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Abstract

Background: Various visual semi-quantitative staging systems based on high-resolution computed 
tomography are used to evaluate inflammatory rheumatologic disease-associated interstitial lung 
disease. We aimed in this retrospective study to evaluate whether tomographic fibrosis score, a new 
visual semi-quantitative staging system, was a predictor of mortality and the relationship between 
tomographic fibrosis score and respiratory function tests in patients with systemic sclerosis-associ-
ated interstitial lung disease.
Methods: The patients who have been followed up at a single-center rheumatology clinic for the last 5 
years and met the American College of Rheumatology / European League Against Rheumatism (ACR-
EULAR) 2013 systemic sclerosis classification criteria were included in the study. Clinical data were 
obtained retrospectively from patient records, including patients’ characteristics, pulmonary function 
test (forced vital capacity), diffusing capacity of the lung for carbon monoxide test, high-resolution 
computed tomography results, medication history, and serological test results. High-resolution com-
puted tomography of the patients diagnosed with interstitial lung disease were assessed for the 
study. The radiologists scored the extent of parenchymal abnormalities (ground glass opacification, 
reticulation, honeycombing, and consolidation) and calculated tomographic fibrosis score and also 
traction bronchiectasis score for each patient.
Results: Fifty-two patients (46 female, median age 60 (Q1-Q3:47-66) years) were included in this study. 
The median disease duration, follow-up time, interstitial lung disease duration, and time from sys-
temic sclerosis diagnosis to interstitial lung disease diagnosis were 80 (59-143) months, 78 (50-119) 
months, 63 (43-81) months, and 4 (0-58) months, respectively.
The median tomographic fibrosis score and traction bronchiectasis score of the patients were 3.08% 
(1.33-8.06) and 0 (0-2), respectively. There was a moderate direct correlation between tomographic 
fibrosis score and traction bronchiectasis score (r = +0.472, P < .001). Additionally, there was a mod-
erate inverse correlation between tomographic fibrosis score and diffusing capacity of the lung for 
carbon monoxide at diagnosis (r = −0.554, P = .011).
During the follow-up period, 12 (23%) patients died. Kaplan–Meier Test (P = 0.009) and Cox regression 
analysis (B: 4.673, 95% confidence interval, 1.321-16.529, P = .017) revealed that tomographic fibrosis 
score ≥ 5% was associated with mortality. Multivariate analysis was not performed due to the small 
number of patients.
Conclusion: An inverse relationship was found between tomographic fibrosis score and diffusing 
capacity of the lung for carbon monoxide at diagnosis. The odds ratio for mortality was 4.7 when 
tomographic fibrosis score was ≥5%. Tomographic fibrosis score may be useful for predicting mor-
tality and respiratory function in patients with systemic sclerosis-associated interstitial lung disease.
Keywords: interstitial lung disease, pulmonary fibrosis, pulmonary function test, computed tomogra-
phy, mortality

Introduction
Systemic sclerosis (SSc) is a chronic multisystemic autoimmune connective tissue disease characterized by 
progressive fibrosis of the skin and internal organs and vascular dysfunction.1 Pulmonary involvement is 
common in patients with SSc and is the leading cause of disease-related death. The most common pulmo-
nary involvements are interstitial lung disease (ILD) and pulmonary hypertension (PH).2

Interstitial lung disease is a heterogeneous group of lung diseases characterized by involvement of the 
pulmonary parenchyma by varying degrees of inflammation and/or fibrosis. The prevalence of ILD in SSc 
is up to 91%.3
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High-resolution computed tomography 
(HRCT) has become the gold standard for 
the diagnosis of SSc-associated ILD (SSc-ILD) 
in recent years, as it correlates very well with 
biopsy findings. Biopsy, an invasive procedure, 
is not routinely recommended for the diagno-
sis of SSc-ILD unless another cause of lung dis-
ease such as malignancy is considered.4

High-resolution computed tomography is also 
used to evaluate the extent and pattern of lung 
involvement in patients with connective tissue 
disease. Studies have shown that especially 
the extent of fibrosis is associated with poor 
prognosis and mortality in SSc-ILD. Different 
HRCT staging systems have been developed to 
quantify the extent of fibrosis as semi-quanti-
fication by visual assessment or quantification 
using computer-aided methodology.5

Various visual semi-quantitative staging sys-
tems such as radiological fibrosis score have 
been proposed to date.6 In this study, a new 
visual semi-quantitative staging system, tomo-
graphic fibrosis score (TFS), which is the sum 
of scores for ground glass opacity, reticulation, 
and honeycombing, was used.

We aimed in this retrospective study to evalu-
ate whether TFS was a predictor of mortality 
and the relationship between TFS and respira-
tory function tests in patients with SSc-ILD.

Material and Methods

Study Population
The patients who were followed up at a single-
center rheumatology clinic for the last 5 years 

and met the ACR-EULAR 2013 SSc classification 
criteria were included in the study.

The SSc-ILD patients older than 18 years and 
with no other comorbidities that could cause 
ILD were included in the study. The diagnosis 
of ILD was made when patients had chronic 
pulmonary symptoms and evidence of ILD 
on HRCT.

Written informed consent was obtained from 
all patients participating in the study.

The study was approved by the ethics com-
mitteeof Izmir Katip Celebi University (approval 
number: 27/5/2021 – 286). 

Patient Assessment
Clinical data were obtained retrospectively 
from patient records. We evaluated patients’ 
characteristics, pulmonary function tests, HRCT 
results, medication history, and serological test 
results.

The disease duration was defined as the time 
from the date of diagnosis to the date of 
death or the date on which the study was per-
formed. It would be more appropriate to take 
the beginning of this period from the time of 
the first symptom onset, such as the Raynaud 
phenomenon. However, this was not pre-
ferred in this study because patients could not 
clearly remember the first symptom and onset 
time, which could reduce the reliability of this 
information.

The follow-up time was defined as the time 
period from the first admission of the patient 
to our rheumatology clinic to the date of death 
or the date on which the study was performed.

The ILD duration was defined as the time 
period from the first diagnosis of ILD with 
HRCT to the date of death or the date on which 
the study was performed.

Pulmonary function tests (PFTs) and diffus-
ing capacity of the lung for carbon monoxide 
(DLCO) test performed at the time of ILD diag-
nosis on HRCT (within no more than 90 days) 
and at the time of study or death (within no 
more than 90 days) were evaluated. Forced 
vital capacity (FVC) values were used as PFTs.

The patients were evaluated for the presence 
of a diagnosis of PH. Since right-sided cardiac 
catheterization is the gold standard in the diag-
nosis, the data of the patients who underwent 
right-sided cardiac catheterization with the 
suspicion of PH were taken into account. The 

latest criteria (mean pulmonary artery pressure 
(mPAP) > 20 mm Hg at rest) were used to iden-
tify cases of PH.

High-Resolution Computed Tomography 
Assessment
High-resolution computed tomography, on 
which the diagnosis of ILD was first made, 
was assessed for the study. The HRCTs of the 
patients were first evaluated independently by 
2 radiologists (a 4-year radiology resident and a 
senior radiologist with 21 years of chest radiol-
ogy experience), who were blinded to the lung 
function data and other clinical indicators of 
disease severity. In case of different results, they 
reached a common conclusion by discussion.

While evaluating HRCTs, 6 anatomical levels 
were determined. The levels were as follows: (i) 
the aortic arch, (ii) the carina, (iii) the pulmo-
nary venous confluence, (iv) the middle of the 
third and fifth levels, (v) 1 cm above the dome 
of the right hemidiaphragm, and (vi) 2 cm 
below the dome of the right hemidiaphragm.

The radiologists assessed the extent of paren-
chymal abnormalities (ground glass opaci-
fication, reticulation, honeycombing, and 
consolidation) at each of the 6 levels for each 
patient. They used a dedicated 3D Imaging 
Syngo Workstation (Siemens Healthcare, 
Erlangen, Germany) to analyze and score 
the images. The extent of each parenchymal 
abnormality and all lung parenchyma were 
manually delineated and calculated. As it is 
challenging to distinguish between reticula-
tion and ground glass opacification, the 2 
abnormalities were calculated together. The 
total score for each parenchymal abnormal-
ity was obtained by summing the calculated 
scores of all 6 levels.

Tomographic fibrosis score of each patient was 
calculated by dividing the sum of the ground 
glass opacity, reticulation, and honeycombing 
areas by the total lung area and multiplying 
by 100. In addition, when consolidation areas 
were added to the sum of the ground glass 
opacity, reticulation and honeycombing areas, 
the total lung area involved in that patient was 
obtained. The percentage of total lung area 
involved was calculated by dividing the total 
lung area involved value by the patient's total 
lung area and multiplying by 100.

The radiologists also evaluated the traction 
bronchiectasis score (TBS) by assigning a 
score to traction bronchiectasis at each of the 
6 levels. The scores were as follows: 0 = none; 
1 = mild; 2 = moderate; or 3 = severe. The sum 

Main Points
• Interstitial lung disease (ILD) causes 

significant morbidity and mortality in 
patients with systemic sclerosis (SSc).

• In SSc patients, high-resolution com-
puted tomography (HRCT) has become 
the gold standard for diagnosing ILD, as 
radiological findings on HRCT correlate 
well with biopsy findings.

• Semi-quantitative staging systems based 
on HRCT have been developed for the 
evaluation of ILD.

• In this study, an inverse relationship was 
found between tomographic fibrosis 
score (TFS), a new visual semi-quantita-
tive staging system, and diffusing capac-
ity of the lung for carbon monoxide at 
diagnosis in SSc-associated ILD patients.

• The odds ratio for mortality was 4.7 when 
TFS was ≥5%.
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of the scores at all 6 levels was the patient's 
TBS, with a maximum score of 18.

The HRCT scans of the patients were also 
examined to identify HRCT patterns and cra-
niocaudal and mediolateral distributions of 
abnormalities.

Statistical Analysis
The categorical variables of the patients were 
given as frequency and percentage. All con-
tinuous variables were given as median with 
interquartile range (Q1-Q3) due to the small 
number of patients in the groups. When evalu-
ating the differences and correlations among 
the groups, non-parametric tests (chi-square or 
Fisher’s exact test, Mann–Whitney U test, and 
Spearman correlation coefficients) were used.

Receiver operating characteristic (ROC) curve 
analysis was used to determine cut-off values 
with maximum joint sensitivity and specificity. 
Candidate predictive factors for mortality were 
tested by Kaplan–Meier (with Log-rank) and 
Cox regression analysis.

Statistical analyses were performed using 
Statistical Package for the Social Sciences 
Statistics software version 22.0 (IBM SPSS Corp.; 
Armonk, NY, USA).

 A P-value smaller than .05 was considered sta-
tistically significant.

Results
The medical records of 146 SSc patients were 
screened retrospectively, of which 66 patients 
were diagnosed with ILD. Fourteen patients 
were excluded due to either unavailability 
of HRCT images or the presence of another 
lung disease. The remaining 52 patients were 
included in the study.

The characteristics of the patients are given in 
Table 1. The median disease duration, follow-
up time, ILD duration, and time from SSc diag-
nosis to ILD diagnosis are also given in Table 1. 
Fifteen (29%) patients were diagnosed with 
SSc and ILD at the same time.

The patients were evaluated in terms of the 
drugs they used at any time during the follow-
up period. The drug use rates were as follows: 
corticosteroid 81% (42), acetylsalicylic acid 
64% (48), nifedipine 90% (47), sildenafil 14% (7), 
bosentan 15% (29), ilioprost 36% (19), hydroxy-
chloroquine 52% (27), azathioprine 56% 
(29), methotrexate 29% (15), mycophenolate 
mofetil 25% (13), cyclophosphamide 36% (19), 
and rituximab 10% (5).

When the variables (both categorical and con-
tinuous) were compared according to gender, 
there was no difference other than the time 
from SSc diagnosis to ILD diagnosis. This period 
was longer in males (3 (0-35) months and 127 
(4-163) months; P = .041).

The median FVC at diagnosis of ILD (dx FVC) 
and at the time of study or death (final FVC) 
were 77% (65-92) (n = 39) and 78% (48-96) 
(n = 44), respectively. The median DLCO at 
diagnosis of ILD (dx DLCO) and at the time 
of study or death (final DLCO) were 57% 
(43-77) (n = 20) and 61% (42-78) (n = 37), 
respectively.

High-resolution computed tomography pat-
tern of lung involvement was nonspecific 
interstitial pneumonia pattern in 28 (54%) 
patients. Craniocaudal distribution of lung 
involvement was as upper 3 (6%), lower 45 

(86%), and diffuse 4 (8%). Mediolateral distribu-
tion of lung involvement was as peripheral 51 
(98%) and diffuse 1 (2%).

The parenchymal abnormalities, TFS, and 
TBS of the patients with SSc are shown in 
Table 2. Since only 1 patient had consoli-
dation, this value was not included in the 
calculation. Therefore, total lung involve-
ment was not calculated. Six (12%) patients 
had honeycombing (136, 34, 27, 15, 10, and 
9 mm2) and 24 (46%) patients had traction 
bronchiectasis.

The median TFS and TBS of the patients were 
3.08% (1.33-8.06) and 0 (0-2), respectively. 
There was a moderate direct correlation 
between TFS and TBS (r = +0.472, P < .001). 
Tomographic fibrosis score cut-off value for 
TBS presence was 3.62 (71% sensitivity, 79% 
specificity, P = .023).

Table 1. The Characterics of the Patients with Systemic Sclerosis

Characteristics

Female/male 46 (88%)/6 (12%)

Age (years) 60 (47-66)

Age at SSc diagnosis (years) 50 (38-61)

Limited/diffuse SSc 15 (29%)/37 (71%)

Digital ulcer presence 22 (42%)

Esophageal dilatation presence (as HRCT finding) 30 (58%)

Autoantibody positivity

 Anti-Scl-70 antibody 26 (50%)

 Anti-centromere antibody 11 (21%)

Disease duration (months) 80 (59-143)

Follow-up time (months) 78 (50-119)

ILD duration (months) 63 (43-81)

Time from SSc diagnosis to ILD diagnosis (months) 4 (0-58)

The frequencies are given as numbers and percentages. The continuous variables are given as median with interquartile range (Q1-Q3).
HRCT, high-resolution computed tomography; ILD, interstitial lung disease; SSc, systemic sclerosis.

Table 2. The Parenchymal Abnormalities and Tomographic Fibrosis Score of the Patients 
with Systemic Sclerosis

Parameter

Parenchymal abnormality

 Ground glass opacity with reticulation (mm2) 30 (12-80)

 Honeycombing area (mm2) (n = 6) 0 (0-0)

 Ground glass opacity with reticulation and honeycombing area (mm2) 34 (14-90)

TFS (%) 3.08 (1.33-8.06)

TBS (0-18) (n = 24) 0 (0-2)

Total lung area (mm2) 1100 (990-1181)

The continuous variables were given as median with interquartile range.
TBS, traction bronchiectasis score; TFS, tomographic fibrosis score.
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There was also a moderate inverse correlation 
between TFS and dx DLCO (r = −0.554, P = .011), 
but no correlation between TFS and dx FVC (P 
> .05). Tomographic fibrosis score cut-off value 
for dx DLCO < 60% was 6.82 (70% sensitivity, 
90% specificity, P = .023).

The patients were compared according to 
their TFS values by dividing them into 2 groups 
as both <5%/≥5% and <10%/≥10%. When 
the threshold was 5%, there was a difference 
between the 2 groups in terms of TBS. When 
the threshold was 10%, there was also a sig-
nificant difference in terms of not only TBS but 
also dx FVC and dx DLCO (Table 3). In addition, 
all patients (n = 9) in the TFS ≥ 10% group were 
diffuse SSc (P = .036).

No relationship was found between the time 
from the SSc diagnosis to ILD diagnosis and 
TBS, dx FVC, dx DLCO, HRCT pattern, esopha-
geal dilatation presence, SSc involvement type, 
and digital ulcer presence (P > .05).

When patients were compared in terms of 
the involvement types of SSc, TFS (3.43 (1.97-
10.04) and 1.20 (0.69-6.43); P = .024) and TBS (1 
(0-2) and 0 (0-0); P = 0.033) were found to be 
higher in diffuse type. Final FVC (74 (63-86) 
and 84 (70-103); P = 0.006) was worse in the 
diffuse type. While the NSIP pattern was more 
common (68%) in the diffuse type, non-NSIP 
patterns were more common (80%) in the lim-
ited type, and the difference was significant 
(P = .002). Unlike the limited type (33%), most 
of the patients with diffuse type involvement 
had esophageal dilatation on HRCT (68%) 
(P = .024). In addition, all but 1 of the 6 patients 
with honeycombing were with diffuse type 
involvement.

The patients with digital ulcers (n = 22) had 
longer disease duration (72 (57-84) months 
and 145 (77-171), P = .001). All 6 patients with 
honeycombing had digital ulcers. The patients 
with digital ulcers also had lower final DLCO 
(65 (48-84) and 47 (27-70), P = .047).

The patients with esophageal dilatation 
(n = 30) had higher TBS (0 (0-0) and 2 (0-2.5), P 
< .001) and lower final FVC (88 (74-103) and 56 
(42-89), P = .006) and final DLCO (76 (61-93) and 
50 (32-70), P = .007).

During the follow-up period, 12 (23%) patients 
died. The causes of death of the patients were 
pulmonary disease (6), renal disease (1), car-
diac disease (1), infection (3), and cancer (1). 
We used all-cause death for survival analysis in 
this study.

During the follow-up period, 9 patients under-
went catheterization due to echocardio-
graphic findings suggestive of PH, of which 
5 (10%) were diagnosed with PH (mPAP > 20 
mmHg). Among these patients, 3 (60%) died, 
all of whom died due to pulmonary causes.

Final FVC and final DLCO were worse in patients 
who died (Table 4).

Five (16%) of the 12 patients who died were in 
the TFS < 5% group (n = 31) and 7 (33%) were 
in the TFS ≥ 5% group (n = 21). When survival 
analysis was performed with Kaplan–Meier 
test, mortality was significantly higher in the 
TFS ≥ 5% group for disease duration (P = .009).

Cox regression analysis also revealed that being 
in the TFS ≥ 5% group was associated with mor-
tality (B: 4.673, 95% CI, 1.321-16.529, P = .017). 
However, we did not perform multivariate anal-
ysis due to small number of patients.

The cut-off TFS and TBS values were calculated 
for the patients' risk of death. But they were not 
statistically significant (P = .071 and P = .287, 
respectively).

Discussion
Semi-quantitative staging systems based on 
HRCT have been developed for the evaluation 
of ILD, which causes significant morbidity and 
mortality in patients with SSc. In this study, the 
relationship between TFS, a new visual semi-
quantitative staging system, and pulmonary 
function and mortality was investigated in SSc-
ILD patients. An inverse relationship was found 
between TFS and dx DLCO. The odds ratio for 
mortality was 4.673 when TFS was ≥5%.

In SSc patients, HRCT has become the gold 
standard for diagnosing ILD, as radiological 
findings on HRCT correlate well with biopsy 
findings. Therefore, unless a different diagno-
sis such as malignancy is considered, biopsy, 
an invasive procedure, is usually not required 
not only in SSc-ILD patients but also in CTD-
ILD patients.4 The extent and pattern of lung 
involvement are also evaluated with HRCT.5

High-resolution computed tomography stag-
ing systems have been developed to quan-
tify the extent of not only fibrosis but also 
the other parenchymal abnormalities such as 
ground glass opacity. These systems are also 
used to predict prognosis, especially mortal-
ity in patients with ILD.7 These systems are 
based on visual assessment by the radiologist 
or computer-aided diagnosis methods.5,8 In 
both methods, ground glass opacity and hon-
eycombing are also evaluated together with 
fibrosis. Although the future is in computer-
aided diagnosis, it is not possible for everyone 
to reach it today and well-validated packages 
are not yet available. On the other hand, visual 
assessment of the extent of fibrosis is semi-
quantitative and has limitations because of 
the high intra- and interobserver variability.9,10 
However, this method can be performed 
anywhere by a radiologist with experience in 
pulmonary HRCT assessment. In addition, the 
development of semi-quantitative methods 
will also be helpful for the development of 
computer-aided diagnosis.

Several visual semiquantitative staging sys-
tems have been proposed to date. Kazerooni 
et al11 scored the extent of ground glass opac-
ity and reticulation (fibrosis) using thin-section 

Table 3. The Comparison of TBS, FVC, and DLCO Values of the Patients by Dividing into 2 
Groups According to TFS Values as 5% and 10% Below and Above

TFS < 5% 
n = 31 (60%)

TFS ≥ 5% 
n = 21 (40%) P

TFS < 10% 
n = 43 (83%)

TFS ≥ 10% 
n = 9 (17%) P

TBS 0 (0-1) 2 (0-3) .001 0 (0-2) 2 (0.5-5) .017

dx FVC (%predicted) 77 (68-95) 77 (64-84) .544 81 (69-95) 63 (56-75) .012

dx DLCO (%predicted) 66 (51-77) 44 (28-79) .123 72 (52-78) 29 (26-41) <.001

The continuous variables are given as median with interquartile range (Q1-Q3). DLCO, diffusing capacity of the lung for carbon 
monoxide; dx, diagnosis; FVC, forced vital capacity; TBS, traction bronchiectasis score; TFS, tomographic fibrosis score.

Table 4. Final Pulmonary Function Tests of Surviving and Deceased Patients with Systemic 
Sclerosis-Associated Interstitial Lung Disease 

Surviving (n = 40) Deceased (n = 12) P

Final FVC (%predicted) 85 (69-99) 46 (34-60) <.001

Final DLCO (%predicted) 64 (47-80) 27 (23-57) .032

The continuous variables are given as median with interquartile range (Q1-Q3). DLCO, diffusing capacity of the lung for carbon 
monoxide; dx, diagnosis; FVC, forced vital capacity.
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computed tomography (i.e., HRCT) in their 
study published in 1997. Each lobe of the lung 
was scored on a scale of 0-5 for both ground 
glass opacity and fibrosis depending on the 
percentage of each lobe involved and the type 
of finding. They performed this scoring first 
with 3 selected sections (limited), then with 
the whole lung (complete) and compared the 
results of these techniques in terms of corre-
lation with the underlying histopathology of 
idiopathic pulmonary fibrosis. As a result, they 
found that the scores obtained from both the 
simplified limited and the complete lung eval-
uation were correlated with the histopatho-
logical findings.

In 2008, Goh et al7 proposed a different scor-
ing system. They calculated the total extent of 
ILD in terms of the involved area by identify-
ing 5 levels. They used ground glass opacity 
and reticulation (fibrosis and honeycombing) 
together in the calculation. They also graded 
the coarseness of reticulation according to the 
presence of fine intralobular fibrosis and/or 
honeycombing.

Takei et  al6 proposed the radiological fibrosis 
score in 2018. In this scoring, in which 6 levels 
were evaluated, reticulation and honeycomb-
ing areas were taken into account for the 
radiological fibrosis score. When ground glass 
opacification and consolidation areas were 
added to this score, the total interstitial disease 
score was obtained. In addition, TBS was calcu-
lated out of 3 for each level and the mean of 6 
levels was taken as final TBS.

In our study, we calculated TFS by evaluat-
ing reticulation, ground glass opacity and 
honeycombing areas. Since it is difficult to 
distinguish, we evaluated reticulation and 
ground glass opacity together, like Goh’s study. 
However, unlike Goh’s study, we used 6 levels 
instead of 5, as in Takei’s study. In Goh’s study, 
the total extent of ILD was rounded to the 
nearest 5% in each of the 5 sections. The global 
extent of disease on HRCT was then computed 
as the mean of the scores, and the coarse-
ness of reticulation was scored on a scale of 
0-3. As in Takei’s study, we calculated the area 
involved, including honeycombing, in square 
millimeters and proportioned it to the total 
lung area and obtained the percent involved 
area, namely TFS. We did not grade the coarse-
ness of reticulation in our study. We also calcu-
lated TBS, like Takei et  al. However, instead of 
calculating the final TBS by averaging the TBS 
values for the six levels, we obtained the final 
TBS by summing points of all 6 levels (out of 3 
for each level; maximum 18).

While developing a new scoring system, we 
aimed to facilitate daily clinical use. Therefore, 
HRCT evaluation was performed by a senior 
radiologist with 21 years of chest radiology 
experience and a 4-year radiology resident. We 
also evaluated TBS, as traction bronchiectasis 
has both diagnostic and prognostic implica-
tions. The presence and severity of traction 
bronchiectasis have been shown to be an 
independent predictor of higher mortality irre-
spective of the HRCT pattern.12

The median TFS of the patients was 3.08% 
(1.33-8.06) in the study. This median value was 
lower when compared to the results in other 
studies. Since our scoring system is different, it 
may not be very accurate to compare it with 
other studies, but at least it might be informa-
tive. For example, in the study by Takei et al,6 
the total interstitial disease extent, which can 
be considered similar to TFS, was 10.8 (range: 
6.2-21.4). We also chose smaller threshold val-
ues (5% and 10%) to categorize the patients 
into groups for TFS values. While determin-
ing these values, we considered the median 
and quartile values. The groups became more 
applicable to our patients with these threshold 
values. Goh et al7 chose 20% as the threshold 
value for limited or extended involvement of 
lung. If we had a threshold value of 20% like 
Goh, only 2 of our patients would exceed this 
value. Although ILD is present in 80% of SSc 
patients in HRCT, only 30%-40% of patients are 
clinically evident.13 In our clinic, patients with 
SSc are evaluated for ILD even before clini-
cal manifestations. This approach may lead to 
early diagnosis of ILD. The fact that approxi-
mately one-third of our patients were diag-
nosed with SSc and ILD at the same time may 
be the reason why lung involvement is not yet 
extensive and lower than in other studies. The 
presence of honeycombing in only 6 (12%) of 
our patients may also be related to this reason. 
In the previous studies, the prevalence of hon-
eycombing was reported as 17%-49.3%.14

Traction bronchiectasis was present in 24 
patients and the median TBS was 0 (0-2). There 
was a moderate direct relationship between 
TFS and TBS (r = +0.472, P < .001). Tomographic 
fibrosis score cut-off value for TBS presence 
was 3.62 (71% sensitivity, 79% specificity, 
P = .001). In our study, no relationship was 
found between TBS and mortality. Of course, 
this result does not indicate that TBS does not 
contribute to mortality.

Pulmonary function tests and DLCO tests are 
important in evaluating the severity and prog-
nosis of ILD. However, in some cases, such as in 

SSc-ILD, they may have limitations in terms of 
accuracy due to the coexisting pulmonary vas-
cular changes and chest wall skin.15 Therefore, 
HRCT has become an important tool to pro-
vide a more comprehensive evaluation of the 
extent and prognosis of ILD and is often used 
in conjunction with PFTs and DLCO.16 In this 
study, we evaluated the relationship between 
TFS and PFT and DLCO in our patients. We used 
FVC as the PFT and evaluated the values of 
both FVC and DLCO at the time of ILD diagno-
sis and at the study endpoint or time of death. 
We found a moderate inverse relationship 
between TFS and dx DLCO (r = −0.554, P = .011). 
Tomographic fibrosis score cut-off value for 
dx DLCO < 60% was 6.82 (70% sensitivity, 
90% specificity, P = .023). We did not detect a 
similar relationship between TFS and dx FVC. 
However, when it was evaluated according 
to subgroups of TFS, dx FVC values were also 
worse along with dx DLCO in TFS ≥ 10% group 
(Table 3). In addition, the final FVC and DLCO 
values of patients who died were lower as 
expected (Table 4). Diffusing capacity of the 
lung for carbon monoxide is known to be a 
more sensitive marker of early lung damage in 
ILD, while changes in FVC may occur later in the 
disease process.17 This could result in a stronger 
correlation between TFS and DLCO compared 
to TFS and FVC. However, further studies would 
be needed to confirm this hypothesis.

Most of the patients in our study (71%) had 
diffuse type skin involvement. Nonspecific 
interstitial pneumonia was the most common 
HRCT pattern (68%) in this patient subgroup. 
Tomographic fibrosis score and TBS were 
higher and final FVC was worse in the diffuse 
type SSc. All of the patients (n = 9) in the TFS ≥ 
10% group were diffuse SSc patients (P = .036). 
Diffuse skin involvement was present in 5 
of 6 patients with honeycombing detected. 
Esophageal dilatation was observed on HRCT 
in 68% of diffuse SSc patients. Traction bron-
chiectasis score, final FVC, and DLCO values 
were worse in all our patients with esophageal 
dilatation (58%). The underlying reason may be 
diffuse type involvement. It has been gener-
ally assumed that the SSc-ILD is more severe 
in patients with diffuse SSc. Different results 
have been reported in the literature in terms 
of parenchymal abnormalities and esopha-
geal dilatation depending on the type of skin 
involvement. In the study of Patiwetwitoon et 
al,14 no difference was found according to the 
type of skin involvement in terms of parenchy-
mal abnormalities and esophageal dilatation. 
On the contrary, there are studies reporting 
that parenchymal abnormalities such as hon-
eycombing are more in the limited type. These 
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discrepancies were attributed to the heteroge-
neity of the study population and the different 
HRCT scoring methods used.

In the study, 12 (23%) of the patients with SSc-
ILD died. Consistent with the literature, the 
most common cause of death was pulmonary 
disease.2 We used all causes of death for sur-
vival analysis. We did not exclude patients with 
PH from the study (3 deaths).

Nonspecific interstitial pneumonia is the 
most common histopathological and radio-
logical (based on HRCT) pattern in SSc-ILD.18,19 
Consistent with this information, the most 
common pattern in our study was NSIP (54%). 
The previous studies have not shown a clear 
association between radiological patterns 
and disease progression, mortality, and PFTs in 
patients with SSc.20 No relationship was found 
between these patterns and mortality or PFTs 
in our study either. In addition, it is not always 
easy to distinguish between radiological pat-
terns. The interobserver agreement for the 
identification of radiological patterns based 
on qualitative assessment was relatively poor 
in the previous studies. Therefore, for clinical 
practice, quantitative assessment of the HRCT 
parenchymal patterns (such as reticulation, 
ground glass opacity, honeycombing, and 
consolidation) may be feasible and reproduc-
ible.16 Several studies have reported that HRCT 
parenchymal patterns were more accurate 
indicators of the severity of underlying patho-
logical processes in the lung and were associ-
ated with mortality.5 Furthermore, advantages 
of using the combined extent of parenchymal 
abnormalities (e.g., the combined extent of 
reticulation and honeycombing) have been 
reported, including ease of calculation without 
the need to distinguish individual parenchy-
mal patterns. It has also been reported that 
these combined evaluations are also predic-
tors of mortality.21,22

In the study, mortality was significantly higher 
in the group with TFS ≥ 5%, according to the 
survival analysis performed with Kaplan–Meier 
test (P = .009). It was found that the risk of mor-
tality increased approximately 4 times when 
TFS was ≥5% (B: 4.673, 95% CI, 1.321-16.529, 
P = .017). However, in our study, no statistically 
significant cut-off value for TFS with regard to 
mortality was obtained (P = .071). In addition, 
multivariate analysis was not performed in 
our study due to the small number of patients. 
However, it may be possible to obtain a sig-
nificant cut-off value and perform multivariate 
analysis, if a study is conducted with a larger 
number of patients.

In the study by Takei et al,6 the cut-off value for 
radiographic fibrosis score to overall survival 
was 14.2% (81.8% sensitivity, 73.3% specificity). 
Goh et al7 suggested a threshold of total dis-
ease extent of approximately 20% for survival. 
Although we could not give the optimal cut-
off value for survival in our study, we found that 
TFS ≥ 5% poses a risk for mortality. We men-
tioned earlier why our threshold values are 
lower than other studies.

There were some limitations in our study. It 
was a retrospective study conducted at a sin-
gle center. Some data could not be accessed 
because the information was obtained from 
the patient file. Since the number of patients 
was small, multivariate analysis was not per-
formed for possible factors that could have an 
effect on mortality. Instead of evaluating with a 
single HRCT, a longitudinal study design could 
be used to evaluate changes in HRCT over 
time. Although we aimed to propose a prac-
tical method, it may still not be very simple. 
Simpler methods can be developed, such as 
identifying the levels that provide the most 
information and using fewer number of levels 
than the proposed six.

In conclusion, semi-quantitative HRCT stag-
ing systems, which are accessible and can 
be easily used anywhere in daily practice, are 
used to detect the extension of parenchymal 
abnormalities and to predict prognosis in SSc-
ILD patients. Tomographic fibrosis score, a new 
scoring system, has been found to be related 
to DLCO. When TFS was ≥5%, mortality is 
increased 4.7 times in SSc-ILD patients. Further 
studies are needed to reveal the temporal vari-
ation of TFS and its relations with respiratory 
function and prognosis and to make it more 
practical.
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