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ABSTRACT

Rheumatoid arthritis (RA) and diffuse Bronchiectasis (dBr) are very strongly
associated, yet the biological significance of this comorbidity remains
unexplained. Risk factors for the coexistence of RA and dBr include age,
male gender, longer RA disease duration, anti-CCP antibodies, genetics and
undetectable circulating mannose-binding lectin (uMBL). Higher morbidity
and mortality occur in these comorbid disorders. Undetectable MBL is
associated with coexistent RA and dBr. Very low MBL (<200 ng/mL) is also
associated with poorer outcomes in all cause diffuse Bronchiectasis.
Undetectable MBL may contribute to RA pathogenesis in the context of
dBr, due to a permissive effect for chronic infection, which may lead to a
break in immune tolerance and in turn auto-immune disease expression.
Lung infection in untreated and treated persons with autoimmune diseases
should be a major concern for physicians. Chronic infections associated
with bronchiectasis may trigger and/or exacerbate auto-immune disease
and complicate therapy. Even in patients with no known pulmonary
pathology, lung infections are common and often serious, especially in
the context of corticosteroid use and probably to a moderate extent with
the use of biologic DMARD therapy. Amongst well recognised and newly
emerging risk factors for lung infection in RA+dBr, uMBL warrants further
examination, both to confirm and more clearly define its role in the
pathogenesis of infection and to explore scope for MBL repletion, with a

view to preventing infection and improving survival.

© 2024 European Society of Medicine 1


https://doi.org/10.18103/mra.v12i8.5625
https://doi.org/10.18103/mra.v12i8.5625
https://doi.org/10.18103/mra.v12i8.5625
https://doi.org/10.18103/mra.v12i8.5625
https://www.sciencedirect.com/topics/medicine-and-dentistry/mannose-binding-lectin

Introduction

The strong association between rheumatoid arthritis
(RA) and diffuse bronchiectasis (dBr) is well
established'. Whether this association holds true
for different bronchiectasis (Br) subtypes, e.g. post—
infective or mainly childhood onset bronchiectasis,
pre- or post-RA onset or possibly an immune-
mediated subtype is unclear. Whilst the association
between RA and dBr is strong, RA associated
bronchiectasis as a subtype amongst all forms of
bronchiectasis is uncommon. For example, amongst
all bronchiectasis subtypes, RA+dBr was found to
account for just 2-4% of all bronchiectasis in a cohort
of approximately 17,000 bronchiectasis patients under
study in Europe, (EMBARC registry)’. In contrast,
idiopathic and post-infective dBr together account
for about 60% of all subtypes in the EMBARC registry?.
In this short review, we set out the evidence for an
RA and dBr association, discuss insights into this
combination of morbidities and explore potential
implications and pathways to further understand this
association. Recommendations to address unresolved

issues and guide future research are also proposed.

Methodology

PATIENTS AND METHODS

Patients who participated in the RA+dBr survival
study by Makin et al were recruited sequentially from
1%t Jan 2007 and followed until 31 Oct 2018. No other
selection criteria were applied. Participants had no
knowledge of their MBL status®. They were required
to have either RA+dBr or uncomplicated RA as
determined by high resolution computed tomography
imaging (HRCT) and by the American Rheumatism
Association 1987 classification criteria for rheumatoid
arthritis respectively®. Diffuse bronchiectasis was
determined by clinical history and at least one HRCT.
All HRCTs were performed in tertiary hospital
radiology departments and reported by radiologists

with experience in thoracic pathology and radiology.

Patients who participated in the rheumatoid arthritis
and serious infection (RA+SI) cohort study had clinically
apparent RA for at least 6 months and met the

American Rheumatism Association 1987 classification
criteria for rheumatoid arthritis*®. Serious infections
were those infections resulting in death or requiring
either intravenous antibiotics or admission to hospital.
RA+SI participants were recruited between 2007 and
2014. Participants were not required to have had
antecedent Sls. All SIs were validated by systematic
examination of hospital records. MBL concentrations
were performed after enrolment and results were not
known to participants or the investigators auditing
medical records for Sls.

MBL ASSAYS

MBL assay and MBL genotyping methods are
described in detail in the RA+SI cohort study®. The
MBL Oligomer ELISA kit (Bioporto, Hellerup,
Denmark) was used to determine the concentration
of oligomerized MBL in human serum as per the
manufacturer’'s specifications®. Genotyping was
performed by PCR restriction fragment length
polymorphism based on the method described by
Madsen et al®.

Results and Discussion

RA AND DIFFUSE BRONCHIECTASIS — EVIDENCE
FOR A STRONG ASSOCIATION AND IMPLICATIONS
FOR SURVIVAL

Results from previous studies have been abstracted,
subjected to further examination and reviewed in
the context of comorbid rheumatoid arthritis and

diffuse bronchiectasis.

Bronchography proven, clinically compatible
bronchiectasis has been found to be at least 10 times
more frequent in RA than in degenerative joint
disease'. In earlier studies, diffuse Br (dBr) mostly
preceded RA onset and was usually symptomatic.
In prospective studies, HRCT proven dBr has been
found to affect between 5 and 58% of RA
participants’®, which is much higher than estimates
for degenerative joint disease (0.3%) and appreciably
higher than the frequency estimated in the population
at large (circa 50 per 100,000 or 0.05%)". A meta-
analysis of 10 independent studies of coexistent RA
and dBr (RA+dBr) found the frequency of HRCT-
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proven dBrranged from 3.6% to 62% in observational
retrospective studies’®?. Observational prospective
studies showed a range from 12 to 48%'0'12,
Assuming the true prevalence of coexistent dBr in
RAis at the lower end of this wide range at just 3.6%,
for example, this estimate equates to approximately
3600 per 100,000, which is still well above estimated
prevalences in OA (300 per 100,000) and population
controls (circa 50 per 100,000). Asymptomatic post-
RA onset, HRCT-proven dBr has been reported in 7%
of persons evaluated™. Thus, dBr need not be present
for RA to develop. Established risk factors for RA+dBr
include age, male gender, longer RA duration,
genetics (CFTR or cystic fibrosis transmembrane
conductance regulator, and HLA or human leukocyte
antigen system) and one biomarker, notably
undetectable circulating mannose- binding lectin.
In addition, anti-CCP (anti-cyclic citrullinated peptide,
also referred to as ACPA) antibody status, together
with a propensity to increased protein citrullination,
both confer increased risk'™.

Higher morbidity and mortality were identified in
RA+Br almost three decades ago. Swinson et al

reported that RA+Br patients were 7.3 times more

likely to die during a five-year follow-up period than
the general population, five times more likely to die
than those with RA alone and 2.4 times more likely to
die than those with Bralone™. The patients reported
in the Swinson et al study may not have had HRCT
proven dBr (recruited in 1987, so unlikely to have
had an HRCT at that time; Swinson et al report
does not mention HRCT confirmation). Accordingly,
it may be informative to examine mortality again in
the current era of greater diagnostic accuracy for
both RA (contribution of more sophisticated imaging
and availability of anti-CCP antibodies) and dBr (wider
usage of HRCT, better resolution and improved
sensitivity and specificity of dBr diagnoses with
HRCT). Furthermore, with advances in medical
management, there may be improved survival.
About a decade ago, Pue’chal et al showed poorer
survival in RA+Br with a hazard ratio (HR) of 8.6
(Figure 1,95% Cl, 1.5 t0 48.2)"¢. De Soyza et al showed
statistically poorer survival over a four-year period
when RA+dBr (Bronchiectasis Overlap Syndrome
or BROS) patients were compared with dBr alone
(participants drawn from a European cohort of 1716
adults)".
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Figure 1. Survival outcomes in the study by Pue’chal et al™.

Panel A. Kaplan-Meier curves of survival after Rheumatoid arthritis (RA) diagnosis, as a function of the presence or absence

of diffuse Bronchiectasis (DB).

© 2024 European Society of Medicine 3



Panel B. Hazard ratios (?5%Cl) for death after RA diagnosis associated with the presence of DB.

A mixed effect Cox model was fitted, taking RA diagnosis as the starting point. Individual random effects were assumed to

be correlated as a function of the corresponding kinship coefficients. The variance of the random effect was 4x10.

RA: rheumatoid arthritis; DB: diffuse bronchiectasis.

In the study by Makin et al, survival was not reduced compared with uncomplicated RA, but uMBL correlated

with poorer survival in RA overall (Figure 2, P = 0.057)°.
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Figure 2. Effect of undetectable MBL on survival in Rheumatoid arthritis®.

Makin et al reported just over a third of patients with
RA+dBr had undetectable mannose-binding lectin
(uMBL) concentrations, which implies this common
form of selective immunodeficiency may not only
be a biomarker for the disease association and an
indicator of poorer survival, but possibly even a
contributor to the development of RA in dBr patients®.
Chalmers et al did not detect a difference in MBL
concentrations when all cause Brwas compared with
healthy controls, but did observe higher annual
exacerbation frequencies, increased hospital
admissions, lower quality of life scores and more
severe HRCT determined structural lung damage in
Br patients with MBL < 200 ng/mL". In the RA and
serious infection cohort study reported by Carroll
et al, about one in eight RA patients were found to
have uMBL, which is about twice the background
rate in the population, however still much lower

than in the RA+dBr group (37.5%, almost three-fold

greater). In the RA / serious infection cohort of 228
RA patients, 16 participants had HRCT-proven dBr
and amongst these 16, seven (44%) had uMBL>.
Furthermore, in nine of the 16 in whom genotyping
studies were performed, all nine (56%) were found
to have one or more MBL gene mutations. Thus,
the rate of undetectable MBL in RA+dBris appreciably
higher than in RA alone, all cause Br (<19%, by
inference, cut-off was 200 ng/mL, not undetectable)
or in the general population®'®. Important caveats
are the relatively small number of cases and the
limited number of gene studies undertaken in
RA+dBr. Nevertheless, it is possible uMBL may
permit the emergence or hinder the clearance of
chronicinfection in RA+dBr lungs, thereby allowing
an altered pulmonary microbiome to drive
inflammation and break tolerance, which in turn,
may give rise to auto-immune disease expression,
including RA™.
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The mechanistic significance of the RA and dBr
association calls for further consideration. Where
dBr is plain at the time of diagnosis in RA, it is
appropriate to consider the possibility the intrinsic
lung infection and, in turn, perturbed pulmonary
microbiome may function as a trigger or ongoing
stimulus for auto-immune disease. It may not matter
how the Br is subclassified; what might be important
is the potential for chronic infection in perhaps a
genetically susceptible host to persistently modify
immune function and eventually break tolerance and
contribute to the genesis of RA. Since dBr cannot be
permanently cured, except by lung transplantation,
such a trigger may have a sustained reinforcing
effect, perpetuating the auto-immune disease thus
initiated. How the number and severity of infective
exacerbations in RA+dBr may contribute to the
outcomes for both diseases is poorly understood.
Moreover, the exact relationship between flares of
dBr (infective exacerbations) and flares of RA is not
well documented. It has been proposed that all cause
dBr is an autoinflammatory disorder?®. Rapamycin
derivatives can interrupt the autoinflammatory
cascade via NLRP inhibition. Accordingly, azithromycin
and similar agents may be useful for inflammasome
regulation with attenuation of the chronic infection
/inflammation in dBr and in turn the autoinflammatory
responses they incite?.

Lung transplantation for end-stage lung failure in
severe bronchiectasis may inform our understanding
of the RA and dBr association and help chart ways
forward in disease management. Even though the
need to maintain lengthy immunosuppression
post—transplant confounds assessment of coexistent
RA, the observation of “reduced RA disease activity”
post-transplant suggests that removal of the chronic
infective stimulus may promote RA remission,
temporarily or perhaps even indefinitely. If indeed,
long-term studies show the rate of RA remission
post-transplant is high and sustained with minimal
maintenance immunosuppression over time, these
findings would at least partially support a perpetuating
role for chronic infection in RA+dBr. Furthermore,
this might focus efforts to more effectively suppress

chronic dBr-related lung infection with a view to

achieving  improvements in  bronchiectasis
symptomatology as well as RA disease activity.
Germane to this goal is the development of
Brensocatib, a dipeptidyl proteinase -1 (DPP-1)
inhibitor?? which has already shown capacity to
reduce Br exacerbations in phase 2 clinical trials®.
In the RA+dBr subset, which may, in time, come to
treatment with this agent, note should be taken of
the secondary effects of Brensocatib on exacerbations
of RA. It may also be informative to examine the
effects of Brensocatib on structural progression and
disease outcomes in dBr on the one hand and the

RA component of RA+dBr on the other.

PULMONARY INFECTION IN RA WITH AND
WITHOUT ASSOCIATED DIFFUSE
BRONCHIECTASIS

Pulmonary infections, including serious infections
(Sls) and non-serious infections, are common in RA,
particularly in those patients who require prolonged
corticosteroid therapy and aggressive anti-synovitis
Disease Modifying Anti-Rheumatic Drug (DMARD)
therapy, such as with biologic DMARDs (cDMARDs)
5242526 |n contrast, conventional synthetic DMARD
(csDMARD) treatment alone and in the absence of
corticosteroids, carries variable, but modest Sl risk?.
Rates of Sls are higher in bDMARD recipients with
an OR of up to 8.7, although long-term prospective
follow-up studies are scarce. Rigorous studies in
which RA patients with equivalent disease activity
are randomised to csDMARD or bDMARD therapy,
blinded to treatment and followed for several years
or more, do not exist and are believed to be both
impractical and unethical. Thus, the true extent to
which bDMARDs themselves add to infection risk is
uncertain and may be overestimated.

The risk factors for the development of superadded
infections in dBr in general and Sls in particular are
poorly defined. Conventional immunodeficiency
syndromes such as diverse forms of neutropenia,
lymphopenia, hypocomplementaemia and
hypogammaglobulinaemia do not appear to be

important contributors, except perhaps in a very
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small minority of Br patients. Risk factors for Sls in
HRCT-proven dBrinclude i) pre-oDMARD treatment
colonisation with any bacteria in the sputum of
bDMARD recipients, and ii) bDMARD exposure?.
Serious respiratory infections of all kinds were the
most frequent organ- or system-based infections
complicating the RA and serious infection cohort
study®. Of the 56 patient-infection events attributable
to pulmonary Sls, 26 (46%) were associated with
uMBL. The rate of uMBL in the entire RA cohort was
13%. The frequency of uMBL or genotypes compatible
therewith in an ethnically comparable geographically
similar population was estimated to be 7-8%%. In a
small sample of all cause “idiopathic” Br, the rate of
detection of uMBL was four amongst 30 participants
(unpublished data,13%, like the frequency found in
the RA cohort study)®. Thus, amongst the treated RA
participants with pulmonary Sls, those who had uMBL
were over-represented. In their assessment of 470
mixed cause dBr patients, Chalmers et al found
that those with MBL concentrations < 200 ng/ml
accounted for 19% of participants and was like that
in healthy controls™. Survival was poorer in those with

low-expressing MBL genotypes (85% at 4 years)'®

Taking these findings into account, perhaps the
most likely explanation for the RA and dBr association
is the high propensity for infections in RA, especially
pulmonary infections, due to RA associated
immunodeficiency, including uMBL on the one
hand and continuous long-term therapeutic
immunosuppression on the other hand.

Future studies should incorporate serum MBL
determination and perhaps MBL genotyping in
RA+dBr patients, RA without dBrand in Br controls,
with stratification according to treatment categories
and preferably incorporating at least a four-year or
longer period of observation to assess longitudinal
infection rates and risk factors for Sls in these cohorts.
Data forthcoming may help determine whether
uMBL constitutes an additional risk factor for Sls in
RA+dBr. It may also be informative to compare Sl
rates in low and high corticosteroid users in these

subgroups.

Conclusions and Recommendations

Lung infection in untreated and treated persons with
autoimmune diseases should be a major concern
for physicians in general and rheumatologists,
pulmonologists, infectious disease physicians and
immunologists, in particular. Chronic infections
associated with bronchiectasis may trigger and drive
auto-immune disease, contribute to RA exacerbations
and complicate therapy. Even in patients with no
known pulmonary pathology, lung infections are
common and sometimes serious, especially in the
context of corticosteroid use and probably to a
moderate extent, with the use of biologic DMARD
therapy. Amongst well recognised and newly
emerging risk factors for lung infection in RA+dBr,
undetectable MBL warrants further examination, both
to confirm and more clearly define its role in the
pathogenesis of infection and to explore scope for
MBL repletion, with a view to preventing infection

and improving survival.

With reference to the body of evidence discussed,

we make the following recommendations:

1. Classification criteria for Brin general should
be extended to RA-associated dBr to allow
differentiation of the dBr associated with RA from
other forms of dBr, including potentially that which
manifests after the diagnosis of RA. Importantly,
dBr pre-dating the diagnosis of RA will need to be
compared with post-RA onset dBr, since the former
may be predominantly post-infective, and the latter
may represent a potential extra-articular complication
of RA or an immune-mediated disease sequel.
Contributions from RA treatment to dBr development
cannot be discounted but are considered improbable.

2. New classification criteria could also be
developed to re-evaluate the increased morbidity
and mortality associated with RA+dBr with a view to
figuring out which dBr subsets confer the greatest
risks and in turn, which subtypes may have potentially
modifiable risk factors. In addition to the potential
use of Brensocatib, use of aggressive antibiotic
regimens for infective exacerbations, as well as IVIG

© 2024 European Society of Medicine 6



(where deficiency can be shown) or perhaps fresh
frozen plasma for short term MBL supplementation,
should be considered. Recombinant human MBL is

not yet available.

3. The association between different forms of
dBr and uMBL should be investigated further.
Whether pre-RA dBr or post-RA dBr are associated
with MBL deficiency to the same extent requires
scrutiny. Furthermore, the relative risk of Sls related
to pulmonary infection should be decided afresh
for recipients of i) csDMARDs in RA, ii) csDMARDs
in combination with corticosteroids, and iii) bDMARDs
alone or in combination with corticosteroids.

4. The development of a register of RA+dBr
patients who come to lung transplantation should
be encouraged with a view to evaluating outcomes
and especially RA remission frequency and longevity.
To what extent these remissions are sustained with
minimal immunosuppression over time could further
inform the dBr/chronic infection/RA pathogenesis

hypothesis.

5. Assuming no unforeseen developments
obstruct the impending usage of Brensocatib for
treatment of dBr, including RA+dBr, it is reasonable
to expect new opportunities to evaluate the
contribution of this and potentially other DPP-1
inhibitors to pre-RA and post-RA forms of RA+dBr.
The frequency with which RA develops in Brensocatib-
treated dBr may also inform the debate about dBr-
associated infection and inflammation acting as an
RA trigger. The scope for Brensocatib to bring about
fewer dBr-infective exacerbations and the possibility
that this, in turn, may translate into improved survival
also calls for examination. How these outcomes may
vary according to MBL status might also prove to be

illuminating.
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