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Jianghui Duan, MD?, Yanyan Xu, MD?, Haixu Zhu, MDP, Haibo Zhang, MD?, Shilong Sun, BS?,

Hongliang Sun, MD®", Wu Wang, MD?, Sheng Xie, MD?
Abstract N
To address the reliability of CT activity score (CTAS) and investigate the relationships between CTAS, lung function changes after |
treatment and the serum angiotensin-converting enzyme (SACE) levels.

Fifty-seven sarcoidosis patients underwent chest high-resolution CT (HRCT) and spirometry, as well as SACE examination, were
retrospectively analyzed. Follow-up spirometry in each patient was obtained about 6 months after the initial spirometry. The
correlations between CTAS and pulmonary function changes were evaluated by Spearman correlation analysis. According to SACE
status, patients were divided into normal and high level 2 subgroups. Comparisons of pulmonary function parameters, HRCT
abnormalities extent scores between SACE normal and high 2 subgroups were performed with the Mann-Whitney U test or
Independent samples ¢ test.

CTAS demonstrated significant correlations with lung function changes (A%VC: p= 0.543, P<.001; AFEV; o/FVC:p=0.417,
P=.001; A%TLC: p=0.309, P=.019). In addition, worse initial lung function, larger changes of lung function, and higher extent
scores of HRCT were observed in SACE high-level subgroup.

The findings of this study suggest that CTAS of initial HRCT is a promising index for disease activity in pulmonary sarcoidosis to
some degree. Prospective studies with large cohort designed to address further verification are warranted before wide clinical
practice.

Abbreviations: %TLC = total lung capacity as percent of the predicted value, %VC = vital capacity as percent of the predicted
value, CTAS = CT activity score, EBUS-TBNA = endobronchial ultrasound-guided transbronchial needle aspiration, FEV4 o = forced
expiratory volume in the first second, FVC = forced vital capacity, GGO = ground-glass opacity, HRCT = high-resolution CT, HU =
Hounsfield units, IQR = interquartile range, IST = interlobular septal thickening, SACE = serum angiotensin-converting enzyme, TBLB
= transbronchial lung biopsy, WASOG = World Association of Sarcoidosis and Other Granulomatous Disorders.
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1. Introduction

Sarcoidosis is a multisystem granulomatous disorder with
. . [173] o .

unclear etiology and unpredictable course. The clinical

course and the prognosis are related to the symptoms at onset
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and to extent of disease, ranging from an acute self-limited
process to progressive fibrosis of the lung or other organs.!*~*! In
sarcoidosis treatment, the search for disease activity marker that
associates with organ function (i.e., pulmonary function) is
ongoing.”>’! Respiratory tract involvement is evaluated by
regular clinical examinations, chest X-ray, and pulmonary
function testing (spirometry). The most encouraging indicator
for disease activity in clinical trial was pulmonary function
testing, which showed the correlation with pulmonary PET
outcomes. 371!

Additionally, the serum angiotensin-converting enzyme
(SACE) has been the most frequently used laboratory test in
sarcoidosis. Some studies have shown that SACE is produced by
the alveolar macrophages in the sarcoid granuloma, and SACE
level reflects the total sarcoidosis granuloma burden."*! SACE
level is commonly elevated and may correlate with disease
activity.!20723

To date, high-resolution computed tomography (HRCT) has
been a routine item for airway or interstitial involvement
diseases. Various studies have demonstrated that HRCT is
superior to conventional radiography in detecting nodules, early
fibrosis, and parenchymal distortion.!®*~'%15-1%1 §ome HRCT
features have the potential to discriminate between reversible
disease (active inflammation) and irreversible disease (fibrosis).””!
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Furthermore, HRCT abnormalities appeared to be useful in
evaluating parameters of disease severity and lung functional
impairment.[*712:16:17:20.251 However, the results of the correla-
tion between HRCT scores and disease activity and/or lung
function appeared to be conflicting for variable HRCT scoring
systems. To achieve a valid, reliable evaluation of lung
abnormalities, a standard quantitative estimation of radiological
abnormalities is necessary.

Currently, the HRCT scoring system proposed by Benamore
et al>>1-CT activity score (CTAS) takes the extent of radiological
abnormalities in pulmonary parenchyma into account, showing
significant correlation with forced vital capacity (FVC) response
to treatment. In addition, extent scores 4 radiological features
(ground-glass opacity [GGO], interlobular septal thickening
[IST], nodularity and consolidation) enrolled in CTAS correlated
with at least one of the surrogates of disease activity, suggesting
the validation of the relationship of CTAS to disease activity in
sarcoidosis.

However, given that the limited patients were followed up in
Benamore et al®*! study, the relationship between CTAS and
the changes of lung function after treatment will benefit from
further verification with a larger cohort. In addition, whether
the extent scores of CT abnormalities mentioned above would
be different in patients with different SACE status, in other
words, the relationship between CT features and serum
marker-ACE was still debated. Therefore, the aims of the
article were to address the reliability of CTAS and investigate
the relationship between CTAS and lung function changes,
aiming to provide a more reliable reference for assessment of
disease activity; and to compare CTAS in patients with different
SACE status, exploring the potential relationship between
CTAS and SACE.

2. Materials and methods

2.1. Subjects

The Institutional Review Board granted approval for our
retrospective study, waiving informed consent because of its
retrospective nature. This retrospective study included 57
patients with newly diagnosed pulmonary sarcoidosis between
December 2010 and September 2016. Inclusion criteria in the
study: the initial laboratory test and spirometry were obtained
within a 2-week interval before or after the HRCT; patients
without corticosteroids therapy or comorbidity before HRCT
examination. To assess pulmonary function changes that have
occurred over time, follow-up spirometry in each patient was
obtained about 6 months after the initial spirometry.

The 57 patients included 16 males and 41 females, 27 to 66
years of age (mean age 49 + 10 years). Of these patients,11 were
ex-smoker/current smoker and 46 were nonsmoker. The
diagnosis was confirmed by histology examination of lymph
nodes including 16 (28.1%) transbronchial lung biopsy (TBLB),
18 (31.6%) endobronchial ultrasound-guided transbronchial
needle aspiration (EBUS-TBNA), 8 (14.0%) thoracoscope, and 7
(12.3%) mediastinal biopsy. Two patients (3.5%) initially
presented with a classic Lofgren’s syndrome (fever, erythema
nodosum, arthralgias, and bilateral hilar lymphadenopathy)
without biopsy. For the other 6 patients (10.5%) without
histological evidence, clinical features and bronchoalveolar fluid
analysis consistent with the WASOG guidelines'*®! confirmed the
final diagnosis. All the patients received systemic corticosteroids
therapy after HRCT examination, but the dose and treatment
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duration were adjusted according to clinical presentation. None
of them have received immunosuppressive therapy during the
6 months.

2.2. HRCT technique and image analysis

HRCT scans were performed on either a 16-slice (Toshiba
Aquilion), 320-slice (Toshiba Aquilion One) or a 256-slice CT
scanner (Philips Brilliance iCT). All scans were acquired using the
high-resolution technique. Images were acquired in the supine
position after end-inspiration and extended from the lung apices
to the costophrenic angles by using the following parameters:
section thickness, Smm; section intervals, 5mm; pitch, 0.75;
rotation time, 330 ms; tube voltage, 120kV; tube current, 200
mA; thin collimation 0.75 mm; reconstruction matrix, 512 x 512.
From raw data, 1-mm-thick section images were reconstructed at
1-mm intervals by using a high-spatial-frequency algorithm
(B60S). All CT scans were obtained with window settings that
were appropriate for lung parenchyma (window width, 1300
Hounsfield units [HU]; level, —450 HU) and mediastinum
(window width, 400 HU; level, 40 HU). All data were analyzed
on the postprocessing workstation EBW4.52 (Extended Brilliant
Workshop 4.52, Philips Healthcare Systems).

The CT images were assessed in totally random order by 2
radiologists (with 6 years and 10 years of experience in chest CT
imaging, respectively) without reference to the clinical or
laboratory test results. Sarcoidosis-related HRCT abnormalities
(including GGO (Fig. 1A), IST, nodule (Fig. 1B), conglomeration,
consolidation (Fig. 1C), intrathoracic lymphadenopathy, fibrosis
(Fig. 1D)] were scored for the presence, character, and extent
follow the criteria defined in the previous study.!**! Specifically,
the sum of the scores for GGO, IST, nodularity and consolidation
was defined as the CT activity score or CTAS and recorded. In
addition, the pleural effusion and the fibrosis were also recorded
without enrolling in CTAS scoring system. The fibrosis was
defined as the presence of any honeycombing, reticulation,
traction bronchiectasis or intralobular linear opacities with or
without architectural distortion or lobar volume loss (Tables 1
and 2).

Each lung was divided into 3 zones on HRCT as follows:
the upper zone above the carina in the cranio-caudal plane;
the lower zone below the inferior pulmonary veins in the
cranio-caudal plane; the middle zone between the upper and
lower zones.

The extent of CT abnormalities was estimated visually in each
aforementioned zone and measured by quartiles (25%) for GGO
and consolidation, number of IST (</=35 or>35) per zone,
number of nodules per zone (0-25/26-50/> 50), 2.5 cm intervals
of short-axis diameter for conglomeration.”*! In addition, the
sub-1 mm nodules were considered GGO since indistinguishabil-
ity between innumerable sub-1mm and GGO with current
HRCT resolution.

2.3. SACE examination

SACE examination was performed with 3 mL venous blood on
fasting state in the morning, all specimen were sent to our clinical
laboratory by immunoturbidimetry (reagent kit were provided by
Beijing Strong Biotechnologies, Inc. The instrument was adopted
by BECKMAN COULTER AUS5800 type automatic biochemical
analyzer, America). The normal range of the SACE level was 17
U/mL to 55 U/mL in our institution, and the upper limit of normal
of the SACE level is above 55U/mL.
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Figure 1. A, HRCT obtained at the level of right lower bronchus displayed bilateral diffuse ground-glass opacities in a 41-year-old male patient. Note the right hilar
lymphadenopathy. The SACE level was 60.1U/mL. B, HRCT showed micronodules with a perivascular distribution and thickening of bronchovascular bundles
accompanied with right pleural effusion in a 43-year female patient. The SACE value was 68.1U/mL. C, HRCT demonstrated consolidation in subpleural region,
multiple micronodules clustered interlobar fissures and centrilobular interstitium of right lower lobe in a 50-year-old female patient, enlarged right hilar lymph nodes
were also seen, the SACE level was 28.3U/mL. D, HRCT depicted right bronchovascular bundles distortion in a 48-year male patient, a usual finding of puimonary
fibrosis. Note the bilateral irregular thickening of the pleura (pseudoplaque) and multiple miliary nodules. The SACE value was 33.7 U/mL. HRCT =high-resolution

CT, SACE=serum angiotensin converting enzyme.

2.4. Pulmonary function test

All subjects performed spirometry, including vital capacity as the
percent of the predicted value (%VC), forced expiratory volume
in the first second (FEV o), forced vital capacity (FVC), and total
lung capacity as the percent of the predicted value (%TLC). The
initial spirometry was performed within 2 weeks before or after
HRCT examination, and the second spirometry was performed
with a 6-month interval. The initial spirometric values (Table 3)
and the changes between the twice spirometric results were both
recorded.

Definition of terms for abnormalities on HRCT.

Terms Definition

Ground glass opacity Increased lung attenuation, with preserved bronchial and
vascular margins; nodules <1 mm

Obviously increased pulmonary parenchymal attenuation
with obscured vessels and airway walls

Thickening of the septa between lobules (smooth or
nodular)

A large opacity >3 cm surrounding and encompassing
hilar bronchi and vessels

Consolidation

Internal septal
thickening
Conglomeration

2.5. Statistical analysis

All data were expressed as mean + standard deviation (SD) or
median+ interquartile range (IQR). The correlations between
pulmonary function changes, SACE values, and CT activity score
(CTAS), between SACE values and pulmonary function changes
were evaluated by Spearman correlation analysis or Pearson

Scoring system for abnormalities on HRCT.

Abnormalities

GGO (or nodules
<1 mm)

Score for extent

One zone 1-25% =1 point; one zone 26-50%=2
point; one zone 51-75%=3 point; one zone 76—
100%=4 point

One zone 1-25%=1 point; 1 zone 26-50%=2 point;
1 zone 51-75%=3 point; 1 zone 76-100%=4
point

One zone, up to 5=1 point; 1 zone >5=2 point

Consolidation

Interlobular septal
thickening (IST)
Nodules 1 mm or greater One zone 1-25 nodules=1 point; 1 zone 26-50

nodules=2 point; 1 zone >50 nodules=3 point;

Conglomeration Yes =1 point; no =0 point; each 2.5cm dimension
(right or left) =1
Lymphadenopathy Yes =1 point; no =0 point.
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Clinical characteristics of 57 subjects.

Factors Mean+SD Range
Gender (male: female) (16:41) —

Age, y 48.75+10.30 27-66
Smoking status (ex-/current (11:46) —

smoker: nonsmoker)

SACE, U/mL 63.20+3.45 11.70-137.10
%VC 98.74+15.15 55.20-129.70
FEV4 o/FVC, % 74.18+9.88 50.31-99.56
%TLC 88.65+12.86 52-116

%TLC =total lung capacity as percent of the predicted value, %VC = vital capacity as percent of the
predicted value, FEV; o=forced expiratory volume in the first second, FVC=forced vital capacity,
SACE = serum angiotensin converting enzyme, SD=standard deviation.

correlation analysis. According to SACE status, patients were
divided into normal and high level 2 subgroups. Comparisons of
pulmonary function parameters, HRCT abnormalities extent
scores between SACE normal, and high 2 subgroups were
performed using Mann—Whitney U test or Independent samples ¢
test. Concordance rates and kappa values were calculated to
show the reliability of calculating HRCT features and CTAS
between observers. All statistical analyses were performed using a
statistical software package (SPSS 17.0 for Windows, SPSS,
Chicago, IL). A P values <.05 was considered to be significant.

3. Results

The concordance rates and kappa values were 91.2% to 95.4%
and 0.85 to 0.91 for different HRCT features and CTAS. Clinical
characteristics of subjects are summarized in Table 3. Extent
scores for HRCT abnormalities are listed in Table 4. In addition,
4 patients (7.02%) presented with pleural effusion, 14 (24.56%)
patients showed evidence of pulmonary fibrosis.

3.1. Correlations between pulmonary function changes,
SACE and HRCT abnormality extent score

Following the scoring criterion for disease activity suggested by
Benamore et al,'*’! the sum score of GGO, IST, consolidation,
and nodularity is termed CTAS. Correlations between pulmo-
nary function changes, SACE, and CTAS are summarized in
Table 5. Pulmonary function changes and SACE both demon-
strated significant correlations with CTAS.

Medicine

Correlation between pulmonary function changes, SACE values,
and CT activity score (CTAS).

Correlation to CTAS

Variables Coefficient (p) P value
A%VC 0.543 <.001
AFEV; o/FVC 0.417 .001
A%TLC 0.309 .019
SACE 0.435 .001

%TLC =total lung capacity as percent of the predicted value, %VC = vital capacity as percent of the
predicted value, A =the value change after six months, FEV, o =forced expiratory volume in the first
second, FVC=forced vital capacity, SACE =serum angiotensin converting enzyme.

We also have evaluated the relationships between pulmonary
function changes, SACE values, and total score of the HRCT
features (excluding fibrosis), and have observed similar results to
CTAS’s (A%VC: p= 0.509, P<.001; AFEV, (/FVC:p= 0.382,
P=.003; A%TLC: p= 0.327, P=.013; SACE: p= 0.440,
P=.001).

In addition, the SACE value showed significant correlations
with pulmonary function changes (A%VC: p= 0.413, P=.001;
AFEV, o/FVC:p= 0.317, P=.016; A%TLC:p= 0.439, P=.001).

3.2. Pulmonary function parameters, HRCT scores
between different SACE status

The values of pulmonary function parameters and HRCT scores
in patients with different SACE status were described in Table 6.
Worse initial lung function, larger changes of %TLC values, and
higher HRCT scores were observed in SACE high-level subgroup.

4. Discussion

In the present study, CTAS demonstrated the significant
correlations with lung function changes (A%VC: p= 0.543,
P <.001; AFEV, o/FVC:p= 0.417, P=.001; A%TLC: p= 0.309,
P=.019). Interestingly, similar outcomes were observed in the
total score of HRCT abnormalities. The results suggest that

Comparisons of pulmonary function parameters, HRCT abnorm-
alities scores between different SACE status.

SACE status

Normal level (n=32) High level (n=25) P value
Table 4 Initial pulmonary function
HRCT abnormalities and extent score. %VC 104.62+9.21 91.20+17.91 .001
Abnormalities N (percentage) Median+IQR Range FEV o/FVC (%) 78.95+7.03 68.07+9.74 <.001
%TLC 94.13+9.14 81.63+13.67 <.001
GGO 44 (77.19%) 3+4.5 0-24  pulmonary function changes
IST 9 (15.79%) 0+0 0-12 A%VC 0.60+6.63 2.60+13.05 .096
Nodule 39 (68.42%) 2+3 0-18 AFEV, o/FVC (%) 1.93+7.86 2.00+9.33 317
Consolidation 18 (31.58%) 0+15 0-8 A%TLC 0.90+3.28 230+7.90 037
Conglomeration 12 (21.05%) 0+0 0-4 HRCT score
Intrathoracic 57 (100%) 1+0 -1 Total score 7+3.75 1111 <.001
lymphadenopathy CTAS 5+35 10+12 <.001
Total score 7+8 1-36
CTAS 6+8 0-35 Note: data were expressed as medianz interquartile range (IQR).

CTAS =the CT activity score, defined as the sum of the scores for GGO, IST, nodule and consolidation,
GGO=ground glass opacity, HRCT=high-resolution computed tomography, IQR=interquartile
range, IST=interlobular septal thickening.

%TLC =total lung capacity as percent of the predicted value, %VC = vital capacity as percent of the
predicted value, A =the value change after six months, CTAS =the CT activity score, FEV, o=forced
expiratory volume in the first second, FVC=forced vital capacity, HRCT = high-resolution computed
tomography, SACE =serum angiotensin converting enzyme.
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CTAS is useful in evaluating disease activity in sarcoidosis. In
addition, higher extent scores of HRCT and larger changes of
lung function were also observed in SACE high-level subgroup,
which further supported the aforementioned outcome to some
degree.

Chest HRCT is an important modality to identify chest
involvement of sarcoidosis. It has been demonstrated that 15% of
symptomatic patients have normal chest X-ray but abnormal
findings on CT scans.?”! The correlation between HRCT
abnormalities and impaired lung function at rest has been well
estimated in previous studies.!*1216:17:20:25I Thyg far, most of the
previous studies have been focused on the disease severity (not
activity) on HRCT, and its relationship with lung function
impairment. The HRCT features of pulmonary sarcoidosis could
be divided into reversible and irreversible ones,!®”” in other
words, “reversible” feature could be improved after treatment
over time, while “irreversible” ones would be unchangeable with
or without treatment. GGO, IST and nodular has been proved to
be potentially reversible changes in sarcoidosis./”! Furthermore,
HRCT features including GGO, IST, nodular, and consolidation
have been demonstrated the significant correlation with lung
function,' 11?1 although the sample size and, more important-
ly, the scoring system were different. Therefore, it is reasonable to
predict that the disease activity scoring system CTAS involving of
GGO, IST, nodular, and consolidation associated with lung
function changes after treatment in this study.

The increased level of SACE is thought to be secondary to
increased expression by the epithelioid cells present in the
granulomas.’*®! One study showed that SACE was produced by
the alveolar macrophages in the sarcoid granuloma, and SACE
levels reflected the secreted total granuloma burden."'**! Many
studies have confirmed that SACE levels can reflect the activity of
the disease,*'2* furthermore, it has been reported that the
baseline and serial SACE levels correlate with lung function
improvement during methotrexate therapy in sarcoidosis
patients.”?!! Therefore, SACE could be supposed to be an index
for disease activity in some degree.

Although it was quite difficult to speculate about the intrinsic
reason that underlay this observation, pathologic correlation
factors may lead to the correlation between morphology score
and SACE in sarcoidosis. First of all, the high percent of GGO
(77.19%) and nodular (68.42%) were observed in the lung
parenchyma. More recently, studies have shown that ground-
glass opacities actually pointed to numerous granulomas along
the interlobular fissures and septa and within the centrilobular
interstitium surrounding arterioles and bronchioles.!*°! They
demonstrated as ground-glass opacities, because of beyond the
resolution of HRCT.**2%3% [n addition, ground-glass opacities
also represented centrilobular interstitial disease in some
cases.?>3% Also, thickened bronchovascular bundles and the
surrounding micronodules on HRCT, pathologically corre-
sponded to granulomas surrounding the connective tissue sheath
of bronchovascular bundles, which caused bronchovascular
bundles nodular or irregular thickening."*! Whether granulomas
stand in the peribronchial interstitium or centrilobular inter-
stitium, these 2 signs are representative of accumulation of
granuloma in the lung. Nodules located in bronchovascular
bundles distribute more widespread than that located in
subpleural regions, the interlobular septa, centrilobular inter-
stitium, and parts of subpleural nodules represent intrapulmo-
nary lymph nodes.*"! Second, 100% lymphadenopathy
presented in this study, although it was not enrolled in the
CTAS. The bilateral hilar lymph node enlargement also
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undoubtedly added the total granuloma burden, although the
corresponding influence on SACE may be variable in individuals.
Together, these factors may explain the significant correlation
between CTAS and SACE.

Our study has the following clinical significances. First, CTAS
has potential clinical value to judge the disease activity of patients
with sarcoidosis. CTAS showed the significant correlations with
lung function and the SACE in pulmonary sarcoidosis. Second,
we can indirectly judge treatment response and determine the
clinical outcome with HRCT features. Finally, based on CTAS
and SACE, pulmonary function and improvement after treatment
might be predicted in some degree.

Our study has some limitations that need to be addressed. First,
the number of cases is limited, and the study is a retrospective
study. Studies with larger patients are needed to reduce selective
bias. Second, considering the limited subjects, the potential effects
of smoking on HRCT appearance, function test, and SACE level
were not analyzed; this is a monocentric study focusing on the
scoring system proposed by Benamore et al*’! without
comparison with other scoring systems on HRCT. Third, in
this study 100% intrathoracic lymphadenopathy was observed,
similar as in Benamore et al®*! study. However, for the subjects
without intrathoracic lymphadenopathy, the CTAS scoring
system still needs to be discussed. Finally, it is necessary to
follow up patients and to make a dynamic longitudinal study
between HRCT activity score and clinical parameters (including
pulmonary function, serum ACE) in order to reflect the outcome
of the disease.

5. Conclusion

In conclusion, our results suggest that CTAS involving of GGO,
IST, nodular and consolidation on HRCT could be a promising
index for disease activity; CTAS demonstrated significant
correlations both with lung function changes after treatment
and SACE; subjects with high SACE prefer to behave higher
CTAS on HRCT and worse initial lung function to some degree.
Prospective studies with a large cohort designed to address
further verification are warranted before wide clinical practice.
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