
What Is the Pathogenesis  
of CTDs and CTD-ILDs?

Background

Connective tissue diseases (CTD) are a 
heterogeneous and complex group of disorders 
with similar clinical characteristics and immune 
dysregulation.1 Interstitial lung disease (ILD) is 
among the most serious complications of CTD1,2 
and 15% of all ILDs are believed to be caused by 
CTD.2 CTD and their comorbid ILD are referred  
to as CTD-ILD, and lead to significant morbidity  
and mortality.3 Although it is not clear what  
causes the immune dysregulation of CTD and 
CTD-ILD, cytokines or growth factors are believed 
to have a role in the inflammation and fibrosis that 
ultimately result in the fibrosis and organ damage 
seen in CTD-ILD.1 Studies have shown that the 
overexpression of interleukin (IL)-9 contributes 
to the development and severity of pulmonary 
fibrosis, suggesting the possibility that IL-9 levels 
may be involved in the pathogenesis of CTD-ILD.1 
However, those studies did not address whether 
IL-9 is abnormally expressed in CTD-ILD. The study 
discussed below was designed to investigate the 
relationship and potential pathogenic role of IL-9  
in CTD-ILD.1

What Was Done

The study was performed in a cohort of 61 patients 
with CTD in the Second Affiliated Hospital of 
Soochow University, in which patients were divided 
into groups depending on the presence of lung 
fibrosis by high resolution computed tomography. 
The group with CTD-ILD included patients with 
systemic sclerosis (n=9), rheumatoid arthritis  
(n=7), dermatomyositis (n=7), and systemic  
lupus erythematosus (n=6). Serum levels of IL-9,  
IL-4, and interferon-γ (IFN-γ) were measured using 
ELISA following peripheral blood draws. Pulmonary 
function tests (PFTs), including forced vital capacity 
(FVC) and estimated percentage of predicted 
diffusing capacity (DLco%), were evaluated to 
determine severity of pulmonary fibrosis. Patients 
with CTD who smoked or had other respiratory 
disorders that could impact PFTs were excluded 
from the study.1

What Was Found

Serum levels of IL-9 were significantly higher  
in CTD-alone and CTD-ILD patients compared  
with controls (HC). In addition, CTD-ILD patients
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Figure 1: Serum IL-9 protein levels, 
including CTD-ILD patients (n=29), 
simply CTD patients (n=32) and 
healthy controls (n=32).

Table 1: Correlation of 
serum IL-9 levels with 
FVC%, DLco%, serum IL-4 
levels, and serum IFN-γ 
levels in patients with CTD.
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Categories IL-4 IFN-γ FVC% DL
co

%

r2 0.31 0.34 0.36 0.27

Values of P 0.01 0.01 0.00 0.04

had significantly higher levels of IL-9 than CTD-
alone patients (Fig 1). Serum IL-4 levels were 
also significantly increased in CTD-ILD patients 
compared with CTD-alone patients and healthy 
controls; CTD-alone patients had higher IL-4 
levels than healthy controls as well. Finally, CTD-
alone patients had higher levels of IFN-γ than did 
those with CTD-ILD and healthy controls. In order 
to answer the question of whether serum IL-9 

protein levels were associated with the severity of 
lung fibrosis in patients with CTD-ILD, the authors 
investigated the correlation of serum IL-9 levels with 
laboratory parameters and markers of pulmonary 
fibrosis. Table 1 shows that serum IL-9 levels were 
negatively correlated to FVC% (P<0.01), DLco%  
(P<0.01), and serum levels of IFN-γ (P<0.01).  
Serum IL-9 levels were positively correlated with 
serum expression of IL-4 (P<0.05).1
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What It Means

This study begins to address a gap in knowledge 
in the understanding of the CTD and CTD-ILD 
pathogenesis by showing that serum levels of IL-9 
may be a marker of the level of pulmonary fibrosis 
and damage and may contribute to the progression 
of ILD in patients with CTD.1 However, more 
research is required. Understanding the molecular 
pathogenesis of fibrosing lung disease may enable 
physicians to identify patients who are likely to  
develop more severe disease as well as to develop 
and utilize therapies that can potentially inhibit or 
reverse the fibrotic process.4
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How Do We Identify CTD Overlap  
Syndromes and What Does This  
Mean for Treatment of CTD-ILD?

Background

Overlap syndrome occurs when patients present  
with symptoms from more than one connective tissue 
disease (CTD).1 Publications from multiple registries 
have shown that a number of patients with systemic 
sclerosis (SSc) also have symptoms of other CTDs.1 
A study of more than 3200 patients in a German 
Scleroderma registry showed that 10% of patients 
were classified as having overlap syndrome and that 
these patients appeared to have a different disease 
course than patients who presented with limited  
SSc or diffuse cutaneous SSc.1 Some patients with 
SSc presented with clinical characteristics that  
meet the criteria for systemic lupus erythematosus  
(SLE). The prevalence of patients with SSc-SLE 
overlap syndrome has been reported to range from  
8.4%-14.7%.2 The first study described below sought 
to evaluate the presence of SSc-SLE overlap and 

potential differences in clinical presentation and  
survival,2 while the second study examined the 
epidemiology of pulmonary hypertension (PH) in 
patients with SSc-SLE overlap.3

What Was Done

To study the prevalence of SSc-SLE overlap 
syndrome, Alharbi et al performed a retrospective 
analysis from the Toronto Scleroderma Program, a 
health network comprising 3 academic hospitals in 
Toronto, Ontario, Canada, from 1970-2017. Patients 
who fulfilled the American College of Rheumatology 
(ACR)/European League Against Rheumatism 
(EULAR) classification criteria for SSc and were 
≥16 years old were included. SSc-SLE overlap 
patients were identified by fulfillment of the ACR/
EULAR classification criteria for SSc and the ACR 
classification criteria for SLE with ≥4 criteria, or 3
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Disease Manifestations SSc,
n (%)

SSc-SLE 
overlap,

n (%)

SMD*,
%

Calcinosis 310 (27) 11 (13) 35

Raynaud phenomenon 1110 (95) 80 (93) 9

Esophageal dysmotility 1005 (86) 67 (78) 22

Sclerodactyly 1095 (94) 57 (66) 74

Telangiectasia 877 (75) 42 (49) 56

Interstitial lung disease 396 (34) 35 (41) 14

Pulmonary arterial hypertension 362 (31) 45 (52) 44

Scleroderma renal crisis 76 (7) 6 (7) 2

Abnormal nailfold capillaries 370 (32) 27 (31) 0.7

Digital ulcers 378 (32) 33 (38) 12

Scl-70 antibody 202 (17) 10 (12) 16

Centromere antibody 229 (20) 12 (14) 15

Lupus anticoagulant 4 (0.3) 5 (6) 32

Anticardiolipin antibody 11 (0.9) 5 (6) 27

Table 1: Comparison of disease 
manifestations between SSc-SLE  
and SSc subjects.

*SMD >25% is considered a 
meaningful difference between 
groups.

ACR criteria plus a typical histologic lesion of SLE 
on renal or skin biopsy. Time zero was fulfillment 
of classification criteria for either SSc or SLE. The 
primary outcome was time from diagnosis to all-
cause mortality with subgroup analyses.2

Rachdi et al performed a retrospective and 
descriptive study in an internal medicine department 
in Tunis, Tunisia, from 2000-2015. SSc-SLE overlap 
syndrome was defined by ≥4 criteria from the ACR 
SLE classification criteria and 1 major criterion or 
2 minor criteria from the ACR SSc classification 
criteria. Pulmonary fibrosis was defined by 
bronchiectasis and/or honeycomb with ground glass 
using CT scan with FVC <80% predicted values. 
PAH was defined by a systolic pulmonary artery 
pressure (PAP) >30 mm Hg estimated by ultrasonic 
cardiography. Groups were subdivided by patients 
diagnosed with or without PAH.3

What Was Found

Alharbi et al identified 1166 patients with SSc and 
86 patients with SSc-SLE; the overall prevalence of 
SSc-SLE overlap was 6.8%. The SSc-SLE patients 
were more often female (92% vs 81%, P=0.02), 
were diagnosed at a significantly younger age 
(37.9 vs 47.9 years, P<0.001), and were less likely 
to have the diffuse subtype of SSc (12% vs 35%, 
P<0.001). There were also some differences in the 
prevalence of specific disease manifestations with 
sclerodactyly, telangiectasia, PAH, calcinosis, lupus 
anticoagulant (LAC), and anticardiolipin antibody 
(aCL), all more prevalent in SSc-SLE overlap 
syndrome (Table 1). The median survival time for 
SSc-SLE patients was 26.1 years and for those 
with SSC was 22.4 years but after adjusting for 
female sex, diffuse subtype, LAC, aCL pulmonary 
hypertension, and age at diagnosis, there was no 
significant difference.2
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Rachdi et al identified 16 patients with a diagnosis 
of SSc-SLE overlap syndrome (PAH: n=6, no PAH: 
n=10), but there was no significant difference in the 
prevalence of lung, esophageal, neurologic, and skin 
involvement between the 2 groups. However, renal 
involvement was significantly more common in the 
group without PAH (P=0.03) as was the presence 
of anti-Scl 70 antibodies (P=0.035). Finally, there 
was a significant difference in sclerosis distribution 
between the patients with and without PAH.3

What to Expect

Alharbi et al reported that in this cohort, patients 
with SSc-SLE are younger when diagnosed,  
are less likely to have diffuse SSc, and are more  
likely to have PAH than those with SSc.2 Similarly,  
Rachdi et al reported that patients with SSc-SLE 
who have PAH are more likely to have limited or 
distal sclerosis. However, it must be noted that 
Rachdi et al only included 16 patients with 

SSc-SLE overlap syndrome. These studies 
underscore the need for more research to 
understand the clinical presentation and disease 
course for patients with SSc-SLE overlap syndrome 
as well as their risks for the development of PH and 
PAH.1 This understanding could have implications 
for the eventual management of patients with  
SSc-SLE overlap syndrome.
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How Can Serologies in Suspected 
CTD Point to ILD Disease Severity?

Background

Interstitial lung disease (ILD) is seen commonly 
in patients with connective tissue disease (CTD) 
and causes significant morbidity and mortality.1 
Although the prognosis of patients with CTD-ILD 
tends to be more promising than patients with 
idiopathic interstitial pneumonia, those with a rapid 
progression of disease will have worse morbidity 
and mortality.2,3 However, it is not yet possible to 
identify which patients are likely to have a more 
rapid disease progression. Characterizing serum 
biomarkers that may help identify patients with

more rapidly progressing disease could  
potentially help physicians make targeted  
treatment decisions.4 Earlier studies have shown  
that patients with CTD and idiopathic pulmonary  
fibrosis (IPF) have elevated levels of 2 antigens,  
serum carcinoembryonic antigen (CEA) and  
carbohydrate antigen 19-9 (CA 19-9), leading  
Jin and colleagues to hypothesize that these  
elevations could be related to the pathogenesis  
of CTD-ILD itself.3 In addition, although several  
biomarkers that can be used to diagnose ILDs
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have been described,4 biomarkers have not yet 
been identified to distinguish CTD-ILD from chronic 
fibrosing interstitial pneumonia (CFIP). Hamada and 
colleagues measured serum B cell-activating factor 
(BAFF), which is believed to play a role in promoting 
autoantibody production and may have a role in the 
pathogenesis of several autoimmune diseases.2

What Was Done

Jin et al studied 82 patients with CTD-ILD and 82 
controls collected from the Respiratory Department 
of Tongde Hospital of Zhejiang province between 
August 2007 and July 2015. The patients with 
CTD-ILD met the following criteria: 1. Definitive 
diagnosis of ILD according to American Thoracic 
Society (ATS)/European Respiratory Society (ERS) 
consensus classification; ILD patients who met the 
American College of Rheumatology criteria for CTD 
were defined as CTD-ILD patients. 2. No history 
of malignancy or benign conditions associated 
with increased CEA and CA 19-9, including 
pancreatitis, cholecystitis, and ulcerative colitis. 
3. No environmental exposures and other known 
causes of ILD. 4. No pulmonary edema, pulmonary 
infection, pulmonary embolism, and other 
conditions that could impact pulmonary function. 
Eighty patients with CTD-ILD were included, with 
2 excluded due to malignancy. Disease severity for 
CTD-ILD was determined by pulmonary function, 
involvement scores on high-resolution computed 
tomography, and oxygenation index (OI). 

All CTD-ILD patients were followed monthly for  
12 months. The endpoint was death caused  
by CTD-ILD.3

The cohort studied by Hamada et al included 68 
patients seen at Kagoshima University Hospital 
in Kagoshima, Japan, from 2008-2012. The 
consecutive patients were diagnosed with ILDs, 
including 19 with CFIP (11 with IPF and 8 with 
idiopathic nonspecific interstitial pneumonia), 16 
with undifferentiated connective tissue disease 
(UCTD)-ILD, and 33 with CTD-ILD. The diagnosis 
of CFIP was based on the clinical, radiographic, 
and pulmonary physiologic features according to 
the ATS/ERS consensus classification. Histologic 
classification of ILDs was based on findings after 
surgical biopsy. Underlying CTDs were diagnosed 
using ACR criteria for rheumatoid arthritis (n=5),  
SSc (n=16), Sjögren’s syndrome (n=1), and SLE 
(n=1). Patients were diagnosed with UCTD-ILD if 
they met Kinder’s criteria for UCTD. Patients were 
excluded if they had lung cancer, environmental 
exposures, and other known causes of ILD. 
Pulmonary function tests, including vital capacity 
(VC), forced vital capacity (FVC), and forced 
expiratory volume (FEV1), were performed using 
an electrical spirometer. DLco was measured using 
the single-breath technique or the rebreathing 
technique, which was then adjusted to single-breath 
volume. Serum BAFF was quantified using  
a commercially available ELISA kit.2



Table 1: Multivariate Cox 
regression analysis of smoking and 
serum CEA as prognostic factors 
for cumulative survival in CTD-ILD 
patients.

Table 2: Multivariate Cox 
regression analysis of smoking 
and serum CA 19-9 as prognostic 
factors for cumulative survival in 
CTD-ILD patients.
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Variable HR 95% CI P

Smoking 1.034 0.999-1.070 0.059

Serum CEA 1.685 1.405-2.021 0.000

Variable HR 95% CI P

Smoking 1.019 0.980-1.060 0.336

Serum CA 19-9 1.0007 1.005-1.0101 0.000

What Was Found

In the study by Jin et al, 20% (n=16) of the patients 
with CTD-ILD died within the year, with a median 
survival of 5.8 months. At baseline, serum CEA and 
CA 19-9 levels were significantly higher in CTD-ILD 
patients compared with controls, and pulmonary 
function of CTD-ILD patients was significantly 
lower than healthy controls. In addition, serum 
CEA and CA 19-9 levels were both correlated with 
disease severity in CTD-ILD patients. Univariate Cox 
regression analysis showed serum CEA and serum 
19-9 levels were both significantly associated with 

survival in CTD-ILD patients (P=0.000 for both), 
whereas age and sex were not. Multivariate Cox 
regression analysis of smoking and serum CEA 
levels in patients with CTD-ILD showed that serum 
CEA was a significant and independent predictor 
with impact on survival, while smoking was 
excluded as a prognostic factor (Table 1). However, 
the multivariate Cox regression analysis showed 
that serum CA 19-9 had little significance as a 
prognostic factor, and smoking was also excluded 
as a prognostic factor (Table 2).3
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Table 3: ROC analysis comparing serum BAFF, KL-6, and 
SP-D levels between patients with CTD-ILD and CFIP.

AUC Cut-off value Sensitivity, 
% (95% CI)

Specificity, 
% (95% CI)

Likelihood ratio

BAFF 0.823 1.7 ng/mL 67.6 (49.4 to 82.6) 94.7 (73.9 to 99.8) 12.85

KL-6 0.566 1562 U/mL 79.4 (62.1 to 91.3) 52.6 (28.8 to 75.5) 1.67

SP-D 0.643 158 ng/mL 47.1 (29.7 to 64.8) 77.7 (52.3 to 93.5) 2.11

Hamada et al showed that serum BAFF levels were 
significantly higher in patients with CTD-ILD than in 
patients with CFIP (P=0.0074) or healthy controls 
(P<0.0001). In contrast, serum KL-6 and SP-D 
were higher in patients with CFIP, UCTD-ILD, and 
CTD-ILD compared with healthy controls, but there 
were no differences between the groups with ILD. 
Furthermore, the authors demonstrated that serum 
BAFF levels are inversely correlated with VC,  
% predicted (r=-0.40, P<0.05) in patients with 

CTD-ILD, but this correlation was not seen with 
serum SP-D or KL-6 levels. Finally, the authors 
evaluated the sensitivity and specificity of the 
biomarkers for distinguishing patients with CTD-ILD 
from either control subjects or patients with CFIP 
using ROC curve analysis (AUC). The data shown in 
Table 3 demonstrate that patients with CTD-ILD can 
be distinguished from controls or patients with CFIP 
by measuring serum BAFF levels.2
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Conclusion

Despite recent advances in the field, ongoing 
research continues to identify novel markers 
for CTD-ILD. The data from Jin and Hamada 
illustrate different approaches to identifying and 
characterizing biomarkers to diagnose and predict 
the progression of CTD-ILDs.2,3 However, both 
studies need to be repeated in larger cohorts to 
ensure reliability.2,3 Once validated, these studies will 
be the springboard for additional work, which ideally 
will help improve noninvasive ILD diagnoses and 
perhaps, identify future therapeutic targets.
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Pulmonary Arterial  
Hypertension (PAH) and  
ILD Are not Mutually Exclusive  
in Systemic Sclerosis (SSc)

Background

It is known that patients with connective tissue 
disease (CTD) commonly have complications in 
the lung, with interstitial lung disease (ILD) and 
pulmonary hypertension (PH) being the most 
frequent.1 At autopsy, >70% of patients with SSc 
have ILD and 8%-12% have pulmonary arterial 
hypertension (PAH),1 the leading causes of mortality 
in SSc.2,3 There are still outstanding questions about 
the clinical course and the impact on quality of life 
as a result of PH in patients with SSc-ILD.4 In the 
publication below, Young et al sought to determine 
the prevalence and characteristics of PH in patients 
with SSc-ILD.4

What Was Done

Young et al published a prospective observational 
cohort with patients recruited from the University 
of Michigan Scleroderma and Connective Tissue 
Disease-ILD clinics from January 8, 2014, to 
October 1, 2016. Adult patients who met the 
2013 American College of Rheumatology/
European League Against Rheumatism criteria 
for SSc and had ILD confirmed by high-resolution 
computed tomography (HRCT) were included. All 
patients were screened for PH based on the 2013 
recommendations for screening and detection of 
CTD-associated PAH using the DETECT algorithm. 
A chart review was performed on the cohort to 
identify patients who fulfilled the criteria indicating 
possible PH and had undergone right-sided heart 
catheterization (RHC). Patients who had PH on  
RHC (defined as pulmonary artery pressure (PAP)  
of ≥25 mm Hg) were considered patients with
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All patients
(n=93)

Patients with  
SSc-associated 
ILD without PH

(n=64)

Patients with  
SSc-associated 

ILD and PH
(n=29)

P

Age at initial non-RP signs/symptoms, years 46.9 ± 13.3 45.2 ± 13.2 50.9 ± 12.8 0.054

Age at ILD diagnosis, years 51.6 ± 12.2 49.7 ± 11.8 55.8 ± 12.1 0.02

Age at study enrollment, years 54.9 ± 11.5 52.9 ± 11.4 59.3 ± 10.6 0.01

Sex, n (%) women 71 (76.3) 47 (73.4) 24 (82.8) 0.33

PFTs
   FVC, % predicted (n=93)
   TLC, % predicted (n=66)
   DL

co
, % predicted (n=85)

   FVC, % predicted/DLco, % predicted

76.2 ± 15.7
83 ± 16.3
58.3 ± 20.3
1.5 ± 0.8

77.2 ± 14.3
85.0 ± 14.8
63.4 ± 20.1
1.3 ± 0.5

73.9 ± 18.5
78.7 ± 18.8 
46.8 ± 15.6
1.9 ± 1.2

0.35
0.14
<0.001
0.007

Table 1 (adapted): Select baseline characteristics  
of the patients with SSc-associated ILD.

SSc-associated ILD and PH. Those who did not 
meet the criteria or had mean PAP <25 mm Hg, 
were patients with SSc-associated ILD without PH. 
Patients classified as having WHO Group 1 PH/PAH 
had a mean PAP ≥25 mm Hg, pulmonary capillary 
wedge pressure (PCWP) ≤15 mm Hg, and <20% 
extent of ILD on HRCT. WHO Group II PH had a 
mean PAP ≥25 mm Hg and PCWP >15 mm Hg. 
Patents with WHO Group III PH had a mean PAP 
≥25 mm Hg, PCWP ≤15 mm Hg, and >20% extent  
of ILD on HRCT.4

What Was Found

Young et al compared the baseline characteristics 
of patients with SSc-associated ILD and those with 
SSc-associated ILD and PH. Twenty-nine patients 
(31.2%) were diagnosed with SSc-associated ILD 
and PH. When compared with patients with  
SSc-associated ILD without PH, those with PH 

were significantly older at the time of ILD diagnosis, 
were more likely to be African-American, had 
lower estimated percentage of predicted diffusing 
capacity (DLco%), and had a higher ratio of forced 
vital capacity (FVC) % predicted to DLco % predicted 
at ILD diagnosis (Table 1). Of those diagnosed 
with SSc-associated ILD and PH, 7 (24.1%) were 
classified with PAH, 6 (20.7%) were classified as 
having WHO Group II PH, and 16 patients (55.2%) 
were classified as having WHO Group III PH. Almost 
38% of patients who were ultimately diagnosed with 
PH were diagnosed within 3 years after the first non-
Raynaud’s phenomenon symptom. For the 3-year 
period of this study, Cox proportional hazards 
regression showed no difference in time to death 
for the SSc-associated ILD and SSc-associated ILD 
and PH cohorts. In the SSc-associated ILD and PH 
cohorts, 2 patients died; 1 of respiratory infection 
and the other of PH.4
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Conclusion

Young et al demonstrated that in a large cohort, 
about one third of patients with SSc-associated ILD 
also have PH.4 Furthermore, of the patients who had 
both SSc-ILD and PH, almost a quarter of them had 
PAH.4 The authors showed that a large proportion 
of the SSc-associated ILD and PH patients were 
diagnosed with PH within 5 years of SSc onset, 
suggesting that PH is not always a late complication 
of SSc.4 These data reinforce the need to screen 
SSc patients for both ILD and PH, even early in 
the disease course. Understanding the prevalence 
and clinical characteristics of CTD-ILD and their 
coexistence with PH will ultimately help guide 
management decisions.
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