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Abstract: Many connective tissue diseases present with various extraarticular manifestations. One of these is in-
terstitial lung disease, which should be a focus of rheumatologists and physical clinicians because of its severe
complications. The current study aimed to analyze clinical manifestations of various connective tissue disease-
associated interstitial lung disease (CTD-ILDs) patients, evaluating differences in the inflammatory indexes, immu-
nological serologies, and alterations of tumor-associated biomarkers in CTD-ILDs patients. Retrospective analysis
of 332 CTD-ILDs patients, enrolled from the ward of the Rheumatology Department in Tongji Hospital, from January
2005 through December 2013, was carried out. The study included idiopathic pulmonary fibrosis (IPF) patients
as the positive control group. Gender composition in different CTD-ILDs was statistically different with female pre-
dominance, while IPF patients consisted of slightly more males than females. Smoking, exertional dyspnea, and
coughing were more common in patients with IPF, while velcro rales were more common in patients with RA-ILD.
The percentage of patients with serum AFP, CEA, and NSE levels above upper normal limits was statistically dif-
ferent (more proportion in PM/DM-ILD patients). A positive correlation was found between blood levels of CA125,
CA199, CA724, and CYFRA21-1 and patient age in CTD-ILD patients. Differences in gender, age, ILD symptoms, and
tumor-associated markers existed not only between CTD-ILDs and IPF patients, but also between different subtypes
of CTD-ILD. For early diagnosis of ILD in CTD patients, precise physical examinations are required in patients with
subclinical disease. Tumor biomarkers can be screened in ILD patients due to their prognostic potential.

Keywords: Interstitial lung disease, connective tissue disease, clinical symptom, tumor marker

Introduction screen and diagnose lung cancer in high-risk
populations. They may even be useful in the his-
tological differentiation of non-small-cell lung
cancer and small-cell lung cancer [4]. However,
tumor biomarkers have also detected in other
lung diseases besides lung cancer [5-8], some
having been associated with interstitial lung
disease. Indeed, serum CEA amounts are ele-
vated in more than half of patients suffering
from IPF and are correlated with disease sever-
ity [9]. Additionally, CEA and CA125 are elevat-
ed in ILD patients, increasing the risk of cancer
[10]. In addition, CA153 was proposed for iden-
tification and monitoring IPF and other fibrotic

Connective tissue disease-associated intersti-
tial lung diseases (CTD-ILDs) are sometimes
viewed as a homogeneous entity. However,
CTD-ILDs are heterogeneous diseases, com-
prising different connective tissue diseases
(CTDs) with various interstitial pneumonia pat-
terns [1]. Interstitial lung disease (ILD) signifi-
cantly increases morbidity and mortality in CTD
patients and can be detected sub-clinically [2,
3]. Therefore, precisely phenotyped cohorts
could be developed to better understand this
disease. Moreover, respiratory symptoms are

not consistent in diagnosed CTD-ILD patients.

Tumor biomarkers, including CEA, CA125, SCC,
NSE, and CYFRA21-1, have been widely used to

ILDs, including extrinsic allergic alveolitis (EAA),
nonspecific interstitial pneumonia (NSIP), non-
classifiable interstitial pneumonia (NCIP), inter-
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stitial pneumonia (IP) and usual interstitial
pneumonia (UIP) [11]. Besides CEA, CA125,
and CA153, other tumor biomarkers, such as
CYFRA21-1, CA199, and SCC [12], are elevated
in patients with interstitial lung disease.

Recent evidence supports the notion that IPF
represents a risk factor for lung cancer devel-
opment [13-16]. Accumulating evidence has
revealed the association of malignancy [17] or
lung cancer [15] with CTD-ILD. However, differ-
ences in clinical manifestations and tumor bio-
markers among various CTD-ILDs have been
rarely reported. In this study, the common CTD-
ILD types, including polymyositis/dermatomyo-
sitis (PM/DM), systemic sclerosis (SSc), undif-
ferentiated connective tissue disease (UCTD),
mixed connective tissue disease (MCTD), rheu-
matoid arthritis (RA), Sjégren’s syndrome (SS),
and systemic erythematosus lupus (SLE), were
selected alongside idiopathic pulmonary fibro-
sis (IPF). The aim was to assess the main symp-
toms of interstitial lung disease and tumor bio-
markers in various CTDs, further characterizing
ILD with different underlying CTDs.

Material and methods
Study subjects

This retrospective study began by reviewing the
hospital’'s medical records, providing access to
all diagnoses of inpatients in Tongji Hospital,
Tongji Medical College, Huazhong University of
Science and Technology. First, patients diag-
nosed with PM/DM, SSc, UCTD, MCTD, RA, SS,
and SLE, from January 2005 to December
2013, with specific diagnosis criteria, were sep-
arately identified. Medical records of the
patients were then reviewed, consecutively,
generating a longitudinal database with ILD
diagnosis. Data of IPF patients were collected
for the same time period. Medical documents
of IPF patients were reviewed, individually, to
ensure that they did not have evidence of CTD.
The present study was approved by the HUST
Committee on Human Research of Tongji
Medical College and all subjects provided
informed consent.

Patients with a defined CTD according to cur-
rent respective criteria (e.g. PM [18]/DM [19],
SSc [20], MCTD [21], RA [22], SS [23], and SLE
[24]) were diagnosed with specific CTD-related
ILDs. Patients were considered to have UCTD
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with signs or symptoms and laboratory findings
meeting UCTD criteria [25]. Patients included
as IPF, according to published guidelines [26],
were assessed as positive controls. ILD was
diagnosed according to BTS Interstitial Lung
Disease Guidelines [27]. Patients suffering
from ILD with specific underlying causes (e.g.,
hypersensitivity pneumonitis, drug-induced
lung disease, and environmental exposures)
were excluded. Patients with tumors or any
other severe pulmonary diseases, including
bronchial asthma, chronic obstructive pulmo-
nary disease, arterial pulmonary hypertension,
pleural effusion/pneumothorax, and sleep
apnea hypopnea syndrome, were also ex-
cluded.

Study plan

All medical records were collected based on
the diagnosis code in the Inpatient Department
of the hospital, identifying 472 PM/DM, 133
SSc, 486 UCTD, 77 MCTD, 811 RA, 230 SS,
and 2,331 SLE patients. There were, respec-
tively, 49, 35, 32, 61, 52, 53, and 50 patients
with accompanying interstitial lung disease
(Figure 1). Detailed medical information of both
IPF and CTD-ILD patients was carefully re-
viewed. Lung biopsies were not performed and,
therefore, histopathologic analysis was not
possible.

Clinical and radiologic characteristics

Manually collected clinical baseline data includ-
ed age at the time of enrollment, gender, smok-
ing status, ILD symptoms or signs, physical
exam findings, and serological test results.
Acute-phase reactants, such as erythrocyte
sedimentation rate (ESR) and C reactive protein
(CRP), were recorded. Levels of serum tumor-
related biomarkers were obtained routinely. All
laboratory tests were collected as part of a
clinical evaluation and not for the purposes of
this study.

High resolution computed tomography (HRCT)
imaging of the chest was performed in the hos-
pital. Images were reviewed, independently, by
2 expert thoracic radiologists blinded to patient
diagnoses. Specific interstitial lung abnormali-
ties, such as septal lines, reticulation, traction
bronchiectasis, cyst formation, and/or ground
glass attenuation, were particularly targeted.
Images were re-evaluated until a consensus
was reached, in cases of disagreement.
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Inclusion criteria:
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Figure 1. Flow chart of the data collection of CTD-ILD. CTD = connective tissue disease, CTD-ILD = connective tissue
disease associated interstitial lung disease, HRCT = high-resolution computed tomography, ILD = interstitial lung
disease, MCTD-ILD = mixed connective tissue disease associated interstitial lung disease, PM/DM-ILD = polymyo-
sitis/dermatomyositis associated interstitial lung disease, RA-ILD = rheumatoid arthritis associated interstitial lung
disease, SLE-ILD = systemic erythematosus lupus associated interstitial lung disease, SSC-ILD = systemic sclerosis
associated interstitial lung disease, SS-ILD = Sjogren syndrome associated interstitial lung disease, UCTD-ILD =
undifferentiated connective tissue disease associated interstitial lung disease.

Statistical analysis

SPSS 22.0 (SPSS Inc., Chicago, IL, USA (www.
spss.com)) and GraphPad Prism version 6.02
(GraphPad Software, Inc., San Diego, CA, USA
(www.graphpad.com)) were used for statistical
analysis. Descriptive data for continuous vari-
ables are reported as mean + SEM. Two-tailed
parametric ANOVA, nonparametric Mann-
Whitney U-tests, and Kruskal Wallis tests were
performed to assess levels of different bio-
markers in various patient groups divided
based on various CTD types. This was followed
by the LSD test for differences in group pairs.
Chi-squared test was performed for categorical
data. Pearson’s correlation test was utilized to
analyze correlation between age and levels of
tumor markers. P < 0.05 indicates statistical
significance.
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Results
Patient characteristics

Incidence rates of ILD in various CTD types
were different (Figure 1). Gender composition
was significantly different in various ILD types
(Table 1, P < 0.05). SLE-ILD and SS-ILD patients
were predominantly female. In other CTD-ILDs,
such as PM/DM, SSc, UCTD, MCTD and RA,
there were also more females than males.
Additionally, IPF patients had slightly more
males than females. Age of patients with vari-
ous CTD-ILDs was used as a statistical vari-
able. Age at ILD onset in various CTDs or IPF
showed statistical differences (P < 0.05). After
pairwise comparisons (Kruskal-Wallis test),
RA-ILD patients (60.6 + 10.9 years) were older
than individuals with other ILD types, while SLE-
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Table 1. Baseline characteristics at the time of diagnosis as interstitial lung disease
Course of CTD to ILD

Age (year) mean

Type of ILD  Case (n) Gender n (M/F) Ever Smoker (n)

(min, max) (month) Mean (min, max)
IPF 50 28/22 51.0 (19, 86) 17
PM/DM 49 17/31 46.0 (22, 65) 11 5.5 (-12.0, 36.0)
SSC 35 7/28 48.9 (26, 67) 0 37.3 (0, 192.0)
UCTD 32 7/25 54.8 (31, 79) 0 41.8 (-36.0, 778.0)
MCTD 61 7/54 50.5 (23, 75) 0 31.1 (0, 360.0)
RA 52 13/39 60.6 (40, 80) 11 17.5 (0, 228.0)
SS 53 1/52 50.5 (29, 77) 0 14.5 (-110, 108.0)
SLE 50 2/48 41.1 (20, 65) 1 36.9 (0, 275.0)
P <0.05 <0.05 <0.05 0.069

ILD = interstitial lung disease, IPF = idiopathic iopathic pulmonary fibrosis, MCTD = mixed connective tissue disease, PM/DM =
polymyositis/dermatomyositis, RA = rheumatoid arthritis, SLE = systemic erythematosus lupus, SS = Sjégren syndrome, SSc =
systemic sclerosis, UCTD = undifferentiated connective tissue disease. Chi-squared test was performed for categorical data.

Table 2. Comparison of ILD symptoms between IPF and different CTD-ILDs
ILD symptoms (n) (%) IPF PM/DM  SSC UCTD  MCTD RA SS SLE P

Exertional dyspnea (%) 41 (82.0) 20 (40.8) 14 (40.0) 14 (43.8) 14 (23.0) 14(26.9) 17 (32.1) 12(24.0) <0.05
Cough (%) 4(88.0) 8(16.3) 8(22.9) 9(28.1) 11(180) 17 (32.7) 30(566) 2(44.0) <0.05
Chest congestion (%) 8(36.0) 10(20.4) 14 (40.0) 10(31.3) 10(16.4) 0(0.0) 13(24.5) 18(36.0) <0.05
Velcro rale (%) 8(36.0) 17 (34.7) 16(45.7) 11(34.4) 6(9.8) 45(86.5) 23(43.4) 18(36.0) <0.05
Finger/Toe swelling (%) 4 (8.0) 12(24.5) 11(31.4) 16(50.0) 20(32.8) 43(82.7) 13(24.5) 30(60.0) <0.05
Cyanosis (%) 5(10.0) 11(22.4) 3(86) 4(125) 5(8.2) 6(115) 4(75)  4(80)  0.290
Chest pain (%) 5(10.0) 0(0.0) 0(0.0) 2(6.3) 2(33) 7(135) 4(75) 5(10.0) <0.05
Weight loss (%) 10(20.0) 10(20.4) 5(14.3) 8(25.0) 9(14.8) 16(30.8) 9(17.0) 8(16.0) 0.439

ILD = interstitial lung disease, IPF = idiopathic pulmonary fibrosis, MCTD = mixed connective tissue disease, PM/DM = polymyositis/dermatomyo-
sitis, RA = rheumatoid arthritis, SLE = systemic erythematosus lupus, SS = Sjégren syndrome, SSc = systemic sclerosis, UCTD = undifferentiated
connective tissue disease. Chi-squared test was performed for categorical data.

ILD occurred in younger patients (41.18 + 11.8
years old). Similar differences appeared in age
at CTD diagnosis (Supplementary Table 1). Ever
smokers were predominately in IPF, PM/DM,
and RA patients (P < 0.05). Interval between
diagnosis of CTD and onset of ILD in various
CTDs showed no statistical differences (P <
0.069). However, after pairwise comparison
(Kruskal-Wallis test), ILD occurred in PM-DM
patients earlier than in SSC, CTD, MCTD, and
SLE patients (P < 0.05).

ILD symptoms

Main ILD symptoms, including exertional dys-
pnea, cough, chest congestion, Velcro rale, fin-
ger/toe swelling, cyanosis, chest pain, and
weight loss, were evaluated in different ILDs
(Table 2). Significant differences were found in
occurrence rates of exertional dyspnea, cough,
chest congestion, Velcro rale, finger/toe swell-
ing, and chest pain in various CTD types (P <
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0.05). Incidence rates of exertional dyspnea
and cough were 82% and 88% in IPF, respec-
tively, and 40.8% and 16.3% in PM/DM
patients, respectively. The Velcro rale was aus-
cultated in 86.5% of RA-ILD patients, but only
in 36% of IPF patients.

Acute-phase reactants and immunological
parameters

CRP and ESR were assessed in ILD patients
(Table 3). In all CTD-ILD types, CRP and ESR
were elevated, but only ESR showed statisti-
cally significant differences. CRP levels were
11.69 + 13.08 mg/dl and 43.67 + 79.16 mg/dI
in SSc-ILD and SS-ILD patients, respectively (P
> 0.05). Multiple comparisons indicated that
ESR levels in IPF patients were lower than those
of other CTD-ILD types, except DM/PM and
SSc. ESR was lower in SSc-ILD than in other
CTD-ILD types and lower in PM/DM-ILD patients
than in individuals with SS-ILD and SLE-ILD.

Int J Clin Exp Med 2019;12(5):5497-5506
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Table 3. Analysis of acute-phase inflammatory reactants and immunologic panel in CTD-ILDs

Mean (SD) IPF PM,/DM SsC UCTD

MCTD RA SS SLE P

CRP (mg/dl) 23.62 (25.13) 18.25 (19.16) 11.69 (13.08) 33.91 (40.86) 33.85 (55.97) 31.64 (30.79) 43.67 (79.16) 36.16 (52.19) 0.086

ESR (mm/1 h) 27.39 (23.42

18G (g/L) 12.88(3.18) 15.30(5.76) 12.82(6.22) 16.75 (8.87)
1A (/L) 2.61(1.05) 3.02(1.66) 3.43(4.74) 3.07(2.53)
1gM (g/L) 1.48(0.95) 1.90(1.29) 1.49(0.91)  1.70(0.99)
C3 (/L) 1.19(0.38) 0.97 (0.24) 1.03(0.23)  1.09 (0.24)
c4 (g/L) 0.24(0.10) 0.29(0.09) 0.28(0.17)  0.31(0.19)

37.61 (27.49) 19.48 (19.15) 46.52 (29.23) 50.32 (34.58) 47.94 (32.66) 54.98 (39.69) 60.61 (41.84) < 0.05
21.06 (8.50) 12.95(9.98) 20.37 (7.57) 19.04(8.70) <0.05

321(1.54) 242(1.00) 3.95(3.80) 2.97(2.92) <0.05
1.77 (1.06) 1.72(1.35) 1.65(1.06) 1.56(0.93) 0.786
0.99(0.31) 1.00(0.23) 0.93(0.28) 0.73(0.38) <0.05
0.23(0.09) 0.23(0.10) 0.22(0.11) 0.16(0.09) <0.05

Both ESR and CRP were detected in different CTD-ILDs, but only ESR values were found to be statistically significant. Besides, IgG, C3, and C4 values alterations were
also significant. C3 = complement 3, C4 = complement 4, CRP = C reactive protein, ESR = erythrocyte sedimentation rate, IgA = immunoglobulin A, IgG = immunoglobulin
G, IgM = immunoglobulin M, ILD = interstitial lung disease, IPF = idiopathic pulmonary fibrosis, MCTD = mixed connective tissue disease, PM/DM = polymyositis/derma-
tomyositis, RA = rheumatoid arthritis, SLE = systemic erythematosus lupus, SS = Sjégren syndrome, SSc = systemic sclerosis, UCTD = undifferentiated connective tissue
disease. Two-tailed parametric ANOVA was performed to assess levels of different biomarkers in various patient groups divided based on various CTD types. This was

followed by the LSD test for differences in group pairs.
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As shown in Figure 2,
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Figure 2. Correlation between age and CA125, CA199, CA724, or CYFRA21-1 in
all patients. The relationship between age and values of tumor biomarkers of in-
dividual ILD patients was analyzed by Pearson’s correlation test. R values for the
correlation between age and CA-125, CA-199, CA724, or CYFRA21-1 are 0.225,
0.100, 0.236, and 0.332, respectively. Linear correlation between patient age
and level of different tumor biomarkers was tested by linear regression analy-
sis. Data shows the ages of individual patients against levels of CA125, CA199,
CA724, or CYFRA21-1. Pearson’s correlation test was utilized to analyze the cor-

relation between age and levels of tumor markers.

IgG, C3, and C4 levels were significantly differ-
ent in various CTD-ILD types. For example, IgG
levels were significantly higher in MCTD-ILD
patients than in individuals with SSc-ILD (21.06
+ 8.87 g/L vs. 12.82 + 6.22 g/L, P < 0.05,
according to multiple comparison test). C3 and
C4 levels were lower in patients with SLE-CTD
than those with other ILDs (P < 0.05, according
to multiple comparison test).

Tumor biomarkers related to age

ILD data, including CTD-ILDs and IPF, assessed
together, demonstrated that individual blood

5501

s0 80 100 limits were analyzed in

Age(year) various CTD-ILD grou-

ps (Table 4). The num-
bers of ILD patients
whose serum tumor bio-
markers were assess-
ed 241 are shown in
Supplementary Table 2.
The percentages of pa-
tients with serum AFP,
CEA, and NSE levels ab-
ove respective upper
normal limits were significantly different in vari-
ous CTD-ILDs (especially more in PM/DM-ILD
patients). For example, blood AFP levels were
higher than normal in 37.1% of DM/PM-ILD and
12.5% of UCTD-ILD patients, while remaining
normal in other CTD-ILDs. Elevated CYFRA21-1
and NSE were found in various CTD-ILD pati-
ents. NSE showed statistically significant dif-
ferences, while CYFRA21-1 did not. Elevated
NSE and CYFRA21-1 levels were prominent in
DM/PM and IPF patients, respectively. Similar
to NSE, no CYFRA21-1 was detected in SLE-ILD
patients, requiring further studies of CYFRA21-
1 and NSE detection in SLE-ILD.
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Table 4. Proportion of CTD-ILD patients with blood tumor markers
above upper normal limits

Clinical characteristics and tumor markers of CTD-ILD

diseases. To eliminate
the confounding effects

% pF P ssc ucTD McTD RA ss SLE of age, patients were
0 PM p value divided into three groups
AFP 00 371 00 125 00 00 00 0.0 <0.001 based on age, 20~40,
CA-125 462 87 273 200 333 417 290 444 0.235 40~60, and 60~80, res-
CA-199 30.8 125 16.7 111 214 238 10.7 333 0.474 pectively. Since most in-
CA72-4 80 280 200 6.7 143 16.7 160 0.0 0.549 ijedeend ZZ“ZT;’ ‘g%ret:’ﬂes'
CA-153 429 250 313 300 250 18. 125 0.0 0.402 ’
study deleted the data of
CEA 325 371 152 87 200 240 3.0 111 0.009 patients younger than 20
sce 129 32 32 53 111 43 69 00 0.827 or older than 60, largely
CYFRA21-1 680 50.0 571 25.0 40.0 40.0 250 0.537 controlling the confound-
NSE 200 80.0 40.0 37.5 571 400 16.7 0.03 ing effects of age. In this

The proportion of positive patients is presented as percentage. The difference of positive
ratio between different CTD-ILD was analyzed by Pearson’s Chi-squared test, with P value
less than 0.05 indicating statistical differences. AFP = alpha fetal protein, CA (125, 199,
72-4, 193) = cancer antigen (125, 199, 72-4, 193), CEA = carcinoembryonic antigen,
CYFRA21-1 = Cytokeratin fragment antigen21-1, ILD = interstitial lung disease, IPF =
idiopathic pulmonary fibrosis, MCTD = mixed connective tissue disease, NSE = neuron-
specific enolase, PM/DM = polymyositis/dermatomyositis, RA = rheumatoid arthritis; SS
= Sjogren syndrome, SCC Squamous cell carcinoma associated antigen, SLE = systemic
erythematosus lupus, SSC = systemic sclerosis, UCTD = undifferentiated connective tis-
sue disease. Chi-squared test was performed for categorical data.

CEA(ug/L)
SLE —
ss
RA —
MCTD .
UCTD —_— A F
sSC
PM/DM —
0 2 4 6 8 10

Figure 3. CEA levels were detected in ILD patients
with different underlying CTDs, showing the mean
value and standard deviation of tumor biomarkers.
**%: P <0.01; ***: P < 0.001. CEA = carcinoembry-
onic antigen, ILD = interstitial lung disease, IPF =
idiopathic pulmonary fibrosis, MCTD = mixed con-
nective tissue disease, PM/DM = polymyositis/der-
matomyositis, RA = rheumatoid arthritis, SLE = sys-
temic erythematosus lupus, SS = Sjogren syndrome,
SSC = systemic sclerosis, UCTD = undifferentiated
connective tissue disease. Two-tailed parametric
ANOVA was performed to assess levels of CEA in
various patient groups divided based on various CTD
types. This was followed by the LSD test for differ-
ences in group pairs.

Age correlated with levels of tumor biomarkers,
as shown above, constituting a significant con-
founding factor in analyzing level differences of
tumor biomarkers in various connective tissue
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way, the confounding eff-
ects of age can be largely
controlled. Blood CEA
levels were significantly
lower in SS-ILD patients
than in individuals with
PM/DM-ILD and IPF (P <
0.01 and P < 0.001 res-
pectively, Figure 3). BI-
ood levels of the remain-
ing tumor biomarkers showed no statistically
significant differences after age-adjustment
(Supplementary Figure 1).

Discussion

CTD-ILD is one of the major components of in-
terstitial lung disease. While CTD-ILD is differ-
ent from idiopathic interstitial lung disease,
such as IPF, this study revealed that gender,
age, respiratory symptoms, and tumor biomark-
ers showed differences not only between CTD-
ILD and IPF, but also among CTD-ILD subtypes.
Moreover, some tumor biomarkers found not to
significantly differ in various CTD-ILDs were
positively correlated with age.

Since CTD incidence is higher in female patients
than in males [28, 29], it is not surprising that
CTD-ILD patients were mostly female, especial-
ly SLE-ILD and SS-ILD patients. IPF patientshad
similar proportions between the two genders.
Age at onset in different CTD-ILD subtypes is
certainly influenced by age at primary disease
onset. However, this study did not compare
ages of CTD patients without ILD with those of
individuals with CTD-ILD. This deserves further
attention.

Common symptoms, such as exertional dys-
pnea and coughing, frequently occurred in IPF,
but not so often in CTD-ILD. In some CTD-ILD

Int J Clin Exp Med 2019;12(5):5497-5506
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subtypes, such as RA-ILD, incidence rates of
exertional dyspnea and coughing were low,
while Velcro rale was auscultated frequently.
This finding indicates that, in CTD diseases, ILD
cannot be excluded by the nonexistence of
exertional dyspnea and coughing and thorough
physical examinations (including auscultation)
could provide clues for ILD. Although pu-
Imonary function tests, HRCT, and lung biop-
sies are not routinely used, they can be helpful
in ILD diagnosis. Some common respiratory
symptoms did not occur as frequently in CTD-
ILD as in IPF. Therefore, such examinations are
recommended for early detection and diagno-
sis of CTD-ILD.

CRP and ESR are disease activity indicators,
but elevated CRP and ESR may also indicate
infections, tumors, and inflammatory condi-
tions. Th-erefore, CRP and ESR are not specific
for CTD-ILD diagnosis or activity detection. CRP
and ESR levels were elevated mostly in the IPF
and CTD-ILD subtypes. No significant differenc-
es in CRP levels were obtained between IPF
and CTD-ILD patients, but ESR was lower in
SSc-ILD patients than in individuals with other
CTD-ILD types. Blood IgG, IgA, IgM, and com-
plement C3 and C4 levels were also detected.
Except for IgA and IgM, the remaining immuno-
logical parameters were significantly different
between IPF and CTD-ILD subtypes. Different
blood IgG, C3, and C4 levels might be due to
the underlying CTD type. For instance, SLE-ILD
patients showed higher IgG levels and lower C3
and C4 amounts, compared with other ILDs.

Lung cancer patients with CTD have a signifi-
cantly higher incidence of ILD, as a complica-
tion, compared with those without CTD [30],
indicating a potential relationship between lung
cancer and CTD-ILD. In this study, besides lung
cancer-associated tumor biomarkers (CEA,
SCC, NSE, and CYFRA21-1), other tumor bio-
markers (CA125 and CA153) were analyzed.
Pathophysiological mechanisms of high levels
of tumor biomarkers in patients with interstitial
lung disease, with no evidence of malignancy,
remain unclear. In this work, CEA levels were
increased in 32.5% of IPF patients, far below
previously reported values, with serum CEA
amounts elevated in more than half of IPF pa-
tients [9]. Blood CEA levels were elevated not
only in IPF patients, but also in individuals with
PM/DM-ILD, as shown above. It is well-estab-
lished that PM/DM is related to malignancy.
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Cancer risk was unchanged in patients with
CTD without dermatomyositis or polymyositis,
but increased after inclusion of individuals with
dermatomyositis or polymyositis [31]. Whether
blood CEA levels are increased in IPF or PM/
DM-ILD patients for disease exacerbation or if
they lead to cancer remains unclear, but such
changes may result in poor prognosis. Other
tumor biomarkers are related to the severity of
IPF, including CA153 [32]. Additionally, serum
CYFRA21-1 levels reflect the severity of lung
injury in nonmalignant respiratory diseases and
might be associated with prognosis in patients
with IPF and collagen disease associated pul-
monary fibrosis [33]. CYFRA21-1 has been con-
sidered a useful parameter in evaluating lung
epithelial cell damage and repair [34], since
cytokeratins are cytoskeletal structures ex-
pressed only in epithelial cells. Evidence indi-
cates that cytokeratin fragment 19 levels con-
stitute a useful variable for lung injury evaluation
in interstitial pneumonia associated with PM/
DM [35]. Other findings support this conclusion
as well, demonstrating that the survival of IPF
patients with high CYFRA 21.1 levels in BAL is
worse, compared with that of the low CYFRA
21.1 group [36]. The usefulness of serum
CA199 has been well-recognized for pancreatic
cancer diagnosis. However, increased CA199
has also been found in other pathologies, such
as bronchiectasis, bronchiolitis, emphysema,
and interstitial fibrosis [37]. Interestingly, sur-
vival rates are significantly lower in patients
with interstitial lung diseases (idiopathic inter-
stitial lung disease and CDPF) and elevated
serum CA199 than in counterparts with CA199
levels in the normal range [7]. NSE, a bioactive
peptide, is produced and secreted by neuroen-
docrine cells of the lungs. To the best of our
knowledge, the relationship between NSE and
interstitial lung disease has not been reported
yet.

Associations of ILD with tumor biomarkers were
demonstrated above, with levels of serum
tumor biomarkers related to severity of intersti-
tial lung disease. The above findings of higher
CEA levels in IPF and PM/DM-ILD patients,
compared with those of SS patients, provide
additional insight into the implication of tumor
biomarkers in ILD. The current study suggests
that serum tumor biomarkers should be tested
not only in IPF patients but also in individuals
with CTD-ILD, improving early screening of lung
cancer and prognosis.
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Several limitations of this study should be men-
tioned. First, biopsies or histopathologic exami-
nations were not performed. Therefore, a com-
parative assessment of ILD pathology with
various underlying CTDs is needed. Second,
normal healthy individuals and CTD patients
without ILD are needed as negative controls in
such studies, excluding the effects of baseline
differences. Third, long-term follow-ups are
required to assess the prognostic values of
clinical manifestations and tumor biomarkers
for CTD-ILD patient survival, as well as the pos-
sibility of cancer occurrence.

Conclusion

This research revealed that gender, age, respi-
ratory symptoms, and tumor biomarkers differ
between CTD-ILD and IPF. Tumor biomarkers
CA125, CA199, CA724, and CYFRA21-1 in-
creased in blood levels with age in the whole
ILD patient population. Assessment of tumor
biomarkers elevated, to varying degrees, in
various CTD-ILDs demonstrated that only CEA
concentrations were significantly different after
age-adjusted comparison. They were much
lower in SS-ILD patients than in individuals with
PM/DM-ILD or IPF. For early diagnosis of ILD in
CTD patients, precise physical examinations
are required in patients with subclinical dis-
ease. Tumor biomarkers can be screened in ILD
patients due to their prognostic potential.
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Supplementary Table 1. Age of CTD onset

Type of disease  Age (year) of onsetmean (sd)

PM/DM 45.2 (9.2)
SSC 44.6 (12.7)
UCTD 51.1 (14.9)
MCTD 47.8 (11.1)
RA 54.1 (15.7)
SS 48.4 (10.9)
SLE 38.4 (12.9)
P <0.05

MCTD = mixed connective tissue disease, PM/DM

= polymyositis/dermatomyositis, RA = rheumatoid
arthritis, SLE = systemic erythematosus lupus, SS =
Sjogren syndrome, SSC = systemic sclerosis, UCTD =
undifferentiated connective tissue disease.

Supplementary Table 2. The number of ILD patients whose serum tumor
markers were tested

ILD Patient (n) AFP CA-125 CA-199 CA72-4 CA-153 CEA SSC (2)|::LR1A NSE
IPF 15 13 26 25 14 40 31 19 30
PM 33 23 30 28 21 39 33 6 14
SSC 20 15 18 15 10 23 19 4 8
CTD 16 12 14 14 12 20 18 5 7
MCTD 28 22 24 15 16 33 17 7 10
RA 19 12 21 18 11 25 23 5 10
SS 28 31 28 25 24 33 29 4 6
SLE 9 10 6 4 6 10 5

Total 168 138 167 144 114 223 175 50 85

AFP = alpha fetal protein, CA (125, 199, 72-4, 193) = cancer antigen (125, 199, 72-4, 193),
CEA = carcinoembryonic antigen, CYFRA21-1 = Cytokeratin fragment antigen 21-1, ILD =
interstitial lung disease, IPF = idiopathic pulmonary fibrosis, MCTD = mixed connective tis-
sue disease, NSE = neuron-specific enolase PM/DM = polymyositis/dermatomyositis, RA =
rheumatoid arthritis, SCC = Squamous cell carcinoma associated antigen, SLE = systemic
erythematosus lupus, SS = Sjogren syndrome, SSc = systemic sclerosis, UCTD = undifferen-
tiated connective tissue disease.
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Supplementary Figure 1. CA-125, CA-153, CA199, CA72-4, SCC, and AFP levels were detected in ILD patients
with different underlying CTDs, showing the mean value and standard deviation of tumor biomarkers. AFP = alpha
fetal protein, CA (125, 199, 72-4, 193) = cancer antigen (125, 199, 72-4, 193), CEA = carcinoembryonic antigen,
CYFRA21-1 = Cytokeratin fragment antigen21-1, ILD = interstitial lung disease, IPF = idiopathic pulmonary fibrosis,
MCTD = mixed connective tissue disease, NSE = neuron-specific enolase, PM/DM = polymyositis/dermatomyositis,
RA = rheumatoid arthritis, SCC Squamous cell carcinoma associated antigen, SLE = systemic erythematosus lupus,
SS = Sjogren syndrome, SSC = systemic sclerosis, UCTD = undifferentiated connective tissue disease.



