
Introduction

The connective-tissue diseases (CTDs) are a hetero-
geneous group of disorders characterized by systemic
autoimmunity and varying degrees of inflammation
and immune-mediated organ damage (Table 1).
Lung involvement is common within the spectrum
of CTDs (Table 2) (1), and interstitial lung disease

(ILD) is a particularly challenging and potentially
devastating manifestation (2, 3). Certain lung injury
patterns of interstitial pneumonia (IP) are associated
with specific CTDs (4), such as fibrotic non specific
interstitial pneumonia (NSIP) in systemic sclerosis
(SSc), usual interstitial pneumonia (UIP) in
rheumatoid arthritis (RA), and lymphocytic intersti-
tial pneumonia (LIP) in Sjögren’s syndrome (SjS),
but most of the IP lung injury patterns have been re-
ported in each of the CTDs and a combination of
patterns may co-exist in a given individual (Table 3)
(5, 6).
The intersection of CTDs and ILD is often complex
because of the variety of IP patterns encountered
across the spectrum of CTDs, and in particular be-
cause the presentation of CTD-associated ILD
(CTD-ILD) can vary by time of onset, order of or-
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gan manifestation, and degree of disease severity.
ILD may be the initial manifestation of a CTD
(with extra-thoracic features of a characterizable
CTD developing months or years later) (7) or may
be identified in well-established, long-standing
CTD. Furthermore, ILD may be “subclinical” (radi-
ographic or physiologic abnormalities without
symptoms) in nature, chronically progressive, or may
present in a fulminant, life-threatening manner (8). 
It is important to keep in mind that although
“CTD-ILD” is sometimes considered as a homoge-
neous entity (such as in this and many other reviews),
the spectrum of “CTD-ILD” actually reflects a het-
erogeneous category of diseases comprised of the dif-
ferent CTDs along with the various IP patterns (Ta-
bles 1 and 3). It remains to be determined whether
the approach to management of one type of CTD-
ILD (e.g. SSc-NSIP) can be applied to other forms
of CTD-ILD (e.g., RA-UIP or myositis-organizing
pneumonia [OP]).
In this review, we initially discuss our approach to
the clinical evaluation of individuals suspected of
having CTD-ILD and how to determine their de-
gree of respiratory impairment, and then turn our at-
tention to the pharmacologic and non-pharmaco-
logic therapeutic strategies for this group of diseases.

General principles

1. Multi-disciplinary evaluation

ILD may be recognized within the context of a pre-
existing, well-established CTD, or may be the initial
manifestation of an underlying, oftentimes occult
CTD (9). In those that develop ILD within the con-
text of a pre-existing CTD, as with any patient that
presents with interstitial infiltrates, a comprehensive
evaluation is needed to explore all potential etiolo-

Table 1. The connective-tissue diseases

Rheumatoid arthritis (RA)
Systemic sclerosis (SSc)
Systemic lupus erythematosus (SLE)
Idiopathic inflammatory myopathies (IIM)
Primary Sjögren’s syndrome (SjS)
Mixed connective-tissue disease (MCTD)
Undifferentiated connective-tissue disease (UCTD)

Table 2. Pulmonary manifestations of connective tissue diseases

Pleural disease
Pleuritis
Effusion
Thickening

Airways
Upper

Cricoarythenoid disease
Tracheal disease

Lower
Bronchiectasis
Bronchiolitis

Parenchyma
Interstitial lung disease
Diffuse alveolar hemorrhage
Acute pneumonitis
Nodules
Granulomatous diseases

Vascular
Pulmonary hypertension
Vasculitis
Thrombo-embolic disease

Modified from: (1)

Table 3. Histologic and clinico-radio-pathologic patterns of the idiopathic interstitial pneumonias

Histologic patterns Clinico-radio-pathologic diagnosis

Usual interstitial pneumonia (UIP) Idiopathic pulmonary fibrosis (IPF)

Non specific interstitial pneumonia (NSIP Non specific interstitial pneumonia †

Organizing pneumonia (OP) Cryptogenic organizing pneumonia (COP) §

Diffuse alveolar damage (DAD) Acute interstitial pneumonia (AIP)

Respiratory bronchiolitis (RB Respiratory bronchiolitis interstitial lung disease (RBILD)

Desquamative interstitial pneumonia (DIP) Desquamative interstitial pneumonia (DIP)

Lymphocytic interstitial pneumonia (LIP) Lymphocytic interstitial pneumonia (LIP)

† This group represents a heterogeneous group with poorly characterized clinical and radiologic features.
§ COP is the preferred term, but it is synonymous with idiopathic bronchiolitis obliterans organizing pneumonia (BOOP).
Modified from: (5)
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gies (e.g., infection, medication-toxicity, environ-
mental and occupational exposures, familial disease,
smoking-related lung disease, malignancy, etc.). The
determination that the ILD is associated with the
pre-existing CTD is through a process of elimina-
tion and requires a thorough and often multidiscipli-
nary evaluation (9). In general, when considering the
evaluation of ILD in patients with CTD, we consid-
er the following steps.

a. Confirm the presence of a CTD. This may be simple,
especially when the background CTD is well charac-
terized and established, such as with rheumatoid fac-
tor (RF)/anti-cyclic citrullinated peptide (CCP) pos-
itive RA. Yet, quite often, the precise rheumatologic
diagnosis is uncertain and the development of ILD
may impact its classification. Take for instance the
patient with an isolated positive SS-A autoantibody
that may have been considered to have primary SjS.
If the patient evolves to a presentation of fulminant
NSIP with overlap of OP, along with radiographic
features of a dilated esophagus, and the peripheral
digital fissuring of “mechanic hands”, one might
consider the anti-synthetase syndrome; rather than
what was initially suspected, in the absence of lung
disease, to be more likely a case of primary SjS.

b. Determine whether the ILD pattern “fits”. All of the
well-characterized lung injury patterns as defined by
thoracic high-resolution computerized tomographic
(HRCT) are known to occur across the spectrum of
CTD, with some patterns occurring more commonly
with specific CTDs. However, the finding of atypical
features – such as unilateral or upper lobe predomi-
nant or nodular parenchymal involvement – should
prompt consideration for alternative etiologies rather
than concluding the ILD is CTD-associated.

c. Exclude infection and medication-induced pneumoni-
tis. A comprehensive and often multidisciplinary
evaluation is needed in patients with CTD and ILD
and rendering a diagnosis of CTD-associated ILD
requires exclusion of other etiologies for the ILD
(9). In particular, pulmonary infection and drug-in-
duced lung disease almost always deserve thoughtful
consideration.

d. Perform bronchoalveolar lavage when clinically indi-
cated to exclude infection. In CTD-ILD patients,

bronchoalveolar lavage (BAL) can be useful in sort-
ing through the initial differential diagnosis, espe-
cially to exclude infection. Its usefulness as a baseline
predictor of disease progression however is unclear
(10, 11). Two recent well-designed prospective
studies failed to demonstrate any prognostic signifi-
cance obtained from BAL in patients with SSc-
ILD, and therefore, the routine use of BAL to sole-
ly predict the likelihood of disease progression in
CTD-ILD is not recommended (10, 11).

e. Biopsy the atypical ILD pattern. Because data have
yet to show that determining a specific histopatho-
logic pattern of lung injury impacts prognosis in
CTD-ILD (12, 13), the role of surgical lung biopsy
in patients with pre-existing CTD remains contro-
versial. The relatively small study cohort sizes and
the impact of selection and referral bias cannot be
discounted and therefore the predictive power of dif-
ferent patterns of lung histopathology remains un-
certain in CTD-ILD. Furthermore, CTD-ILD pa-
tients tend to be treated with immunosuppressive
therapies, targeting both progressive ILD and extra-
thoracic inflammatory features, irrespective of spe-
cific ILD pattern. In this context, because the biop-
sy finding may not impact the use of immunosup-
pression, when the imaging pattern provides a
strongly suggestive pattern that is consistent with
the clinical scenario of CTD-ILD, clinicians often
elect not to proceed with a surgical biopsy. 

f. Detecting occult CTD. It can be challenging to dis-
tinguish “idiopathic” ILD from occult forms of
CTDs. Many centers have found that a multi-dis-
ciplinary evaluation that includes pulmonologists,
rheumatologists, radiologists, and pathologists can
help in distinguishing idiopathic ILD from “forme
fruste” CTD-ILD (9). Mittoo and colleagues retro-
spectively evaluated a cohort of 114 consecutive pa-
tients referred to a tertiary referral center for ILD
evaluation (14). Thirty-four subjects (30%) were
found to have CTD-ILD and, of these, only half
had presented with established, pre-existing CTD.
Younger age, high-titer ANA, and elevated muscle
enzymes were associated with underlying CTD.
Castelino and colleagues also described a cohort of
50 patients with ILD evaluated over a one-year pe-
riod at a tertiary referral center (15). Of the 25 pa-
tients with a final diagnosis of CTD-ILD, 28% had
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been initially referred with a diagnosis of idiopath-
ic pulmonary fibrosis (IPF). Among those referred
with CTD-ILD, 36% had their diagnosis changed
to an alternate CTD. In total, the diagnosis was
changed in 54% of the cohort. One small series
from a multidisciplinary ILD program that incor-
porated rheumatologic evaluation described 6 pa-
tients evaluated within a 12-month span for pre-
sumed idiopathic IP (16). All were found to have a
positive nucleolar-pattern ANA, along with either
an anti-Th/To or anti-Scl-70 antibody, and all had
subtle extra-thoracic features of SSc that included
telangiectasia, Raynaud’s phenomenon, digital ede-
ma, or esophageal hypomotility. This small series
reinforced the concept that ILD may be the pre-
senting manifestation of SSc, that engaging
rheumatology for ILD evaluation can be helpful,
and that suspicions for SSc are warranted in pa-
tients with a nucleolar-pattern ANA and NSIP or
UIP. Another recent study highlights the impor-
tance of maintaining a heightened suspicion for oc-
cult CTD in cases of NSIP, even when the ANA
and RF are negative (17). Nine patients evaluated
over a 2-year period with idiopathic NSIP were
ANA and RF negative but found to have the anti-
synthetase syndrome based on the presence of a tR-
NA-synthetase antibody (PL-7, or PL-12), NSIP,
and subtle extra-thoracic features that included

“mechanic hands”, Raynaud’s phenomenon, in-
flammatory arthritis, myositis, or esophageal hypo-
motility.
However, because it is both unrealistic and imprac-
tical to have rheumatologic specialty evaluation for
all cases of idiopathic IP, and in the absence of evi-
dence-based guidelines to help determine when to
seek rheumatologic expertise, some have proposed
that rheumatologic consultation could have more
utility in certain clinical scenarios because of a high-
er index of suspicion for the presence of underlying
CTD (Table 4) (18).

2. Determining impairment

A diagnosis of CTD-ILD does not necessarily mean
that the patient will require treatment. Indeed, a
fundamental principle pertinent to CTD-ILD is
that many patients will not actually require immuno-
suppressive therapy targeting the ILD. In many cas-
es, immunosuppressive treatment may be needed for
the extra-thoracic inflammatory disease features
(e.g., synovitis or myositis) but not the ILD. And, in
many cases, neither intra- nor extra-thoracic disease
requires immunosuppression. Given the high preva-
lence of subclinical ILD in RA and other CTDs,
and the fact that most patients with SSc-ILD do not
have progressive, clinically significant disease, it is

Table 4. Suggested categories of interstitial lung disease patients that require further rheumatologic evaluation

1. Women, particularly those < 50 years old

2. Any patient with extra-thoracic manifestations highly suggestive of CTD:
a. Raynaud’s phenomenon
b. Esophageal hypomotility
c. Inflammatory arthritis of the metacarpal-phalangeal joints or wrists
d. Digital edema
c. Symptomatic keratoconjuctivitis sicca

3. All cases of NSIP, LIP, or any ILD pattern with secondary histopathology features that might suggest CTD:
a. Extensive pleuritis
b. Dense perivascular collagen
c. Lymphoid aggregates with germinal center formation
d. Prominent plasmacytic infiltration

4. Patients with a positive ANA or RF in high titer (generally considered to be ANA > 1:320 or RF > 60 IU/mL), a nucleolar-staining
ANA at any titer, or any positive autoantibody specific as to a particular CTD:

a. Anti-CCP
b. Anti-Scl-70
c. Anti-SSA, anti-SSB
d. Anti-dsDNA, anti-Smith, anti-RNP
e. Anti-tRNA synthetase

CTD: Connective tissue disease; NSIP: Non specific interstitial pneumonia; LIP: Lymphocytic interstitial pneumonia; ILD: Interstitial lung disease; Modified
from: (18)
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crucial to determine the degree of respiratory im-
pairment in all patients with CTD-ILD.
The decision to treat CTD-ILD is often based up-
on whether the patient is clinically impaired by the
ILD, whether the ILD is progressive by symptoms,
physiology, or imaging, and what extra-thoracic fea-
tures require therapy. Furthermore, the clinician
must also consider potential contraindications, co-
morbid conditions or other mitigating factors that
may exist. In the following sections, we discuss spe-
cific tools that are useful for determining respiratory
impairment and disease monitoring.

a. Subjective assessment of impairment. The use of re-
producible, subjective measures of the degree of
breathlessness, exercise capacity, and quality of life
with standardized clinical tools can help assess respi-
ratory disease progression and functionality over
time. However, given the significant extra-thoracic
features associated with the CTDs, determining de-
gree of impairment related to the ILD specifically
can be a challenge. For example, in a patient with id-
iopathic inflammatory myositis (IIM), active myosi-
tis and associated diaphragmatic weakness may be a
more potent driver of dyspnea than actual parenchy-
mal disease. Similarly, pleural involvement in pa-
tients with systemic lupus erythematosus (SLE) or
the diffusely thickened chest skin in a patient with
SSc can also lend to severe dyspnea out of propor-
tion to parenchymal involvement. In addition, be-
cause many CTD patients are sedentary and decon-
ditioned due to chronic musculoskeletal involve-
ment, depression and disability, reliably determining
causes of respiratory impairment can be a challenge.
A number of dyspnea indices have been validated in
ILD. We find that the choice of which index to use
is less important than their consistent implementa-
tion to reliably quantify subjective dyspnea. In one
study, the self-reported measures of the Multi-Di-
mensional Health Assessment Questionnaire, Uni-
versity of California San Diego Dyspnea Question-
naire and Dypsnea-12 Questionnaire were found to
be useful in the assessment of patients with a broad
spectrum of CTD-ILD (19). Questionnaires take
into account the patient perspective of the impair-
ment are often self-administered and provide the
clinician a reliable and reproducible longitudinal as-
sessment of the subjective degree of respiratory im-
pairment associated with CTD-ILD.

b. 6-minute-walk test. The 6-minute-walk test
(6MWT) has been shown to correlate with the
severity and the prognosis of IPF (20, 21), but the
usefulness of 6MWT in CTD-ILD is not well
defined. Because of concomittant extra-pulmonary
manifestations in CTD, particularly joint and
muscle disease, this test may not always be realistic
to perform in CTD populations. In one study of
patients with SSc-ILD, the 6MWT was found to be
reproducible in the same patient over time, but it
correlated poorly with the forced vital capacity
(FVC) (22). In practice, unless musculoskeletal
disease precludes its use, we find the 6MWT to be a
relatively easy, inexpensive and reliable tool to gauge
exercise capacity longitudinally in patients with
CTD-ILD.

c. Pulmonary function testing. Pulmonary function
testing (PFT) is a relatively easy, inexpensive, non-
invasive and reliable method used to objectively and
longitudinally assess the status of ILD. In particular,
the longitudinal assessment of FVC and diffusing
capacity for carbon monoxide (DLco) helps deter-
mine degree of respiratory impairment, response to
therapy, and prognostication: longitudinal declines
in FVC and DLco are associated with shortened
survival (12, 13) in IPF and CTD-ILD. A recent
study of 215 subjects with SSc-ILD demonstrated
that the HRCT extent of fibrosis and degree of FVC
reduction provides discriminatory prognostic infor-
mation (23). In another study of RA-ILD, prospec-
tive follow-up over two years with PFT and thoracic
HRCT showed that a DLco <54% of predicted had
a 80% sensitivity and 93% specificity in predicting
progression of the ILD (24).

d. Thoracic high-resolution computed tomography.
Thoracic HRCT yields valuable information about
ILD including the lung injury pattern and extent of
disease, an assessment of disease progression, and
the evaluation of extra-parenchymal abnormalities.
In many cases of CTD-ILD, a specific radiologic
pattern (e.g. UIP) can be determined with a high-
degree of confidence (25). This pattern recognition
within specific clinical scenarios may obviate the
need for surgical lung biopsy and provide prognostic
information. In SSc-ILD, Goh et al. showed that
determining ILD extent by thoracic HRCT has
prognostic value (23). A similar study in RA-ILD
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also showed that initial extent and distribution of the
ILD on thoracic HRCT were predictive of increased
mortality (24). The presence of a fibrotic radi-
ographic pattern as evidenced by reticular opacities,
traction bronchiectasis and honeycombing are pre-
dictive of poor outcomes in both idiopathic IP and
RA-ILD (26-28).

3. Treating the extra-thoracic manifestations in the
context of CTD-ILD

Over the past 20 years, the armamentarium of phar-
macologic therapies for rheumatologic conditions
has greatly expanded. Traditional and biologic dis-
ease modifying anti-rheumatic drugs (DMARDs)
have changed the face of modern rheumatology and
are commonly used to treat the extra-thoracic man-
ifestations of the CTD, particularly synovitis and
myositis. Essentially all of these agents are immuno-
suppressive by design, and as such, all patients on
DMARDs are at increased risk for respiratory and
other infections with both typical and atypical
pathogens. Furthermore, there is also some evidence
that some of these therapies, methotrexate in partic-
ular (29), have the potential for causing pneumonitis

and as such, their use in patients with CTD-ILD
can pose challenges.
Methotrexate is one of the most popular traditional
DMARDs in rheumatology and is considered first-
line therapy for RA (30-32). Methotrexate is also a
cause of acute pneumonitis in RA patients, with the
incidence ranging from less than 1% (33) to as high
as 11.3% (34). It appears that those with prior lung
involvement are possibly more susceptible to the de-
velopment of methotrexate pneumonitis (35, 36).
Because methotrexate is such an effective DMARD
in controlling the synovitis of RA, there are in-
stances when we find the need to continue this agent
in patients with RA-ILD to optimize their articular
disease control. However, in general, because of its
potential for causing pneumonitis, and the fact that
it is difficult to distinguish methotrexate pneumoni-
tis from a flare of underlying ILD, we tend to avoid
methotrexate in our patients with CTD-ILD.
The biologic DMARDs, such as the anti-TNF�
agents, have become a mainstay in rheumatology
practice over the past 15-20 years (37, 38). These
agents have demonstrated high degree of efficacy for
synovitis, myositis, ocular, and cutaneous aspects of
RA and other CTDs and in some ways have revolu-

Table 5. Suggested immunization schedule for individuals with connective tissue disease-associated interstitial lung disease 

Vaccines Schedule and particularities

Influenza vaccine (intramuscular) Annually unless contraindicated

Pneumococcal vaccine If first vaccinated with PPSV23 †:
-Pneumococcal 13-valent conjugate (PCV13) vaccine -PCV13 first followed by PPSV23 8 weeks later
-Pneumococcal polysaccharide (PPSV23) vaccine -PPSV23 each 5 years after

If never vaccinated †:
-PCV13 should be administered no sooner than 1 year after PPSV23
-PPSV23 each 5 years after (and at least 8 weeks after PCV13 if recent)

Other inactivated vaccines (e.g. diphtheria-tetanus-acellular Usual recommended schedule
pertussis (TDaP), human papilloma virus (HPV), hepatitis B) -Ideally before starting immunosuppressive therapy

-But acceptable under DMARDs and biologics, except for RTX, where 
should be given 4 weeks before and 6 months after infusion ¶

Live attenuated vaccines (e.g. Bacillus Calmette-Guérin -Consult specialist
(BCG), nasal/oral influenza, measles-mumps-rubella (MMR)) -Ideally 4 weeks before immunosuppression and at least five 

half-life after therapy discontinuation ¶

Herpes Zoster vaccine (live vaccine) -Independen of age and prior episode status †
-Ideally before starting immunosuppressive therapy; can be given with 

CS at <20 mg/day of prednisone equivalent or ≥20 mg/day if used 
for <2 weeks and AZA <3 mg/kg/day § ¶

-Other immunosuppressive agents (like MMF) or higher doses of the 
above mentioned agents should be stopped for 4 weeks before Herpes
Zoster vaccine administration §

DMARDs: Disease-Modifying Anti-Rheumatic Drugs; RTX: Rituximab; CS: Corticosteroids; AZA: Azathioprine; MMF: Mycophenolate mofetil
Sources: (107-109)
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tionized the approach to managing CTD (37, 38).
However, these agents are highly immunosuppres-
sive in nature and patients on these agents are at par-
ticularly high risk for a wide variety of respiratory and
other infections, including tuberculosis reactivation,
non-tuberculous mycobacterial infections, and fungal
infections, in addition to the usual pathogens (39-
41). As such, the development of interstitial infil-
trates or other parenchymal abnormalities in patients
being treated with these agents mandates a height-
ened suspicion for typical or atypical infection. Fur-
thermore, there has been some evidence based on
case reports and post-marketing surveillance that a
number of these biologic DMARDs can be associat-
ed with pneumonitis and as such they should be used
with caution in patients with CTD-ILD (42, 43).
In our experience, we frequently use all of the class-
es of biologic DMARDs in our patients with CTD-
ILD. Most often we use these agents to manage the
extra-thoracic manifestations (e.g., synovitis or
myositis) and find that these agents have no impact
on the ILD. Interestingly, and as discussed below,
there is some evidence that rituximab (RTX) may be
an agent to consider for treating the ILD in refrac-
tory cases of CTD-ILD (44). Finally, when both
ILD and extra-thoracic manifestations require im-
munosuppressive treatment, we often find it useful
to combine one agent to target the ILD (e.g., aza-
thioprine [AZA] or mycophenolate mofetil
[MMF]) along with a biologic DMARD (e.g. etan-
ercept or RTX) to target the synovitis or myositis.

Pharmacologic therapy for ctd-ild (figure 1)

For those individuals with CTD-ILD in whom the
ILD has been deemed to be clinically significant and
progressive in nature, pharmacologic treatment with
immunosuppression is often judged an appropriate
step in management. An important qualifier when
discussing therapy for CTD-ILD is that there are
few data to adequately inform the discussion on
management strategies for CTD-ILD. In fact, the
only form of CTD-ILD for which any controlled
data exist is limited to very modest results from two
clinical trials in SSc-ILD. As such, much of the
management of the spectrum of CTD-ILD is left to
“experience-based” practice rather than “evidence-
based” practice.

In the following sections we offer our approach to
the pharmacologic and non-pharmacologic manage-
ment strategies in CTD-ILD (Figure 1). We re-em-
phasize that “CTD-ILD” is not a homogeneous sin-
gle disorder and that it is doubtful that one approach
to management can be applied to the entire spec-
trum of CTD-ILD.

1. Corticosteroids

Therapy with corticosteroids (CS) remains the cor-
nerstone of induction treatment in most forms of
CTD-ILD in which immunosuppressive therapy is
deemed to be necessary. CS have broad anti-inflam-
matory and immunosuppressive effects and, due to
their rapid onset of action and efficacy in the treat-
ment of CTD, CS have served as an initial and
mainstay of therapy for CTD-ILD. There are some
small case series supporting the use of CS for CTD-
ILD (45, 46) but no controlled studies. In general,
we would not advocate for CS as monotherapy for
CTD-ILD. Rather, our approach is to initiate treat-
ment with CS and either concomitantly or shortly
thereafter initiate a secondary agent (e.g. AZA,
MMF, or cyclophosphamide [CYC]) to serve as a
steroid-sparing therapy. We tend to initiate CS at a
dose of 0.5-1.0 mg/kg/day of prednisone equivalent.
Depending on the clinical response and tolerability
of the CS and the secondary agent, we attempt to
slowly taper the CS to attain a daily dose of approx-
imately 10 mg of prednisone equivalent between the
4th and 6th month of therapy, and hope for tapering
off altogether as soon as clinically feasible. No taper-
ing regimen has been studied or proven to be more
effective. A notable exception is in SSc-ILD, in
which moderate to high doses of CS is traditionally
considered a risk for SSc renal crisis (47). In this sce-
nario, we are reluctant to use prednisone in general,
or when indicated, we aim to keep the prednisone
dose ≤15 mg/day.
In our experience, there are clinical scenarios in
which much more intense use of CS should be con-
sidered. Presentations of acute interstitial pneumo-
nia (AIP) or the cellular form of NSIP or OP may
be more “reversible” with more intense up-front dos-
ing of CS followed by a prolonged taper. Another
scenario is the NSIP encountered in those with an-
ti-synthetase syndrome. In these cases, we often ad-
minister much higher doses of CS such as with a
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Fig. 1. Management algorithm for connective tissue disease-associated interstitial lung disease (CTD-ILD)
Legend: CTD: Connective tissue disease; ILD: Interstitial lung disease; 6MWT: 6-minute walk test; HRCT: High-resolution computed to-
mography; PFT: Pulmonary function testing; GERD: Gastroesophageal reflux disease; PH: Pulmonary hypertension; PjP: Pneumocystic jirovecii;
CS: Corticosteroids; IV: Intravenous; MMF: Mycophenolate mofetil; CYC: Cyclophosphamide; AZA: Azathioprine; RTX: Rituximab
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pulse course of intravenous (IV) methylprednisolone
(500-1000 mg IV for 3 days followed by weekly
pulses between 250-1000 mg for several weeks) con-
comitantly with daily CS at 1mg/kg of prednisone
equivalent.
Further, given the significant short and long term ad-
verse effects of CS, careful attention to a given indi-
vidual’s comorbid conditions factors in to how CS are
utilized. Along with implementation of CS therapy,
and as will be discussed in later sections, the clinician
should be sure to give proper attention to bone health
preservation and Pneumocystis prophylaxis.

2. Cyclophosphamide

CYC is one of the most potent steroid-sparing im-
munosuppressive medications and it is often used to
treat a variety of organ-threatening manifestations of
CTD. Small prospective (48-50) and retrospective
studies (51, 52) have suggested that the use of CYC
in CTD-ILD, and SSc-ILD in particular, may lead
to stabilization or improvement in lung function. In
practice, CYC is often considered the first line of
therapy for the more severe forms of CTD-ILD.
CYC is the only agent for which we have controlled
clinical trial data in support of its use for CTD-ILD
but those data are limited to SSc-ILD and, as will
discussed below, their findings only lend modest
support for this agent. Furthermore, it remains to be
determined to what extent data from SSc-ILD can
be applied to other forms of CTD-ILD.
The Scleroderma Lung Study (SLS) has provided
some insights into the treatment of SSc-ILD (53).
In SLS, 158 subjects were randomized to either oral
CYC ≤2 mg/kg/day or placebo for a 12-month peri-
od. The primary endpoint was change in FVC. The
study cohort was comprised of SSc subjects with ev-
idence of active ILD by BAL or via thoracic HRCT,
“early disease” (first non-Raynaud’s symptom within
7 years), an FVC between 45-85% and at least mod-
erate exertional dyspnea on the Mahler Dyspnea In-
dex. The study excluded those with a DLco <30%,
tobacco use in the previous six months, and any oth-
er significant pulmonary issue including pulmonary
hypertension (PH) necessitating treatment. A ma-
jority of the subjects were women (70.3%) with a
mean-age of 47.9±1.0 years and 59.5% had diffuse
cutaneous SSc. The baseline mean FVC was
68.1±1.0% of predicted and DLco was 47.2±1.1% of

predicted. The FVC difference at 12 months was
+2.53% of predicted (p<0.03) in favor of the CYC
group. The difference remained significant at eigh-
teen months from study onset (six months after
CYC had been discontinued) but was lost by twen-
ty-four months (54), thus reinforcing the notion that
longer-term immunosuppression is needed in SSc-
ILD. Secondary endpoints achieved with CYC
treatment included less radiographic progression of
fibrosis (55), improved quality of life, and improve-
ments in degree of skin thickening. Subjects with
more restrictive disease (FVC <70%) (54), or higher
fibrosis scores on thoracic HRCT, or more skin
thickening had a more robust response to CYC, with
improvement of their FVC instead of deterioration
(�FVC at 18 months from baseline: +5.10% of pre-
dicted with CYC versus -4.71% of predicted with
placebo; average treatment effect of 9.81% [p <
0.001]) (56). Importantly, and as expected, treat-
ment with oral CYC was associated with significant
toxicities. There were statistically significant in-
creases in the incidence of leukopenia and neutrope-
nia and trends towards significantly higher preva-
lence rates of hematuria, pneumonia, and anemia,
among those treated with CYC. Most of these ad-
verse effects occurred during the first year (during
CYC treatment) but similar trends were observed
during the second year (after CYC discontinuation).
The only other controlled trial in CTD-ILD also in-
volved SSc-ILD and the use of CYC. The Fibrosing
Alveolitis in Scleroderma Trial (FAST) (57) ran-
domized 45 subjects to active treatment (n=22) with
IV CYC 600 mg/m2 monthly for the first six months
followed by AZA 2.5 mg/kg/day as maintenance
therapy with background oral prednisolone 20 mg
on alternate days compared with placebo (n=23).
The majority of the subjects were women and most
had limited cutaneous SSc. The difference in the
change in FVC in the active treatment group (FVC0

80.1±10.3% of predicted and FVC12 82.5±11.3% of
predicted) versus the placebo group (FVC0

81.0±18.8% of predicted and FVC12 78.0±21.6% of
predicted) showed a trend toward statistical signifi-
cance (�FVC, after adjustment for baseline FVC,
was 4.19% [p=0.08]). In fact, the �FVC was more fa-
vorable in FAST than in SLS (+4.2% versus +2.5%
respectively) but the smaller number of subjects in
FAST (n=45) compared with SLS (n=158) impact-
ed the ability to achieve statistical significance. Con-
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trary to SLS, adverse events were few, without any
bone marrow toxicity and fewer cases of hematuria.
Respiratory tract infections occurred more frequent-
ly in the placebo group than with the actively treat-
ed group (17.4% versus 13.6%).
Taken together, in our opinion, the results from SLS
and FAST have dampened enthusiasm for the use of
CYC. Although improvements were noted in FVC,
they were quite modest in nature. This, along with
the substantial toxicity (bone marrow suppression,
infection risk, and malignancy risk) associated with
CYC has continued to temper its short- and long-
term use in SSc-ILD and in all forms of CTD-ILD.
Although CYC continues to be used in severe forms
of CTD-ILD, there remains a desperate need to
identify less toxic and more effective therapies for
CTD-ILD.
The role of CYC in other forms of CTD-ILD is
based on retrospective studies. A retrospective study
of 46 IIM-ILD patients resistant to CS were treat-
ed with a subsequent immunosuppressive therapy
(58). Twenty-four subjects were treated with oral
CYC. At six months, the median change in FVC
was +5.0% and the DLco increased by 2.93%. For
the 33 subjects that remained on therapy for twelve
months, the median change in FVC was +4.7% and
the DLCO had increased from baseline by 2.3%.
The prednisone dose was reduced from 40 mg/day
to 10 mg/day at six months and at 7.5 mg/day at
twelve months. In another report by Yamasaki et al.
(59), 11 of 17 IIM-ILD patients showed improve-
ment in their dyspnea, 8 of 17 had >10% improve-
ment of vital capacity (VC) and 9 of 17 had >10
point reduction in their thoracic HRCT score after
six months of treatment with CYC.
We tend to use CYC for the spectrum of CTD-ILD
when the disease is severe or rapidly progressive in
nature. Due to a better safety profile, we tend to use
CYC in its IV form and infuse it monthly. We rarely
use CYC for greater than twelve months and, in
general, we try to switch to a less toxic agent (e.g.,
AZA or MMF) as soon as the clinical scenario al-
lows.

3. Azathioprine

AZA is a commonly used medication in the treat-
ment of CTD-ILD. However, other than as used in
FAST, the data for AZA is limited to small and ret-

rospective series. Studies (57, 60) using AZA as a
maintenance therapy following 6 months of IV CYC
in SSc-ILD report contradictory data, with one
showing stabilized FVC and the other deteriorating
FVC after eighteen months of AZA use. Less well
studied as an induction agent, AZA in SSc-ILD has
been retrospectively assessed in 14 patients (61).
Three patients in this study failed prior use of CYC
and its use for the other patients was felt to be inap-
propriate. Three patients had to stop the treatment
due to adverse effects. Eight patients received treat-
ment for at least twelve months and seven for eigh-
teen months. With a baseline FVC of 54.3±3.5%,
five patients had an increase of >10% of their FVC
at twelve months and three stayed within 10% of
there baseline FVC at twelve months.
There are numerous other case series or small retro-
spective reports demonstrating variable degrees of
efficacy of AZA in CTD-ILD (58) and it is a com-
monly employed therapy without controlled data to
guide its use. In general, we find AZA to be a well-
tolerated therapy and one that can be an effective
steroid-sparing agent suitable for the long-term
treatment often needed for CTD-ILD. In our expe-
rience, we also find AZA to be particularly useful in
RA-ILD as it can be effective in helping control
both the synovitic and ILD components and for
those with more severe synovitis, it can also be used
safely along with biologic DMARDs.

4. Mycophenolate mofetil

MMF has become an increasingly popular treatment
in CTD-ILD. The first series advocating for MMF
in CTD-ILD was comprised of 28 subjects and
demonstrated that MMF was well tolerated and as-
sociated with preservation of lung function among a
diverse spectrum of CTD-ILD (62). A very small
prospective study in SSc-ILD (63) used MMF 2000
mg/day with prednisolone ≤10 mg/day in six diffuse
cutaneous SSc patients, five of whom had a recent
diagnosis of “alveolitis”. At 4-6 months, improve-
ment in FVC (from 65.6% to 76.2% of predicted
[p=0.057]) and DLco (from 64.2% to 75.4% of pre-
dicted [p=0.033]) were noted and concomitant tho-
racic HRCT improvement was noted at 6-8 months.
Several other retrospective studies report the use of
MMF (2000 mg/day with or without low dose pred-
nisone) in SSc-ILD (most with evidence of alveoli-
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tis either on BAL or thoracic HRCT), showing
trends towards significant improvement of PFT pa-
rameters and thoracic HRCT findings (62, 64-66).
The largest study of MMF use for CTD-ILD was
recently published (67) and included a heteroge-
neous cohort comprised of 125 CTD-ILD patients
(including 44 SSc-ILD, 32 IIM-ILD, 18 RA-ILD).
The mean age was 60.4±11.6 years, 42% were
women, and most were treated with MMF 3000
mg/day over a 3-year period. In this large and di-
verse CTD-ILD retrospective cohort, MMF treat-
ment was associated with effective CS dose tapering
(at MMF initiation, median prednisone dose was 20
mg/day and at 12 months from MMF initiation,
median prednisone dose was 5 mg/day [p<0.0001]).
Along with its steroid-sparing effects, treatment
with MMF was also associated with longitudinal
improvements in FVC and DLco and was found to
be a very well tolerated therapy (~90% adherence
rate). In our experience, similar to AZA, MMF can
also be safely combined with biologic DMARDs in
individuals in whom the extra-thoracic disease (e.g.,
synovitis) necessitates a more intense and targeted
approach with a biologic therapy.

5. Calcineurin antagonists

Cyclosporine and tacrolimus are commonly used im-
munosuppressive medications for CTD-ILD. No
controlled data exist to guide their use, but retro-
spective studies lend support for their efficacy. A ret-
rospective review of 32 centers in Japan from 1989 to
2000 report 32 IIM-ILD patients using CS and cy-
closporine for the treatment of ILD (68). One out of
9 polymyositis (PM) patients and 9 out of 17 der-
matomyositis (DM) patients (7 of whom had an
acute presentation) died during the observation peri-
od (mean 25.7 months). To explain the high rate of
death in the DM patients, the investigators assessed
the timing of introduction of cyclosporine: the group
with early combination treatment (cyclosporine
within 2 weeks of diagnosis) versus those with late
introduction lived longer (p=0.049). Another small
study of 14 patients with IIM assessed PFT and tho-
racic HRCT scans one year after treatment with a
combination of prednisone 1 mg/kg/day and cy-
closporine 4 mg/kg/day instituted within 14 days of
diagnosis of ILD. The study showed a significant
improvement in HRCT scores, FVC (p=0.001) but

not DLco (p=NS) when comparing values before
and one year after treatment initiation (69).
Tacrolimus can be an effective agent for the spec-
trum of CTD-ILD and, perhaps, in IIM-associated
ILD in particular. A retrospective study of 13 pa-
tients with both myositis and ILD (70) were treated
with tacrolimus for a mean period of 51.2 months.
Twelve were anti-Jo1 positive and one was anti-
PL12 positive. Subjects in this small series demon-
strated improvement in myositis as well as pul-
monary function: both FVC and DLco statistically
improved and were maintained during 150 weeks of
follow-up. Other observations demonstrate poten-
tial efficacy in refractory cases previously treated
with combination therapies including CYC and cy-
closporine (68, 71, 72).

6. Rituximab

RTX is a chimeric monoclonal antibody targeting
the cell-surface receptor CD20, found on B cells be-
fore their differentiation to memory and plasma
cells. Treatment with RTX leads to B cell depletion,
reduction of autoantibody generation, modifications
of inflammatory cytokines, and T cell function alter-
ations; making this agent a potent treatment option
for many different autoimmune diseases (e.g. sys-
temic vasculitis and RA), and is often used in severe
and refractory cases of other CTDs (73). Extending
its use beyond non-Hodgkin lymphoma and RA,
RTX is now used in many different autoimmune
diseases (74) and is largely very well tolerated (75). A
small retrospective series of eleven patients with an-
ti-synthetase syndrome (76), all with ILD, 3 with
acute presentations, and 10 with positive anti-Jo1
antibody, were treated with RTX as a rescue therapy
after failure of CYC and/or other immunosuppres-
sive therapies. Nine patients received the RA regi-
men and two received 375 mg/m2 per week for four
consecutive weeks. Comparing the PFT data ob-
tained in the eight months preceding treatment with
PFT data obtained in the seven months following
treatment, six patients had in improvement of >10%
of their FVC and three had in increase of >15% of
their DLCO. Three to six months following infu-
sion, the thoracic HRCT showed a regression of the
ground glass opacities in four patients and progres-
sion in one patient. Keir et al. (77) reported eight
cases of CTD-ILD (5 with IIM; median FVC 45%
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of predicted and median DLco 25% of predicted) in
which RTX 1000 mg IV twice at 2-week interval
was used as rescue therapy. Six of these patients had
serial PFT: prior to RTX infusion, all had decline in
FVC and DLco, and post-RTX infusions, a median
DLco improvement of 22% of predicted (p=0.04)
and a median FVC improvement of 18% of predict-
ed (p=0.03) was noted. The same group recently re-
ported their experience with RTX infusions in fifty
cases of severe and refractory ILD; thirty-three of
these cases had CTD-ILD (10 IIM, 8 SSc, 9 undif-
ferentiated connective tissue disease) (44). This was
a very severely impacted cohort: forty-nine out of
fifty had received prior immunosuppression with cy-
totoxic medications, four required mechanical venti-
lation, mean DLco was 24.5% of predicted and
mean FVC was 44.0% of predicted. In the CTD-
ILD sub-group, 85% of the patients (most with
IIM) were classified as responders. In the 6-12
month period prior to RTX, a median decline in
FVC of 13.3% of predicted and in DLco of 18.8% of
predicted was noted compared to the 6-12 month
period post-RTX therapy, where an improvement of
8.9% of the FVC in % of predicted (p<0.01) and a
stabilization of the DLco (p<0.01) was noted.
There are several small studies of RTX in SSc-ILD.
With secondary endpoints of PFT and thoracic
HRCT measures, fifteen patients with diffuse cuta-
neous SSc and mild-moderate ILD (patients with a
FVC or DLco <50% of predicted were excluded) re-
ceived RTX 1000 mg infusions at days 0 and 14. At
six months, the FVC, DLco and the HRCT re-
mained stable in this SSc population at high risk of
progressive ILD (78). Daoussis et al. reported the
results of a small randomized controlled trial of four-
teen SSc-ILD patients: eight subjects treated with
RTX 375 mg/m2 per week for four consecutive
weeks and then again six months later were com-
pared with six subjects in the “control group” that re-
ceived standard treatment (including prednisone,
MMF, CYC and bosentan) (79). At one year, the
FVC in the RTX group increased from 68.1±19.7 to
75.6±19.7% of predicted (p=0.0018), an improve-
ment of 10.3% compared to the control group losing
5.0% of predicted (p=0.23). The DLco also im-
proved significantly in those that were treated with
RTX (from 52.3±20.7 to 62.0±23.2% of predicted
[p=0.017], improvement of 19.5%) compared to a
decrease of 7.5% in the control group (p=0.25). Fol-

low up of the RTX-treated patients at two years
from the first infusion (80) showed significant im-
provement maintenance for both FVC and DLco
(p<0.0001 for both values). Another small prospec-
tive series of five SSc-ILD patients refractory to
CYC were treated with RTX at a lower but more
frequent dosing schedule (500 mg at days 0 and 14
every 3 months for a year). RTX treatment was as-
sociated with a significant increase in both FVC
(48.5±6.7 to 66.0±4.0 % of predicted [p<0.001]) and
DLco (72.0±5.2 to 89.0±3.2% of predicted
[p<0.004]) at one year follow up (81). 
Finally, the results of ten RA-ILD subjects (4 with
UIP and 6 with NSIP) treated with RTX (1000 mg
for 2 infusions, two weeks apart, at six months inter-
vals) has been recently reported (82). Of the seven
subjects with data at baseline and 48 weeks (one had
an infusion reaction at baseline, one died after hip
fracture and one died of pneumonia), FVC and DL-
co worsened in one subjects, stabilized in four and
improved by >10% in two subjects.
These retrospective and small prospective studies
suggest that RTX may be a promising therapy for
select cases of CTD-ILD and this agent warrants
further study.

7. Intravenous immunoglobulin

Intravenous immunoglobulin (IVIg) is used in the
treatment of a wide variety of diseases, with more
than 75% of the IVIg in the United States adminis-
tered to patients with autoimmune or inflammatory
conditions (83). The immunomodulatory and anti-
inflammatory effects of IVIg remain of unclear
mechanisms, with many pathways in the innate and
adaptive immune system being potentially targeted,
going beyond simple antibody replacement and neu-
tralization. There are few data in support of IVIg use
in CTD-ILD.  Five patients with severe IIM-ILD
treated with high dose CS and other immunosup-
pressive agents were given IVIg as rescue therapy.
Two patients improved and survived, two initially
improved but deteriorated after seven days and died
(none were retreated) and one deteriorated and died
(84). Usually reserved for refractory muscle disease
resistant to the combination of other agents or in se-
vere cases necessitating aggressive initial therapy,
more studies and reports are needed before being at-
tributed any role in CTD-ILD.
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Non-pharmacologic therapies and strate-
gies for ctd-ild

1. Cardio-pulmonary rehabilitation

Cardio-pulmonary rehabilitation is an important ad-
junctive therapy for several chronic lung diseases, in-
cluding ILD (85). Although not formally studied in
CTD-ILD, we find cardio-pulmonary rehabilitation
to be useful for both the ILD component as well as
some of the extra-thoracic disease components (e.g.
muscle strengthening). In our experience, for those
that are not limited significantly by their muscu-
loskeletal disease components, cardio-pulmonary re-
habilitation can be an effective, though often under-
utilized, adjunctive therapy in patients with CTD-
ILD.

2. Oxygen supplementation

Though not formally studied in CTD-ILD, we be-
lieve that the need for supplemental oxygen should
be evaluated in all patients with ILD, to ensure that
the patient is not hypoxic while at rest, with exercise
or with sleep. A few studies in ILD demonstrate im-
provement of exercise-capacity with oxygen supple-
mentation but data on patient-related outcomes and
survival are surprisingly lacking (86-88). In addition,
given how commonly CS are used, and their
Cushingoid side effects, consideration for obstruc-
tive sleep apnea is often warranted in this popula-
tion.

3. Gastro-esophageal reflux disease

Gastro-esophageal reflux disease (GERD) is one of
the most troublesome medical conditions encoun-
tered in individuals with CTD-ILD. Consideration
and evaluation for GERD-associated lung injury
and aspiration pneumonitis is particularly warranted
in CTD-ILD. GERD and dysmotility of the esoph-
agus are quite common in these cohorts (89-93), and
can often be difficult to treat. General treatment
measures such as avoidance of specific foods that de-
crease the lower esophageal sphincter tone (e.g., cof-
fee, chocolate, mint), eating multiple smaller por-
tions throughout the day rather than the traditional
three meals a day, avoiding eating or drinking before
going to bed and elevating the head of the bed are

important measures to implement (94). Proton
pump inhibitor and H2-receptor antagonist thera-
pies are commonly required. Pro-motility agents
(e.g., domperidone, metoclopramide, octreotide, cis-
apride, prucalopride) are sometimes needed as well.
Finally, surgical approach with fundoplication is
sometimes attempted, particularly with recurrent as-
piration pneumonia or in anticipation of lung trans-
plantation, but this procedure can worsen the
esophageal dysmotility (95).

4. Pulmonary hypertension screening and treatment

Patients with ILD are at an increased risk of devel-
oping secondary PH at least in part related to chron-
ic hypoxia (96). In addition, patients with SSc, SLE,
and mixed connective tissue disease (MCTD) are at
risk for a primary vasculopathy resulting in pul-
monary arterial hypertension (PAH) (97). As exer-
tional dyspnea is seen with ILD and PH, it is often
difficult to dissect the relative contributions of these
pulmonary manifestations in a given patient.  In our
opinion, periodic screening with echocardiography
should be considered in all CTD-ILD patients,
however there are limitations to echocardiography in
patients with advanced lung disease (98). Arcasoy
and colleagues assessed the sensitivity (85%), speci-
ficity (55%) and positive predictive value (52%) of a
finding of PH in patients with advanced lung disease
and found that the estimated systolic pulmonary
artery pressure is frequently inaccurate (98). In pa-
tients with SSc-ILD, Steen has shown that a dispro-
portionate reduction in the DLCO relative to the
FVC (ratio of FVC%/DLCO% >1.6) suggests con-
comitant PH (99). In patients with SSc, elevations
in the serum brain-natriuretic peptide level also sug-
gest the presence of PH (100). In patients with
CTD-ILD suspected to have PH based on non-in-
vasive assessment, definitive evaluation with right-
heart catheterization is warranted.

Because SSc patients have the highest prevalence of
ILD and PAH (101, 102), most if not all of the con-
trolled data from trials for CTD-ILD or CTD-PAH
are based on studying CTD patients with SSc spec-
trum of disease. The controlled trials that have
demonstrated efficacy for SSc-ILD therapies exclud-
ed patients with SSc-PAH, and trials that have
demonstrated efficacy for PAH-targeted therapies
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have excluded patients with SSc-ILD. As a result,
there are no controlled data to inform evidence-based
decisions for cohorts of CTD-ILD patients with co-
existent PH. In practice, it is not uncommon to com-
bine immunosuppressive regimens for ILD with
PAH-targeted therapies (e.g. prostanoids, phospho-
diesterase-inhibitor therapy, endothelin-antagonist
therapy) but these strategies are only based on anec-
dotal evidence (103, 104) and recent data suggest
these approaches may be ineffective (105).

5. Acute ILD exacerbation assessment and manage-
ment

Similar to other forms of ILD, patients with CTD-
ILD can also have disease exacerbations (106), but
these are neither well-characterized nor understood.
In our experience, they are typically associated with a
poor outcome. When a patient with CTD-ILD de-
velops acute or subacute worsening breathlessness or
cough, ILD exacerbation is a concern, and compre-
hensive evaluation is indicated to exclude more com-
mon entities such as respiratory infection, throm-
boembolism, or acute cardiovascular events. Such
evaluation may require a multidisciplinary approach
and includes pulmonary physiologic re-assessment,
thoracic HRCT imaging, and bronchoscopic evalua-
tion. Certain scenarios require CT-angiography or
ventilation/perfusion scanning, echocardiography, or
other cardiac testing. Drug-induced pneumonitis as-
sociated with immunosuppressive agents (such as
CYC associated pneumonitis) cannot be ignored as a
possibility and is often difficult to prove. When tho-
racic HRCT imaging shows progression of the ILD,
and infectious causes have been excluded, alteration
and intensification of the immunosuppressive regi-
men is often indicated. Our approach is to use high-
dose CS as a first-line approach, followed by consid-
eration of altering the steroid-sparing therapies.
There are no formal guidelines to follow, decisions are
individualized to each patient, and we emphasize the
importance of a thorough evaluation to exclude infec-
tion in these immunocompromised patients.

6. Immunizations and smoking cessation

Smoking cessation is a fundamental component of
treating any chronic lung disease and CTD-ILD is
no different. It is important to encourage and em-

phasize smoking cessation in all patients with CTD,
and certainly those with associated ILD.
Considering the presence of intrinsic lung disease
and the fact that many patients with CTD have in-
herent immunodeficiency and are on chronic im-
munosuppressive treatment, basic infection preven-
tion practices should be taught and emphasized, and
appropriate vaccinations should be administered
(Table 5). Unless otherwise contraindicated, the sea-
sonal inactivated Influenza vaccine should be admin-
istered annually to all patients with CTD-ILD and
the Pneumococcal vaccine should also be given to all
CTD-ILD patients (107-109). Usual vaccination
recommendations should also be followed, with ide-
al timing of inactivated vaccine administration being
before starting immunosuppression. Because of its
higher incidence in CTDs in general (110, 111), its
potential for long term morbidity and its prevention
easiness, Herpes Zoster vaccine, which is safe in this
population (112), should be considered in all CTD
patients independently of age and prior episode sta-
tus (107). However, because the Herpes Zoster vac-
cine is a live attenuated vaccine, administering this
vaccine to those on chronic immunosuppressive
therapy may be controversial and seeking expert ad-
vice (such as with an infectious disease specialist)
may be helpful to guide individual decisions (108).

6. Pneumocystis prophylaxis

Patients with CTD-ILD are more prone to infec-
tion, respiratory and otherwise. Also, due to the
chronic role of potent immunosuppressive therapies
used in these patients, they are at risk for both typi-
cal and atypical pathogens. Pneumocystis jiroveci
pneumonia (PjP) is one of the atypical infections
that can be encountered in CTD-ILD and with po-
tentially devastating consequences (113, 114). This
infection may be more difficult to diagnose in the
rheumatologic population and may be associated
with a worse prognosis compared to the HIV/AIDS
population (115). PjP prophylaxis is usually recom-
mended when two immunosuppressive therapies
(including CS ≥20 mg/day of prednisone equivalent
(116)) are used. Some practitioners also recommend
this approach when using CS at ≥20 mg/day of
prednisone equivalent alone for any sustained period
of time. In general, we initiate PjP prophylaxis in
those treated with CYC or in those on a secondary
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agent such as MMF or AZA along CS ≥20 mg/day
of prednisone equivalent. Importantly, it is impor-
tant to consider possible PjP infection in any CTD
patient with new infiltrative lung disease.

8. Bone health measures

It is important to consider bone health aspects in
CTD-ILD patients as many are at substantially in-
creased risk of bone density loss and ultimately frac-
turing. We encourage “good bone habits” (diet, ex-
ercise, alcohol and tobacco avoidance, etc.), ensure
that calcium and vitamin D intakes are sufficient and
prescribe supplements as needed and, in certain cas-
es, add a bone anti-resorptive agent prophylactically.
Baseline and longitudinal bone densitometry is im-
portant to quantify bone mineral density status as
well. It is important to keep in mind that even low
doses of CS (≤5 mg daily of prednisone equivalent)
are associated with an increased fracture risk (117)
and many patients treated for CTD-ILD will re-
main on CS for many months or even years. Guide-
lines about who should be prophylactically treated
have been published (118) but there is controversy
surrounding the use of anti-resorptive agents in pa-
tients <50 years of age. As usual, working in a mul-
tidisciplinary model and engaging primary care and
rheumatology among other bone health specialists is
an important adjunctive measure needed for the
comprehensive care of CTD-ILD.

9. Lung transplantation

Lung transplantation is a last resort in the manage-
ment of CTD-ILD. Careful selection of suitable
CTD-ILD patients for lung transplantation is a
complex and tedious process and thorough evalua-
tions are needed. Notable manifestations that can
complicate or preclude transplantation include con-
current PH, heart failure, renal disease, thromboem-
bolic disease, chest wall skin thickening and, partic-
ularly, severe GERD with dysmotility or aspiration.
Furthermore, the overall activity of the extra-tho-
racic CTD manifestations need to be considered as
well as degree of associated functional impairment or
disability attributable to the extra-thoracic disease
features (e.g., destructive arthropathy or severly
thickened skin). Studies of carefully selected patients
do show that mortality in SSc-ILD transplanted pa-

tients is comparable to IPF at 2 years (38% in SSc
versus 33% in IPF) (119). Another study showed no
survival difference at one year between SSc and IPF
patients but rates of acute graft rejection were signif-
icantly increased for the SSc compared with the IPF
group (HR 2.91, p<0.007) contrary to other adverse
effects such as chronic graft rejection, infection and
pulmonary function for which there was no differ-
ence (120).

Summary

The intersection of the CTDs and the ILDs is com-
plex. Although often considered as a single entity,
“CTD-ILD” actually reflects a heterogeneous spec-
trum of diverse CTDs and a variety of patterns of in-
terstitial pneumonia. The evaluation of patients with
CTD that develop ILD, or the assessment for un-
derlying CTD in those presenting with so-called
“idiopathic” ILD can be challenging and these eval-
uations can be optimized by effective multidiscipli-
nary collaboration. When a diagnosis of CTD-ILD
is confirmed, careful and thorough assessments to
determine extra versus intra-thoracic disease activity,
and degrees of impairment are needed. Pharmaco-
logic intervention with immunosuppression is the
mainstay of therapy for all forms of CTD-ILD, but
should be reserved only for those that demonstrate
clinically significant and/or progressive disease. The
management of CTD-ILD is not yet evidence based
and there is a desperate need for controlled trials
across the spectrum of CTD-ILD. Non-pharmaco-
logic management strategies (e.g., supplemental
oxygen and cardiopulmonary rehabilitation) and ad-
dressing comorbidities or aggravating factors (e.g.,
GERD, aspiration, bone health, PH, PJP prophy-
laxis) should be part of a comprehensive treatment
plan for individuals with CTD-ILD.
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