from onset of
RTX therapy. A qualitative descriptive assessment was performed based on an MDT
discussion, and terms ‘stabilisation’, ‘improvement’ or ‘progression’ of disease based on
HRCT findings were utilised. A subjective patient assessment was performed based on the
WHO Functional Class assessment (I-1V).!! Changes were recorded at baseline and then at 12
and 24 months. Functional class (FC) 1 indicating no limitation on ordinary activity, FC 2
indicating slight limitation (breathlessness) on ordinary activity, FC 3 indicating marked

limitation on ordinary activity and FC 4 indicating discomfort at rest.
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Statistical analysis

The extent of the change in each PFT outcome at follow-up (from baseline) was determined
by repeated measures one-way Analysis of Variance (ANOVA). The change in functional
class at follow-up (from baseline) was determined by the Stuart-Maxwell test for paired
categorical data. High resolution CT findings of the chest could not be analysed statistically

due to limited data points; however, they were plotted to investigate trends.

Data analysis was carried out using SAS version 9.4 for Windows. The 5% significance

level was used.

Ethical clearance

Ethics approval was granted by the University of the Witwatersrand Human Research Ethics
Committee. Approval was granted on the 11" of February 2022, Code: M 220104.

Results

Nineteen patients, with a median age of 54 years (Range: 22-77) were treated with RTX
between the period of January 2010 and December 2019 under the care of the attending
specialist physicians at the Wits DGMC. Patient’s CTD diagnosis and ILD pattern was
reached through an MDT consensus based on most recent standardised international criteria
(EULAR/ACR). Included were baseline demographics, connective tissue disease and

antibody profiles, as well as co-morbidities (Table 1)

Table 1: Baseline Demographics and Disease Profile
Total no. 19
Age (Baseline) Median (IQR); 54 (40-60); Range 22-77
Gender Female: 14 (74%) Male: 5 (26%)
CTD Profile Rheumatoid 9 (47%)
Arthritis (RA)
Systemic Sclerosis | 4 (21%)
(SSC)
Systemic Lupus 3 (16%)
Erythematosus
(SLE)
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Anti-Synthetase
Syndrome (ASS)

1 (5%)

Dermatomyositis
(DM)

1 (5%)

Mixed CTD

1 (5%)

Antibody Profile
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Figure 1: Connective Tissue Disease Profile
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Figure 2: Co-Morbidity Disease Profile
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Pre-Rituximab therapy

Immunosuppressive therapy administered in the preceding 5 years to RTX therapy was
recorded and compared with therapy given concurrently with RTX, during the observed

period from initiation of RTX therapy.

| Table 2: Pre-RTX Drugtherapy |

No. of drugs No. of patients
4 6 (31.5%)

5 8 (42.1%)

6 4 (21%)

7 1 (5%)
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Table 3: Drugs pre-RTX therapy

Drug

No. of
patients

Drug dosing and duration

Drug dosing and duration
Median (IQR); range)

Corticosteroids
(Prednisone)

19 (100%)

Corticosteroid dose (mg/day)
(n=19)

10 (10-20); 5-30

Corticosteroid duration
(months) (n=19)

36 (20-60); 17-60

Chloroquine (CHQ)

19 (100%)

CHQ dose (mg/day) (n=19)

200 throughout

CHQ duration (months) (n=19)

24 (17-60); 10-60

Cyclophosphamide
(CYQ)

17 (89.5%)

CYC dose (mg/cycle) (n=17)

750 (500-750); 500-1000

CYC cycles (n=17)

5 (4-6); 3-18

CYC duration (months) (n=17)

5 (4-6); 3-18

AZA duration (months) (n=14) | 12 (9-27); 2-60
Methotrexate (MTX) | 13 (68%) MTX dose (mg/week) (n=13) 17.5 (15-20); 12.5-25

MTX duration (months) (n=13) | 24 (12-42); 5-60
Salazopyrin (SZP) 6 (32%) SZP dose (g twice daily) (n=6) | 1 throughout

SZP duration (months) (n=6) 12 (10-24); 9-25
Mycophenolate MMF dose (mg twice daily) 1000 (500-1000); 500-
mofetil (MMF) 5 (26%) (n=5) 1000

MMF duration (months) (n=5) | 12 (4-18); 3-24
Leflunomide (LFL) 2 (11%)

e LFL dose and duration omitted due to insufficient data.

Table 4: Drug therapy concurrent with
RTX

No. of drugs No. of patients

0 1(5%)

1 1 (5%)

2 4 (21%)

3 6 (32%)

4 7 (37%)
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Table 5: Drugs concurrent with RTX therapy

Drug

No. of patients

Drug dosing and
duration

Drug dosing and
duration
(Median (IQR);
range)

Corticosteroids 15 (79%) Corticosteroid dose
(Prednisone) (mg/day) (n=15) 10 (5-10); 2.5-20
Corticosteroid
duration (months)
(n=15) 24 (24-24); 12-24
Chloroquine (CHQ) | 17 (89%) CHQ dose (mg/day)
(n=17) 200 throughout
CHQ duration
(months) (n=17) 24 (24-24); 7-24
Cyclophosphamide | 0
(CYQ)
Azathioprine (AZA) | 10 (53%) AZA dose (mg/day) | 100 (100-150); 50-
(n=10) 150
AZA duration
(months) (n=10) 24 (24-24); 7-24
Methotrexate (MTX) | 5 (26%) MTX dose
(mg/week) (n=5) 20 (15-20); 12.5-25
MTX duration
(months) (n=5) 24 (24-24); 12-24
Salazopyrin (SZP) 4 (21%)
Mycophenolate 4 (21%)
mofetil (MMF)
Leflunomide (LFL) | O

e SZP and MMF dose and duration omitted due to insufficient data.
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Figure 3: Drug therapy prior to and concurrent with RTX
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| Teble 6: Baseline PFT Indioes | Median (IQR):vange |

FVC (L) 2.2,(1.4-2.8); 0.52-3.6
FEV1 (L) 1.73,1.7 (1.3-2.2); 0.49-3.0
DLCO ( mL/min/mm Hg) (17 3.31,3.5(2.5-4.4); 0.75-6.1
patients only)

DLCO (%): 44 (25-50); 5-67

NSIP 15 (78.9%)

UIP 4 (21.1%)

Decision to treat

The decision to treat with RTX was made by the attending clinicians’ judgement based on
pertinent factors. Patient factors such as disease progression despite the current conventional
immunosuppressive regimen. Progression was based on subjective and objective measures,
including PFT indices, HRCT findings of the chest and/or patient subjective assessment.
Despite a paucity of data due to patients being referred from other clinicians or centres which
limited plotting of a trend of disease prior to RTX therapy, the baseline indices of the cohort

were comparable to other observed studies.®® Furthermore, the clinical evidence available
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regarding the availability and safety profile of RTX has determined it to be an additional

therapeutic modality.

Drug administration

Rituximab administration was in accordance with product information under the
rheumatology practice protocol, at a dose of 1000mg intravenously and then the dose was
repeated at 2 weeks from the first dose.*® * This dosing protocol was thereafter repeated at 6

monthly intervals.

Post RTX treatment course

Pulmonary function testing

The available pulmonary function testing was analysed. In view of the sample size, the
following observations were made. At the 3-9-month follow-up from baseline, the mean
change in FVC (0.09L; 95% CI -0.14 to 0.32L) was not significantly different to baseline
values (p=0.41). At the 21-27-month follow up from baseline, the mean change in FVC
(0.01L; 95% CI -0.13 to 0.14L) was not significantly different to baseline values (p=0.91).
The mean change in FEV1 from baseline to 3-9-months (0.09L; 95% CI -0.10 to 0.28) was
not significantly different to baseline values (p=0.34). The mean change in FEV1 from
baseline to 21-27-months (-0.03L; 95% CI -0.13 to 0.06L) was not significantly different to
baseline values (p=0.50). Due to incomplete data, DLCO values could not be analysed
statistically, however the data was plotted to investigate trends throughout drug therapy. For
all 19 patients, individual PFT indices were plotted to ascertain a trend throughout drug

therapy in the study period. (Figures 4,5,6,7)
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Figure 4: FVC (L) changes over time (21-27 months)
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Figure 5: FEV1 (L) changes over time (21-27 months)
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Figure 6: DLCO (L) changes over time (21-27 months)
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Figure 7: DLCO changes (%) over time (21-27 months)
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High resolution computed tomography of the chest.

Findings of HRCT of the chest were recorded at set intervals but due to unavailable data and
small sample size, statistical analysis was not feasible. Despite this, available data was plotted

below.

Figure 8: HRCT progression over time (22-28 months)
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Functional class assessment

Analysis revealed that functional class worsened significantly from baseline to 12m (p=0.
46), but not from baseline to 24m (p=0.083).

Figure 9: Functional class assessment over time (24 months)
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Adverse events

No significant or life-threatening adverse events related to drug therapy were noted. No
patient deaths were observed during the analysed period.

Discussion

Interstitial lung disease remains a common and important manifestation of inflammatory
connective tissue disease. ldentifying its presence has important clinical implications

regarding therapeutic modalities.
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The presence of ILD in CTD is an independent factor associated with decreased survival with
five-year mortality rates exceeding 10% (10-39%!>1617), The historical goal of treatment in
such a clinical scenario is aimed at halting disease progression by preserving pulmonary
function and preventing associated complications and mortality. Current therapies are
comprised of corticosteroids and immunomodulatory drugs such as azathioprine,
mycophenolate mofetil and cyclophosphamide.® The underlying dysregulated immune
response to host tissue highlights how modulation of autoimmunity remains key to disease
control.*® Rituximab, a chimeric monoclonal antibody targeted to CD20+ B-cells results in B-
Cell depletion, causing a decrease in humoral mediated autoimmunity and associated tissue

damage. 3%

We report here our experience of RTX use in CTD-ILD in a varied patient cohort at the Wits
DGMC, adding to the limited data available regarding its use in our geographical setting.
Data emerging in the preceding 12 years has highlighted RTX as a potential drug choice in
such a clinical scenario. A retrospective analysis by Kier et al. concluded that 7 out of their
8-patient cohort showed a favourable response to RTX.2 Parameters utilised to assess the
response to RTX included PFTs, HRCT of the chest and clinical symptoms. Furthermore,
more recent evidence by Atienza-Mateo B et al. concluded that RTX constitutes a promising
therapeutic option to preserve lung function in patients in this clinical scenario, regardless of
their underlying pattern of CTD or radiological profile.® More recently comparative analysis
has emerged, The Recital trial published in late 2022 compared RTX to cyclophosphamide in

patients with CTD-ILD and demonstrated non-superiority with fewer adverse events.*

Our identified cohort of patients had varied CTD profiles with most patients having been
diagnosed with RA (n=9). Patients identified had progressive disease or significantly
impaired baseline indices despite prior treatment, with values comparable to baseline indices
described in other studies.®® Identified patients required at least 4 immunosuppressive drugs
prior to the decision being made to start RTX. Our findings highlighted a similar trend of
treatment response in a challenging cohort of patients. Despite limitations to our study noted
below, pulmonary function appeared to stabilise with a mean change in FVC of 0.09L (95%
CI-0.14 to 0.32L) observed at the 3-9-month follow-up period from baseline. Furthermore, at
the 21-27-month follow-up from baseline the mean change in FVC was 0.01L (95% CI -0.13
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to 0.14L). In addition to this, the mean change in FEV1 followed a similar trend to FVC
values with a mean change in FEV1 from baseline to 3-9-months of 0.09L (95% CI -0.10 to
0.28) and a mean change in FEV1 from baseline to 21-27-months of -0.03 L (95% CI -0.10 to
0.28).

Radiological measures of disease were difficult to statistically analyse, however patterns of
ILD and qualitative assessment were utilised. Of the 11 available HRCT of the chest at 6-9
months, 9 indicated stability, 1 indicated improvement and 1 indicated progression. At the
12-18-month interval, 12 HRCTs were available of which 7 indicated stability, 4 indicated
progression and 1 indicated improvement. At 22-28 months, 17 HRCTs were available of
which 13 indicated stability, 3 indicated progression and 1 indicated improvement. Most of
the benefit appeared in NSIP group, with progressive radiological disease seen in 4 of the 5

patients with UIP.

The WHO Functional Class assessment (I-1V) for pulmonary hypertension was utilised as a
subjective measure of disease. Results were varied, with some patients reporting symptomatic
improvement while others reporting symptomatic progression. Overall, the functional class
worsened significantly from baseline to 12m (p=0.46), but not from baseline to 24m
(p=0.083). Complications of disease including the presence of pulmonary hypertension may
have contribute to a deteriorating FC and other modalities such as echocardiography may
have been useful. Another observed aspect of our study was analysing drug use prior to, and
concurrent with RTX treatment. Rituximab therapy appeared to be associated with the use of
less concurrent drugs, possibly mitigating other drug related adverse events and limiting long

term exposure to corticosteroids and cyclophosphamide.

Overall, RTX provided an additional therapeutic modality in a challenging clinical entity.
Limitations of our study were noted. The small sample size limited statistically significant
findings and subgroup analysis could not be achieved. Furthermore, due the nature of the
retrospective analysis, immunosuppressive regimens could not be standardised and a control
arm to comparatively analyse its effects were not feasible. Insufficient data points also

negated plotting a trend of clinical decline prior to RTX use. Despite this, Rituximab remains
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a therapeutic option in such a population providing clinical stability in PFT, HRCT and FC
assessments. Our data adds to a pool of evidence that RTX in CTD-ILD can be considered
when additional therapeutic modalities are required, or other modalities such as anti-fibrotics

are limited by cost or availability. Further building on this, is the observed safety profile.

In conclusion, we report here our experience of RTX in CTD-ILD at our centre. Rituximab
appears to provide stability to radiological, pulmonary function and subjective measures of
disease and adds to the arsenal of therapeutics in this challenging clinical scenario. Despite
greater availability and promising data regarding anti-fibrotic drug use in this setting, RTX

remains an option as a therapeutic modality.
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